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IN 

As discussed in Volume I of this report, the 
NPC study used two scenarios for analyzing po
tential future energy needs and the natural gas 
supply/demand balance for the United States. 
The NPC did not attempt to develop a forecast of 
the future and the projections that are presented 
in this report should not be interpreted as such. 
The purpose of the modeling effor t was to pro
vide a consistent framework for analyzing the 
supply potential, market oppor tunities, and 
transpor tation requirements under var ying en
ergy demand options, and to assess the sensitiv
ity of the results to the uncer tainties in the as
sumptions. The energy demand options were 
derived to be consistent with other assumptions 
concerning economic growth rates, consump
tion patterns, efficiency trends, availability of al
ternative fuels, etc. The two scenarios were se

lected to be sufficiently different so as to provide 
independent alternative views of future energy 
requirements. Both scenarios are believed to be 
realistic and neither one is considered to be a 
''most likely'' projection of future requirements. 

ON 

These two scenarios were modeled by 
DRI using their Macroeconomic and World Oil 
Models. DRI's models are described in Chap
ter Two and the assumptions specified by the 
NPC are contained in Chapter Three. Chap
ter Four contains the detailed output from DRI 
for each of the scenarios. 

The NPC used the EEA Energy Overview 
Model to determine the sensitivity of the mod
eling results to various assumptions and as a 
guide to the selection of appropriate parame
ter values. Chapter One provides a descrip
tion of EEA's Model. The model was run both 
in its integrated form and using individual 
por tions of the model on a stand-alone basis. 
Chapter Three documents the NPC assump
tions that drove the EEA modeling results, and 
outputs from the model runs are included as 
Chapter Five. Analysis of the key model re
sults are included in Volumes II through IV 
along with discussion o f  the as sumptions 
used. 



DES 
ENERGY 

1 .  INTRODUCTION 

1 . 1  The Ener gy 
Overview Model 

The Energy Over view Model is a forecasting 
model and analytical tool designed to simulate 
natural gas supply; demand and pric�s in the 
U.S. and Canadian energy markets. Smce the 
original model release in 1981, more than 20 
man-years of effort have been put into devel
opment of the model's characterization of natu
ral gas supply; the U.S. and Canadian pipeline 
system, and end-use demand. Since 19�5, 
much of this effort has focused on reflectmg 
the far-reaching institutional changes intro
duced in the U.S. gas market by FERC Orders 
436, 500, and 636 and the other regulatory and 
market developments. 

Important factors in model simulations include 
the spot market trading of natural gas, the dual 
role of pipelines as gas merchants and trans
porters, and the increased range of supply 
options available to gas distributors and end
users. A central aspect of the model's design 
is the representation of how the decisions of 
producers, pipelines, distributors and end
users interact in this new institutional struc
ture. · Because of its explicit treatment of the 
evolving market structure, the model can be 
used to provide important insights and analy
ses of a wide range of issues facing the indus
try including: 

EEA 
MODEL 

• The pace of drilling activity and reser ve 
additions by region 

• Regional deliverability levels 

• Regional market prices 

• Level of demand for natural gas by region 
and sector 

• Patterns in interregional gas flows 

• Need for new gas pipeline capacity 

• Changes in monthly patterns of gas de-
mand and prices 

Because it simulates both the structure of the 
Nor th American gas market and regional 
trends for energy consumption and gas supply 
costs, the Energy Overview Model has a wide 
range of applications in gas market analysis. 
Some of these applications include: 

Market Scenario Development: The model is 
used by a growing community of producers, 
pipelines, and distributors to develop market 
scenarios for corporate planning purposes. An 
important characteristic of the model in

. 
these 

applications is the wide-range of user mputs 
available for tailoring model scenarios to re
flect the planning outlooks of individual users. 

Sensitivity and Impact Analysis: The model 
can be used to test the sensitivity of market 
forecasts to factors such as: the uncertainty in 
future energy prices; scenarios for economic 
growth: institutional changes: environmental 
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regulations; and assumptions regarding the po
tential U.S. hydrocarbon resource base and 
cost of exploration and development. In addi
tion, its ability to simulate institutional change 
allows the model to reflect market impacts of 
such factors as contract carriage and the re
form of gas purchase contracts through negoti
ation or regulatory action. 

End-Use Market Analysis: Model forecasts for 
wellhead prices, gas supply trends, and burn
ertip prices can be used to provide inputs for 
end-use market analyses by gas pipelines and 
distributors. 

Gas Acquisition and Facilities Planning: The 
model forecasts the availability and cost of new 
gas reserves by region and interregional gas 
flows and thus can be used in planning future 
gas acquisitions and facilities. 

Technology Evaluation: Because gas field de
velopment costs and deliverability are mod-

OPERAnNG MODE 
MODEL 

COMPONENTS 

eled in detail, the impact on gas costs and mar
kets of technologies for gas production can be 
estimated. 

Drilling Market Analysis: Forecasts of drilling 
activity from the model can be used in ·market 
analyses of drilling and related services and 
products. 

Policy Analysis: The model has wide applica
tion in the analysis of government regulation or 
tax policy on oil and gas supply. upstream envi
ronmental regulations and end-use emissions 
limits. 

l.Z Energy Overview 
Model Operating Modes 

Three operating modes are available for the 
Energy Overview Model. Selection of an oper
ating mode depends on the intended applica
tion. As summarized in Figure 1-1, the three 
options are: 

PURPOSE MAJOR OUTPUTS 

MODE 1: 
Simulation -
National Gas 
Supply I Demand 
Balance 

• Supply Model 

• Pipeline Network 
Model 

• T&D Rates Model 

• Demand Models 

To solve for gas 
demand, gas prices and 
drilling activity over time 
given inputs of oil prices, 
regulatory scenario, 
alternative fuel prices, 
economic growth, etc. 

BY YEAR OR RUN PERIOD 
• Gas demand by 10 U.S. 

and seven Canadian regions by 
end-use sectors 

• New wellhead gas prices 
• Delivered gas prices by region 

and end-use sectors 

• Drilling activity, reserve additions 
and production by supply region 
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MODE2: 
Simulation -
Stand-Alone With 
User -Specified 
Gas Demand 

MODE3: 
Long Run Gas 
Supply Curve 
Generator 

• Supply Model 

• Pipeline Network 
Model 

• T&D Rates Model 

• Supply Model 

To solve for gas prices 
and drilling activity 
over time given input 
of gas demand, oil 
prices, regulatory 
scenario, etc. 

To describe resource 
base assumptions of 
. model in concise form 

Figure 1-1. Summary of the 

• Interregional gas flows and new 
pipeline capacity 

BY YEAR OR RUN PERIOD 
• New wellhead gas prices 
• Delivered gas prices by 10 U.S. 

and seven Canadian regions and 
end-use by sectors 

• Drilling activity, reserve additions 
and production by supply region 

• Interregional gas flows and new 
pipeline capacity 

• Natural gas "supply curves• 
and tables 

Three Operating Modes for the Energy Overview Model 



Mode l: Simulation Over Time - Equilibrating 
Mode with Gas Supply/Demand Balance 

Mode 2 :  Simulation Over Time - Stand-alone 
Mode with User-specified Gas Demand 

Mode 3: Long Run Gas Supply Curve Generator. 

The Simulation Modes 

The first two operating modes of the Energy 
Overview Model are referred to as Simulation 
Modes because they simulate the evolution of 
the gas market over a period of years. Mode l, 
the Equilibrating Mode with Supply/Demand 
Balance , consists of the Hydrocarbon Supply 
Model, the Pipeline Network Model, the T&D 
Rates Model and the End-use Demand Models 
linked in an equilibrium framework for natural 
gas supply and demand. The Hydrocarbon 
Supply Model simulates investment decision
making in the oil and gas industry to determine 
the level and location of exploratory and devel
opment drilling activity in each model period. 
The Pipeline Network and T&D Rates Models 
simulate gas transportation flows on the U.S. 
pipeline system, supply acquisition decisions 
by gas pipelines and distributors, and costs for 
transmission and distribution to forecast burn
ertip prices by region and sector. The third 
component, the End-use Demand Models, then 
determines the level of gas demand given gas 
prices, alternative fuel prices and the user's 
economic growth scenario. 

When the EOM is run in Mode l, tne model 
solves for the equilibrium natural gas demand 
levels and gas prices given user-specified in
puts of the scenario. The major gas supply out
puts of this mode of the model are the levels of 
exploratory drilling, development drilling, re
serve additions, production, and the spot and 
long-term contract prices for natural gas in 
each year. The major gas demand outputs in
clude the level of gas and non-gas energy de
mands and natural gas burnertip prices by de
mand region and sector ( i . e . , residential , 
commercial, industrial, and electric utility). 

Mode 2, the Stand-alone Simulation mode, is 
operationally similar to the first mode except 
that gas demand is specified by the user and 
the model solves for natural gas supply and 
prices alone. Because gas demand is speci
fied outside of the model, this mode does not 
utilize the End-use Demand Models. 'Mode 2 is 
used to answer the specific "what if" questions 

under an exogenous planning scenario of gas 
demand in solving for the level of reserve addi
tions and new gas supply prices, given certain 
assumptions such as oil prices, interest rates, 
and size of the resource b ase.  Outputs of 
Mode 2 (Stand-alone Simulation) are identical 
to Mode l (Equilibrium Simulation) with the ex
ception that output related to the demand mod
els is excluded. 

Curve Generating Mode 

Mode 3, which is a special run-mode for the Hy
drocarbon Supply Model, is the Long Run Gas 
Supply Curve Generator. The purpose of this 
mode is to give users a better understanding of 
the resource base assumption selected for the 
supply model in the concise form offered by a 
long-run "supply curve." This mode is used to 
show how the oil and gas resource base is dis
tributed with regard to the cost of discovery, de
velopment and production. In this mode a 
cosVquantity "long run supply curve" for natural 
gas is created. These cosVquantity curves can 
be aggregated in any desired combination of re
gion and depth as well as by total Lower-48 and 
Canada. These curves represent the quantities 
of natural gas that could be found and produced 
at various wellhead prices irrespective of when 
discovery and production might take place. In 
this sense, the curves are described as "time-di
mensionless.'' 

1.3 General Methodology For EOM 

The Energy Overview Model uses a combina
tion of process engineering, statistical and be
havioral relationships to perform annual and 
monthly simulations of natural gas markets. 
Most of the components  of the Energy 
Overview Model are "process engineering" 
models in which: 

l) the physical processes of energy produc
tion, conversion or consumption are rep
resented along with their attendant costs, 
and 

2) decisions are simulated using standard 
business techniques such as discounted 
cashflow analysis. 

This structure helps make model inputs and 
logic very transparent to the user and allows 
important assumptions to be easily changed 
for purposes of sensitivity analysis. 

l-3 



Hydrocarbon Supply Model 

The gas supply component of the EOM, the Hy
droc

_
arbon Supp

_
ly Model is a process engi

neermg model With a very detailed representa
tion of p otenti al gas re s o urc e s  and the 
technologies with which those resources can 
be proven and produced. The degree and tim
ing by which resources are proven and pro
d�ced are determined in the model through 
discounted cashfiow analyses of alternative in
vestment options and behavioral assumptions 
in the form of inertial and cashfiow constraints 
and the logic for setting producers' market ex
pectations (e.g., future gas prices) . 

Industrial and Electric 
Utility Demand Models 

The industrial and electric utility demand mod
�ls also have a process engineering structure 
m th�t energy demand in disaggregated into 
functional use categories (e.g., boilers, cement 
kilns), each of which has specific fuel switching 
characteristics, environmental regulations and 
costs. Fuel use decisions for new units (e.g., a 
coal boiler versus combined cycle gas. unit in 
electric utilities) are typically made on the ba
sis �f minimizing total life-cycle capital and op
eratmg costs. Short-term fuel switching deci
sions for existing units are made on the basis of 
fuel firing capability, operating cost differentials 
and fuel prices. 

Residential and 
Commercial Demand Models 

The residential and commercial demand mod
els in the EOM are econometric in form. EEA 
has developed a process-engineering model 
to address energy issues in the residential and 
commercial sector. However, since residen
tial/commercial natural gas trends will shift 
slowly relative to other sectors of the economy; 
only a simplified, reduced-form econometric 
version of the residential/commercial demand 
model is inc o r p o rat e d  i nto the Energy 
Overview Model. 

Pipeline Network Model 

Natural gas pipelines are represented in the 
EOM by the Pipeline Network Model, which 
characterizes pipeline routes, capacities and 
transmission costs linking approximately 60 re
ceipt and delive r y  p oints in the U. S.  and 
Canada. The Pipeline Network Model uses a 
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nonlinear optimization algorithm to determine 
the pattern of gas flows that minimizes deliv
ered gas prices at each node. These gas flows 
are limited by capacity and may be made sub
ject to contract minimums . A unique feature of 
the EEA Pipeline Network Model is its simula
tion of pipeline capacity expansion decisions. 
The user specifies potential pipeline projects 
including c apital costs, fuel losses and rate 
treatment and the model decides when condi
tions are right for additional c apacity to b e  
added. The results of the Pipeline Network 
Model are presented in the form of tables and 

No 

Hydrocarbon Supplr Modal 
oei8miine.DriiiinQ"A��"An"d 

Reserve Additions For ThiS Year 

���.!!�'!!��!!'�. 
Determine FlowsAnd 

Regional Prices 

Seasonal 
--�0!!1.!.�-· Balance 
Supplies Against 
Demands For 
Each Month, 

Solve For 
'Marker" 

Gas Price 

Figure 1-2. Energy Overview 
Model Logic Flow 



maps showing pipeline capacity; flows, capac
ity utilization rates on each corridor along with 
gas prices at each node. 

Solution Procedure 

The overall logic flow of the EOM operating in 
the Equilibrating Mode is illustrated in Figure 
1-2. The simulation starts with guesses for cur
rent year gas demands and the "marker gas 
price" ,  i .e. , the average annual Gulf Coast spot 
price. The Hydrocarbon Supply Model then is 
executed to determine drilling activity and re
serve additions for that year. 'Ibgether with re
serves carried forward from previous years, 
this establishes total reserves and, thus, avail
able deliverability from the U.S and Canada. 

The Gas Pipeline Network Model then is solved 
to determine flows and spot prices at each 
node given deliverability in each supply re
gion, the initial guesses for demand and the 

Supply 

• Resource base 
in U.S., Canada 

• Technolog ical 
improvements 

• Factor cost algorithms 
• Financial assumptions 
• Upstream 

environmental 
compl iance costs 

• Algorithm for LNG 
economics 

Demand 

• Industrial production 
growth 

• Industrial cogeneration 
growth 

• Growth in building stock, 
disposable income 

• Factors affecting new 
powerplant economics 

• Environmental 
regulations on new and 
ex1sting sources 

Transportation 

• Rate structure 
• Degree of discounting 
• Potential new pipel ine 

capacity and costs 
• Rate treatment and decision 

criteria for new capacity 

Environmental 

• New Source Performance 
Standards for industrial, 
uti l ity boilers 

• State Implementation plan re
quirements for existing un its 

• Electric uti l ity sulfur d ioxide 
cap, value of al lowances 

• Market s ize for NGVs 
• Market size for gas 

cofiring/reburn 

Energy Prices 

• Crude oil prices 
• Residual fuel oil prices by 

sulfu r  content 
• Coal prices by sulfu r  content 

Options listed apply to Equilibrating Mode. 

Figure 1-3. Selected Options 
For Defining Scenarios In 
Energy Overview Model 

marker gas price. Then, the T&D Rates Model 
takes all gas volumes and prices and calculates 
end-use gas prices. 

Th e next step is to use these end-use gas 
prices in the demand models to update the 
guess for natural gas demands (and other 
fuels) . If certain volumes are within tolerances, 
the model has "converged" for that year, and 
the model proceeds to the next year. H there is 
no convergence, the revised demand levels are 
put back into the Pipeline Network and T&D 
Rates Models to determine a new set of end
use gas prices, the Demand Models are run 
again with these new gas prices, and conver
gence is checked once more. 

Part of this iteration process toward reaching 
convergence for the year is the operation of the 
Seasonal Module, which breaks out demand 
and supplies by month. The Seasonal Module 
determines storage p atterns,  the degree of 
monthly fuel switching needed to balance the 
market, the feasible wellhead capacity utiliza
tion rate and monthly prices in the Gulf Coast 
spot market. The monthly prices coming out of 
the Seasonal Module are averaged into an an
nual average price which is the basis for deter
rriining regional spot and long-term contract 
prices in the EOM. 

· 

1.4 User Options 
For Equilibrating Mode 

Most uses of the Energy Overview Model have 
been in the Equilibrating Mode in which natural 
gas supplies, demands and prices are solved 
for simultaneously. The key user options avail
able for constructing scenarios in the equili
brating mode are shown in Figure 1-3. 

1.5 Outputs Of Equilibrating Mode 

The major outputs from the model are shown in 
F igure 1 -4 .  All outputs are available on paper. 
Additionally; many of the outputs are available 
in spreadsheet format for personal computers. 
The spreadsheet outputs may be used to cre
ate graphs or to  compile data from several 
runs. 

1. 6 Organization Of Documentation 

Section 2 of this volume summarizes the key 
features of the Hydrocarbon Supply Model. 
The next chapter deals with the three demand 
models cont ained in the EOM: the industrial 
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demand model, the electric utility model and 
the residentiaVcommercial demand models . 
Section 4 summarizes the representation of nat
ural gas transportation and distribution. Finally, 
Section 5 reviews the EOM's methodology for 
solving for prices and demand on a monthly 
and annual basis. 

An additional volume entitled Guide to the Hy
drocarbon Supply Model contains additional in
formation on the methodology and data on the 
gas supply component of the Energy Overview · 

Model and is available from the NPC or EEA .. 

2 .  HYDROCARBON 
SUPPLY MODEL 

2 . 1  Introduction 

The Hydrocarbon Supply Model was devel
oped by Energy and Environmental Analysis, 
Inc. (EEA) for the Division of Strategic Planning 
and Analysis of the Gas Research Institute in 
Washington, D. C. The Hydrocarbon Supply 

On Spreadsheet 
Paper Form* 

Supply 
Drilling activity by region .................. K K 
Reserve additions of gas, oil, 
NGLs by region ................................. K K 
Gas, oil, NGL production by region ... K K 
Gas, oil, NGL reserves by region ....... K K 
Producers' cashflow accounts ........... K K 
Producers' rate of return .................... K K 

Demand 

Demand for gas and other fuels 
by sector and region .......................... K K 
New powerplants 
by fuel type and region ...................... K K 
Powerplants inventory, c�city 
utilization by fuel type an region ...... K 
Monthly demand/supply balance ...... K 

Transportation 

Flows along interregional 
pipeline corridors .............................. K K 

Model is a computer-based analytical frame
work designed for the simulation, forecasting 
and analysis of natural gas, crude oil and natu
ral gas liquids supply and cost trends. in the 
United States and Canada. It operates as the 
gas supply comp onent of  EEA's Energy 
Overview Model. 

Several factors set the Hydrocarbon Supply 
Model apart from other oil and gas supply 
models. The most important of these distin
guishing characteristics are the: 

• Highly disaggregated characterization of 
the undiscovered resource base 

• Detailed treatment of the costs for explo
ration, development and production of oil 
and gas reserves, 

• Explicit simulation of decisionmaking by 
oil and gas producers and gas pipeline 
companies, 

• Representation of the economics of exist
ing gas wells and how they could be im-

New pipeline construction by corridor 

Pipeline receipts by pipeline group, 
type of service ................................... 

Pipeline receipts by demand region 
destination, type of service ................ 

Pipeline revenues 
by pipeline group, type of service ...... 

Pipeline margins 
by pipeline group, type of service ...... 

Gas Prices 

Wellhead gas prices by supply region 

Citygate gas prices ............................ 

Enduse gas prices 
by region, typ� of service .................. 

Monthly Gulf Coast spot gas prices .. 

Other Energy Prices 
Wellhead crude oil prices by region .. 
Coal and oil product prices 
by region and sector .......................... 

On Spreadsheet 
Paper Form* 

K K 
K K 
K K 
K K 
K K 

K 
K K 
K K 
K K 

K 

K K 

* Spreadsheet output in Lotusl23 for PC or MS Excel for Macintosh. 

Figure 1-4. Selected Available Outputs From Energy Overview Model 
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pacted by changing prices, taxes, royal
ties or environmental regulations, 

• Representation of technological advances 
in exploration, development and cost re
ductions, 

• Ease in incorporating uncertainty into 
model scenarios, and 

• Linkage to EEA's pipeline and demand 
models so that full gas market simulations 
an be made. 

2 . 2  Scope Of 
Hydrocarbon Supply Model 

The model covers the Lower 48 United States, 
Alaska and Canada. The Lower-48 States are 
broken down into thirteen onshore regions and 
four offshore regions (Figure 2- 1 ) .  The onshore 
regions in the model are divided into four 
depth intervals: 0-5,000 feet , 5- 1 0 ,000 feet , 10-
1 5,000 feet and below 1 5, 000 feet . The off
shore regions are divided into one, two or four 
water depths. Each depth interval within each 
region is modeled with a unique resource 
base, exploratory find rates, drilling costs and 
well production profiles. 

Canada is divided into five regions which are fur
ther divided into intervals representing drilling 
depths or subregional areas. (Figure 2-2) . 

A- Appalachia 

B- EastGUI 
Onshore 

c- Nonh Cantral 

D- Alkla-&st 
Texas 

E- South 
Louisiana 
Onshore 

G- TexasGuH 
Onshore 

WL- Williston Basin 

FA - Rodly Min. Foreland 

ov - Oierlhrust Batt 
SJB - San Jaun Basin 

JN - Mid-Continent 

JS- Permian Basin 

l- West Coast Onshore 

BO- Eastern GOM 

EGO- West and 
CantraiGOM 

LO- West Coast 
Offshore 

Although the major focus of the Hydrocarbon 
Supply Model is on natural gas, the model also 
covers the exploration, development and pro
duction of crude oil because, generally, explo
ration activity can be directed only at oil-prone 
or gas-prone regions, not at oil or gas specifi
cally. As a result , exploration in a gas-prone 
area carries with it some probability of finding 
oil and vice versa. Therefore, oil and gas fields 
must be treated together in using historical 
data to develop find-rate equations. 

2 .3 Resource Base 
And Discovery Process 

Resources in the Hydrocarbon Supply Model 
are divided into three general categories: new 
field, field appreciation, and nonconventionals. 
Characterization of each category is discussed 
below. 

NewFields 

The key feature of any exploration and devel
opment model is its representation of how ex
ploratory activity leads to the discovery of ad
ditional reserves .  This discovery process 
usually is modeled through "find-rate equa
tions'' . A major consideration in developing the 
representation of the discovery process for the 
Hydrocarbon Model was that the approach be 

Figure 2-1. Lower-48 Hydrocarbon Model Regions 
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as accurate as possible and that it be able to 
reflect accurately the cost of finding and devel
oping oil and gas reser ves. 'Ib achieve this, 
EEA decided that the regions in the model 
should be broken out into depth intervals and 
that the find-rate equations should estimate the 
distribution of field sizes found in an increment 
of explorator y drilling. The reason for distin
guishing among depth inter vals is to reflect r 

more accurately the cost of drilling wells and 
the differences in resource depletion among 
shallow and deeper horizons. Field sizes are 
characterized in the find-rate equations to allow 
for an accurate treatment of development costs 
and an explicit modeling of the economic deci
sion of whether to develop a field once it is 
found. Within the model, each field size found 
in an increment of explorator y wells is sub
jected to an economic analysis to determine 
whether it will be profitable to develop. Only 
profitable finds are developed and booked as 
proven reserves. 

The basis for the find-rate methodology used in 
the Hydrocarbon Model is work done by J. J. 

Arps and T. G. Roberts in 1958 and the subse
quent elaboration and modifications to the 
work by Larr y Drew. David Root, J. H. Schuen
meyer and others at the U.S. Geological Survey 
(USGS). The fundamental theory behind the 
find-rate methodology of these authors is that 
the probability of finding a field is proportional 
to the field's size as measured by its areal ex
tent, which is highly correlated to the field's 
level of reserves. For this reason, larger fields 
tend to be found earlier in the discovery pro
cess than smaller fields. The methodology 
used in the Hydrocarbon Model starts from this 
same basis, but changes the mathematical for
mulation to match more closely the obser ved 
discovery pattern of mid- to small- size fields. 

The find-rate equations are used in the model 
to predict the number of fields of a certain size 
that will be discovered after a given number of 
exploratory wells have been drilled. There are 
separate equations for each field-size class 
(e.g., size class 9 is between 0.76 and 1.52 mil
lion barrels of oil equivalent or 4.3 to 8. 7 bcf of 
gas equivalent) within each depth inter val, 

Figure 2-2. Canadian and Alaskan Hydrocarbon 
Model Supply Regions 

Raglan Legend 
18- Alaska Onshore 

18a·- ANWR 
18b - N. Foothills I Coastal Plain 
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19- Alaska Offshore 
19a - Beaufort ShaH 
19b - Chukchi Sea 
19c - Cook Inlet Offshore 
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21 - Brbish Colurdlia 

23- Eastern Canada 
23a - Onshore 
23b - Sco!lan Shall 
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23c - Newfoundland Shelf 
23d - Labrador Shel 
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within each region. The Lower-48 por tion of 
the model has 1 7  regions, up to 4 depth inter
vals and 20 field sizes for a total of approxi
mately 1 ,060 separate find-rate equations. 

It is important to keep in mind that the result of 
the find-rate equations is a distribution of fields 
discovered for an increment of drilling some
where along the discovery process. Because 
the large fields are more likely to be found rela
tively early. the distribution in the first stages of 
t�e exploration process contains a relatively 
high number of large fields along with 
medium- and small- size fields while, in the 
later stages of the process, the distribution con
tains only medium- and small- size fields. The 
results of the find-rate equations represent the 
expected value of field discoveries per size 
class. This is conceptually similar to averaging 
the results of a large number of Monte Carlo 
simulations in which the probability of discov
ering a field is related to its areal extent. 

For the United States, the number of fields 
within a size class is broken down into oil fields, 
high permeability gas fields and low per me
ability gas fields based on the expected occur
renee of each type of field within the region 
and depth interval being modeled. The fields 
are characterized further as having a hydrocar
bon make-up containing specific percentages 
each of crude oil, dry natural gas, and natural 
gas liquids. In Canada, fields are either oil, 
sweet nonassociated gas or sour nonassoci
ated gas. 

Old Field Appreciation 

Reserves in a field are proved over a period of 
several years. For this reason, onl y a portion of 
the gas reserves in fields found by a new field 
drilling increment undertaken in a year will be 
proved and available for production in that 
year. The remaining reser ves will be proved in 
later years. The Hydrocarbon Supply Model 
maintains inventories of potential resources that 
can be proved from already discovered fields. 
Following the designations used by the Poten
tial Gas Committee, these resources are com
monly referred to as "probables." 

As the model simulation proceeds, these "prob
ables" inventories are drawn down as the re
sources are proved. At the same time, the in
ventories of probables are increased from 
future year appreciation to new fields discov-

erect during the model simulation. The method
ology by which these probables inventories are 
proved in the model is partially time-depen
dent, in that "growth cur ves" determine the 
maximum rate at which probables can be 
proved each year after a field's discovery. The 
"growth cur ves" for the probables inventories 
at the

. 
star t of model simulation, vary by region 

and field type. Other growth cur ves, which 
var y by field type and field size class deter
mine the rate at which reserves are prov�d from 
fields whose discovery the model simulates. 

The resource cost of the gas in the probables 
inventories is lower than the resource cost of 
new fields because the new field exploratory 
costs are considered sunk. Because gas is 
added to these inventories at different times for 
various depths and regions, there is a distribu
tion of pr ices for old field gas that can be 
proved in any given period. Each period, the 
model evaluates whether or not to prove each 
element in the probables inventory made eligi
ble by the "growth cur ves". The producer's ex
pected oil and gas prices are compared against 
the resource cost of the potential reserves. All 
elements meeting this criterion have a rate of 
return at least equal to the producer's minimum 
ROR and are proved in the period, unless capi
tal c?nstraints are binding. In that case, only a 
portion of each element is proved. .Arrf of the 
probable resources not proved in the current 
perio� are ad.ded to the next period's inventory 
and will be re-evaluated in that later period. 

Enhanced Recovery Module 

The Enhanced Recovery Module, or ERM, cov
ers that portion of the resource base which falls 
outside the scope of the "conventional" oil and 
gas field discovery process dealt with else
where in the model. For instance, the ERM in
clud�s

. 
coalbed methane, Devonian shale gas 

and tight gas. The ERM also may be used to 
characterize the application of technologies or 
development approaches such as infill drilling 
or thermal EOR, which increase recovery in 
conventional reservoirs. 

The ERM is organized by ''cells'', which repre
sent resources in a specific geographic area. A 
cell can represent any size of area ranging from 
the �nti�e region/depth interval to a single for
matlon m a few townships of a basin. Up to 
t�ee different technology cases can be speci
fied for each cell, along with assumptions 
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about how the market share among the tech
nologies will change over time. 

A total of 154 ERM cells have been assembled 
to evaluate nonconventional gas resources for 
NPC. Devonian Shale resources are modeled 
for the Appalachian and Michigan Basins. The 
30 Appalachian Basin cells represent Devonian 
Shale in West Virginia, Kentucky, Virginia, Ohio, 
Pennsylvania, and New York. The 5 Michigan 
Basin cells represent gas resources in the De
vonian Antrim Shale, which has recently been 
the target of a considerable amount of drilling. 

Lower-48 coalbed methane is repr�sented by 54 
cells for the Appalachian, Warrior, San Juan, 
Piceance, Raton, and "Miscellaneous" Rocky 
Mountain Basins. While the great majority of his
torical coalbed activity has occurred in the San 
Juan Fruitland and the Warrior Basins, a large 
amount of recoverable gas exists in the other in
cluded basins as well. The inclusion of ''Miscel
laneous Basins" with the Raton Basin is intended 
to capture areas such as the Umta, Green River, 
and Powder River Basins which are currently 
poorly understood but may eventually be pro
ductive. EEA has also modeled the coalbed 
methane resources of Alberta with 10 cells. 

Lower-48 tight gas is represented by 4 7 cells 
covering Appalachia, East Texas, Arkla, the 
Texas Gulf Coast, the Mid-Continent, and the 
Rockies. Each Lower-48 tight gas cell repre
sents the resources in a specific basin and for
mation. This representation differs from the 
coalbed and shale cells which generally repre
sent specific areas within a basin of the same 
formation. Alberta Basin tight gas is repre
sented by 5 cells. 

Low-BTU gas along the Moxa Arch in the Green 
River Basin of Wyoming is also represented in 
the model. These cells primarily represent a 
single massive reservoir containing 170 Tcf of 
raw gas. The gas mostly consists of carbon 
dioxide but contains up to 22 percent methane. 

Each cell is evaluated in the model using the 
same discounted cashflow analysis used for new 
and old field investments. The ERM cells also are 
subject to the inertial and cashflow constraints af
fecting the other types of investment options in 
the model. The model reports total reserve ad
ditions, production and dollars invested for each 
type ofERM cell (e.g. ,  coalbed methane) within a 
region Detailed information also is available on 
each cell in diagnostic tables. 
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Existing Reserves 

The model maintains inventories of reserves 
proved before the start of model simulation and 
tracks the cost of producing those reserves over 
time. It is possible to simulate cases in which 
those costs change due to new environmental 
regulations. The model calculates how the aban
donment point of existing gas wells changes due 
to the higher costs and computes reserves and 
deliverability lost for nonassociated gas. 

2 .4 Costs 

The model contains a wide variety of cost data 
for wells, well stimulation, lease equipment, off
shore production platforms, well operation, and 
gas processing. 

Well Cost 

Onshore well costs are affected by the region in 
which they are drilled, the depth to which they 
are drilled, and whether they are oil wells, gas 
wells or dry holes. In addition, they can be af
fected by whether the wells are stimulated. 

. Subregional detail from the Joint Association 
Survey QAS) was aggregated to estimate re
gional averages for the depth intervals used in 
the model. In addition to the standard costs of 
drilling and completion, gas wells drilled in low 
permeability reservoirs are assumed to have 
additional well stimulation costs. 

Equipment Cost 

Well costs include all drilling and completion 
costs through the "Christmas tree:• Additional 
items past the Christmas tree needed for pro
ducing wells (e .g. , flowline and connections, 
separators, dehydrators, pumps and storage 
tanks) are included as lease equipment costs. 
Estimates for lease equipment costs were de
rived from an annual survey conducted by the 
Dallas Field Office of EIA. Estimates for lease 
equipment costs are contained in the model by 
region, depth interval and type of well (oil or 
gas) . 

Operating and Maintenance Cost 
Operating and maintenance costs are dealt 
with in the model primarily as annual costs per 
well. These costs are represented by onshore 
region, depth interval and type of well (oil or 
gas) and were derived from the same EIA sur
vey used to develop lease equipment costs. 



Gas processing costs for liquids extraction is 
treated in the model as a deduction from NGL 
revenues. Additional processing costs at
tributable to non-hydrocarbon gas removal are 
explicitly added in several areas. The costs are 
included in the model as an operating cost in 
dollars per MMBtu of marketable gas. 

Environmental Compliance Costs 

Upstream environmental compliance costs 
above those embedded in the baseyear cost 
data can be added in the model as part of sce
nario development . This is done be adding 
per-well capital and operating costs associated 
with an impending or hypothesized environ
mental regulation. Costs are specified for new 
wells separately from existing wells. 

Offshore Costs 

Within the model, the Central and Western 
Gulf of Mexico Offshore region is broken down 
into four water-depth intervals : 0-40 meters, 
40-200 meters, 200-1 , 000 meters, and 1 , 000-
3,000 meters. The Norphlet trend of offshore 
Alabama, Mississippi and Florida is included 
as the first interval of region BO, while the east
ern Gulf of Mexico (west Florida shelf) is in
cluded as the second interval of region BO. 
The Atlantic continental shelf (region AO) is di
vided into three geographic regions running 
from north to south. The offshore Pacific is 
broken down into two intervals: 0-200 meters 
and 200- 1 , 000 meters. "Average" or "typical" 
physical parameters are assumed for each in
terval for the purpose of developing offshore 
well, platform, production equipment and op
erating costs. 

Other Costs 

Other cost items contained in the Hydrocarbon 
Supply Model were developed from expendi
ture data contained in the annual Census and 
API surveys of oil and gas expenditures. These 
include leasehold costs exclusive of lease 
bonuses, geological and geophysical surveys, 
scouting and land rents and overhead. The 
model represents these costs as a fraction of 
the direct well and equipment costs. 

Changes to Costs Over Time 

The model calculates changes to real dollar 
base costs over time as industry activity and 
oil and gas prices change. Algorithms esti-

mated from 19 years of historical data are 
used to create an index of future costs. A sep
arate algorithm exists for well costs by depth 
interval, equipment costs, operating cost and 
overhead. The algorithms use forecasted oil 
and gas prices and active rotary rig counts as 
their input. 

Endogenous estimates of cost changes due to 
industry activity and prices are limited by ap
plication of cost bounds. The bounds used in 
t he model represent long-term limits on 
charges for the various components that make 
up the cost of drilling a well. Each component 
has a cost floor, and an upper  bound ex
pressed as a range (high and low upper 
bounds) . These bounds are based on analysis 
of long-term trends in drilling costs, with spe
cial attention paid to rig contractor payments 
and the replacement cost of rigs in determin
ing the bounds for well costs. 

2.5 Discounted 
Cashflow Analysis 

The logic of the Hydrocarbon Supply Model is 
designed to simulate the decisionmaking pro
cess that takes place within an oil and gas com
pany. This is done through discounted cash
flow (DCF) analysis of investment programs 
made of successive new field exploratory 
drilling increments, continued development of 
existing fields and investment in "cells" within 
the Enhanced Recovery Module. 

For instance ,  with regard to new fields, the 
drilling of 300 exploratory wells in the 1 0-
1 5 ,000 ft. depth interval of South Louisiana on
shore, plus all subsequent development and 
production activity for oil and gas fields found 
by these wells, would be considered a new 
field investment program. The next 300 ex
ploratory wells would be another program, and 
so on. When evaluating the economics of un
dertaking a new field exploration program, the 
model considers many of the same factors con
sidered by a company making a similar deci
sion. Specifically, the Hydrocarbon Supply 
Model includes the following items in its DCF 
decision framework: 

• Expected oil and gas prices and expected 
hydrocarbon discoveries (characterized 
by the find-rate equations in terms of the 
expected number of oil and gas fields in 
20 size classes) , 
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• Assumed takes as a percent of deliverabil
ity for gas fields in reflection of market 
conditions, and 

• Producers' costs for lease acquisition, ge
ological and geophysical costs, drilling, 
operation and maintenance, etc. 

All cash outflows and inflows are characterized 
by the year they take place. Many of the ex
penditures for exploratory drilling, along with 
some development and production expendi
tures, occur in the first year. Revenues from oil, 
gas and natural gas liquids production may be
gin in the first year and will continue for several 
years. In performing the DCF analysis, the 
model evaluates costs and revenues for 2 0  
years from when the investment program be
gins. Within the model, each dollar of expendi
tures and revenues associated with an invest
ment program is adjusted to a net, after-tax 
basis and discounted at an assumed minimum 
required rate of return 

Investment programs with a positive present 
value (i .e . ,  those with rates of return at or above 
the minimum ROR) are · considered financially 
acceptable and may be undertaken by the 
model. The criterion used in the model to se
lect among financially acceptable inv�stment 
programs is the "profit index." This is calcu
lated as the internal rate of return minus the 
minimum required ROR. When several pro
grams, each of which meets the minimum re
quired ROR criteria, are available in a given 
model period, the model generally selects first 
those with the highest profit indices. 

2 . 6  Logic Flow Of Model 

The overall logic flow of the Hydrocarbon Sup
ply Model is shown as consisting of eight steps 
in Figure 2-3.  The model begins at Step 1 by 
setting initial values for many variables, includ
ing data for old field probables inventories. At 
this point, these inventories refer to undiscov
ered resources in fields found before the 
model's first year of simulation. 

Step 2 in the model is to evaluate the eco
nomics of investments to find, develop and pro
duce reserves in old fields. The model com
pares expected oil and gas prices against the 
minimum acceptable price of elements in the 
old field probables inventory. This comparison 
is made separately for oil and gas fields in each 
region and depth interval. 
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In Step 3 ,  the model evaluates the economics 
of investments to discover new fields. Here, 
successive increments of new field exploratory 
drilling in each of the model's region/depth cat
egories are evaluated. Part of this evaluation in
cludes the calculation of the relative profitability 
of each drilling increment as measured by the 
"profit 'index" , i .e. , the internal rate of return 
minus the minimum acceptable rate of return 
A similar economic analysis is performed in 
Step 4 for "nonconventional" gas and other 
types of investment characterized in the En
hanced Recovery Module. 
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Figure 2-3: Hydrocarbon Supply 
Model Framework 



Once investment options in old fields, new 
fields and Enhanced Recovery Module cells 
are evaluated, the model comes to Step 5 ,  
where it selects which investments to make in 
the cur rent period. The selection among new 
field and ERM investments is done primarily on 
the basis of profitability, but within certain con
straints designed to model industry inertia and 
capital limitations. All old field investments 
meeting the producers' minimum ROR require
ments are made, unless capital constraints are 
binding. In that case, only a portion of each in
vestment (i. e. , of each economic element in the 
probables inventory) is undertaken. 

After the selection process is completed, sum
mary results are generated at  S tep 6 and 
passed to the rest of the Energy Over view 
Model. At Step 7 the Energy Overview Model 
solves for regional gas production, wellhead 
gas pr ices, transpor tation and distribution 
rates, bur ner-tip prices and demand for the 
current year. 

At S tep 8 ,  the Hy drocar bon S upply Model 
stores the cur rent period results for output ta
bles and updates variables for use in the next 
run year. The important variables that may be 
updated for the next period, based on the re
sults of the current period, include the capital 
constraints and the producer's expected natu
ral gas prices and takes. The model also re
vises its inventories of old field probables to re
flect future growth in fields discovered in the 
current period. 

2 . 7  User Specifications 

The Hydrocarbon Model has been designed to 
allow the user a great deal of flexibility in set
ting important model parameters to facilitate 
sensitivity analysis of model results. Some of 
the most important parameters which the user 
can specify are described below. 

Resource Base Assumptions 

There are three overall categories for resource 
base assumption: 

New Fields: Three resource base assumptions 
for new fields are provided in the model. The 
user can specify for each depth in each region 
which assumption (low, medium or high) will 
be used. 

Old Fields: The initial values for the undiscov
ered resource base in old fields also can be set 

by the user for each region as a percent of the 
default values. Separate values can specified 
for associated-dissolved gas ( and cr ude) , 
nonassociated high per meability gas and 
nonassociated low permeability gas. 

Nonconventionals: For the Enhanced Recov
er y Module, the resource base is specified for 
each cell in ter ms of resource-in-place (as 
measured in barrels of oil equivalent) and the 
fraction of resource-in-place that can be recov
ered using each of up to three technologies. 

Technology Assumptions 

Assumptions regarding technologies are dealt 
with in three general ways in the Hydrocarbon 
Supply model: 

Cost Factors: The base costs in the model are 
adjusted for general factor cost changes re
lated to oil and gas prices and drilling activity. 
It is also possible to introduce technology in
duced cost changes through the "Rig Efficiency 
Index" . 

Exploration Efficiency: Changes in explo
ration efficiency due to technological changes 
also can be included in scenarios. The index is 
specified by year, where 

'
current technology is 

1 .00 . The index is used to reduce the need to 
drill exploratory wells. 

Recovery Factors: For the development of 
new fields, up to three different technology as
sumptions can be made by field type for each 
region and depth inter val to represent such ad
vancements as better completion techniques 
and horizontal drilling. This has the effect of in
creasing the size of each new field. One can 
also specify technology-driven changes in re
cover y factors for each cell in the Enhanced 
Recover y Module. 

Environmental Compliance Costs 

Environmental compliance costs beyond those 
in the baseyear costs can be specified in the 
model in one of two ways. The first, and sim
plest way is to specify an annual cost increase 
as an index to the baseyear costs (e.g. ,  1 .04 is a 
four percent increase) for the U.S. or Canada as 
a whole. The second way is to specify changes 
in costs by region, depth and type of well for 
one or several combined regulations. This de
tailed method must be used if changes in re
ser ves and deliverability of existing gas wells 
are to be considered. 
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Rate of Return 

The real, after-tax minimum rate of return de
manded by producers can be specified by 
depth, separately for onshore and offshore ar
eas and by type of gas (conventional, coalbed 
methane, shale, tight gas) . Different values can 
be specified for each forecast year. 

Tax Rates 

Severance taxes and the marginal income tax 
rate can be set by the user by region The be
ginning and end dates and operation of the 
Section 29 nonconventional fuel tax credit in the 
United States can also be varied among cases. 

Offshore Lease Bonus 

The model is designed to allow the user ei
ther to specify the level of offshore lease 
bonuses or to let the model calculate the 
bonus endogenously to reflect changes in gas 
and oil prices, resource depletion and gas 
market conditions. 

Industry Inertia 

The annual percentage changes upward and 
downward in new fields and ERM investments 
can be set by the user by type of gas . The 
user also can pre-specify maximum or mini
mum new field drilling levels by year for any 
depth of any region This option can be used, 
for instance, to simulate restricted access to off
shore leases. 

Cash-Flow Constraints 

The user can decide whether or not cash-flow 
constraints will operate in the model and the 
formula by which the constraints are deter
mined. Separate constraints may be used for 
the U.S. and Canada. 

Oil Prices 

The user must specify average Lower-48 crude 
oil field prices (in constant dollars) to be used 
in the discounted cash flow investment analysis. 
Regional variations among crude wellhead 
process are set automatically in the model. 

Producer•s Expected 
Gas Prices 

The user can either specify one set of future 
wellhead prices (in constant dollars) that will 
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be used to simulate producer's discounted 
cash flow analysis, or let the model endoge
nously update producers' gas price expecta
tions each period based on the model results. 
Regional variations in gas prices are computed 
within the model primarily based on pipeline 
capacity and transportation cost differences 
among the regions. 

Expected Take Levels 

In the simulation of producer discounted cash 
flow analysis, a projection must be made of ex
pected takes from non-associated gas fields. 
These takes are expressed as a percent of de
liverability. The user either can specify the 
takes or let the model update producers' ex
pectations for takes based on model results. 

3 .  DEMAND MODELS 

3 . 1 Introduction 

Three U. S. energy demand models are con
tained in the Energy Overview Model. These 
are the Industrial G as Demand Model, the 
Electric Utility Model and the ResidentiaVCom
mercial Demand Model. The industrial and 
electric utility models are process engineering 
models, in which the physical processes of en
ergy production, conversion and consumption 
are explicitly represented along with their at
tendant costs. In these process engineering 
models, decisions are simulated using standard 
business techniques such as discounted cash
flow analysis. The third model, representing 
energy demand separately in the residential 
and commercial sectors ,  is an econometric 
model , which has been based on and cali
brated to a larger process engineering model 
created by EEA. All three of the U.S. demand 
models are divided into Federal Regions shown 
in Figure 3-1 . 

Canadian energy demand is represented in the 
Energy Overview Model in a simpler manner 
than that used for the U. S. The EOM's Cana
dian Demand Model represents five sectors: 
residential, commercial, feedstocks (non-en
ergy) , industrial ,  transportation and electric 
utility. An input into the Canadian demand 
model is a " b asecase " forec ast including 
Canadian GDP growth, oil prices and energy 
demand by fuel type. This is most often taken 
from a forecast of the National Energy Board. 
The EOM's Canadian Demand Model applies 



income elasticities, price elasticities and fuel 
switching curves to adjust these "basecase" 
energy demands to reflect Canadian G�P 
growth and oil prices specified i? �e scenar1o 
and the gas prices calculated Within the E�M. 
Demand is represented for the seven Canadian 
regions shown in Figure 3- 1 .  

North American EOM Regions 

3 . 2  Industrial Gas Demand Model 

The Industrial Gas Demand Model is a re
duced-form version of EEA's Industrial Fuel 
Choice Analysis Model (IFCAM). IFCAM is a 
highly disaggregated process engin�ering 
model designed to analyze factors affecting fuel 
choice decisions in the industrial sector. Since 

1 .  New England 5. Midwest 
2. New York/New Jersey 6. Southwest Central 

9.  South Pacific 
1 0 .  Northwest 

1 3. Ontario 

1 4. Manatoba 
1 7. British 

Columbia 
and 
Territories 

3. Middle Atlantic 7. Central 1 1 .  Atlantic 1 5. Saskatchewan 

4. South Atlantic 8. North Central 1 2 . Quebec 1 6. Alberta 
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1 978,  IFCAM has been used to support policy 
analyses and forecasting requirements for wide 
variety of government and private users. The 
model also uses energy efficiency relationships 
which are derived from another process engi
neering model developed by EEA, the Indus
trial Thchnology Use Model (ISTUM). 

Each of the EOM's demand models is struc
tured to focus on critical issues which affect the 
demand for natural gas and other fuels. Three 
key issues are related to the future develop
ment of the industrial gas market: 

• The rate of growth of total industrial en
ergy demand 

• The pace of coal and electricity market 
penetration in the industrial sector 

• Oil and gas substitutability. 

Future changes in the mix of industrial products 
and processes, conservation and combustion 
equipment efficiency improvements and the fu
ture relationship between industrial production 
growth and total industrial energy demand are 
some of the key parameters that will affect the 
rate of growth of total industrial energy demand. 
The Industrial Gas Demand Model forecasts to
tal energy demand considering the impact of re
gional energy costs and industrial production 
growth forecasts by major industry group (SIC) . 
The model then allocates total industrial energy 
demand by SIC and region and determines the 
mix of new and existing industrial combustors 
and alternate fuel-firing capabilities. 

To a large extent,  steam coal and electricity 
market penetration are a function of projected 
growth in total energy demand and the 
turnover of industrial capital stock. Most exist
ing industrial combustors cannot technically be 
retrofitted to burn coal (or electricity) . Coal 
and electricity will compete for market share 
primarily to serve production expansion re
quirements for some (but not all) processes. 
Depending upon the expected rate of increase 
of oil and gas prices, some existing oil/gas 
combustors could be retired early and re
placed with new coal-fired combustors or elec
tric heaters. 

The Industrial Gas Demand Model addresses 
the economic, environmental, technical, and 
regulatory issues which affect the rate of 
turnover of capital stock and the capital and 
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O&M cost differences for coal versus oil/gas 
use, including: 

• Unit size and operating rate 

• Local, State and Federal air emissions reg
ulations 

• Regional fuel price variability 

• Thchnical feasibility constraints which limit 
the applicability of residual fuel oil as a 
retrofit option for some existing gas com
bustors 

• Fuel-firing capability of existing units. 

Technical constraints on fuel firing capability 
are more relevant for coal, heavy fuel oil and 
electricity use in industrial process heat mar
kets. There are opportunities for coal use in 
process heat applications in the Petroleum Re
fining, Stone, Clay and Glass, Steel and Alu
minum industries. Some are in current use. 
Others have risks related to design problems, 
potential materials failure, equipment down
time or safety hazards. 

Oil and gas substitutability is a third (but not 
least important) issue. While coal and electric
ity compete with oil/gas generally in long-term 
new capital stock decisions, gas competes with 
oil in any time frame. Dual oil/gas firing capa
bility has being added to some existing com
bustors and dual fuel capability is generally be
ing incorporated in designs for new units in 
order to promote increased flexibility - to be 
able to react quickly to market changes in fuel 
prices and supply availability. Therefore, alter
nate fuel-firing capability is a key factor related 
to short-term fuel choice decisions between 
fuel oil and natural gas. 

With respect to the short run decision between 
oil and gas, the model considers: 

• Technical constraints limiting retrofits from 
natural gas to heavy fuel oil, 

• Decisions to install new alternate fuel-fir
ing capability, 

• Retrofit costs which are specific to unit 
size, operating rate and combustor type, 

• Environmental regulatory requirements 
which affect capital and operating costs 
and/or limit the industrial user to a high 
quality fuel oil. 



The Industrial Gas Demand Model includes the 
major economic, environmental, and technical 
factors needed to address the key issues affect
ing natural gas demand in the industrial market. 

Scope of Model 

The Industrial Gas Demand Model projects de
mand curves for natural gas for two groups of 
industrial combustors: 

• Boilers 

• Non-boilers (or process heat equipment) . 

The Industrial Gas Demand Model addresses 
the projected consumption of fossil fuels (natu
ral gas, distillate and residual fuel oil and non
metallurgical coal) and electricity in industrial 
combustors. Th.ble 3-1 summarizes the cover
age of this model with respect to U. S. De
partment of Energy (DOE) Energy Information 
Administration end-use categories. 

Analytical Framework of IGDM 

The Industrial Gas Demand Model is a process 
engineering model which simulates the effects 
of specific policies on new and existing techni
cal alternatives through the application of direct 
engineering information The model character-

izes industrial energy uses at a very disaggre
gated level. Based on the characteristics of each 
combustor (i.e. , firing rate, operating rate, pollu
tion control requirements, location) , cost esti
mates are generated for the options of choosing 
natural gas, distillate fuel oil, residual fuel oil and 
coal. The cost estimates include capital, operat
ing, maintenance ,  and fuel expenses for the 
combustor and pollution control equipment. 

For each group of industrial
. 
combustors, the 

model projects the least-cost alternative to nat
ural gas demand and the "break-even" natural 
gas price. �e "break-even" natural gas price 
is defmed to be the fuel price such that the nat
ural gas total life-cycle costs (capital, O&M and 
fuel) equal the least-cost alternate fuel's total 
life-cycle costs. The annual fuel consumption 
and "break-even" natural gas prices are aggre
gated into two sets of regional industrial natural 
gas demand curves: boilers and non-boilers. 
These natural gas demand curves are then 
passed to the integrating elements of the En
ergy Overview Model. 

Figure 3-2 presents the major features of the 
analytic al framework of the Industrial Gas 
Demand M o d e l  and is  discussed in the 
following sections. 

TABLE 3-1 
COVERAGE OF INDUSTRIAL FOSSIL FUEL CONSU MPTION 

IN THE INDUSTRIAL GAS DEMAND MODEL 

Fuel Type Included 

DOE/E IA End-Use Categories 

Excluded 

DOEJEIA 
Publication 
Reference 

Natural gas 

Disti l late 
Fuel Oi l  

Residual 
Fuel Oi l  

Coal 

Industrial 

I ndustrial 
Off-highway 
d iesel 
Oil company 
Farm 

Industrial 
Oil company 

Other industrial 

Lease and plant fuel 
Pipel ine fuel 

Mi l i tary 
Rai l road 
Vessel bunkering 
All other 

Mi l i tary 
Rai l road 
Vessel bunkering 
Al l  other 

Coke plants 

Natural Gas 
Annual 

Petroleum 
Supply 
Annual 

Petroleum 
Supply 
Annual 

Quarterly 
Coal Report 
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Total Energy and 
Combustor Population 

Industrial production and fuel price elasticities 
are used in the model to project total industrial 
energy demand by industry group in IGDM. 
These are summary relationships developed 
from projections from EEA's Industrial Thchnol
ogy Use Model (ISTUM). IS'IUM covers total in
dustrial energy use - all energy covered in 
EIA's definition of industrial energy use plus 
biomass and by-product fuels. The elasticities 
derived from IS'IUM reflect basic energy effi.-

Figure 3-2. 

ciency improvement trends and changes in the 
mix of fossil fuels and electricity in comparison 
to other energy sources. 

User-specified inputs for industrial production 
growth rates and the prices of fuel supply op
tions other than natural gas are input to this 
segment of the model, which projects energy 
consumption for e ach region and industry 
group. Withiri each industry group/region, the 
energy is then broken down into functional use 
classifications which are retained throughout 
the analytical framework. These functional 

Industrial Gas Demand 
Model Framework 

Detailed Configuration 
Characterization 
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uses include boilers and about 50 distinct pro
cess heat uses applications (such as furnaces, 
ovens, kilns, and heaters) plus gas feedstock 
use and off-highway oil uses. The incremental 
energy associated with the growth in cogener
ated power within the industrial sector is input 
exogenously into IGDM. l · 

Existing Units 

The population of ' 'existing' ' combustors in the 
base year is identified by type of combustor, 
Federal region, firing rate, capacity utilization 
rate and alternate fuel-firing capability. The 
original base year for the combustor popula
tion was the mid-1 970's, based on the following 
data source: DOE's Major Fuel Burning Instal
lation (MFBI) survey (Form No. FEA C-602-S-0) 
and EEA's Energy Consumption Data Base (in
dustrial energy consumption estimates by fuel 
type, region, industry group and functional 
use) which was prepared for DOE. EEA up
dated the characteristics of the combustor spe
cific population in a more recent study, using 
primarily confidential information developed 
from pipeline and gas distributor data bases. 
The results of this update were summarized in 
a report for the Department of Energy com
pleted in 1 986. 

The model has been calibrated to 1 989 re
gional DOE estimates of industrial natural gas, 
distillate fuel oil, residual fuel oil and non-met
allurgical coal demand. Therefore, 1 989 is the 
current base year in the model. The inventory 
of existing units changes over time in the 
model due to retirements of the units or, possi
bly; due to declining industrial output. 

Characterizations of New Combustors 

The portion of total energy not accounted for 
by existing units within a functional use cate
gory is allocated as new combustor fuel use. 
New combustors are identified by: 

• Type (boiler or one of over 50 
types of process heat equipment) 

• Size and operating rate 

• Federal region 

• Applicable air emissions regulations. 

Historical data for each industry group are 
used to assign combustor type, size and oper
ating rate parameters. 

The designed primary fuel-burning capability 
of each new combustor depends on an eco
nomic choice comparison of after-tax capital, 
fuel, and O&M costs discounted over .the ex
pected life of the combustor. The fuel choice 
considers the technical requirements of each 
process, environmental control requirements, 
fuel combustion equipment required and asso
ciated operating costs, as well as any other reg
ulatory restrictions that have been imposed. 
The final decision is whether the new combus
tor will burn oiVgas or coal as a primary fuel. 

The Industrial Gas Demand Model solves for 
both the long run decision regarding the fuel 
firing capability of new units coming on line and 
also for the short-term (within 1 year) fuel oil al
ternative to natural gas. A long-term decision is 
made to determine fuel choice for the capital 
investment in the new boiler or process heater. 
Once the fuel firing capability of new combus
tors have been determined, the short-term de
cision section of the model chooses between oil 
and gas for all combustors, including both new 
and existing units. This second step in the two
part fuel choice decision, provides the demand 
response for natural gas and fuel oil to short
term fluctuations in oil and gas prices. 

When a boiler or process heater already has 
fuel oil and gas firing capability, short-term fuel 
switching can be performed with only operat
ing cost expenses.  For other combustors 
which are not dual-fired, the model considers 
technical constraints, fuel conversion costs, en
vironmental regulations ptus fuel and O&M 
costs on an after tax basis. For the short-term 
decision to install fuel oil firing capability; the 
model assumes a three year payback period is 
need to recover equipment costs. Effectively; 
the model at this stage determines the alterna
tive fuel that would be fired (in the short run) as 
an alternative to natural gas. 

Demand Curve Output 

For each existing or new combustor, the model 
calculates the life-cycle costs for the least-cost 

I The "incremental" energy includes only the ex
tra energy required to generate power and does not in
clude the other energy required to generate steam to 
satisfy process heat demands. Typically, estimates of co
generation includes both needs for energy. In IGDM, the 
energy for process steam is reported under boilers and 
the extra energy required to generate power is included 
as cogeneration. 
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non-gas alternative (distillate fuel oil, one of 
four sulfur classes of residual fuel oil, high sul
fur coal or low sulfur coal) . The model sub
tracts the non-fuel life-cycle costs of natural gas 
combustion and the residual is the "break
even" marginal gas burner-tip price - i.e. , the 
unit would burn gas at any price below this 
"break-even" price. Gas demand curves are 
generated by aggregating the annual fuel de
mand and marginal gas burner-tip prices for 
each group of combustors. Separate regional 
industrial natural gas demand curves are gen
erated for total industrial boilers and total in
dustrial non-boilers. These demand curves are 
then passed to the integrating framework of the 
Energy Overview Model. 

3.3 Electric Utility Model 

The purpose of the Electric Utility Model in the 
Energy Overview Model is to determine gas 
consumption in the electric utility sector and to 
estimate electricity prices for the industrial, 
commercial and residential sectors: The Elec
tric Utility Model: 

• 'Tracks capital stock changes in 
the regional powerplant inventory 

• Projects long-term fuel choices 
in new generating units 

• Makes short-term oil/gas fuel choice 
decisions 

• Projects regional electricity production 
costs and fuel consumption 

• Projects regional electricity prices by 
sector through revenue requirement 
calculations. 

There are 23 types of powerplants represented 
in the model (see Table 3-2) . The model re
tires existing capacity and adds new capacity 
so as to maintain desired reserve margins. 

Logic of Electric Utility Model 

Figure 3-3 presents an overview of the Electric 
Utility Model. The overall logic of the model 
can be broken up into two parts. The first set of 
steps, which are shown in the upper area of the 
figl.rre, are performed once each model pe
riod. These steps retire existing plant and add 
new plant capacity, and thus determine the total 
installed capacity by load type by region for 
each period. The second part of the model 
has steps which may be performed several 
times within a period, as the Electric Utility 
Model iterates with the rest of the EOM toward 
reaching an equilibrium. The steps in the sec
ond part include plant dispatching, oil/gas fuel 
switching, calculation of revenue requirements, 
and determination of electricity rates by sector. 
At the end of these steps, gas consumption by 
electric utilities and electricity rates have been 
determined and are sent back to the EOM. 

TABLE 3·2 

ELECTRIC UTILITY MODEL PLANT TYPES 

Plant Plant Plant 
Type Description Type Description Type Description 

Oil-fired steam 1 0  Combined cycle natural gas 1 7  Low sulfur subbituminous 

2 High sulfur bituminous coal 1 1  High sulfur bituminous coal, coal, no scrubber 

with scrubber no scrubber 1 8  Medium sulfur l ignite coal 

3 Medium sulfur  bituminous 1 2  Medium sulfur bituminous with scrubber 

coal with scrubber coal , no scrubber 1 9  Low sulfur l ignite coal with 

4 Low sulfur bituminous coal 1 3  Low sulfur bituminous coal, scrubber 

with scrubber no scrubber 20 Medium sulfur l ignite coal, no 

5 Natural gas-fired turbine 1 4  Medium sulfur subbituminous scrubber 

6 Disti l late oil-fired turbine coal with scrubber 21 Low sulfur l ignite coal , no 

1 5  Low sulfur subbituminous scrubber 
7 Combinep cycle disti l late 

coal with scrubber 22 Pump hydro 
8 Natural gas-fired steam 1 6  Medium sulfur subbituminous 23 Nuclear 
9 Hydro, other renewables coal with scrubber 
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Each of the key steps in the model's logic is de
scribed in greater detail below. 

Calculation of Powerplant 
Capacity Requirements 

The first step in the model is to take a prelimi
nary estimate of electricity demand from the 
EOM and to compute the required megawatts 
of installed capacity by region by generating 
class (base, cycling, peaking) . The prelimi
nary estimate of electricity demand is com
puted in the EOM as a fixed rate of growth by 
region from the model's solution demand in 
the previous period. Generating needs by re
gion are calculated by taking into account how 
much electricity is transferred across regions 
and from Canada. The model next takes these 
generating needs in megawatt hours and 

transforms them into megawatts of required 
capacity by load class. This step includes con
siderations for transmission and distribution 
loses, desired reserve margins, average sys
tem load factors, and the regional load dura
tion curves. 

The model maintains its inventory of existing 
plants by load class and type. It simulates the 
process by which older fossil fuel steam plants 
are demoted from baseload service to cycling 
over time as new plants are built. Due to the 
higher operating cost of oil and gas steam units 
in comparison to coal, the model will first de
mote oil and gas steam units from base to cy
cling. Since older baseload plants are moved 
to fill any gap in capacity requirements for cy
cling duty; all new steam plants added by the 
model initially go into baseload service. 

Initial Regional Electricity Demand Estimates 

New Gas Price 
New Electricity Demand 

berate 
Whhln EOM 

Toward 
Equilibrium 

OUTPUTS 
• Electricity Demand by Region, Sector 

• Electricity Prices by Region. Sector 

• Powerplant Fuel Use by Region 

... 
Calculate Powerplant 

Capacity Requirements 

• Baseioad 
• Cycling 
• Peaking 

..__ .......... _ .... 

Calculate Fuel, O&M, and 
Administration Costs. 

Add to Capital Charges for 
Revenue Requirements 

Determ lne Electricity 
Rates 

• Residential 
• Commercial 
• industrial 

• Powerplant Inventory by Re,gion, Fuel,  Load Category 

• lnleneglonal Transfer & I111J0rtS 
• Transmission Losses 

• Desired Reserve Margins 

• Regional Load Duration CUrves 

+---!( • Relinrnenl Of Existing Powerplanls ( 
• Planned New Powerplant capacity 

• Economics For U11Jianned Capadly 

• S� Allowance Value 
• AssiJnpllon For Gas CoHring/Reburn 

Figure 3-3. Electric Utility 
Model Framework 
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Normal Retirements 
of Powerplants 

The inventory of powerplants in the model is 
derived from DOE's Generating Units Refer
ence File (GURF) . This flle describes the phys
ical characteristics for all existing generating 
units and future generating units for which con
struction should be completed within the next 
ten years . The existing plants have been 
sorted into age groups for coal and oil/gas 
plants and this information has been put into 
the model. The model may retire plants when 
their age reaches a specified limit: For most 
scenarios, a considerable amount of plant re
furbishment is assumed and a large portion of 
the old plants are kept active past their "nor
mal" retirement age. The cost of this life exten
sion is included in the model's capital require
ments. In some scenarios, it is further assumed 
that some of the old units will be "re-powered" , 
i.e. , additional capacity added at the time of re
furbishment. 

Fuel Selection for New Plants 

The type of new plants are added in the model 
is determined in twO ways: 

• from a list of plants contained in the 
PLANTS file, and 

• based on economic competition 

Typical scenarios for new powerplant capacity 
include specification by type for all announced 
plants plus a certain number of unarmounced 
hydro/renewable plants. The remaining capac
ity is determined in the model by an economic 
competition between coal and gas. 

Specific Assumptions for the Long
term Economic Decision 

The economic competition for new, baseload 
plants which might fire either natural gas/oil or 
coal is made on the basis of long-term eco
nomics, considering the capital cost, non-fuel 
O&M and fuel costs over an expected 30 year 
operating life of the new generating facility. 
The following assumptions are used in the de
termination of the fuel firing capability of new, 
baseload generating capacity coming on line 
after 1 996 based on the minimization of life cy
cle costs for new generating plants. 

Size of New Plants: The model simulates costs 
for both a "large" and a "small" plant size . 
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New plants less than 400 NJ.W are classified as 
small. For costing purposes, the small size is 
represented by a 300 NJ.W unit and the large 
plant by a 500 NJ.W unit. The distribution of 
new, baseload plants by size through the year 
2000 is based on the pattern of planned capac
ity additions of natural gas and coal fired units 
as reported by NERC (the trend now empha
sizes the small unit size) ; after that date it is as
sumed that, as large scale generating capacity 
additions are needed, the size distribution of 
new plants shifts toward the larger unit sizes re
flecting the historical experience during peri
ods of rapid electricity growth. 

Capital and Non-fuel O&M Costs : Capital 
costs for the base year ( 1 990) were derived 
from the 1 989 EPRI TAG report, with the adjust
ment noted below to raise the costs of gas-fired 
units. A combined cycle plant is used as the 
representative gas fired unit for both sizes. Al
though plant cost data can vary by region, the 
default is to set plant costs data to that for the 
Midwest region of the U.S. , (the East North 
Central region) as identified in the TAG. Capi
tal (including AFUDC) and O&M costs were as
sumed to be in 1 988 dollars and were esca
lated for inflation to $ 1 990. Discussions with 
utility industry representatives familiar with 
new plant costs resulted in an upward adjust
ment of the TAG capital costs for combined cy
cle gas-fired units to $700/kw to reflect the 
costs of new plants now coming on line. 

Escalation in Capital Costs: The capital costs 
for both coal and natural gas fired units may be 
escalated after 1 9 90 at a real per annum rate. 
Although historical data on capital costs indi
cate a rate of escalation which is roughly three 
percent per annum, it is generally felt that much 
of this cost increase was due to the rising 
equipment costs related to environmental con:.. 
trol. Given that the scenarios for the impact of 
environmental costs are defmed separately, a 
future cost escalation of one percent per annum 
in real terms for new capacity additions is typi
cally used. 

Fuel Prices: The cost of fuel for the new gas
fired generating plants is a weighted average of 
natural gas and distillate oil prices, with the 
weighting for distillate being a user-specified 
input. For example, a scenario which assumes. 
that long-term gas wellhead contracts and 
semi-firm transportation sources will be used 
for the combined cycle plants might assume 



that distillate will be burned for the equivalent 
of five full days during the year. This reflects a 
minimal amount of interruptions of natural gas 
supplies during the year. 

Although perfect foresight is assumed for future 
fuel oil and coal prices, the model does not al
ways assume that utilities have perfect foresight 
regarding future natural gas prices. The user 
can specify one of three separate options for 
expectations regarding future natural gas 
prices: 

• Assumes electric utility planners have 
perfect price foresight, 

• In each year, gas prices in future are · as
sumed to reflect a continuation of the 
trends in the most recent 3-5 years, or 

• Delivered gas prices ares assumed to 
move up over a five year period to reach 
and then track the predominant residual 
oil as dictated by that region's environ
mental requirements. 

Treatment of Environmental Factors: Envi
ronmental factors are built into the modeling 
approach at two levels. At the first level, capital 
and fuel costs of new units reflect the need to 
comply with environmental requirements such 
as the New Source Performance Standards . 
For example, the costs of S02 scrubbers has 
been included in the capital costs of coal fired 
units. These costs are based on expected im
plementation of current legislation and do not 
consider possible changes to environmental 
legislation in the future. 

The second level of costs relates to the antici
pated cost of purchasing so2 allowances for 
new coal fired facilities. The costs of purchas
ing so2 allowances are added into the costs of 
coal; considering the differences in sulfur con
tent of coal being used in various regions. The 
user must input the cost of S02 allowances ($ 
per ton) by forecast year. 

Solution Algorithm for Gas Market Share: 
Given the above inputs on capital, O&M and fuel 
related costs for new natural gas and coal fired 
generating plants, the model calculates a lev
elized present value of the total life cycle-costs of 
a new coal plant compared to a new gas plant for 
each size class in each region for the year when 
the plant would come on line. All cost inputs are 
in real terms and a real discount rate (typically 
8%) is used in the present value calculation. 

These present value costs are then input into a set 
of market share algorithms (by plant size and re
gion) which determine the gas market share for 
the economic decision logic. The algorithms are 
based on logit curves which were calibrated such 
that the gas market share equals 500/o when the 
costs of a new natural gas-fired plant is equal to 
the cost of a coal-fired plant. 

Considerations 
for Institutional Factors 

There has been some controversy regarding 
whether or not near-term decisions regarding 
fuel firing capability in new generating facili
ties are based on long-term economics (cost 
minimiz ation over the useful plant life) or 
whether decisions are biased in favor of natu
ral gas be€ause of "institutional" factors which 
are not c aptured in the long run economic 
logic. Hence, the electric utility model has an 
option which permits users to  b ase  fuel  
choice decisions on  long run economics or in
stitutional factors .  Both factors can be in
cluded in one model run by specifying the 
time periods during which each would drive 
model decisions. 

The institutional factors which would tend to 
bias results in favor of natural gas include: 

• A perception of very low natural gas prices 
in future, because prices are low now; fa
voring natural gas. In effect, utilities under
state future increases in the price of gas un
til price increases actually begin to occur. 

• The combination of excess generating ca
pacity in many regions, the uncertain 
growth in electricity demand, utility finan
cial problems and a regulatory attitude 
which makes recovery of capital costs in 
new plants uncertain, all lead utilities to 
have a tendency to bring on line oil/gas 
fired capacity because capital costs per 
KW are considerably less than for coal. 

• In this uncertain environment utilities will 
delay new construction decisions as long 
as possible, which also tends to favor the 
choice of oil/gas fired units since their 
construction lead time is much shorter 
than for coal fired units. 

This environment may be assumed to persist 
until near the end of the decade (years 1 997-
98) when: natural gas prices are clearly esca-
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lating (dispelling the perception that natural 
gas prices will remain near $2 per Mcf "for
ever") , excess generating capacity has been 
worked off in most regions by the slow growth 
in electricity demand and the need for new ca
pacity becomes more pressing, utility financial 
woes have eased and regulators, recognizing t?e need f�r new generating capacity. adopt at
titudes which once again encourage utilities to 
install J?Ore expensive coal fired capacity. At 
that pomt the long-term economics df coal ver
sus natural gas/oil costs begin to become the 
dominant factor influencing the choice of fuel 
firing capability. 

During the period when the "institutionaV 
short-term market forces" are relevant, the 
model can be told to determine the regional 
market share of natural gas fired capability by 
selecting the higher of the market shares de
ter�ed by long-term economics or by insti
tutional constraints. 

For instance, the mode of implementing these 
' 'institutional' '  factors and the specific timing 
could be as follows: 

• �ior to t�e years 1 997,  fuel firing capacity 
1s determmed by announced utility plants, 

• For specific years where institutional fac
tors are assumed to drive gas/oil vs. coal 
decisions (typically through the end of the 
90's, the user may impose a "minimum" 
gas market share which (by default) is set 
by the gas versus coal market shares from 
planned utility announcements for new 
generating capacity. 

• The environment changes to favor coal for 
new capacity decisions starting in '97-98; 
but a decision in 1 997-98 to start building 
a coal plant does not actually affect fuel 
consumption until that new plant comes on 
line seven years after the decision to initi
ate the project. The impact of a gradual 
perception of the changing economic/in
stitutional environment plus the effect of 
the long construction lead time is simulat
ing by a phased shift between the years 
2000 and 2005 to a point where the long
term, economic logic then becomes the 
only

. 
�actor determining the fuel firing ca

pability of new generating plants. In ef
fect, the "floor" gas market share reflect
ing institutional facto rs is phased out 

1-24 

during this period. · · 

Dispatching of Plants by Fuel Type 

The model employs a merit order dispatching 
algorithm to determine the average annual ca
pacio/ utilization rate for each plant type. This 
algonthm does not affect nuclear units, whose 
capacity .utilizati�n �ate is specified by year as 
a model mput. Similarly the capacity utilization 
rates for hydroelectric units are preset in the 
model. 

The model dispatches coal, combined cycle, oil 
and gas steam units within each load class. It 
begins by first dispatching the coal units up to �eir

. 
�ori?-al or "target" average annual capac

Ity utilization rates. This is usually 64 percent for 
baseload units and 35 percent for cycling units. 
The next priority is given to gas-fired combined 
cycle units. Finally. utilization rates for oil and 
gas steam units are set such that the remainder 
of generating needs are met. 

The model distinguishes heat rates by unit type 
and between existing facilities (as of 1 990) and 
new generating plants installed after 1 990. It is 
possible to adjust these heat rates for future 
technological advances that will be seen as 
new. units are added and existing units are re
furbiShed. For new units, a typical assumption 
would be a six percent improvement in heat 
rates for units coming in line in the year 201 0 
versus 1 990 with units added over time gradu
ally improving heat rates to achieve the 201 0 
target heat rate. 

Oil and Gas Fuel Switching . 

The model simulates the switching between oil 
and gas in steam units and turbines based on 
minimizing fuel costs within certain user-speci
fied constraints. The model calculates the frac
tion �f energy use to be met by natural gas as 
function of the price difference between gas 
and the competing fuel oil. For steam units the 
competing fuel is a residual oil of one of four 
sulfur contents: 0.3%, 0. 7%, 1 .3%, or 2.00/o sul
fur. (These are the same designations used in 
the Indust:ial Gas Demand Model.) Depending 
upon enVIronmental regulations, a portion of 
plants in each region will be designated in the 
model to burn one of these four types of resid
ual oil. For turbines and combined cycle units, 
natural gas competes with distillate fuel oil. 

The calculation of natural gas market share is . 
done with ' 'fuel switching curves'' I which indi
cate how market share changes with the price 



of gas and the competing oil product. Figure 3-
4 is an illustration of such a curve. The shape 
of these curves varies among regions based on 
the region's installed fuel firing capability: The 
fuel price differential is the price of gas minus 
the price of the competing oil. The market 
share corresponding to each value in the fuel 
price differential is on the vertical axis. The 
market share of gas has three "steps" which 
are connected by sloping lines. The upper 
step represents the highest possible market 
share, which is reached when gas is the most 
advantageously priced. This represent a satu
ration of the market for all units which have the 
physical capability to burn gas and which are 
�onnected to gas supplies. The flrst sloping 
line represents the dual-fuel capable units. The 
next step represents the portion of units which 
can burn gas but which does not currently have 
fuel oil capability: Such units are found in large 
numbers only in the Southwest (model region 
#6): These units will not switch away from gas 
until gas has a significant price disadvantage 
compared to oil. The third step (at 0 percent 
market share) represents the loss of these gas
only units to oil. 

The calculation of market share is performed in 
the model for steam units separately for each of 
the four residual fuel oil sulfur content markets 
within each region. After the 2000, the cost of 
an so2 allowance is factored into the gas-resid 
switching decision. Market share is calculated 
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Figure 3-4. Illustration of Fuel 
Switching Algorithm for Oil/Gas 

Fired Steam Units. 

for gas use in turbine and combined cycle 
units using the fuel price differential with distil
late fuel oil. 

Calculation of 
Revenue Requirements and Rates 

Electricity rates are determined in the model 
through a revenue requirement calculation of the 
total dollar amounts to be recovered each year 
in each region. As new powerplants are built in 
the model, their capital costs are added to vin
tage accounts .  These vintage accounts are 
depreciated separately and decline in their con
tribution to total rate base over time. Capital re
lated charges (return on capital, depreciation, 
taxes, and insurance) are calculated from total 
rate bases for each period and take into account 
regional variation in the mix of private and pub
licly owned utility property: Operating costs for 
fuel, operating and maintenance expenses, and 
administration are added to capital related 
charges to derive total revenue requirements. 

Total revenue requirements are then translated 
into rates by customer class: residential, com
mercial, and industrial. The capital costs are 
allocated to each class based on historical al
lotment practices. The variable costs for fuel, 
operating and maintenance and administration 
are divided equally among classes on a cents 

:per kilowatt-hour basis. The resulting electric
Ity rates are a sum of the flxed and variable 
cost components. 

3.4. ResidentiaV 
Commercial Model 

Some of the key issues related to the natural 
gas market in the residential/commercial sec
tor include: 

• Building shell energy efficiency improve
ments 

• Combustion efficiency improvements for 
space heating and cooling and water 
heating equipment 

• Impacts of building energy and appliance 
efficiency standards 

• Effects of changing housing preferences 

• Short-term competition with fuel oil 

• Importance of emerging technologies 
(e .g. , gas-fired heat pumps, gas pulse 
combustion furnaces, passive solar) 
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• Consumer behavioral effects (i.e. , comfort 
versus energy costs) 

• Effects of variable climatological parame
ters (i.e. , heating degree-days) 

• Rate of increases in housing and commer-
cial building floor space. 

Three of these factors directly influence fuel 
demand - HVAC equipment efficiency, the 
thermal performance of the structures, and the 
system operating characteristics. For exam
ple, increasing energy prices may prompt a 
user to reduce fuel consumption by replacing 
equipment, installing insulation, or lowering 
his thermostat. The decision to lower the ther
mostat setting represents a tradeoff between 
lower fuel bills and higher levels of discomfort 
for the individuals inside the unit. The deci
sion to increase the thermal integrity of the 
building structure by methods such as increas
ing the level of ceiling and wall insulation, 
adding storm windows, caulking, and other 
conservation methods represents a tradeoff of 
higher capital costs today for lower fuel costs 
in the future. A third tradeoff can be made be
tween combustion efficiency and equipment 
capital costs such as by installing an electric 
heat pump. 

These factors imply a set of trends gradually 
altering the nature of gas consumption in the 
residential and commercial sectors. The over
all energy use trends imply a very gradual shift 
toward more efficient combustion equipment 
and thermally efficient building shells as the 
building capital stock is gradually replaced by 
new structures .  Furthermore , the market 
share for natural gas in space heating functions 
is subject to competition from electricity; in the 
form of heat pumps and electric resistance 
heating. Again, this competition between natu
ral gas and electricity will reflect gradual shifts 
as the building and combustion equipment 
stocks are replaced. 

EEA has developed a process-engineering 
model to address these energy issues in the 
residential and commercial sectors. However, 
since residential/commercial natural gas trends 
will shift slowly relative to other sectors of the 
economy, only a simplified, reduced-form ver
sion of the residential/commercial demand 
model for natural gas is incorporated into the 
Energy Overview Model. The reduced form 
version of the model was developed and cali-
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brated to insure that forecasts of gas demand 
were comparable with the results from the 
large scale, process model of these sectors. 

Form of the Demand Curves 

The methodology focuses on determining the 
fuel consumption · of average residential build
ings and average commercial buildings. Aver
age building fuel consumption is multiplied by 
regional building stocks to determine total re
gional fuel consumption. The level of con
sumption of fuel type i (Qi) in an individual 
building will change in response to a change in 
fuel price j (Pj) or in response to a change in 
per capita income. The price elasticity of de
mand for Qi (Eij) is defined as the proportion
ate rate of change of Qi divided by the propor
tionate rate of change of Pj with other fuel types 
and income constant: 

Eij = 
0 Qog Oi) 
0 (log Pj) 

...E... � = 
Qi OPj (3-1) 

If i =j , this represents the own price elasticity; if 
i;t:j, it represents the cross price elasticity of de
mand. The income elasticity of demand is sim
ilarly defined as the proportionate change in 
the level of Qi relative to the proportionate 
change in per c apita  income (Y ) with fuel 
prices constant: 

Ni = 
O(log Oi) 
O(log Y) 

= 
.:L _.aQi_ 
Qi OY (3-2) 

If the price and income elasticities of demand 
are assumed to be constant for different levels 
of price and income over an appropriate range, 
then a functional form for the demand curve 
may be derived. The functional form for the 
demand curve is derived directly from the 
equations defining elasticities. The demaD:d 
curves for fuel type i and region r may be rep
resented as: 

n 

log Qir = Air + L Eij log Pj + Ni log Y (3-3) 
j= l 

The derivative of log Qir with respect to the log 
of any fuel price or the income will result in the 
appropriate elasticity. 

Proper implementation of the demand curves 
depends on a thorough understanding of fuel 
consumption in a residential or commercial 
building. Fuels within a building are con-



verted by energy te chnologies into usable 
energy forms. For example, the primary use 
of natural gas within a building is for conver
sion into space heat ,  hot water, or he at for 
cooking. A building may react to a fuel price 
increase two ways : first , fuel consumption 
may be reduced through decreased use of an 
energy technology (e.g. , reducing the ther
mostat setting of the space he ater) or by in
cre asing the efficiency of the existing units 
(e .g. , installing additional j acket insulation to 
a water heater) . Second, a more cost-effec
tive technology or fuel may be used. For ex
ample, a building may switch from an electric 
furnace to the more efficient electric he at 
pump or from an oil furnace to a more cost
effective gas furnace. 

The nature of fuel consumption in buildings 
causes new capital stock (i .e . , energy equip
ment in a new building and new equipment 
replacing retire d e quipment in an existing 
building) to respond differently to fuel price 
changes from existing capital stock (i. e. , ex
isting energy e quipment in existing build
ings) . New capital stock may react to fuel 
price changes by choosing among several 
options which include decre asing equipment 
utilization, structural redesign of the building 
shell, and fuel and technology selection. The 
existing capital stock has fewer options avail
able to decrease fuel consumption. As a re
sult, new capital stock is more responsive to 
fuel price changes than existing stock. Thus, 
keeping track of the changing composition of 
the capital stock is important when forecast
ing residential and commercial sector fuel 
consumption. 

Sfuce the same elasticity should not be applied 
to both new and old capital stock, two demand 
curves were developed for each fuel in each 
region. One curve represents new c apital 
stock fuel consumption and the other the exist
ing capital stock fuel consumption. Both have 
the same functional form as equation (3- 1 ) .  
However, we assumed that the long-run elastic
ities (Elij , N4) would represent behavior of the 
new capital stock and the short-run elasticities 
(E8ij ,  NBi) represent behavior of existing capital 
stock. New capital stock may be fully designed 
in regponse to fuel prices, which include selec
tion of fuel, technology, structural design, and 
level of utilization. By comparison, existing 
stock generally is constrained in its price re-

sponse to altering only the fuel and/or technol
ogy choice,  thus reflecting only a short-run re
sponse to price changes. 

In effect, this structure leads to a series of de
. mand curves for natural gas. For the residen

tial and commercial sectors separately, there is: 

o A demand equation for each 
demand region 

o Each demand equation reflects 
separately the demand for natural gas 
and other fuels in 

- new buildings 

- existing buildings 

o Each equation is a function 
of energy prices and income. 

As a part of this basic model structure, there is a 
building stock adjustment algorithm which ac
counts for the growth in the total building stock 
and the retirement rate of equipment in older 
buildings. This stock adjustment algorithm pro
vides a basis for altering the relative importance 
of new ver.sus old building stock over time. 

This model logic is based on the premise that 
the short-run elasticities represent the behavior 
of the existing capital stock, while the long-run 
elasticities represent the behavior of the new 
capital stock. 

3o5  Canadian Energy Demand 

The EOM's Canadian Demand Model repre
sents consumption in five sectors: 

o residential 

o commercial 

o feedstocks (non-energy) 

o industrial 

o transportation, and 

o electric utility. 

Fuels covered include: 

o electricity 

o oil products 

o natural gas 

o LPG 

o coal 

o renewables & others 
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Canadian energy demand is forecast in the En
ergy Overview Model in a simpler manner 
than that used for the U.S. The primary input 
into the Canadian demand model is a "base
case" projection consisting of Canadian GOP 
growth, oil prices and energy demand by fuel 
type and sector. This is typically derived from 
a forecast of the National Energy Board with ad
justments made to backout any fuel switching 
from gas to oil products. 

The EOM's Canadian Demand Model applies 
income elasticities, price elasticities and fuel 
switching curves to adjust these "basecase" 
energy demands to reflect Canadian GOP 
growth and oil prices spe cified in the sce
nario and the gas prices calculated within the 
EOM. Canadian demand is represented in 
the seven regions: 

• Atlantic 

• Quebec 

• Ontario 

• Manitoba 

• Saskatchewan 

• Alberta 

• British Columbia & Territories 

Additionally the model c alculates lease and 
plant gas use and gas used for pipeline fuel. 

3.6  User Specifications 
In Demand Models · 

A wide variety of assumptions can be made for 
the demand models in spe cifying a c as e .  
Some of th e  more important assumptions are 
listed below. 

Economic Assumptions 

Several assumptions related to economic 
growth need to be specified including the U.S. 
industrial production index, U.S. personal in
come, U.S. commercial floor space and Cana
dian GOP growth. Optionally, the user may 
choose to alter regional and SIC allocation fac
tors used in the model. 

Incremental Gas Markets 

Incremental markets include natural gas cool
ing and natural gas vehicles. Consumption in 
these markets is set by scenario in the model. 
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Alternate Fuel Prices 

Oil product prices used in the model include 
four grades of residual fuel oil and a distillate 
oil. Gulf Coast FOB prices for these products 
are derived from algorithms based on average 
refinery crude oil prices (RACC) and 1 )  as
sumed relationships between RACC and very 
high sulfur resid (VHSR) and 2) the premium 
low sulfur resid has to VHSR. The FOB prices 
are converted to burnertip prices using trans
portation cost and tax algorithms. The user 
may change the RACC-VHSR ratios and sulfur 
premiums in these algorithms. 

Coal prices must also be specified in terms of 
annual growth rates in price for high and low 
sulfur coals. 

Environmental Assumptions 

The model inCludes considerations for all im
portant environmental standards now on the 
books. Scenarios for additional or revised en
vironmental regulations can be specified for 
New Source Performance Standards (NSPS) for 
industrial b oilers and State Implementation 
Plans (SIPs) , which .primarily affect the sulfur 
content of residual oil that can compete with 
natural gas. 

The model also requires a scenario for electric 
utility comp li anc e with the Clean Air Act 
Amendment 's  sulfur dioxide caps. This sce
nario includes amount of coal switching in tril
lion Btus· per year, installation of scrubber ca
pacity in megawatts, use of gas for cofiring and 
reburn in trillion btus· per year and the market 
value of allowances in dollars per ton. The 
user may wish to change the standard assump
tions EEA recommends for these items. 

It is also possible to model other regulations 
such as a prohibition on residual fuel oil use in 
a region or a carbon tax on fossil fuels. 

New Powerplants 

All peaking plants built in the model are as
sumed to be gas/distillate turbines. Other 
plants can either be specified by type in the 
PLANTS file or as plants whose fuel type is 
determined through economic competition. 
Typical scenarios for new powerplant capac
ity include specification by type for all an
nounc e d  plants plus a certain number of 
unannounced hydro/renewable plants. The 
remaining c ap a c ity is determined in the 



model by an economic competition between 
coal and gas. For this economic competition 
a number of assumptions may be specified 
including: 

• types of plants for which competition will 
be allowed 

• capital cost and escalation factors for new 
plants evaluation period, expected utiliza
tion rate, capital recovery factor 

• logic for determining expected gas prices 
(e.g. , historical extrapolation, perfect fore
sight) 

• adjustments for institutional factors 

The output of this step is the fraction of capacity 
in each region for each year that will be gas. 

4 .  NATURAL GAS 
TRANSPORTATION AND 
DISTRIBUTION 

4 . 1  Introduction 

There are two major components in the Energy 
Overview Model's representation of natural gas 
transportation and distribution: 

• The EEA Pipeline Network Model, which 
simulates transmission line capacities and 
exp ansions , so lves for flows along 
pipeline corridors, and determines prices 
at various nodes, and 

• The T&D rates Model, which tracks supply 
portfolios, calculates cost of service and 
determines rates. 

The former may be thought of as primarily a 
"physical flows" model while the latter is pri
marily a ' 'financial' ' model. Each component is 
discussed below. 

4 . 2  Gas Pipeline Network Model 

The Network Model characterizes pipeline ca
p acities and transmission costs between 
"nodes" or physical delivery points in the U.S. 
and Canada. The Network Model uses a non
linear optimization algorithm to determine the 
pattern of gas flows that minimizes delivered 
gas prices at each node. These gas flows are 
limited by capacity and may be made subject 
to contract minimums . A unique feature of the 
EEA Gas Pipeline Network Model is its simula
tion of pipeline capacity expansion decisions 

and the resulting imp acts on pipeline rate 
bases. The user may specify potential pipeline 
projects including their capital cost, fuel losses 
and rate treatment and allow the model to de
cide when conditions are right for new capacity 
to be added. 

Structure of the Network Model 

The U.S. and Canadian natural gas transmission 
system is represented by approximately 60 
"nodes" .  These are illustrated in Figure 4- 1 ,  
which contains a map of the nodes and a leg
end describing the nodes. Nodes at which gas 
enters the sY-stem will have a description of the 
source under the heading "SUPPLY" and those 
at which gas is consumed will have a descrip
tion of the sink under the heading "DEMAND". 
For instance, node "Nl " is  the demand node 
for the New England states. For some nodes, 
such as "N32" and "N39" ,  gas neither enters or 
leaves the network system; such a node is a 
transhipment point or hub. 

As can be seen from Figure 4-1 , some EOM 
demand regions are split into more than one 
node in order to better represent the relation
ship of gas supply and demand to the physical 
pipeline system. For example, Demand Re
gion 4 is split into "N8" for North Carolina, 
South Carolina and Georgia; "NlO" for Florida; 
and "Nll"  for Mississippi, Alabama and Ten
nessee. The factors used to allocate regional 
demand among the nodes differ by sector. 
Some Hydrocarbon Supply Model regions also 
are split into more than one node. An example 
is the Appalachia Region for which production 
in New York is put into "N4" and production in 

. other states into "N6" .  

flows between the nodes are characterized by 
"corridors' or "arcs" ,  representing the com
posite of one or more actual pipeline systems. 
For any given year of an EOM simulation, each 
corridor has a maximum daily capacity in mil
lion cubic feet per day (MMcfd) and an as
sumed maximum annual capacity, which is 
computed as the daily capacity times 365 days 
times the maximum feasible load factor. The 
maximum feasible load factors are based on 
the demand and storage characteristics of the 
markets served by the corridor and may 
change over time. 

The cost of moving gas along any corridor is 
represented in terms of dollars per Mcf charge 
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and a percent shrinkage factor. These transmis
sion costs are generally 1 00 percent load factor 
rates. The rates may change as new capacity is 
added to the corridor. Depending on the as
sumptions used in the EOM simulation, the cost 
of new pipeline capacity may be "rolled in" to 
existing rates or priced ' 'incrementally. ' '  

--+- Current Row 
• • •  •J>o • • • •  Potential Row 

.. ;.·:::. 

Solution for Flows and 
Prices in the Network Model 

There typically will be several trial solutions of 
the Network Model in a simulation year as the 
entire EOM is equilibrated.  The Network 
Model is solved on an annual basis with gas 
demand fixed from the previous iteration of the 

Figure 4-1. North American Gas Pipeline Network Structure. 
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demand models. 1 Production from each sup
ply node can vary to up to approximately 96 
percent of deliverability. As production in a re
gion increases as a percent of deliverability. so 
does the average annual spot price for that re
gion. The model seeks to minimize the cost of 
gas at each node by determining the amount of 

Lower-48 Nodes 
NODE NAME SUPPLY 

gas produced in each supply node and the 
routes along which gas is transported. The re-

1 The Network Model may also be solved in a 
"standalone" mode outside of the EOM. In such cases, 
the model can be solved monthly. It is also possible to 
solve the Network Model using demand functions or 
curves instead of fixed quantities .  

Canadian 
DEMAND Imports 

N1 NEW ENGL ME, NH, VT, MA, CT, R l  IMPORT 
NODE LOCATION 

N4 NYINJ Appalachia: NY NY, NJ 
N6 MID ATLANTIC Appalachia: South PA, DE, MD, VA, WV, KY N3 ..... . . . . .... Phillipsburg 
NS SO ATL NC, SC, GA / Cornwall 

N10 FLORIDA MAFLA - Florida FL N5 ............. Niagara 
N1 1 SO. EAST MAFLA - MSIAL MS, AL, TN N14 . . ......... Sl Clair 
N1 2 NORPHLET Norphlet 

N 1 5  ........... Emerson N13 MIDWEST Midwesl l Appalachia: Ohio IN, IL, Ml, WI, MN, OH 
N16 CENTRAL MO, IA, NE N24 ........... Monchy 

N1 7 SO. LA LA Gulf Onshore AR, LA N28 .... . . . .... Wild Horse 
N18  E. TEXAS NE. TX I NO. LA & TX Gulf Onshore E.TX N29 .. ......... Kingsgate 
N19 Gulf Of Mexico Gulf Of Mexico 
N21 W. TEXAS Permian Basin W.TX, E.NM N30 ........... Huntingdon 

N23 MID-CONT Mid Continent KS, OK 
N25 GT PLNS Great Plains 

Coal Gasification Coal Gasification 
N26 HSM WL Williston Basin Mexican 
N27 MOUNTAIN CO, UT, WY, Ml, NO, SO Border Points 
N31 PAC NW Pacific: OR, WA OR, WA, 10 IMPORT 

N32 NPC I PGT NODE LOCATION 

N33 SO PAC Pacific: CA. fil., NV CA, AZ, NV N22 ........... Juarez 
N34 HSM LO Pacific Offshore N56 .......... Reynosa 
N35 OPAL WY Rockies (HSM FR) 
N36 HSM OV Overthrust Belt N57 .......... Naco etc. 

N37 HSM SJB San Juan Basin (N) 
N38 EPNGISJ San Juan Basin (S) W.NM 
N39 EPNGITW 
N40 AUantic Offshore HSM AO 

LNG 

Canadian/Alaska Nodes 
Imports 

TERMINAL 
NODE NAME SUPPLY DEMAND NODE LOCATION 

N41 BC (N) HSM BC N2 ............. Everett 
N42 BC (S) BC N7 ............. Cove 
N43 Boundary Lake Point 
N44 Caroline HSM ASM Alberta N9 ............. Elba 
N45 Empress Island 

N46 Saskatchewan Saskatchewan N20 .... . . . .... Lake 
Charles 

N47 Manitoba Manitoba 
N48 Ontario Ontario 
N49 Quebec Quebec 
N50 Eastern Canada HSM EC Atlantic 
N51 Arctic Islands HSM ART 
N52 Mack I Beaufort HSM NWC 
N53 Alaska North Slope HSM AKO 
N54 Alaska Interior HSM AK Figure 4-1 (cont'd) . 
N55 Alaska Cook Inlet HSM AKO Alaska Network Nodal Structure 
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sults of the solution process are: 

• production at each supply node 

• delivered-to-pipeline prices at each sup
ply node 

• flows through each corridor 

• marginal and average prices at each tran-
shipment and demand node 

The Network Model uses a nonlinear optimiza
tion algorithm to solve for flows and prices. 
This is an iterative procedure which relies on 
linear approximations of the differentials of key 
relationships to develop successive guesses. 

Capacity Expansion 
in the Network Model 

The capacities of the pipeline corridors change 
through the model simulation. These changes 
are typically a combination of 1 )  pre-specified 
expansions for near-term projects already be
gun or planned and 2) endogenously deter
mined longer-term generic expansions added 
by the model as needed. In all cases the ex
pansion are entered into the model through the 
"Pipeline Expansion File" which includes the 
following variables for each project: 

• name and project number 

• origin and destination node 

• predecessor project number (if any) 

• earliest build date 

• latest build date, if any 

• total capacity in MMcfd, minimum incre
ments in MMcfd 

• design load factor in percent 

• minimum load factor in percent ,  repre-
senting long-term contract commitments 

• capital, O&M costs in dollars 

• fuel losses as percent 

• rate treatment (rolled-in vs incremental) 

• years delay between economic viability 
and construction 

If the fourth and fifth items (earliest and latest 
build dates) are the same, the model treats the 
project as pre-specified and does not do an 
economic test of its viability. It is simply built 
on the specified date. If the earliest build date 
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is different from the latest build date, say 1 996 
versus 2000, the model does an economic test 
on that project in each of the intervening years. 
If the project is not built by the latest build date, 
the Network Model automatically will build it in 
that year. If the latest build date is specified as 
" 9999 " ,  the project will be built only when 
economically viable. 

The most important test for economical viabil
ity in the model is that the transportation cost of 
the project be no greater than the expected 
price difference between destination and ori
gin nodes after the project is built and oper
ated at its design load factor. One way of de
termining this would be to re-solve the Network 
Model with the expansion added to determine 
the resulting post-expansion price difference. 
However, this approach would be computation
ally very inefficient given the large number of 
potential expansions that need to be tested 
each year. Instead, the Network Model uses an 
algorithm in which the supply and demand 
elasticities are "aggregated" at the origin and 
destinations of the project and the price im
pacts of building and operating the potential 
project at its design load factor determined an-

. alytically without re-solving the network. 

Several user options in the model may be used 
to simulate the degree of risk that the owners of 
the pipeline would be willing to bare when mak
ing the expansion decision. These options in
clude the amount by which the price differential 
must exceed new transport rates, the use of in
cremental rates rather than rolled-in rates for the 
economic test, the design load factor used in the 
test, and the time delay between when the pro
ject is economic and when it is constructed. 

4.3  T&D Rates Model 

Although the T&D Rates Model focuses on the 
role of pipelines as both merchants and trans
porters of gas, the model also is responsible 
for simulating gas production and gas distribu
tion to final end-users. The model maintains 
the master account of gas supplies deliverable 
to end-use markets in the current period and 
performs the core accounting functions for re
serve production and depletion. The model 
simulates the distribution of gas from the city
gate to end-users by means of an aggregate lo
cal distribution company (LDC) in e ach de
mand region. Revenue requirement accounts 
are maintained for each IDC to set distribution 



margins by end-use sector, with margins and 
burnertip gas prices differing by demand re
gion. LDC's themselves may offer end-users 
both sales service and transportation of gas 
purchased on the spot market. 

An important element is the model's simulation 
of pipelines in their roles as both merchants 
and transporters of gas. Model pipeline man
age their long-term supply planning to account 
for growth of transportation volumes on each 
system They may release gas from long-term 
contracts for spot market sales and will offer 
transportation services to distributors and end
users under a mix of rates keyed to the quality 
of the service. Transportation margins are 
based on cost-of-service with an explicit simu
lation of the potential for rate discounting due 
to market pressures. 

These processes are simulated by a structural 
design which explicitly represents these key 
factors: 

Inventory of proven reserves, both under long
term contract and uncommitted (i.e. ,  spot mar
ket gas) 

• Schedules for gas deliverability, or the 
physical production capacity of reserves 

• Terms and conditions in gas purchase 
contracts 

• Impact of market conditions on the supply 
strategies of pipelines and distributors 

• Costs of service and margin allocations to 
customer groups 

Cost-of-service and reserve accounts are 
maintained by thirteen pipeline groups as 
shown in Figure 4-2 .  Distribution accounts are 
maintained for 1 0 composite distribution com
panies, one for each EOM demand region. 

Gas Supply Accounting 

The model begins each forecast period with 
base-year values for reserves committed to 
long-term contract to pipeline, distributors and 
end-users. Throughout the forecast period, the 
accounting system tracks deliverability from 
these reserves, the production of gas, and the 
acquisition of new gas supplies. Associated 
with each cell in this accounting structure are 
terms and conditions of gas purchase contracts 
which influence prices paid at the wellhead 
and the purchase obligations of the buyer. The 
accounting system also tracks gas supplies not 
committed by contract to any buyer (uncom
mitted reserves) . Such uncommitted reserves 
are in many cases being marketed by produc
ers and sold on the spot market. The accounts 
track deliverability from these reserves and 
their production for spot sales. 

Associated with each block of gas supplies 
are these physical, regulatory. and contract 
parameters: 

• Remaining reserves 

• Deliverability 

• Year proven as reserves (vintage) 

• Price control status 

No. · Model Pipeline MaJor Pipelines Included No. Model Pipeline . Major Pipelines Included No. Model Pipeline MaJor Pipelines Included 

2 

El Paso El Paso 
Transwestem 

P 1ft Pacific Gas Transmission 
ac c - All olher Canadian sales at gas 

clireclly Ill dislribulion ClllqiiRies 

Colorado Interstate 3 Mountain Mountain Fuel 
Northwest Pipeline 

United 
Southern Natural 

4 United Florida Transmission 
Sea Robin 
Ark Ia 

Columbia I Col .  Gulf 
Texas Gas 

5 Columbia Texas Eastern 
Algonquin 
Consol idated 

6 Natural Gas NGPCA 
Pipeline Mississippi River 

Tennessee 
7 Tannassea East Tennessee 

MidWestern 
National Fuel Supply 

8 Transco Transco 

9 Northam Northern Natural 

Natural 
Panhandle Eastern 
Trunkline 

1 0 ANR American Natural · 

Resources 

Northwest-Central 1 1  NW Central (Will iams) 
Kansas-Nebraska 

12 Intrastate Total I ntrastate Volumes 

13 Gallfomla Kern River 

Figure 4-2. Model Pipeline Groups For Rate Accounting 
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• Contract terms 

- Price provisions 

- Daily contract quantity (buyer take re-
quirement) 

The T&D Rates Model uses algorithms specific 
to each region and type of gas for evaluating 
peak production capacity and deliverability de
cline rates. A key feature of the formulation is 
that deliverability is calculated as a function of 
cumulative gas production, not a function of 
time. What this means is that future deliverabil
ity of gas is influenced by prior market condi
tions and production levels. 

A variety of pricing options and algorithms are 
provided as a user-specified input with model. 
Most model scenarios assume that new long
term gas contracts will be market responsive, 
that is, based on spot prices with a premium of 
a specified amount or percent. 

Import and Supplemental 
Gas Supplies 

In addition to Lower-48, Alaskan and Canadian 
wellhead supplies, the T&D Rates Model tracks 
the availability of import and supplemental gas 
supplies. This component of the model is de
signed to allow a significant degree of flexibil
ity in introducing both current and future gas 
supply sources to any of the regional demand 
markets via the pipeline system. The model 
tracks four categories of import and supple
mental supply: 

• Mexican gas imports (or exports) 

• Liquified Natural Gas (LNG) inlports 

• Synthetic and Substitute Natural 
Gas (SNG) 

• An "open" category to be defined by the 
user for speculative gas supplies not ex
plicitly covered in the Hydrocarbon Sup
ply Model 

The gas supplies  available in these c ate
gories can be constructed from up to 12 sep
arate, user-specified supply sources includ
ing volumes to be supplied from each supply 
source and assumptions regarding price. In 
the case of LNG it is also possible to specify a 
"supply curve" which relates the quantity of 
imports at e ach LNG terminal to the gas 
prices in the EOM. · 
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Supply Planning 

Three elements of supply planning are simu
lated in the model for pipelines ,  distribution 
companies and end-users. 

Pipelines 

The rapid evolution of gas transport markets 
has placed pressures on the pipeline industry 
to adjust its supply planning to a smaller role as 
gas merchants. Pipeline groups in the model 
respond to this pressure by comparing the 
level of future sales and system deliverability 
needed to sustain it . A set of user-inputs 
(called the supply acquisition strategy) are 
used to simulate this process. 

Distributors 

The model also simulates important aspects of 
distributor supply planning strategies. IDC's in 
the model obtain a mix of gas from pipeline 
suppliers and direct (LDC) purchases on the 
carriage market. This framework is a portfolio 
appro ach to citygate supply management 
which is evolving for gas distributors. LDC's in 
the model fill their roles as supply planners by 
re-evaluating city gate supply portfolios as mar
ket conditions change. First, distributors may 
change the mix of pipeline and transport sup
plies in the portfolio. Second, to hedge against 
the uncertain availability of spot supplies,  
LDC's can sign long-term contracts with pro
ducers to reduce the risks associated with the 
spot gas element of the portfolio. Third, LDC's 
may adjust the mix of transportation service by 
reserving firm transportation capacity to en
sure the capacity to deliver. All of these deci
sions affect the blend of wellhead pfices and 
transportation costs in the core-market portfo
lio and are part of user-inputs of the supply ac-
quisition strategy. 

· 

End-users 

The third element of supply planning in the 
model concerns end-users. The most impor
tant element of this is the contract status of new 
electric generating plants. For most scenarios 
it is assumed that new electric power genera
tors - including industrial cogenerators and 
gas-fired combined cycle units in the electric 
utility sector - will sign long-term supply con
tracts and will transport gas under firm trans
portation agreement. Different assumptions 
may be set by scenario. 



Pipeline and Distributor 
Costs of Service 

The T&D Rates Model estimates transmission 
costs on each of the thirteen model pipeline 
groups and distribution costs for one aggre
gate LDC in each of the 1 0  Federal regions. 
The algorithms for setting margins are cost
based in following the concept of utility costs of 
service. The costs are then allocated to the 
services provided by the pipeline or distribu
tor to set margins. Market pressures and regu
latory structures are allowed to determine the 
recovery of these costs. A key aspect of the 
model is its ability to provide outputs on the fi
nancial implications to the pipeline industry of 
the FERC decision to permit selective discount
ing of transport rates. 

Transmission Costs 

The transmission costs of service are devel
oped for each model pipeline group from the 
aggregate pipeline financial statistics pub
lished annually by the Energy Information Ad
ministration (EIA). The underlying cost of ser
vice algorithm estimates year-to-year changes 
in the overall non-gas costs of pipeline opera
tions based on the following components: 

• Additions to rate base from construction 
forecast in the Network Model 

• Fixed costs such as depreciation and re
turn on rate base 

• Fixed and variable operation and mainte
nance (O&M) costs 

• Variable costs for compressor fuel which 
change both with volume and the cost of gas 

This approach was taken, rather than the use of 
fixed pipeline tariffs, to permit a realistic re
sponse to costs of service to changes, system 
throughput and compression costs. Hence, if 
the volume of gas throughput (sales plus trans
portation) falls, the cost of some components of 
pipeline operations are reduced. Per-unit 
costs, however, will increase because the vol
ume over which total costs are recovered will 
fall more rapidly. 

After evaluating the cost of service for each 
pipeline group, the model allocates these costs 
between the sales and transportation services 
offered to customers. The allocation assigns 
cost recovery to sales and transport margins 
based on the mix of each pipeline's merchant 

and transport services. As sales volumes de
crease over time on a model pipeline , the 
share of fixed costs to be recovered from sales 
also decreases. 

After allocation of costs, the model pipelines 
establish a structure of differential rates for dif
fering classes of service. This may be done 
using Mo dified Fixe d Variable (MFV) or 
Straight Fixed Variable (SFV) procedures. The 
transmission margin included in pipeline resale 
rates is assigned on a fully-allocated basis, 
meaning that the costs allocated to this service 
will be fully recovered in providing the service. 
Pipelines also maintain separate firm and inter
ruptible rates applicable to transportation for 
distributors and end-users. Firm rates repre
sent the reservation charge applied to firm 
transportation capacity. Interruptible rates are 
generally set at 100% load factor derivatives of 
firm rates. While the pipeline rate structure is 
cost-based, competitive forces and market 
pressures may prevent pipelines from fully re
covering these costs. 

Transportation 
Rate Discounting 

An important feature of the model is its explicit 
representation of market pressures and their 
potential impact on pipeline margins. Pipelines 
are exposed to market risks in two ways. First, 
the model allows margins on transportation to 
distributors to be reduced below full�cost re
covery to represent the potential discounting 
pressures of inter-pipeline competition. Sec
ond, the FERC structure of ceiling and floor 
rates for transportation is intended to give 
pipelines both the incentive and a regulatory 
approved mechanism to discount interruptible 
transportation in order to maintain throughput 
to price-sensitive markets. The model pro
vides internal logic to solve for the pressures 
on transport margins in these markets. For ex
ample, when spot market gas prices rise as the 
current excess of deliverability is worked off, 
pipelines may not be able to recover their full 
margin costs in price-sensitive markets where 
many end-users may switch to alternate fuels. 
The model can allow pipelines to discount mar
gins selectively in these markets to retain load. 

Under EOM simulation of the Order 436 
regime, costs not recovered due to discounting 
were absorbed by pipelines in their "bottom 
line' '  and not passed on to sales and firm trans-

1-35 



port customers. The resulting revenue under
recovery was reported by the model as a key 
financial impact parameter . .Alternatively; it is 
possible to set up scenarios wherein all or part 

. of revenues lost due to discounted rates are 
passed on to sales and firm transport cus
tomers .  This might b etter represent the 
emerging regime under Order 636 in which all 
fixed costs are allocated to firm customers and 
the firm transportation rights are auctioned to 
interruptible users on a periodic basis, i.e. ac
tual firm rates depend on cost offsets from rev
enue received for interruptible service. 

Distribution Costs 

�ost-based distribution margins are developed 
m the model from considerations of revenue re
quirements by the aggregate distribution com
pany in each demand region and the allocation 
of margin costs by end-use sector. The treat
ment of distribution costs differs somewhat from 
that described above in that no attempt is made t� track. component costs of distribution compa
rues. G1ven the large number of distributors and 
the diversity among investor-owned, municipal, 
and combined gas-electric utilities, the base 
year revenue requirements and allocations by 
end-use sector are developed from state-level 
data published by EIA. The data are used to in
fer revenues and the allocation of costs by end
use sector, and are verified by comparison to 
the more detailed information available for ma
jor gas utilities in the Uniform Statistical Reports 
published by the American Gas Association 

The revenue requirement of each model LDC is 
the total (non-gas) costs of the distribution sys
tem to be recovered annually from end-use 
customers. The margin structure of the LDC is 
the set of margins by end-use sector which re
cover these costs. For example, cost-of-ser
vice studies show that residential customers 
cause gas utilities to incur higher costs per unit 
of sales because of their temperature-sensitive 
load profiles (high winter consumption) and 
relatively small armual volumes. However, pol
icy and political judgments at the state level 
may modify the allocations in cost-of-service 
studies - e.g. , public law in California mandat
ing the availability of "lifeline" rates. The mar- · 

gins represent the outcome of cost-of-service 
studies and ratemaking practices at the state 
level which set average unit margins by cus
tomer class. These margins are then adjusted 
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over the forecast period to maintain full cost re
covery by the model IDC. 

The structure for distribution costs in the model 
also provides a representation for the emer
gence on many distribution systems of trans
portation rates for end-users who have obtained 
their own gas supplies. With advent of open
access, industrial and electric utility customers 
in many regions of the country have purchased 
low c�st spot gas supplies and arranged trans
portation through the pipeline and distribution 
system to their plant-gates. The model allows 
each regional IDC to establish separate trans
port rates to these end-use sectors and to con
sider revenues from end-user transport within 
its overall revenue requirements. 

The .transport rates are set using the concept of 
eqm�alent margin. contribution (the non-gas 
margm component m the IDC sales rate), which 
currently is the most commonly-used method 
for establishing rates. Model IDC's may be al
lowed to ' 'flex' ' these rates downward to main
tain price-sensitive load as occurred in many re
gions of the U.S. during 1 986. The model also 
provides options for exposing IDC's to market 
risks for recovery of distribution system costs 
leading the lower rates of return and lower co� 
charged to price-sensitive end-users. 

4 .4 User Specifications 

There are several options available in setting 
up scenarios for the Network and T&D Rates 
Models. Some of the important items are re
viewed below. 

New Pipeline Construction Options 

The ' 'Pipeline Expansion File' '  contains informa
tion on the potential pipeline expansion projects. 
These projects may be changed to simulate dif
ferent Canadian import policies, U.S. regulatory 
cases or competitive market conditions. 

Decision Logic for . 
New Pipeline Construction 

Items related to how decisions are made in
clude the " cushion" in the price differential 
test , the use of incremental versus rolled in 
rates for the economic test, the design load fac
tor used in the test, and the delay to operation 
once the test is past. These options may be set 
to simulate different regulatory or market envi
ronments. 



Supply Portfolios 

Various scenario items may be set to deter
mine how LDCs and end-users design their 
supply portfolios and how pipelines react. 
The key variables are the degree of long
term contracts versus reliance on spot and the 
fractions of firm versus interruptible trans
portation services. 

No 

Hydracarllan SuppiJ Madel 
---------

Determine DriUing Acllv!IY And 
Reserve Adcfllions For ThiS Year 

Pipe!!!_!!�_ liD�! 
Determine Flows And 

Regional Prices 

Seasonal 
Module 
Balance 

Suppfies Against 
Determine Demand At Demands For 

Given Prices Each Month, 
Solve For 
"Marker" 

Gas Price 

Figure S-1. Energy Overview 
Model Logic Flow 

Gas Pricing Provisions 

Assuming that new contracts are to be market 
responsive, the key input is the price premium 
paid over spot. Other provisions having gas 
prices tied to oil or coal prices or with fixed es
calators may also be simulated for all or part of 
the market. 

Rate Setting 

Key items here include MFV versus SFV and 
the degre e  to which revenue s  lost due to 
discounting interruptible service are recovered 
from firm shippers (stated in Order 636 terms, · 
how interruptible revenues offset firm costs) . 

Trends in Cost of Service 

The cost of new capacity is included in the 
" Pip eline Exp ansion File " ,  and may be 
changed to reflect technological advances that 
reduce construction costs or stricter environ
mental regulations that could increase costs. It 
is also possible to change other components in 
the cost-of-service calculation to reflect finan
cial conditions, pressures to reduce cost from 
incentive rate regimes, higher labor productiv
ity, and so on. 

5 .  SOLUTION PROCEDURE 
AND PRICE DETERMINATION 

5 . 1  Introduction 

The purpose of this chapter is to explain the 
methodology used in the Energy Overview 
Model (EOM) to solve for natural gas prices 
and demands. This will include an explanation 
of the workings of the EOM's Seasonal Module, 
which balances supplies and demands on a 
monthly basis. 

5 . 2  Overall EOM Logic Flow 

The overall logic flow of the EOM operating in 
the Equilibrating Mode is illustrated in Figure 
5- 1 .  The simulation starts by initializing 
guesses for current year gas demands and the 
"marker gas price" ,  i .e . , the average annual 
Thxas/Gulf Coast spot price. The Hydrocarbon 
Supply Model then is executed to determine 
drilling activity and reserve additions for that 
year. Thgether with reserves carried forward 
from previous years, this establishes total re
serves and, thus, available deliverability from 
the U.S and Canada. 
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The Gas Pipeline Network Model then is solved 
to determine flows and spot prices at each 
node given deliverability in each supply re
gion, the initial guesses for demand and the 
marker gas price. This includes taking into ac
count LNG and SNG volumes. Next the T&D 
Rates Model takes all gas volumes and prices 
and calculates end-use gas prices. This is the 
point where long-term versus spot premiums 
and other contract pricing term come into play. 

The next step is to feed these end-use prices to 
the demand models to update the guess for 
natural gas demands (and other fuels) . If gas 
demand volumes are within tolerances, th 
model has "converged" for that year, and the 
model proceeds to the next year. 1 If conver
gence has not been reached, the revised de
mand levels are put back into the Pipeline Net
work and T&D Rate Models to determine a new 
set of end-use gas prices, the Demand Models 
are run again with these new gas prices, and 
convergence is checked once more. 

Part of this iteration process toward reaching 
convergence for the year is the operation of the 
Seasonal Module, which breaks out demand 
and supplies by month. The Seasonal Module 
determines storage patterns, the degree of 
monthly fuel switching · (if any) needed to bal
ance the market, the feasible wellhead capac
ity utilization rate and monthly prices in the 
Texas/Gulf Coast spot market. The monthly 
prices from the Seasonal Module are averaged 
into an annual average price, which is the basis 
for determining regional spot and long-term 
contract prices in the EOM. 

5.3 Seasonal Module. 

All parts of the Energy Overview Model oper
ate on an annual basis with the exception of the 
Seasonal Module, which works on a monthly 
basis. The Seasonal Module takes results from 
other parts of the model, seasonalizes them 
and determines what should be a consistent set 
of monthly results. Through the iteration pro
cess, the monthly and annual results are made 
consistent with each other. What this means is 

1 The criteria are that 1) national demand is within 
one-half of one percent of supply 2) regional demands 
are within one percent of the previous iteration and 3) 
Lower 48 wellhead capacity utilization in the Network 
Model is within 0.00 1 of that desired by the Seasonal 
Module. 
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that annual gas demands are consistent with 
monthly fuel-switching P?tterns, annual spot 
gas prices are averages of monthly spot prices, 
and annual wellhead capacity utilizati9n rates 
are consistent with monthly demand, produc
tion and storage patterns. 

In brief, the procedure involves the following 
steps within. each annual solution period (see 
Figure 5-2) : 

1 )  Annual demand for gas is computed by 
region and sector in the EOM demand models 
based on the current guess for the annual aver
age spot gas wellhead price. 

2) Based on the results from the EOM de
mand models for each within-year iteration, 
maximum potential demand for gas is com
puted in the Seasonal Module on a monthly ba
sis using user-specified monthly profiles. 

3) Annual volumes of C anadian imports, 
LNG, Alaskan gas, supplementals, storage gas 
and Lower 48 deliverability are converted in 
th€ Seasonal Module to available monthly sup
plies based on user-specified profiles. 

4) Available monthly supplies are balanced 
against monthly potential demand in the Sea
sonal Module at a national le\rel to determine 
takes on Lower 48 gas and the amount (if any) 
of potential demand that cannot be served. 
The monthly takes are aggregated into the an
nual wellhead capacity utilization rate (CU) 
which the EOM targets for the next iteration. 

5) Prices are determined in the Seasonal 
Module for each month. The pricing logic as-

. sumes that in months in which all potential de
mand is being satisfied, prices are set by gas
on-gas competition as represented by an 
historically-fit pricing model based on take 
rates (i.e. when takes are low, gas prices are 
low) . For months in which all potential gas de
mand cannot be met and some fuel switching 
is needed to balance the market, prices are set 
by using a monthly aggregate gas price/de
mand curves. 

6) The final monthly prices are then aver
aged into an annual price which is used in the 
next iteration of the EOM. 

Monthly Supply Profiles 
Monthly national profiles are established within 
the Seasonal Module for all sources of gas. In 
most cases the monthly volume is found by 



multiplying the annual quantity by monthly allo
cation shares which sum to one .  For two 
sources of gas, Canadian imports and LNG, the 
monthly allocation is made by assuming that 
the historical patterns will hold up to certain 
level, and that a new, flatter pattern will exist for 
incremental quantities above that. For exam
ple, Canadian imports up to 1 ,400 bcf are as
sumed to have the historical ,  heavily winter 
peaking load shape. For amounts above 1 ,400 
bcf per year, a flatter profile is assumed. For 
LNG the "cutpoint" is usually assumed to be 
670 bcf per year, above which additional vol
umes enter with a flatter profile. 

Patterns are also used for monthly gas storage 
injection and storage withdrawal. As with the 
other profiles, the basic patterns are based on 
recent historical averages. Within certain 
bounds, the storage profiles are allowed to 
change in the model to allow more injection in 
low price months and more withdrawal is high 
price months. 

Lower 48 annual deliverability is tracked in the 
EOM in "cells" defined by vintages, NGP.A/con-

Annual Gas Supply 
• Wellhead Deliverability 
• Storage, Supplementals 
• Gas Imports 

Figure 5-2. 
Representation of Monthly 

Natural Gas Supply/Demand 

tract categories, type of gas and pipeline group. 
Deliverability within each cell is calculated as a 
function of cumulative production. In the Sea
sonal Module, the sum of annual deliverability 
for all cells is divided evenly among the months. 
A ceiling is specified for the maximum amount 
of this monthly deliverability that can be pro
duced in any month to take into account such 
factors as well maintenance shut-ins, freeze offs, 
transportation bottlenecks and market ineffi
ciencies which make impossible the exact 
matching up of all available sellers with all avail
able buyers. The monthly capacity utilization 
ceilings supplied by in the Seasonal Module 
typically results in an average of 96 percent 
takes on an annual basis. If the user wishes to 
run the model with a different maximum annual 
capacity utilization rate, the monthly capacity 
utilization ceilings in the Seasonal Module may 
be changed. 

Monthly Demand Profiles 

The Seasonal Module maintains monthly pro
files for national demands by sector and modi-

Annual Gas Demand 
- By Sector -

;rltr ----.;,-

Monthly 8-D Balance 
P "/su� 

� 
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fies these to reflect changes in demand com
position and fuel switching. Separate monthly 
gas consumption profiles are determined for: 

• electric utility steam units 

• electric utility turbine units 

• electric utility combined cycle units 

• industrial boilers 

• industrial non-boilers 

• industrial cogeneration 

• residential "conventional" demand 

• residential "unconventional" (e. g. ,  gas 
cooling) demand 

• commercial conventional demand 

• commercial "unconventional" (e.g. , NGV) 
demand 

The internal algorithms adjust the monthly pro
files away from historical patterns by sub-sector 
(e.g. , utility steam units, and industrial boilers) 
as fuel switching takes place. This reflects the 
preponderance of the initial losses in the winter 
months. In scenarios where fuel switching pro
gressively increases, the additional fuel switch
ing will be reflected as load loss in the shoulder, 
then summer months. The profiles for "normal" 
residential and commercial gas demand are not 
adjusted in the model from historical patterns 
over time. However, the profiles of "incremental 
demand' ' exogenously specified for natural gas 
vehicles or gas cooling will reflect the appropri
ate seasonal patterns. 

Fuel Switching Effects 

The effects of fuel switching are represented in 
the Seasonal Module by first calculating for 
each month the sub-sectoral "Historical Poten
tial' '  gas market. This is the total annual gas 
and oil consumption times a historical monthly 
gas market share. (Note that this process is ap
plied only to the fuel switchable markets - not 
to the residential or commercial sectors.) For 
industrial boilers, for instance, January gas con
sumption normally is 0.077 of the annual oil and 
gas consumption. This represents what con
sumption would be in January in the absence of 
any "abnormal" fuel switching. 

The Seasonal Module also calculates a monthly 
gas consumption profile using the EOM demand 
models' annual gas consumption times the his
torical monthly gas profiles (i.e. is the monthly 
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profile as a fraction of gas-only consumption.) 
The Seasonal Module then takes the larger of 
the two values for each month and calls that the 
' 'Final Potential' ' monthly gas demand. The rea
son this is done is that the ' 'Historical Potential' ' 
monthly gas consumption, which is based on 
historical gas market shares, might understate 
monthly gas demand in sub-sectors where the 
gas market share in growing over time. 

The "Final Potential" demand is calculated by 
sub-sector and then added up to arrive at total 
potential gas demand each month. This is then 
compared against available supplies for each 
month. For Lower 48 gas, available supplies are 
the monthly deliverability times the maximum 
monthly capacity utilization ceiling. If monthly 
supplies exceed potential demand, it is as
sumed all demand is met and the Lower 48 
monthly CU is solved for at a level below its ceil
ing. If potential monthly demand exceeds sup
plies, the wellhead CU is set to the monthly ceil
ing and the "market loss" is computed as the 
difference between potential demand and sup
ply. When a gas market loss is needed to bal
ance a month in the Seasonal Module, the loss is 
allocated by sub-sector based on the EOM de
mand model results. After each month is solved, 
the monthly CUs are then averaged to arrive at 
the annual CU that will balance the market. 

Monthly Gas Prices 

Monthly Gulf Coast onshore spot gas prices 
are computed in the Seasonal Module based 
on Lower 48 take rates and gas market losses, 
if any. (See Figure 5-3) 

The pricing logic assumes that in months in 
which all potential demand is being satisfied, 
prices are set by gas-on-gas competition as 
represented by a historically fitted pricing 
model based on take rates (i.e. when takes are 
low. gas prices are low) . For months in which 
all potential gas demand cannot be met and 
some fuel switching is needed to balance the 
market, initial monthly prices are set by using a 
monthly aggregate gas price/demand curves. 
In order to ensure a smooth transition between 
the two price setting logic methods, the Sea
sonal Module uses a weighting logic in the 
"transition zone". 

In months in which some market is being lost 
(these are the months in which Lower 48 takes 
are at the CU ceiling) , spot gas prices are cal
culated using the model's demand curves. 



This is done by first calculating annual demand 
curves for each fuel switchable sub-sector 
(e.g. , industrial boilers) relative to a Gulf Coast 
spot gas price. These curves are then con
verted to a percent of the sub-sector market. 
In the Seasonal Module the sub-sector curves 
are aggregated up to a monthly demand curve 
using the size of the potential gas market for 
each sub-sector for each month. Because the 
monthly curves in the Seasonal Module are 
generated from the EOM's demand models , 
shifts in gas markets due to economic growth, 
oil prices, fuel oil sulfur regulations, acid rain 
allowance costs etc. are properly accounted for 
in calculating monthly gas demand and prices. 

5.4 User Specifications 

The important user specifications for the mod
els pricing logic are contained primarily in the 
Seasonal Module. These are explained below. 

Lower-48 Capacity Utilization 
Ceilings by Month 

Maximum fraction of monthly deliverability that 
can be taken each month. The average of these 
numbers determines the annual maximum take 
level toward which the model can solve. 

Import and Alaskan Profiles 

Monthly patterns for Canadian and LNG im
ports and Alaskan gas whereby one monthly 
profile is used below a certain cutpoint and an
other (usually flatter) profile above the cutpoint. 

Demand Profiles 

Monthly demand fraction for incremental gas 
markets such as gas cooling, natural gas vehi
cles. 

Growth in Storage Capacity 

Annual working gas capacity in trillion Btus. 
This is usually set to match growth in firm gas 
demand. Note that utilization of storage capac
ity is solved for by the model. 

Figure 5-3. Seasonal Gas Price Determination 
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DESCRIPTION 
AND 

DRI/McGRAW-HILL 
WORLD OIL MODEL 
DOCUMENTATION 

Introduction 

The World Oil Model is the tool with which 
DRI/McGraw-Hill forecasts world oil supply/de
mand balances. Included among the outputs of 
the model are EO.B. prices of crude oil, world 
oil supplies, and oil demands. The World Oil 
Model integrates the best available information 
and insights provided by a variety of very de
tailed, structural energy models of the United 
States, seventeen European nations, Japan, and 
Canada into its supply/demand framework.  
The oil demand equations in the model are ad
justed to reproduce the forecast behavior of 
these country-specific structural energy mod
els. Additionally; the macroeconomic inputs to 
the World Oil Model are taken directly from the 
fore c asts prepare d  by DRI/McGraw-Hill 's 
United States, European, Canadian, Japanese , 
Asian, Latin American, and Middle East and 
African macroeconomic services. 

The model includes detail for crude oil 
and natural gas liquids production for 25 coun
tries and regions and oil consumption for 1 1  
separate countries or regions. For a complete 
listing o f  the items included as part of the 
World Oil Model forecast , please refer to the 
Retrieval Code Index in Appendix C, or in the 
latest International Oil Bulletin. The historical 
sources of this data are the U.S. Department of 

ECONOMIC 
DELS 

Energy; International Energy Agency; Organiza
tion for Economic Cooperation and Develop
ment , as well as various country-specific and 
oil industry sources. 

World Oil Model Structure 

The DRI/McGraw-Hill World Oil Model 
was designed as a support tool for forecasting 
the world EO.B. price of internationally-traded 
crude oil, oil supplies by producing countries, 
and oil demands by consuming countries, con
sistent with a balance in world oil markets. The 
model is comprised of econometrically esti
mated behavioral equations and accounting 
identities, and is simulated quarterly from the 
current quarter to the fourth quarter of 2005 . 
The overall model structure is illustrated in Ex
hibit 1 .  

The simulation procedure generally em
ployed is as follows: 

• The model user provides a forecast "esti
mate" for the average EO.B. price of inter
nationally-traded crude oil. This price is 
termed an "estimate" since it is subject to 
analysis of the simulation results. 

• World crude oil prices are translated in 
the model to real oil prices in local cur
rency units using individual countries' ex
change rates and inflation. 

• Baseline projections for real national out
put , consistent with b aseline world oil 
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prices, are adjusted endogenously to re
flect the economic effects of changes in 
world oil prices from their baseline pro
jections. 

• Oil consumption for each country is mod
eled as a function of the country's real do
mestic economic output and its real do
mestic fuel price (which is based on local 
exchange rates and inflation) . 

• Oil stocks follow a seasonal pattern with 
adjustments upward or downward in re
sponse to trends in consumption levels 
and changes in desired inventory cover
age , given relative movements  in oil 
prices. 

• Oil production for non-OPEC countries is 
adjusted endogenously in the model as a 
"lagged" response to changes in world oil 
prices relative to the DRI/McGraw-Hill 
base case . OPEC production for each 
member country remains an exogenous 
specification for the user to determine 
during post-solution analysis. 

• The model represents world oil surpluses 
or shortfalls through increases or de
creases in total non-Communist world oil 
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inventories, with the magnitude of world 
inventory changes used to establish the 
feasibility of the user's crude oil price and 
production estimates. 

• Given the user's alternative oil price as
sumption (or other change in model spec
ification) , the user's subsequent analysis 
of the results will result in an acceptable 
simulation , or lead the user to further 
changes in crude oil prices,  economic 
growth, exchange rates, inflation rates or 
other specific ations as necessary to  
achieve a satisfactory world oil supply
demand balance. 

The model endogenously determines oil 
consumption in the major 7 and "other" devel
oped countries (comprising the OECD) . Con
sumption forecasts for the non-OPEC develop
ing nations and for OPEC countries are also 
forecast exogenously within the model. Base 
case production forecasts are entered exoge
nously for producing countries or groups of 
countries. Crude oil production for all non
OPEC countries then responds through a lag 
function to changes in oil prices. Exhibit 2 
identifies the geographic detail included in the 
model. 
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PHILOSOPHY .AND PROPERTIES 
OF THE DRI MODEL OF THE U.S. 
ECONOMY 

Since 1 968, Data Resources has worked to 
advance the science of economic forecasting and 
policy analysis and, in doing so, to deliver sub
stantial information to business and government. 
The newest version of the DRI Model of the U.S. 
Economy remains firmly in this tradition by: 

• Responding to the constructive criticisms 
of both economics and econometric mod
els that have arisen during the 1 980s with 
a new; robust tool; 

• Offering users a choice of user-friendly 
technology environments-timesharing 
and personal computers-on which to use 
this tool; 

• Rigorously checking all equation specifi
cations, coefficients, and model simulation 
properties; and 

• Backing this effort with an extensive pro
gram of documentation and professional 
support . 

Because of the enormous complexity of 
the economy; an economic model is a neces
sity for business planning, government policy 
analysis , and academic instruction. Financial, 
spending, production, wage-price , and interna
tional trade decisions all feed into each other. 
Significant lags and leads complicate the 
understanding of these cause-and-effect 
chains, and hence make difficult the prediction 
of future behavior and the interpretation of cur
rent conditions. Model design must realistically 
incorporate this complexity but also support a 
reliable, user-friendly tool. 

While the DRI Model covers a large num
ber of variables, the investment DRI has made 
in the economic structure of the Model and in 
developing its new; convenient PC environment 
make this large Model easier and less costly to 
use on real, client-specific issues than compet
ing, smaller models. There is no need to ac
cept the shortcomings of smaller models: fore
cast insensitivity, insufficient sectoral detail, or 
crudeness in integrating scenario assumptions. 
We firmly believe a solid, large model is a cost 
saver because it, rather than the user, automati
cally performs many preparatory calculations 
and many reliable translations of aggregate 
outputs into firm- or sector-specific detail. 

As any example , consider estimation of 
the impacts of the large-scale defense budget 
reductions proposed by Secretary Cheney in 
late 1 989 .  Financial, industrial, and govern
ment clients need to interpret the impacts of 
the manpower and procurement cutbacks on 
the outlook for specific industries as well as the 
broad macroeconomic repercussions. The de
tailed structure of the Model greatly facilitates 
inputting these changes and then automatically; 
reliably produces the required, targeted out
puts without any additional user effort . 

The Federal budget details of the DRI 
model-separately identifying defense de
partment payroll and materials purchasing-al
lows the user to easily and accurately inject the 
budgetary shift . In this case , it is clear that 
spending cuts concentrated on procurement as 
opposed to, for example, NATO personnel will 
have decidedly stronger impacts on specific . 
durables goods industries in the U.S. , will mean 
less for the U.S. trade balance, and will produce 
a sharper, quicker reduction in overall eco
nomic activity. Moreover, the careful weighting 
of specific final demands in the industrial pro
duction block of the model guarantees that a 
reliable answer will automatically be generated 
for each of sixty forecasted industrial produc
tion indexes ( disaggregated to a 2- to 4-digit 
standard industrial classification code level) . 
These changes will, in turn, generate reason
able shifts in detailed producer price indexes, 
filling-out the sales impact analysis. ·  

Most smaller models would not recognize 
the difference between manpower and pro
curement expenditures or, even if such input 
details were recognized, they do not have the 
built-in output detail. The user must invent all 
the supportive analytical structures, crudely 
patch them onto the core model, and then hope 
that the missing interactions are insignificant. 

The Model's Theoretical Position 

Econometric models built in the 1 950s 
and 1 960s were largely Keynesian income ex
penditure systems that assumed a closed do
mestic economy. High computation costs dur
ing estimation and manipulation, along with the 
underdeveloped state of  m acroeconomic 
theory; limited the size of the models and the 
richness of the linkages of spending to financial 
conditions, inflation, and international develop
ments. Since that time , however, computer 
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costs have fallen spectacularly; theory has also 
benefited from four decades of postwar data 
observation and from the intellectual attention 
of many eminent economists. 

An Econometric Growth Model: The DRI 
Model incorporates the best insights of many 
theoretical approaches to the business cycle: 
Keynesian, neoclassical , monetarist , supply
side, and rational expectations. In addition, the 
DRI Model embodies the major properties of 
the long-term growth models presented by 
James Tobin, Robert Solow, Edmund Phelps, 
and others. This structure guarantees that ro
bust long-run properties will temper short-run 
cyclical developments. 

In growth models, the expansion rate of 
technical progress, the labor force , and the 
capital stock determine the productive poten
tial of an economy: Both technical progress and 
the capital stock are governed by investment , 
which in turn must be in balance with post-tax 
capital costs, available savings, and the capac
ity requirements of current spending. Thus, for 
example, monetary and fiscal policies will in
fluence the short- and the long-term character
istics of such an economy through their impacts 
on national saving and investment . 

A modern model of output , prices, and fi
nancial conditions is melded with the growth 
model to present the detailed, short-run dy
namics of the economy. In specific goods mar
kets, the interactions of a set of supply and de
mand relations jointly determine spending, 
production, and price levels. Typically, the 
level of inflation-adjusted demand is driven by 
prices, income, wealth, expectations, and fman
cial conditions. The capacity to supply goods 
and services is keyed to a production function 
combining the basic inputs of labor hours, en
ergy usage, and the capital stocks of equip
ment and structures. The "total factor produc
tivity" of this composite of tangible inputs is 
linked to accumulated expenditures on re
search and development. Prices adjust fully to 
gaps between current production and supply 
potential and to changes in the cost of inputs. 

For financial markets, the model · predicts 
exchange rates, interest rates, stock prices, 
loans, and investments interactively with the 
preceding variables. The Federal Reserve sets 
the supply of reserves in the banking system 
and the fractional reserve requirements for de-
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posits.  Private sector demands to hold de
posits are driven by household disposable in
come, business cash flow, expected inflation, 
and by the deposit interest yield relative to the 
yields offered on alternative investments. Banks 
and other thrift institutions, in turn, set deposit 
yields based on the market yields of their in
vestment opportunities with comparable matu
rities and on the intensity of their need to ex
pand reserves to meet legal requirements; in 
other words, the contrast between the supply 
and demand for reserves sets the critical short
term interest rate for interbank transactions, the 
federal funds rate.  Other interest rates are 
keyed to this rate , plus expected inflation, '!Tea
sury borrowing requirements, and sectoral 
credit demand intensities. 

The labor market has three basic compo
nents. The supply of labor positively responds 
to the perceived availability of jobs and, albeit 
weakly; to the wage level. Demand for labor is 
keyed to the level of output in the economy and 
the productivity of labor, capital, and energy. 
Because the capital stock is largely fixed in the 
short run, a higher level of output requires 
more employment and energy inputs. Such in
creases are not necessarily equal to the per
centage increase in output because of the im
proved efficiencies typically achieved during 
an upturn. 

Wages, the price of labor, are adjusted to 
bring demand and supply into balance. Ex
cess supply is obviously registered by a high 
unemployment rate, which reduces the rate of 
increase in wages. The expansion of wages in 
a fully employed economy is set by the growth 
in the expected value of output per hour :  
wages will increase more rapidly the greater 
the expected exp ansion rates of  labor 
productivity and output prices. Tempering the 
whole process of wage and price determi
nation is the exchange rate ; a rise signals 
prospective losses of jobs and markets unless 
costs and prices are reduced. 

Monetarist Aspects: The model pays 
due attention to valid lessons of monetarism by 
carefully representing the diverse portfolio as
pects of money demand and by capturing the 
central bank's role in long-term inflation phe
nomena. The private sector may demand 
money balances as one portfolio choice among 
transactions media (currency; demand deposits, 
some savings deposits) , investment media 



(bonds , stocks, short-term securities) , and 
durable assets (homes, cars, equipment , struc
t ures) . G iven t his range of choice , e ach 
medium's implicit and explicit yield must there
fore match expected inflation, offset perceived 
risk, and respond to the scarcity of real savings. 
Money balances provide benefits by facilitating 
spending transactions and can be expected to 
rise nearly proportionately with transactions re
quirements unless the yield of an alternative as
set changes. Now that even demand deposit 
yields can float to a limited extent in response 
to changes in Treasury bill rates, money de
mand no longer shifts quite as sharply when 
market rates change. Nevertheless, the veloc
ity of circulation (the ratio of money demand to 
nominal spending) is still far from stable during 
a· cycle of monetary expansion or contraction. 
Thus the simple monetarist link from money 
growth to price inflation or nominal spending is 
therefore considered invalid as a rigid short
run proposition. 

Equally imp ortant , as long-run growth 
models demonstrate, induced changes in capi
tal formation can also invalidate a naive long
run identity between monetary growth and 
price increases. Greater demand for physical 
capital investment can enhance the economy's 
supply potential in the event of more rapid 
money creation and hence higher inflation. 
The yield on currency is fixed and the yield on 
demand deposits will only partially reflect 
added inflation, but physical capital is a near
perfect inflation hedge ; a higher inflation econ
omy can be a more capital-intensive economy 
with a greater productive potential. In the DRI 
Model, both prices and quantities can therefore 
change in response to monetary policy initia
tives. If simultaneous, countervailing influences 
prevent an expansion of the economy's poten
tial, however, the model will (within a decade) 
translate all money growth into a proportionate 
increase in prices rather than in physical output. 

.. Supply-Side" Economics: Since 1 980, 
" supply- side " p o lit ical economists h ave 
pointed out that the economy's growth potential 
is sensitive to the policy environment. They fo
cused on potential labor supply; capital spend
ing, and savings impacts of tax rate changes. 
The DRI Model embodies supply-side hy
potheses to the extent supportable by available 
data, and tl$ is considerable in the many areas 
that supply-side hypotheses share with long-

run growth models. These features, however, 
have been fundamental ingredients of  our 
model since 1 976 .  

Rational Expectations : As the rational 
expectations school has pointed out, much of 
economic decision-making is forward looking. 
For example , the decision to buy a car or a 
home is not only a question of current afford
ability but also one of timing; the delay of a 
purchase until interest rates or prices decline 
has become particularly common since the 
mid- 1 9 7 0 s  when both inflation and interest 
rates were very high and very volatile . Con
sumer sentiment surveys, such as those con
ducted by the University of Michigan Survey 
Research Center, clearly confirm this specu
lative element in spending behavior. 

However, households c an b e  shown to 
base their expectations, to a large extent, on 
their past experiences: they believe that the 
best guide to the future is an extrapolation of 
recent economic conditions and the changes in 
those conditions. Consumer sentiment about 
whether this is a "good time to buy" can there
fore be successfully modeled as a function of 
recent levels and changes in employment, in
come, interest rates, and inflation. Similarly; in
flation expectations (influencing financial con
ditions) and market strength expectations 
(influencing inventory and capital spending de
cisions) can be modeled as functions of recent 
rates of increase in prices and spending. 

This largely retrospective approach is not , 
of course, wholly satisfactory to pure adherents 
to the rational expectations doctrine. In partic
ular, this group argues that the announcement 
of macroeconomic policy changes would sig
nificantly influence expectations of inflation or 
growth prior to any realized change in prices 
or spending. If an increase in government ex
penditures is announced, the argument goes, 
expectations of higher t axes to finance the 
spending might lead to lower consumer or 
business spending in spite o f  temporarily 
higher incomes from the initial government 
spending stimulus. A rational expectations the
orist would thus argue that multiplier effects 
will tend to be smaller and more short-lived 
than a mainstream economist would expect. 

These propositions are subject to empmcal 
evaluation. Our conclusions are that expecta
tions do play a significant role in private sector 
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spending and investment decisions; but , until 
change has occurred in the economy; there is 
very little room for significant changes in expec
tations in advance of an actual change in the vari
able about which the expectation is formed. The 
rational expectations school thus correctly em
phasizes a previously understated element of de
cision-making, but exaggerates its significance 
for economic policy-making and model building. 

The DRI Model allows a choice in this mat
ter. On the one hand, the user can simply ac
cept DRI's judgments and let the model trans
late policy initiatives into initial changes in the 
economy; simultaneous or delayed changes in 
expectations, and subsequent changes in the 
economy. On the other hand, the user can 
manipulate the clearly identified expectations 
variables in the model, i .e . ,  consumer senti
ment, inflation expectations, and interest rate 
volatility. For example, if the user believes that 
fear of higher taxes would subdue spending, 
he could reduce the consumer sentiment in
dex. Such experiments can be made "ratio
nal" through model iterations that bring the 
current change in expectations in line with fu
ture endogenous changes in income, prices, or 
fmancial conditions. 

Theory As a Constraint: The conceptual 
basis of each equation in the DRI Model was 
thoroughly worked out before the regression 
analysis was initiated. The list of explanatory 
variables includes a carefully selected set of de
mographic and financial inputs. Each estimated 
coefficient was then thoroughly tested to be 
certain that it meets the tests of modern theory 
and business practice. This attention to equa
tion specification and coefficient results has 
eliminated the "short circuits" that can occur in 
evaluating a derivative risk or an alternative 
policy scenario. Because each equation will 
stand up to a thorough inspection, the DRI 
Model is a reliable analytical tool and can be 
used without excessive iterations. The model is 
not a black box: it functions like a· personal 
computer spreadsheet in which each interactive 
cell has a carefully computed entry and thus 
performs logical computations simultaneously. 

Major Sectors 

The DRI Model captures the full simul
taneity of the U.S. economy, forecasting 1 ,200 
concepts spanning fmal demands, aggregate -
supply, prices, incomes, international trade, in-
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dustrial detail, interest rates, and financial flows. 
Chart 1 and Table 1 summarize the structure of 
the eight interactive sectors (noted in Roman 
numerals) . The following discussion briefly 
presents the logic of each sector and the signif
icant interactions with other sectors; full details 
appear in subsequent chapters. 

Spending-Consumer: The domestic 
spending (1) , income (II) , and tax policy (III) 
sectors model the central circular flow of be
havior as measured by the national income and 
product accounts. If the rest of the model were 
"frozen," these blocks would produce a Keyne
sian system similar to the models pioneered by 
Tinbergen and Klein. 

Consumer spending is divided into three 
durable goods categories (autos and parts, fur
niture, and "other") ; five nondurable goods cat
egories (food, clothing and shoes, gas, fuel, 
and "other") ; and eight service categories 
(housing, transportation, three household oper
ation subcategories, medical ,  financial ser
vices, and "other") . In nearly all cases, real ex
penditures are motivated by real income and 
the price of a particular category relative to the 
prices of other consumer goods. Durable and 
semidurable goods are also sensitive to house
hold net worth, current financing costs, and 
consumer speculation on whether it is a ' 'good 
time to buY,' The University of Michigan Survey 
of Consumer Sentiment monitors this last in
fluence, with the index itself modeled as a func
tion of current and lagged values of inflation, 
unemployment, and the prime rate. 

Spending-Business Investment: Busi
ness spending includes six fixed investment 
categories (autos, office equipment, other pro
ducer durables, public utility structures, mining 
and petroleum structures, and buildings and 
other structures) and- five inventory spending 
categories (farm, manufacturing, wholesale, re
tail, and "other") . Equipment and non-utility, 
non-mining, structures spending is de
termined by the effective post-tax capital costs, 
capacity utilization, and replacement needs. 
The cost terms are sophisticated blends of 
post-tax debt and equity financing costs (offset 
by expected capital gains) and the purchase 
price of the investment good (offset by possi
ble tax credits and depreciation-related tax 
benefits) . This updates the well-known work of 
Dale Jorgenson, Robert Hall , and Charles 
Bischoff. 
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Table 1 
Model Variables 

Sector 

I .  Pri vate Domest i c  Spendi ng 
A .  Cons umpt i on • • • • • • • • • • • • • • • • • • • • • • •  

B .  Bus i ne s s  Spendi ng • • • • • • • • • • • • • • • • •  

C .  Hous i ng • . • • • • • • • . • • . . . • . . . • . • . . • • .  

D .  I nventory Accumul at i on • • • • • • • • • • • •  

I I .  Product i on and l ncoome 
A. Wages • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

B . Corporate Profi ts & Depred ati on • •  

C .  I ndustry Deta i l  
1 .  Product i on • • • • • • • • • • • • • • • • • • • •  

2 .  Capac i ty ,  Operat i ng Rates • • • • •  

3 .  Empl oyment • • • • • • • • • • • • • • • • • • • •  

D .  I nterest , Rent . Entreprineural , Mi se 

I I I .  Government 
A .  Federa 1 • • • • • • • • • • • • • • • • • • • • • • • • • • •  

B .  State and Loca 1 • • • • • • • • • • • • • • • • • • •  

C .  Agg regates • • • • • • • • • • . • • • • • . • • • • • • .  

I V .  I nternat i onal Transact i ons 
(Goods & serv i ces , pri ces & quant i t i es ) 
A. N I PA & Census Exports & Imports • • •  

B .  Exchange Rates , Fore i gn I nterest 
Rates , Act i v i ty • • • • • • • • • • • • • • • • •  

C .  Cu rrent Account ( i ncl udi ng I nvestment 
I ncome ) and Net Internati onal 
I nvestment Pos i t i on • • • • • • • • • • • • • •  

V .  F i nanc i al 
A .  Monetary & F i nanc i al Aggregates • • •  

B .  I nterest Rates • • • • • • • • • • • • • • • • • • • •  

C .  Househol d & Mortgage Fl ow of Funds 
D. Stock Market • • • • • • • • • • • • • • • • • • • • • •  

V I . I nfl at i on and Product i v i ty 
A. Producer Pri ces • • • • • • • • • • • • • • • • • • •  

B .  Defl ators and CP J • • • • • • • • • • • • • • • • •  

C .  Wages & Product i v i ty • • • • • • • • • • • • • •  

V I I .  Supply 
A .  Nonre s i dent i a l  Capi tal Stocks • • • • •  

B .  Labor Suppl y ,  E•pl oyent , & Hours • 

C .  Energy • • • . . . • • • • • • • • • • • • • • • • . . • • • •  

D .  Aggregate Supply 

V I I I .  Expectat i ons 
A .  Consumer • • • • • • • • • • • • • • • • • • • • • • • • • •  

B .  F i nanc i a l  • . . • • • • . . . • • . . . • • • • . • . • • •  

I X .  Popu l at i on • • • • • • • • • • • • • • • • • • • • • • • • • • •  

X .  Agg regates & Mi scel l aneous • • • • • • • • • • •  

Total • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

Bas i c  
Beha v i oral 

(Stochasti c ) 

17  

7 
12 

9 

2 
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61  

1 

28 

8 
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1 1  

0 

31 
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22 

10 
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1 1  

33 
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o ** 
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0 
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321 
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33 
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0 
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Given any cost/financing environment, the 
need to expand capacity is monitored by recent 
growth in national goods output . Public utility 
structure expenditures are motivated by similar 
concepts except that the output terms are re
stricted to electricity and gas utility output rather 
than total national goods output. Net investment 
in mining and petroleum structures responds to 
movements in real domestic oil prices and to the 
energy demands of the economy. 

The fixed investment equations are more 
sensitive to changes in the economy than in 
pre- 1 9 85  models because of  their new, 
Bischoff-based specification. Most noteworthy 
is the greater sensitivity to interest rates. The 
estimated structure, with a clear separation of 
output and capital cost influences into change 
and level components, has clearly enhanced 
the accelerator properties of the model. This, 
we believe, definitely improves its cyclical sen
sitivity but not at the expense of its long-run 
properties ; its long-run properties remain ro
bust because replacement needs are con
strained to match the depreciation rates used to 
create corresponding capital stocks, and the 
capital stocks determine consistent estimates 
of capacity. These capacity measures, when 
contrasted with current and expected output, 
drive investment, wage, and price decisions. 

Inventory demand is the most erratic 
component of GNP, reflecting the procyclical, 
speculative nature of private sector accumula
tion during booms and decumulation during 
downturns. The forces that drive the four non
farm stock categories are changes in spending, 
short-term interest rates and expected inflation, 
surges in imports, and changes in capacity uti
lization or the speed of vendor deliveries. Sur
prise increases in demand lead to an immedi
ate drawdown of stocks and then a rebuilding 
process over the next year; the reverse natu
rally holds for sudden reductions in final de
mand. Inventory demands are sensitive to the 
cost of holding the stock, measured by such 
terms as interest costs adjusted for expected 
price increases and by variables monitoring 
the presence of bottlenecks. The cost of a bot
tleneck that slows delivery times is lost sales: 
an inventory spiral can therefore be set in mo
tion when all firms accelerate their accumula
tion during a period of strong growth but then 
try to deplete excessive inventories when the 
peak is past . 

Spending-Housing: Residential con
struction is typically the first sector to turn 
down in a recession and the first to rebound in 
a recovery. Moreover, the magnitude of the 
building cycle is often the key to that of the 
subsequent macro-economic cycle . This is as 
true today as in p ast dec ade s ,  although 
changes in fmancial market regulation have al
tered this sector's behavior. Up until the 1 980s, 
surges in housing were produced by "disinter
mediation: · i .e. , cyclical losses and gains of de
posits at thrift institutions (which were bound 
by the Regulation Q deposit-yield ceiling) to al
ternative investment media as market interest 
rates rose or fell. With the removal of such ceil
ings , mortgage lenders-as well as home
builders and buyers-can now obtain construc
tion funds if they are willing t o  p ay a 
competitive interest rate. Buyers are thus being 
priced out of the market by a high yield rather 
than rationed out by an absence of funds. 

The housing sector of the DRI Model re
flects this change, explaining new construction 
as a decision primarily based on the after-tax 
cost of homeownership relative to disposable 
income. This cost is estimated as the product 
of the median home price and the mortgage 
rate , plus operating costs and property taxes. 
"Lever variables"  allow the model user to 
specify the extent to which mortgage interest 
payments and property taxes produce tax de
ductions that reduce the effective cost. 

Due to the change in financial regulations, 
the equations for single- and multi-family hous
ing are based only on data from 1 978 through 
1 989 . This brief estimation interval could po
tentially create problems for long-term fore
casting except that the equations also include a 
careful specification of demographic forces. M
ter estimating the changes in the propensity for 
specific age-sex groups to form independent 
households , the resulting "headship rates" 
were multiplied by corresponding population 
statistics to estimate the trend expansion of 
households. The housing equations were then 
specified to explain current starts relative to the 
average increase in trend households over the 
past three years. The basic phenomenon be
ing scrutinized is therefore the proportion of 
the trend expansion in households whose 
housing needs are met by current construction. 
.As noted earlier, a primary determinant of this 
proportion is housing affordability; another 
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significant ingredient is the gap between the 
actual stock of homes and the trend level of 
households. Actual construction spending. in 
the GNP accounts is the value of construction 
"put-in-place" in each period after the start of 
construction (with a lag of up to six quarters in 
the case of multi-family units) , plus additions, 
alterations, and brokerage fees. 

Spending-Government: The last sector 
of domestic demand for goods and services, 
that of the government , is largely exogenous 
(user-determined) at the federal level and en
dogenous (equation-determined) at the state 
and local level. The user sets the real level of 
federal nondefense purchases of goods and 
services ,  defense purchases, transfer pay
ments, and grants to state and local govern
ments. The model calculates the nominal val
ues through multiplication by the relevant 
estimated prices. Changes in interest pay
ments are determined by changes in the debt 
(the current deficit) and changes in the average 
interest rate as debt is expanded or rolled over. 

The presence of a large and growing 
deficit imposes no constraint on federal spend
ing. This contrasts sharply with the state and 
local sector where legal requirements for bal
anced budgets mean that declining surpluses 
or emerging deficits produce both tax in
creases and reductions in spending growth. 
State and local purchases of goods and ser
vices are also driven by the level of federal 
grants (due to the matching requirements of 
many programs) , population growth, and trend 
increases in personal income. 

Production: The industrial produc�ion 
sector includes 60 standard industrial clas
sifications (SIC) . Production is a function of 
various cyclical and trend variables and a 
"generated" output term, i.e . ,  the input-output 
(I-0) relationship between the producing in
dustry and both intermediate industries and fi
nal demand. In other words, generated output 
terms are carefully constructed averages of the 
activity levels in the markets to which the indus
try sells. The cycle and trend variables correct 
for changes in I-0 coefficients that are implied 
by the changing relationships between buyers 
and sellers. This structure guarantees a reli
able transformation from the basic fmal de
mand indicators into detailed, market-specific 
production indicators. The model performs 
these calculations automatically during each 
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solve command, delivering immediately useful 
information for business planning without addi
tional effort by the user. 

Income: Domestic spending, adjusted for 
trade flows , defines the economy's value
added or gross national product. Because all 
value-added must accrue to some sector of the 
economy, the expenditure measure of GNP 
also determines the nation's gross income. The 
distribution of income among households , 
business, and government is determined in 
sectors II and ill ofthe model. 

Pre-tax income categories include private 
and government wages, corporate profits, in
terest, dividends, rent, and entre-preneurial re
turns. Each pre-tax income category except 
corporate profits is modeled as a function of 
wages, prices, interest rates, debt levels, and 
capacity utilization or unemployment rates. 
Profits are logically the most volatile compo
nent of GNP on the income side. When na
tional spending changes rapidly; the contractual 
arrangements for labor, borrowed funds, and 
energy imply that the return to equity holders is 
a residual that will soar in a boom and collapse 
in a recession. The model reflects this by calcu
lating wage, interest and rental income as thor
oughly reliable near-identities (e .g. , wages 
equal average earnings multiplied by hours 
worked) and then subtracting each non-profit 
item from national income to solve for profits. 

Taxes: Since post-tax rather than pre-tax 
incomes drive expenditures, each income cat
egory must be taxed at an appropriate rate; the 
model therefore tracks personal, corporate, 
payroll, and excise taxes separately. Users may 
set federal tax rates; tax revenues are then si
multaneously forecast as the product of the rate 
and the associated pre-tax income compo
nents. However, the model automatically ad
justs the effective average personal tax rate for 
variations in inflation and income per house
hold, and the effective average corporate rate 
for credits earned on equipment, utility struc
tures, and R&D. With the exception of corpo
rate profits and social insurance tax rates, state 
taxes are fully endogenous: the Model makes 
reasonable adjustments automatically to press 
the sector toward the legally-required approxi
mate budget balance. The average personal 
tax rate rises with income and falls with the 
government operating surplus. Property and 
sales taxes provide th� bulk of state excise 



revenue and reflect changes in oil and natural 
gas production, gasoline purchases, and retail 
sales, as well as the government surplus. The 
feedback from expenditures to taxes and taxes 
to expenditures works quite well in reproduc
ing both the secular growth of the state and lo
cal sector and its cyclical volatility. 

International: The international sector (IV) 
is a critical, fully simultaneous block that can ei
ther add or divert strength from the central cir
cular flow of domestic income and spending. 
Depending on the prices of foreign output, the 
U.S. exchange rate , and competing domestic 
prices, imports capture varying shares of do
mestic demand. Depending on similar vari
ables and the level of world gross domestic 
product, exports can add to domestic spending 
on U.S. production. The exchange rate itself re
sponds to international differences in inflation, 
interest rates, trade deficits, and capital flows be
tween the U.S. and its competitors. In preparing 
forecasts, DRI's U.S. Economic Service and the 
World Service collaborate in determining inter
nally consistent trade prices and volumes, inter
est rates, and financial flows. 

The latest Model incorporates refinements 
in three key areas of the foreign sector. First , 
additional export and import details for busi
ness machines have been added as a natural 
counterpart to the addition of the office equip
ment component of producers' durable equip
ment spending. The business machines detail 
allows more accurate analysis because com
puters are rapidly declining in effective quality
adjusted prices relative to all other goods, and 
because such equipment is rising so rapidly in 
prominence as businesses push ahead with 
new production and information processing 
technologies. 

Second, investment income flows are now 
explicitly modeled. The stream of huge current 
account deficits incurred by the U.S. during the 
1 980s, and the prospects for continued large 
deficits in the years ahead, have important 
implications for the U.S. investment income bal
ance. As current account deficits accumulate, 
the U.S. net international investment position 
and the U.S. investment income balance deteri
orate. While the DRI/McGraw-Hill Model has al
ways included detail on merchandise trade 
flows, the growth in the U.S. foreign debt now re
quires comparable detail on investment income 
flows and the corresponding balance sheet 

items. U.S. foreign assets and liabilities have 
therefore been added to the model, with the 
current account deficit determining the path of 
the net investment position. Investment income 
flows are modeled as rates of return on the cor
responding foreign asset and liability cate
gories. U.S. earnings from abroad are broken 
down by U.S. asset holder, while foreign earn
ings in the U.S. are broken down by U.S. liability 
holder. The more detailed treatment of receipts 
and payments ensures that the U.S. investment 
balance responds correctly to changes in the 
U.S. foreign debt and interest rates. 

Third, the reactions of overseas prices, in
terest rates and GDP to U.S. development have 
been made robust and automatic. In the case 
of a dollar depreciation, for example, U.S. activ
ity may expand at the expense of foreign activ
ity and U.S. inflation may rise while the rate in 
other countries slows. 

Financial: The use of a detailed financial 
sector M and of interest rate and wealth effects 
in the spending equations recognizes the im
portance of credit conditions on the business 
cycle and on the long-run growth prospects for 
the economy. 

Interest rates, the key output of this sector, 
are modeled as a term structure, pivoting off 
the federal funds rate , the discount rate, and the 
Treasury bill rate .  As noted e arlier, these 
short-term rates depend upon the balance be
tween the demand and supply of reserves to 
the banking system. The supply of reserves is · 

the principal exogenous monetary policy lever 
within the model, reflecting the Federal Re
serve 's open market purchases or sales of 
Treasury securities. Banks and other thrift insti
tutions demand reserves to meet the reserve 
requirements on their deposits and the associ
ated (exogenous) fractional reserve require
ments. The private sector in tum demands de
posits of various types, depending on current 
yields, income, and expected inflation. 

Longer-term interest rates are driven by 
shorter-term rates as well as factors affecting 
the slop e o f  the yield curve . In  the DRI 
Model, such factors include inflation expecta
tions, government short- and long-term bor
rowing requirements ,  corporate financing 
needs, and the recent volatility of interest rates. 
The expected real rate of return varies over 
time and across the spectrum of maturities. An 
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important goal of the financial sector is to cap
ture both the persistent elements of the term 
structure and to interpret changes in this struc
ture. Twenty-six interest rates are covered in 
order to meet client needs regarding invest
ment and fmancing allocation strategies. 

Inflation: Inflation (VI) is modeled as a 
carefully-controlled, interactive process involv
ing wages ,  prices ,  and market conditions. 
Equations embodying a near accelerationist 
point of view produce substantial secondary in
flation effects from any initial impetus such as a 
change in wage demands or a rise in foreign 
oil prices. Unless the Federal Reserve expands 
the supply of credit , real liquidity is reduced by 
any such shock; given the real-financial interac
tions described above, this can significantly re
duce growth. The process also works in re
verse : a spending shock can significantly 
change wage-price prospects and then have 
important secondary impacts on financial con
ditions. Inspection of the simulation properties 
of the DRI Model, including full interaction 
among real demands, inflation and financial 
conditions, confirms that the model has moved 
toward central positions in the controversy be
tween fiscalists and monetarists, and in the de
bates among neoclassicists ,  institutionalists ,  
and ' 'rational expectationists.' '  

The principal domestic cost influences are 
labor compensation, nonfarm productivity (out
put per hour) , and foreign input costs; the latter 
are driven by the exchange rate , the price of 
oil, and foreign wholesale price inflation. This 
set of cost influences drives each of the eigh
teen industry-specific producer price indexes, 
in combination with a demand pressure in
dicator and appropriately weighted com
posites of the other seventeen producer price 
indexes. In other words, the inflation rate of 
each industry price index is the reliably
weighted sum of the inflation rates of labor, en
ergy; imported goods, and domestic interme
diate goods, plus a variable markup reflecting 
the intensity of capacity utilization or the pres
ence of bottlenecks. If the economy is in bal
ance-with an unemployment rate near 5%, 
manufacturing capacity utilization steady near 
80-85%, and foreign influences neutral-then 
prices will rise in line with costs and neither 
will show signs of acceleration or deceleration. 

Supply: As noted above, the "supply
siders" have not been neglected in the DRI 
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Model; indeed, substantial emphasis on this 
side of the economy (VII) was incorporated as 
early as 1 976.  Full employment or potential na
tional output is estimated within a produCtion 
function framework, with explicit labor, business 
capital, energy; and research and development 
inputs. Total factor productivity of labor, capital, 
and energy is driven by research spending and 
trends to reflect technological progress. Taxa
tion (and other government policies) influences 
labor supply and all investment decisions , 
thereby linking tax changes to changes in po
tential GNP. An expansion of potential first re
duces prices and then credit costs , and thus 
spurs demand. We do not, however, agree with 
extremist supply-siders that tax cuts will pay for 
themselves: while they can make a significant 
difference in per capita living standards, tax re
ductions do increase the deficit and thus imply 
higher interest rates unless federal spending is 
Simultaneously lowered. 

Expectations: The contributions to the 
Model and its simulation properties of the ratio
nal expectations school are as rich as the data 
will support . The principal nuance relating to 
expectations (Sector VIII) in the DRI Model is an 
endogenous volatility factor influencing interest 
rates. Volatility, as measured by the difference 
between the monthly minimum and maximum 
values of the Treasury bill rate, increases signifi
cantly with Federal Reserve "changes of  
regime," shifts in wholesale price inflation and 
oil price shocks. Volatility adds moderately to 
the level of short-term rates and, by increasing 
the risk of investment, has an even greater im
pact on long-term rates. The presence of this 
variable allows users to achieve (and to en
hance at will) the types of non-Keynesian influ
ences stressed by the rational expectations the
orists .  The same may b e  said of  the other 
expectational variables in the model: consumer 
sent iment (in household durables and 
semidurables) , inflation expectations (in interest 
rates and capital spending) , and growth expec
tations (in business investment) . 

Quantitative Properties and Policy 
Lessons 

To demonstrate the interrelationships of 
the sectors and their responses to traditional 
policy initiatives, two . basic shocks were intro
duced into simulations of the 1 990-95 trend out
look: the first is a $20 billion deficit reduction 



package that increases taxes and cuts real ex
penditures (with the change in each tax and 
expenditure component proportional to its 
1 988 level) ; the second is a sustained reduction 
in nonborrowed reserves attributable to Fed
eral Reserve sales of 'Treasury securities in the 
open market (Chart 2) . The cut in reserves has 
been scaled to have the same full model im
pact on real GNP as the fiscal policy shock for 
quarters five to eight of the simulations: this in
terval was selected because the peak GNP im
pacts occur four quarters after the introduction 
of the fiscal shock and seven quarters after the 
credit restraint . 

The six graphs presented as Chart 2 sum
marize the direct and indirect changes in fiscal 
and monetary policy indicators present in the 
two shock simulations. Note that the indirect ef
fects are substantial, and that these have been 
reliably, automatically calculated by the Model. 

For example , pure monetary restraint 
does raise federal spending (interest costs) and 
substantially cuts federal tax receipts (lower 
nominal GNP and particularly weak profits) . 
These impacts on the deficit are much greater 
than the savings from generally lower inflation: 
as a result , within two years, a 0.5% reduction in 
money supply raises the federal government's 
annual deficit by $ 1 0  billion. 

Fiscal restraint , on the other hand, pro
duces a significant reduction in interest rates 
even though the Federal Reserve is presumed 
not to have increased the supply of reserves to 
the banking system through open market pur
chases of Treasury securities. Moreover, the 
public's demand for money (often mic;takenly 
referred to as "the money supply") is reduced 
without any Fed action because we aker in
come and spending discourages usage of cur
rency and checks to a greater extent than the 
lower interest rates encourage such usage. 

A switch to either restrictive monetary or 
fiscal policy produces a sharp cycle in the 
economy. There are notable differences in the 
responses, however (Charts 3A, 3B; Tables 2 ,  
3) . First, as just noted, the greatest impact on 
real GNP from the composite fiscal shock oc
curs within one year while the greatest impact 
from the monetary shock does not occur for 
two years. The quick fiscal response is logical 
given the immediacy of the cuts in government 
purchases and the. evidence of  relatively 

prompt private sector responses to lower after
tax income. In contrast, changes in monetary 
policy affect spending with several delays: 
lower reserves induce higher long-term credit 
costs with a lag; higher interest rates in turn in
hibit housing and consumer durables with a 
one- to four-quarter lag, and then business 
fixed investment with a longer lag. The feed
backs to these reactions cause the full GNP im
pact to build for almost two full years before the 
benefits of lower inflation begin to bring the 
economy back toward equilibrium. 

Second, the relative · strength of specific 
GNP components is quite sensitive to the type 
of policy restriction. Fiscal restraint has sharp 
and immediate negative impacts on consump
tion and imports; investment initially drops due 
to weaker output but then recovers strongly in 
response to lower interest rates. Housing is first 
trimmed modestly due to lower income but 
then leads the way to a general recovery in re
sponse to lower interest rates. Inflation is re
duced slightly as the gains from weaker labor 
and product markets are offset by the costs of a 
lower .exchange rate. The exchange rate de
clines as U.S. interest rates fall more than for
eign rates. 

Monetary restraint significantly curbs all 
sectors within two years, with housing and busi
ness capital spending cut back promptly and 
significantly. Inflation drops in response to 
weaker demand, and a stronger foreign ex
change value of the dollar. By the second year 
( 1 99 1 ) ,  nominal GNP is 0 .4% lower with one
quarter of this reduction due to lower prices 
(down 0. 1 %) and three-quarters due to lower 
output (down 0 .3%) . By year three ( 1 992) , the 
lower spending level implies nominal money 
and credit demand re ductions which are 
roughly proportional to the initial credit supply 
restraint ; interest rates thus retreat back to 
baseline levels and the real economy begins to 
bounce back. This convergence of output is 
completed by year five ( 1 9 94) , and a small 
positive cyclical carry-over can be seen in year 
six (real GNP 0 . 1 %  above the baseline) . These 
patterns resemble monetarist conclusions that 
real output losses are largely transitory and 
that the price level will drop by about the 
same percentage as the decline in the nomi
nal supply; but these findings are tempered 
by the growth model lesson that capital 
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Chart 2 
Simulation Res u lts :  Indicators of Policy Changes 

FISCAL 
($bil l ion change from base case) 

Federal Government Spending 

. . . - - - - - - - - - - - - -
- - - - - - - - - - - -

-35 I I I I 

1 990 

Federal Taxes 

I I I 

1 99 1  

I I I 
1 992 

I I I 
1 993 

I I I 

1 994 

- - -
- - -

I I I 

1 995 

41------------------------------------------:-�-�--� ::_- '
- -

-

__ /_ 
. . . · ·  

. . 

-6 I I I I 
1 990 

. ·  
· - . - -

I I I 
1 99 1  

I I I 

1 992 

I I I 
1 993 

I I I 

1 994 

I I I 

1 995 

Federal Intere s t  Payments on Debt 

- - - -

-20 I I I 

1 990 

2- 1 6  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

I I I I I 

1 99 1 1 992 

I I I I I I I I I I I I 
1 993 1 994 1 995 

- Fiscal Restraint 

MONETARY 
(Percent difference from base case) 

Nonborrowed Reserves 

o . o----------------

- . 1-

- . 2-

- . 3---
- . 4-

- . 5---. . .. - - - - - - - - -
- - - -

- . 6  I I I I 

1 990 

I I I 

1 99 1  

- - - - -

I I I 
1 992 

Narrow Money Supply ( M 1 ) 

- - - · · - - - -

I I I 

1 993 

- - - -

- - - - - -
- - - -

I I I 

1 994 

I I I 
1 995 

o .o------------------

- . 1-\ 

� :: \..._ __ _ 

· . 

- .4-
· · - .. ..  - - · 

· - - - - - - - - -

- . 5  I I I I 
1 990 

I I I I I I I I I I I I I 

1 991 1 992 1 993 

High Grade Corporate Bond Rate 
( Percentage points)  

:·  - -2 , · · - - -
. -.... 

. 

· 
.. ... _ 

. 1- · · • • • •
. .

. 

1 994 

I I I 

1 995 

0 . �----------·------� ............ ... 

- . 2-

- . 3---

- . 41�--......... ---+----+---........ -...... _--.t 
1 990 1 991 1 992 1 993 1 994 1 995 

• • • • Monetary Restraint 



Chart 3A 
Simulation Results:  
Macroeconomic Responses to Fiscal  and Monetary Policy Changes 
(Percent difference from base case) 
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Chart 38 
Simulation Results: 
Macroeconomic Responses to Fiscal and Monetary Polley Changes 
(Percent difference from base case) 
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Table 2 
Impacts of a Fiscal Restraint Package 
(Percent difference from baseline unless otherwise indicated) 

1990 1991 1992 1993 1994 1 995 1 990-95 -- -- -- -- -- --
Supp l y  

Bus i ne s s  Capi tal  Stoc k . . . . . . . . .  0 . 0  -0 . 1  -0 . 1  0 . 0  0 . 1  0 . 1  0 . 0 
Number of Homes • • • • • • • • • • • • • • • •  o . o  o . o  0 . 0  0 . 0  0 . 1  0 . 1  0 . 0  

F u l l -empl oyment Real  GNP . . . . . . .  0 . 0  o . o  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

Actual  Non-farm Output per Hour -0 . 2  -0 . 1  -0 . 1  -0 . 1  -0 . 1  -0 . 1  -0 . 1  

Demand ( I nfl a t i on-adj usted) 
Cons umer Spend i ng . • • • • • • • • • • • • .  -0 . 3  -0 . 4  -0 . 4  -0 . 4  -0 . 4  -o . s  -0 . 4  
Fi xed I nvestment • • • • • • • • • • • • • • •  -0 . 2  -0 . 3  0 . 2  0 . 5  0 . 5  0 . 4  0 . 2  

Res i dent i a l  . . . . . . . . . . . . . . . . . .  -0 . 1  0 . 3  0 . 9  0 . 9 0 . 6  D . 5  0 . 5  

Nonresi dent i a l  • • • • • • • • • • • • • • •  -0 . 2  -o . 5  0 . 0  0 . 4  0 . 5  0 . 4  0 . 1 
ECl�'i pment . . . . . . . . . . . . . . . . . .  -0 . 3  -0 . 6  0 . 0  0 . 4  0 . 4  0 . 2  0 . 0  

Structures • • • • • • . • • • • • . • • • •  0 . 0  -0 . 3  -0 . 1  0 . 4  0 . 8 1 . 1  0 . 3  

Export s . . . . . . . . . . . . . . . . . . . . . . . .  -0 . 1  -0 . 3  -0 . 1  0 . 1  0 . 2  0 . 2 0 . 0  

Imports . . . . . . . . . . . . . . . . . . . . . . . .  -o . 5  -1 . 1  -0 . 9  -0 . 7  -0 . 8  -1 . 0  -o .8 
Rea l GNP . . . . . . . . . . . . . . . . . . . . . . .  -0 . 3  -0 . 3  -0 . 2  -0 . 1  -0 . 1  -0 . 1  -0 . 2 

Nomi na 1 GNP . . . . . . . . . . . . . . . . . . . .  -0 . 2  -0 . 3  -0 . 2  -0 . 2  -0 . 2  -0 . 3  -0 . 2  

Wages and Pri ces 
Hourly Wages . . . . . . . . . . . . . . . . . . .  o . o  -o . l  -0 . 2  -0 . 2  -0 . 3  -0 . 3  -0 . 2  

Consumer Pri ces • • • • • • • • • • • • • • • •  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0 -0 . 1 0 . 0  

Producer I ndustri a l  Pri ces . . . . .  0 . 0  -0 . 1  0 . 0  0 . 0  -0 . 1  -0 . 1  -0 . 1  

Fi nanc i a l  Cond i t i ons  
Standard & Poor 500 I ndex • • • • • •  o . o  0 . 9  1 . 5  1 . 4 1 . 2  1 . 4 1 . 1  
Pri me Rate• . . . . . . . . . . . . . . . . . . . .  -0 . 06 -0 . 20 -0 . 27 -0 . 26 -0 . 24 -0 . 27 -0 . 22 

Mortgage Rate• • • • • • • • • • • • • • • • • •  -0 . 17 -0 . 32 -0 . 40 -0 . 41  -0 . 4 1  -0 . 44 -0 . 36 

Corporate Bond Rate• • • • • • • • • • • •  -0 . 12 -0 . 22 -0 .29 -0 . 30 -0 . 30 -0 . 32 -0 .26 

Post-tax Profi t s  • •  � . . . . . . . . . . . .  -4 . 0  -2 . 3  0 . 1  -0 . 1  -1 . 3  -1 . 6  -1 . 5  
Corporate Cash F l ow  • • • • • • • • • • • •  -1 .2  -0.7 -0 . 1  -0 . 1  -0 . 2  -0 . 1  -0 . 4 
Money Demand (H2) . . . . . . . . . . . . . .  -0 . 2  -0 . 2  -0 . 2  -0 . 3  -0 . 3  -0 . 4  -0 . 3  
Exchange Rate • • • • • • • • • • • • • • • • • .  -0 . 2  -0 . 4  -o . 5  -0 . 7  -0 .8 -0 . 7  -o . 5  

Other I nd i cators 
Unempl oyment Rate• • • • • • • • • • • • • •  0 . 08 0 . 1 4 0 . 09 0 . 04 0 . 04 0 . 06 0 . 08  
Emp l oyment . . . . . . . . . . . . . . . . . . . . .  -0 . 1  -0 . 2  -0 . 1  -0 . 1  -0 . 1  -0 . 1  -0 . 1  
I ndustri a l Producti on • • • • • • • • • •  -0 . 4 -o . 5  -0 .2 D . O  -0 . 1  -0 . 1  -0 . 2  

Capaci ty Ut i l i za t i on Rate (Mfg) -0 . 4  -0 . 5  -0 . 1  O . D  -0 . 1  -0 . 2  -0 . 2  

Di fference , bi l l i ons o f  dol l ars 

Federa l Budget 
Recei pts . . . . . . . . . . . . . . . . . . . . . . .  5 4 6 6 5 3 5 

Personal Taxes • • • • • • • • • • • • • • •  3 2 2 2 2 1 2 
Corporate Taxes • • • • • • • • • • • • • •  -2 -1 1 1 0 - 1  -1 

Expend i tures . . . . . . . . . . . . . . . . . . .  -10 -12 -16 -20 -24 -29 -18 
I nterest . . . . . . . . . . . . . . . . . . . . .  -1 -3 � -a -12 -15 -7 

Budget Ba l ance • • • • • • • • • • • • • • • • •  14 16 22 26 29 32 23 

•Di fference i n  percentage poi nts . 
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Table 3 
Impacts of a Monetary Restraint Package 
(Percent difference from baseline unless otherwise indicated) 

1990 199 1 1992 1993 1994 1995 199�95 

Suppl y  
Bus i nes�  Capi tal  Stock • • • • • • • • •  0 . 0  -0 . 2  -D . 3  -0 . 3  -0 .2 -0 . 2  -0 . 2  
Mumber o f  Homes . • • • • • • • • • • • • • • •  0 . 0  0 . 0  0 . 0  o .o o . o  0 . 0  o . o  

Ful l -empl oyment Ree l  GNP • • • • • • •  0 . 0  0 . 0  0 . 0  -0 . 1  -0 . 1  -0 . 1  0 . 0  
Actua l Non-farm Output per Hour -0 . 1  -0 . 1  -D . 1  0 . 0  0 . 0  0 . 0  -0 . 1  

Demand ( I n fl at i on-adj usted) 
Consumer Spendi ng • • • • • • • • • • • • • •  -0 . 1  -0 . 2  -0 . 1  o . o  0 . 0  0 . 1  -0 . 1  
Fi xed I nvestment • • • • • • • • • • • • • • •  -0 . 3  -1 . 0  -0 . 8  -0 . 2  0 . 1 0 .2 -0 . 3  

Res i dent i a l  • • • • • • • • • • • • • • • • • •  -0.8 -1 . 4  -o . 5  0 . 3  0 . 4  0 . 4  -0 . 3  
Nonres i dent i a l  • • • • • • • • • • • • • • •  -0 . 1  -o .8 -D .9  -0 . 4  0 . 0  0 . 2  -0 . 3  

Equi pment • • • • • • • • • • • • • • • • • •  -0 . 2  -0 . 9  -0 . 8  -0 . 3  0 . 1  0 . 2  -0 . 3  
Structures • • • • • • • • • • • • • • • • •  -D . 1  ...() .6  -1 . 1  -D . 9  -0 . 5  -0 . 2  -0 . 6  

Exports • • • • • • • • • • • • • • • • • • • • •  • • •  0 . 2  -D . 2  -0 . 5 -D . 4  -0 . 2  0 . 1  -0 . 2 
Imports • • • • • • • • • • • • • • • • • • • • • • • •  0 . 1  -0 . 4  ...() . 3  0 . 1  0 . 3  0 . 3  0 . 0  
Ree l GNP • • • • • • • • • • • • • • • • • • • • • • •  -0 . 1 -o . 3  -0 . 3  -0 . 1  o . o 0 . 1  -0 . 1  
Nomi nal GNP • • • • • • • • • • • • • • • • • • • •  -0 . 1  -0 . 3  -0 . 3  -0 . 3 -0 . 3  -0 . 3  -0 . 3  

Wages and Pri ces 
Hourl y Wages • • • • • • • • • • • • • • • • • • •  0 . 0 -0 . 1  -D . 2  -0 . 3  -0 . 3  -0 . 4  -0 . 2  
Cons�����er Pri ces • • • • • • • • • • • • • • • •  0 . 0  0.0  -0 . 1  -0 . 2  -0 . 3  -0 . 3  -0 . 2  
Producer Industrial Pri ces • • • • •  0.0 -0 .2 -D . 3  -0 . 3  -0 . 3  -0 . 2  -0 . 2  

Fi nanc i a l Cond i t i ons 
Standard & Poor 500 I ndex • • • • • •  -1 .6  -2 . 0  -D . 7 -0 . 1  -0 . 1  0 . 0  -0 . 7  
Prime Rete• • • • • • • • • • • • • • • • • • • • •  0 . 34 0 . 23 0 . 04 -0 .04 -0 . 04 -0 . 0 1  0 . 09 
Mortgage Rete• • • • • • • • • • • • • • • • • •  0 .26 0 .22 o . oe  0 .00 -0 .01 0 .0 1  0 . 09 
Corporate Bond Rete• • • • • • • • • • • •  0 . 2 1  0 . 17 0 . 06 0 . 00 -0 .01 0.01  0 .07 
Post-tax Profi ts • • • • • • • • • • • • • • •  -2 . 4  -3 . 8  -D . 7  1 . 0 1 .2 0 . 5  -0 . 7  
Corporate Ca sh  F l ow  • • • • • • • • • • • •  -0 . 6  -1 . 0  -D . 3  -0 . 1  -0 . 2  -0 . 4  -(1,.: 4 
Money Oe1111nd (H2) • • • • • • • • • • • • • •  -0 . 3  -0 . 4 -0 . 4  -0 . 4  -0 . 3  -0 . 3  -0 . 3  
Exchange Rete • • • • • • • • • • • • • • • • • •  0 . 3  0 . 9 1 . 1  o .8 0 . 4  0 . 1  0 . 6  

Other Indi cators 
Unemp 1 oyment Rete• • • • • • • • • • • • • •  0.03 0.12 0 . 1 1  0 .05 -o . o 1 . -o . o5 0 . 04 
Emp l oyment • • • • • • • • • • • • • • • • • • • • •  0.0 -0 . 2  -0 . 2  -0 . 1  0 . 0 0 . 1  -0 . 1  
I ndustr i a l  Producti on • • • • • • • • • •  -0.2 -0 . 6  ...() .4  -0 . 2  o . o  0 . 2 -0 . 2  
Capaci t y  Ut i l i zation Rate (Mfg) -0.2 -0.6 -0 . 3  0 . 1  0 . 3  0 . 4  o . o  

Di fference , bi l l i ons of dol l ars 

Federa l Budget 
Recei pts . ! • • • • • • • • • • • • • • • • • • • • •  -2 -6 -5 .... -3 -3 .... 

Persona l Taxes • • • • • • • • • • • • • • •  0 -1 -2 -2 -2 -2 -1 
Corporate Taxes • • • • • • • • • • • • • •  -2 .... -1 1 1 0 -1 

Expendt tures • • • • • • • • • • • • • • • • • • •  2 3 3 1 0 -2 1 
Interest . • . . • . • . • . . . . . • • • • • • . 1 3 3 3 3 3 3 

ludget Bal ance • • • • • • • • • • • • • • • • •  .... -10 � -5 -3 -1 -5 

•Di fference f n perceatete points . 
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formation losses will also occur, and these im
ply persistent real production restraints and 
hence real income losses. 

An important goal of the DRI Model is the 
provision of policy insights and guidance. Re
strictive monetary policy is clearly the strategy 
of last resort for slowing the economy; even if 
inflation is the highest priority problem. The 
long-term consequences of restricted credit 
growth are clearly adverse: business invest
ment and housing are significantly weaker, en
tailing a permanent reduction in the nation's 
capital stock and labor productivity. Also im
portant is the real appreciation of the dollar, 
leading to expanded imports and lost exports. 
The best cure for inflation is a carefully tar
geted reduction in federal spending. 

These results starkly point out that the 
worst possible mix is a pairing of stimulative 
fiscal and restrictive monetary policy. Both 
policies serve to increase federal deficits, drive 
up the exchange rate and international trade 
deficits, and reduce long-term business capital 
formation and housing construction. If these 
lessons can be taught to Washington, business 
performance can be substantially improved. 

Broad Model Management Tech
niques 

Although the Model is large and accu
rately reflects the complexity of the U.S. econ
omy; user management of the model need not 
be time-consuming or complex. Once the user 
has read this overview and the basic software 
documentation, he or she should be ready to 
perform serious, full-blown analyzes of busi
ness and policy situations. Greater expertise 
can be developed through utilizing the 
"Simulation Tips" or the detailed sectoral 
presentations in the Model Documentation 
Manual, reading the appropriate sections of the 
comprehensive Software Manual, or by attend
ing DRI seminars; however, one need not mas
ter the nuances of all equations before feeling 
very comfortable using the model to produce 
useful forecasts and alternative scenarios for 
your organization. 

Each user is always provided with the DRI 
baseline forecast , and most users regularly or 
intermittently subscribe to standard DRI alter
natives. These all come with "modelnotes" de-

scribing the choices DRI senior economists 
have made in managing Model forecasts of pri
vate sector behavior or in setting policy vari
ables. The motivations for additional, user-spe
cific scenarios typically fall into one or two 
comparable categories: presumed differences 
in the cyclical condition of private sector vari
ables or in monetary and fiscal policies. Only a 
small set of variables normally need to be man
aged to orchestrate a new cyclical scenario, not 
the full . set of 32 1 behavioral variables. Like
wise, only about a half-dozen fiscal levers need 
to be under�tood to implement a presumed 
shift of federal policy assumptions. 

1 .  The consumer sentiment index (with a 
mnemonic of "JATTC") is the most direct 
and appropriate variable to be manipu
lated to reset broad consumer behavior; it 
will materially influence the durable (auto 
and furniture) , nondurable (clothing and 
gasoline) ! and service (transportation and 
fmance) categories that really do change 
with shifts in consumer willingness to 
spend. The other categories will respond 
to changes in income flowing from shifts 
made elsewhere in the Model. 

2. Single- and multi-family housing starts 
(HUSTS l and HUSTS2&) should be mod
ified to reflect greater or weaker forecasts of 
residential construction for any given level of 
interest rates and household income. 

3. The two largest c ategories of capital 
spending, buildings (ICNRB&082) and ba
sic machinery (IPDENROTHR82) , can be 
adjusted to temper the basic DRI forecasts. 
The inventory cycle can be shifted by ma
nipulating any component , but retail stocks 
(INV'I'R82CH) are usually the first to dis
play a cyclical excess and to be reduced. 

4. Each of the detailed import and export 
categories can be adjusted by changing 
just the two aggregate trade adjustment 
factors (EX82ADD and M82ADD) because 
the Model will automatically spread these 
adjustments appropriately across the in
dividual merchandise categories. 

5. Higher inflation stemming from a pre
sumption of greater cost pressures should 
be  implemented by changing wages 
(ECIWSPNS) , oil prices (PCOF) , foreign 
local-currency wholesale prices (JIJPNV), 
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or the exchange rate (EXCH) ; greater 
"demand-pull" inflation will automatically 
arise if the final spending categories are 
increased, or if the user adjusts the pur
chasing manager index of delivery bottle
necks (RDELYSLOW) . 

6. A change in the profit or personal income 
outlook usually implies a change in the 
GNP outlook, achieved by one of the final 
demand or inflation manipulations de
scribed immediately above. Any other 
change is, by definition, almost always a 
disagreement about the distribution of in
come. Remembering that profits are the 
residual income component , a change in 
the profit forecast is usually best achieved 
by modifying the wage or price forecast 
first , and then adjusting the number of 

. hours worked. The hours forecast will be 
appropriately changed if nonfarm output 
per hour GO%MHNF) is adjusted; this ap
proach ensures that consistent answers 
are obtained for national output, produc
tivity. and hours worked. 

7. Tighter credit conditions will flow through
out the model in response to an increase in 
the federal funds rate (RMFEDFUNDNS) ; 
the yield curve can be made steeper by 
increasing interest rate volatility (VOLA). 

8. The largest discretionary federal ex
penditure categories are military hard
ware (GFML082) , transfer payments 

2-22 

· (VGF@PERHI82) , and grants-in-aid to 
states or local government (VAIDGF@
SL82) . Federal taxes should usually be 
manipulated through the tax rates on per
sonal income (RTPG F) and corporate 
profits (RTCGFS) . Excise tax changes are 
neatly handled through the taxes on gaso-

. line (GASTAXF) or all other items 
(DMYTXGF) . 

In almost all cases suggested above, the 
user has the choice of either (a) holding the 
targeted variable on a path precisely differing 
from the original simulation by the magni
tudes, proportions, or growth rates selected by 
the user, or (b) allowing Model feedbacks to 
make further adjustments. Changing a vari
able directly by name (e.g. ,  JATTC or RMFED
FUNDNS) will make the rigid shift. Changing 
the constant term in the equation determining 
the variable will allow for subsequent feed
back effects; such changes are accomplished 
by adjusting "add-factors" which are repre
sented in the Model as the variable name pre
ceded by an "&" (e .g. &JATTC or &RMFED
FUNDNS) . Of  course ,  variables which are 
themselves rigid policy choices or external 
assumptions do not have add-factors and must 
be managed by direct changes; in the eight 
sections above, these variables are federal ex
penditures, the statutory corporate tax rate, the 
two excise tax levers, and the aggregate trade 
adjustment factors. 



THE DRI ENERGY MODEL 

The DRI Energy/Economic Modeling 
System was designed to analyze the impacts 
of major energy issues on the energy sector 
and the feedback effects from energy mar
kets on the U.S. economy. The system is com
posed of: 

• DRI's Macroeconomic Model of the U.S. 
Economy 

• DRI's Energy Model 

In the Energy/Economic Modeling Sys
tem, the simultaneity between energy and the 
economy is dealt with through iterative solu
tions of the DRI Macroeconomic and Energy 
Models. The macro Model defmes the eco
nomic environment in which the energy mar
kets are operating. Projections of real GNP 
growth, inflation, industrial production, em
ployment , income, housing, vehicle sales, etc. , 
are provide d to  the Energy Model by the 
Macro Model. Also feeding into the Energy 
Model is a complete array of present and ex
pected future energy regulations which impact 
the pricing and/or availability of domestic en
ergy supplies and assumptions regarding the 
technical or efficiency characteristics of the 
energy-using capital stocks. With these inputs, 
the Energy Model first determines world oil 
and natural gas prices .  The system then 
solves for the prices , demands, and supplies 
of the major energy sources in the U.S. The 
major forecasts for prices and demands are 
given by consuming sector and by region of 
the country. 

Energy Model 

The Energy Model develops the prices 
and the demands for the major fuels and for 
electricity in the residential, commercial, indus
trial, and transportation sectors on a regional 
basis for the total U.S. Exhibit A displays the 
eleven regions of the Energy Model. The 
model also translates the electricity demands 
into the generation requirements and deter
mines the fuel consumption and costs (average 
electricity price) associated with the genera
tion process in the electric utility sector of the 
Model. Exhibit B summarizes the interactions 
within the Energy Model. Pricing in the Energy 
Model and demands by sector are discussed 
below. 

Energy Prices 

Oil: The Energy Model determines the 
price of petroleum products to end-users by 
tracking oil prices from the wellhead or their 
point of U.S. entry, to the refiner, to the whole
saler, and fmally to the end-users. The taxes, 
transportation costs, refmer markups, and re
tailer markups applicable at each phase of 
petroleum supply are entered into the price 
calculations. 

Crude oil prices are projected for im
ported and domestic oil. Imported oil prices 
are based upon the analysis using the World 
Oil Model. Domestic wellhead prices by sup
ply source reflect the world oil price and the 
quality of the source. Average domestic and 
acquisition crude oil prices are calculated as 
supply-weighted averages of these prices. 

Petroleum product prices are based upon 
the average refmer acquisition price of crude 
oil and assumptions regarding refiner markups 
which insure that product revenues cover refin
ers costs . Gasoline prices incorporate addi
tional assumptions with respect to federal, state 
and local taxes, and retailer markups. 

Natural Gas: Natural gas prices within 
the model reflect ( 1 )  policy assumptions re
garding the pricing of spot versus contract gas, 
of Canadian and Mexican imports, and of LNG 
and SNG supplies, (2) the regional transporta
tion and distribution markups to each consum
ing sector, and (3) a market demand/supply 
balance for the long-term. 

First , the natural gas prices by spot and 
contract markets are developed. Second, the 
regional average pipeline acquisition cost is 
computed as a volume weighted average of all 
gas sources , domestic and supplement al . 
Third, retail industrial, residential, commercial, 
and electric utility prices are developed by 
adding regional transportation and distribution 
markups to pipeline acquisition costs. 

Electricity: Electricity prices to residen
tial, commercial, and industrial customers are 
modeled regionally based upon the average 
cost of generating the electricity. Utilities ' 
costs are the equivalent of their revenue re
quirement s .  Henc e ,  ut ilitie s revenue re
quirements relative to kilowatt hour demands 
defme the average electricity prices in each of 
the regions. 
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CHART 1 
ENERGY DEMAND REGIONS 

l.o I a. 'WIQ " 
I {) \ 
--- --- - ....1 

Energy Demands 

The consumption of electricity, natural 
gas, and oil in the residential, commercial, and 
industrial sectors is determined through a two
step decision process. The first step is the 
stock decision. This entails a) the decision to 
purchase the capital which provides an energy 
service :  given demographic (production) 
trends and existing stocks, how many furnaces 
(boilers) are required for new homes (plants) 
or to replace exhausted units, and b) the deci
sion as to the characteristics of the capital stock 
being chosen: what types of equipment are to 
be installed, (electric, natural gas, oil, coal) and 
what are the structure thermal integrities or 
new equipment efficiencies which character
izes the stock. Decisions at this stage deter
mine the size and the fuel efficiency character
istics of the energy service capital stock, and 
limit the flexibility in the sectors' fuel rilix and 
conservation potentials. The second step in 
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the process is the utilization decision for the se
lected energy-service capital stocks. Utiliza
tion varies as a function of economic factors 
and climate. 

The final BTUs of energy consumed by 
energy type are therefore based upon the cap
ital stocks, their efficiencies, and their utiliza
tion of these stocks. 

Residential: The economic forecasts 
from the DRI Macroeconomic Model set the 
stage for the energy service demands in the 
model. Housing stocks , real disposable in
come, and population define a demand for 
such energy services as heating, cooling, and 
refrigeration. 

The model determines the levels and the 
energy use characteristics for 1 0 residential 
stocks providing energy services. Stocks are 
defined based upon existing stock char
acteristics and new investment decisions. New 



CHART 2 
OVERVIEW OF THE ENERGY MODEL 
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investment decisions for space conditioning, 
for example, are based upon detailed life cycle 
cost analyzes. Less involved analyzes support 
the investment decisions for the other energy ser
vices. 

Life cycle costs are defined as the sum of 
equipment and installation costs plus the pre
sent discounted value of the energy costs asso
ciated with the service equipment. Costs are 
evaluated for competing space conditioning 
systems in both the new housing and the re
placement market. In analyzing the replace
ment market , the model keeps track of the 
space conditioning system vintages. Life cycle 
costs in the replacement market include con
version costs when evaluating the decision to 
switch to an alternative system. 

The model acknowledges four caveats 
which preclude a determination of new and re
placement systems based solely upon average 
life cycle cost calculations. These include: 

1 .  Housing access to natural gas main exten
sions. 

2 .  The inherent bias toward the existing sys
tem when replacing a retired system. 

3. Market imperfections due to first-cost bias 
in the investment decision. 

4. Variations in energy costs, household size, 
thermal integrity, preference, etc. , within 
any given region. 

Caveats 1 and 2 are handled through ad
justments to system installations costs. Caveat 
3 is dealt with through the discounting tech
niques in the life cycle cost calculations, and 
caveat 4 is acknowledged by associating prob
ability distributions about the mean life cycle 
cost estimates. 

After the stock decision is made, the uti
lization of the stock is determined. Utilization 
varies with the efficiency of the capital stock, 
economic factors and climate. Economic fac
tors include real disposable income per capital 
and the real energy service costs. The impact 
of climate on the utilization of space condition
ing systems is accounted for by deviations in 
heating and cooling degree . days from their 
norms. 

Conunercial: The structure of the Com
mercial Submodel parallels that of the Residen-
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tial Submodel. Energy consumption by the 
sector is determined by analyzing the energy 
service requirements associated with the com
mercial square footage forecasts .  The ·model 
considers six energy services within the com
mercial sector. Energy service-per-square-foot 
coefficients translate square footage forecasts 
into energy service (stock) requirements .  
New energy service requirements (invest
ments) are determined by the growth in 
square footage, and hence service stock. New 
investments are allocated across each equip
ment type in each energy service,  and are 
rolled in with the existing stock to define the 
fuel and efficiency characteristics of the current 
stock of energy service equipment. 

Stock utilization is defmed as the commer
cial sector's electricity, gas and oil consumption 
relative to the levels of equipmept or service 
stocks fueled by the respective energy types. 
Utilization is modeled as a function of equip
ment operating costs, heating and cooling de
gree days, and building utilization rates. 

Industrial: The model determines indus
trial energy consumption through a detailed 
analysis of the energy service requirements as
sociated with the industrial production fore
casts from the DRI Macroeconomic Model. En
ergy service refers to the end use provided by 
the energy in the industrial process. A maxi
mum of nine services are associated with pro
duction in each of eleven industries or industry 
groupings. Four of the energy services - pro
cess steam, machine drive, direct heat, and in
direct heat - can be provided by more than 
one equipment type (i.e. fuel type) . The model 
determines investment and stocks by fuel type 
based upon the life cycle costs associated with 
the alternative fuel types, as in the Residential 
and Commercial Submodels. 

New investment requirements for each 
energy service are segmented into four size
utilization classifications, reflecting the operat
ing characteristics of the industries supporting 
the investment. Technical constraints on coal 
usage due to environmental, space limitation, 
and/or product contamination considerations 
further segment the markets into coal and non
coal capable submarkets. 

The model determines actual energy 
consumption as the utilization of the energy 



service capital stock. Utilization is defined for 
the three major energy types -- coal, oil/natural 
gas, and electricity -- as energy consumption 
per unit of energy service stock, and is mod
eled as a function of the real price of energy 
services, industrial capacity utilization, and 
technological change. The combined demand 
for oil and natural gas is split between the two 
fuels b ased upon the compo sition of  
petroleum supplies, the service characteristics 
of the demand, and the relative prices of the 
two fuels. 

Transportation: The Transportation Sub
model projects demands by automobiles and 
by trucks for fuels types; gasoline, diesel and 
alternative fuels. The model incorporates a de
tailed analysis of the vehicle stock , the eco
nomic and technical characteristics affecting 
the utilization of the vehicle stock, and the effi
ciency ratings of the stock. Stock efficiency rat
ings translate projected miles traveled into fuel 
demand. The six major outputs of the Trans
portation Submodel are: 

1 .  Vehicle (automobile or truck) sales by fuel 
type 

2 .  Vehicle stocks by fuel type 

3. Vehicle stock efficiencies 

4. New vehicle efficiencies 

5. Vehicle miles traveled 

6. Motor fuel demands by fuel type 

Automobile and truck sales from the 
Macroeconomic Model are disaggregated by 
fuel type. Vehicle stocks and 'effective' vehicle 
stocks by fuel type are computed as the sum
mation of current and lagged vehicle sales, ad
justed by the survival rates associate with each 
vintage for the former and by the survival and -
typical usage rates for the latter. Stock fuel effi
ciencies are computed based upon the new ef
ficiency associated with each vintage and the 
usage rate associated with each vintage. New 
vehicle efficiencies are positively related to the 
real price of gasoline and negatively related to 
exogenous projections of vehicle weight. 

Miles traveled by automobiles (trucks) are 
functions of real income per capita (real GNP 
per truck) , and real fuel costs per mile. Real 
fuel costs per mile reflect the gasoline price, 
price inflation, and the average efficiency of the 

automobile or the truck stock. Total fuel de
mand by vehicle type is derived by dividing 
the mil�s driven for each vehicle type by the 
vehicle's stock efficiency estimate. The total is 
then apportioned into gasoline and diesel fuel 
demand based upon the fuel composition of 
the "effective" vehicle stocks. 

Electric Utility: Total electricity genera
tion requirements by region are determined by 
adjusting the electricity demands within each 
region for transmission losses and interregional 
power transfers . The model determines the 
means by which utilities satisfy their generation 
requirements, i .e. , their generation mix , based 
upon the existing capacity mix and relative fuel 
prices. Electricity is generated form the follow
ing sources: 

1 .  Solar and Geothermal 

2 .  Hydropower 

3. Nuclear 

4 .  Coal 

5. Natural Gas 

6 .  Oil 

G eneration o f  electricity from solar, 
geothermal, hydropower and nuclear energy 
sources is based upon their respective regional 
capacity levels and specified utilization rates. 
As these power sources have lower variable 
costs than those of plants using fossil fuels, it is 
assumed that these plants will be utilized up to 
their maximum potentials. 

The remaining generation requirement 
must then be satisfied by fossil fuels. It is as
sumed the coal facilities will be utilized, when
ever possible, over oil and natural gas facilities 
because of their lower variable operating 
costs. Hence, generation from coal is deter
mined based

-
upon coal capacity levels and 

maximum utilization rates. 

Peaking demand and any base or imme
diate load generation requirements not met by 
the above low-variable operating sources , 
must be provided by more costly oil and natu
ral gas generation. This generation require
ment is distributed between residual fuel oil 
and natural gas based upon the relative prices 
of the fuels. 

Generating capacity additions are exoge
nous inputs to the model in the initial years of 
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the forecast. These future plants are known to 
exist due to the long planning horizons for new 
generating plant construction .  In the later 
years, plant capacity additions are determined 
by the model. The model solves for the "opti
mal" capacity requirements in later years, in 
each utility planning region, based upon the re
gion's "expected" generation requirements for 
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the year. "Optimal" capacity is defined as that 
which would assure a desired reserve margin 
for the region while "expected" generation is 
calculated based upon the growth in genera
tion in previous years . . If the "optimal" capacity 
calculation implies an increase in generating 
capacity greater than a specified magnitude, 
capacity is added to the region. 



REGIONAL INFORMATION SER
VICE METHODOLOGY 

Overview 

DRI/McGraw-Hill uses a fully integrated 
approach to forecasting economic activity at 
the national, regional and state levels. DRI's 
U.S. Quarterly Model determines the national 
economy's growth path;  regions and states 
compete with each other for available growth. 
The Regional Information Service uses a sys
tem of quarterly models to forecast over 50 
con�ep!s for each state and region. The princi
pal mdicator of sectoral economic activity is 
employment , which is forecasted for 20 manu
facturing and 1 0  nonmanufacturing industries. yvage rates and major components of personal 
mcome are modeled, as well as homebuilding 
activity; population, labor force and unemploy
ment rates. 

Simulation of DRI 's regional models in
volves a two-stage process. The core model is 
first solved for levels of activity in nine regions: 
New England, Middle Atlantic, South Atlantic , 
East North Central , East South Central, West 
North Central , West South Central , Pacific 
Northwest and Pacific Southwest . The sum of 
regional economic activity is constrained to sum 
to t�e national total. In the second stage, nine 
reg�onal models are solved to obtain forecasts 
for the states within each region, constraining 
state forecasts to add up to regional totals. 

The regional modeling system is based 

�n the premise of regional and state competi
tlOn, rather than a simple allocation of national 
economic activity based on fixed relationships. 
Competition centers around factors influencing 
a firm's locational decisions. The decision to 
move between regions is driven by: 

• Proximity to markets and suppliers, 

• Costs considerations such as wages, en
ergy prices, housing prices and taxes, 

• Quality of labor-education and degree of 
unionization, 

• Climate, and 

• Quality of life. 

Within a region, the forces affecting busi
ness location are more limited. States are es
sentially competing for a share of the business 

drawn to that particular region. Business taxa
tion and relative costs are key attributes in de
termining a state's ability to compete with its 
neighbors. 

DRI 's regional models are export base 
models. The principle underlying the export 
base structure is that regional growth is gener
ated prii?arily when locally produced goods 
and sei'Vl.ces are sold to customers outside the 
regia�. The inflows of income produced by 
such mter-regional transactions will then gener
ate a multiplier effect on the local economy: In 
c?ntrast! intra-regional transactions only redis
tnbute mcome. Those industries which sell 
their products to markets outside the region 
constitute the export base. In DRI's regional 
models, the export base is composed of manu
facturing, mining, federal governments, and 
some portion of other service-related sectors. 

Manufacturing Employment 

The manufacturing sector is examined in 
detail, because of its importance in each area's 

. econ?mic base. All of the 20 two-digit SIC in
dustnes are analyzed separately, in a pooled 
time-series cross-sectional framework. This 
technique makes possible the inclusion of a va
riety of cross-sectional concepts which could 
not be used in a conventional time-series re
gression. These include climate and attractive
ness, which do not change over time, and other 
variables such as unionization, education, per
sonal and business taxes ,  which change so 
rarely or so gradually that they are not distin
guishable from a time trend in the absence of 
cross-sectional methods. 

Three categories of explanatory variables 
are used. The first major type of variable ex
plaining these movements relates to the mix of 
activities within each two-digit SIC sector. 
Where DRI 's national model forecasts at the 
three-digit level, the historical mix in each region 
has been used to construct an indicator of the 
relative growth that the region can expect simply 
on the basis of differences in three-digit rnbc. 

In addition, another variable has been de
signed to measure differences in the amplitude 
of t�e business cycle in each industry among 
reg�ons; this allows implicitly for the effects of 
different three-digit mix even when there are no 
reliable forecasts of the separate three-digit 
markets. 
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Thirdly, the model looks at relative costs of 
doing business, including wage rates, tax bur
dens, energy prices (using electricity prices as 
a proxy) , unionization and education of the la
bor force, and home prices. Most of these are 
examined both in terms of the impact of exist
ing inter-regional differentials, and also in terms 
of the effect of different rates of change, in or
der to distinguish between variables whose ef
fects persist over time, and those which matter 
only when they change. 

Finally; it is clear that a significant factor in 
many business and personal decisions is the 
underlying quality of life; the model looks at cli
mate (measured by heating degree days) , top 
personal tax rates, and a general measure of at
tractiveness (the indicator use is the proportion 
of total employment dependent on tourism) . 
Some of the concepts used in RIS may be rele
vant both to business costs and to the quality of 
life; specifically; the climate will affect the cost of 
space-heating for business, and home prices 
will have an impact on the quality of life for indi
viduals as well as on the price that businesses 
have to pay both for property and for people. 

Not all of these variables are significant in 
every industry or within every region, but in to
tal they all have a substantial impact on the lo
cation of manufacturing jobs. The forecasts of 
theme come from other DRI services (e.g. , 
electricity prices for the energy service) , or 
are assumptions which can be changed by the 
user (e.g. , unionization, tax rates) , or are en
dogenous to the RIS model (e.g. , wage rates, 
home prices, market demand) . 

Industrial Production 

Data on industrial production py industry 
has not been available at the state level for a 
number of years, since budget cuts caused the 
Bureau of the Census to cease publishing the 
state results for the annual Survey of Manufac
turers. DRI has therefore developed production 
indices based on national input-output data and 
state employment statistics. The assumption is 
made that output per employee is the same in 
all states at the 432-sector level of detail from 
DRI's input-output table. This is then combined 
with data from County Business Patterns on 
employment by four-digit SIC codes, to gener
ate measures of output per employee by state 
for two-digit manufacturing industries ; these 
differ from state to state because of the different 
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four-digit mix within each two-digit sector. 
These two-digit productivity series are then ap
plied to the two-digit employment forecasts 
from the RIS mod�l to provide levels of indus
trial output, which are then indexed to a base of 
1 .0 in 1 973 (first quarter) . 

Non-Manufacturing Employment 

Certain elements of non-manufacturing 
employment are also part of an area's eco
nomic base. Mining employment is driven by 
information from DRI's Coal, Steel and Drilling 
services, and by the model's own forecast of 
construction activity. Federal government em
ployment , which is distributed largely on the 
basis of population, can also be viewed as part 
of the economic base. Most non-manufactur
ing sectors, however, are principally driven by 
the local economy. Construction is entirely ori
ented towards local demand, being driven by 
indexes of residential and nonresidential con
struction activity. The residential index de
pends on single- and multi-family housing 
starts in recent quarters; the nonresidential in
dex is a function of positive changes in total 
nonconstruction employment (representing the 
demand for new work places) , and of the over
all level of employment (representing the nor
mal demand for maintenance and alterations of 
existing structures) . State and local govern
ment employment is determined by tax rev
enues, using average business and non-busi
ness tax rates in relation to total personal 
income in the state. The other non-manufactur
ing sectors are: 

• Transportation, communications, and utili-
ties; 

• Trade; 

• Finance, insurance, and real estate; 

• Services. 

All of these are primarily driven by local 
needs , but each contains components that 
serve wider markets. International and national 
banking and insurance ,  many business ser
vices, and a wide variety of activities related to 
tourism, are all examples of economic-base el
ements within non-manufacturing. The propor
tion of each of these four sectors which is ex
port-oriented has been estimated by means of 
a minimum-requirements test . For each sector, 

· the proportion of total employment was calcu-



lated for every state and region, and the lowest 
proportion was used as an indicator of the 
amount of, for example, service employment 
which is "needed" by a region. Ar:rf employ
ment above that proportion is treated as ex
port-oriented, and is tied in the model to de
mand in the rest of the region and the rest of 
the country. 

Wages and Incomes 

The largest component of personal income 
is wages and salaries; the model therefore fo
cuses on wage rates , identifying separately 
hourly wages in manufacturing, and average 
annual wages and salaries in manufacturing and 
in non-manufacturing by one-digit SIC sector 
(the same level of disaggregation as for em
ployment) . Average hourly wage rates are fore
cast using a measure of national wages ad
justed for each state's two-digit manufacturing 
mix . Regional wage rates grow at the rate de
termined by industry mix , with some tendency 
to convergence , and also with a pressure for 
faster growth if total employment is growing 
faster than in the rest of the country. Non-manu
facturing wages follow manufacturing, except 
that in general they are somewhat more sensi
tive to transitory labor-market conditions. 

For wages, equations were estimated at 
the national level for average annual wages and 
salaries in each sector, using forecasts of 
hourly wage rates from DRI's Cost Forecasting 
Service where appropriate, and relative secto
rial growth in other cases. These national aver
age annual wage rates were then used to gen
erate regional and state forecasts, by imposing 
the same relative rates of growth. For example, 
if construction wages in the nation are forecast 
to grow 1 0% faster than the average for non
manufacturing in the third quarter of 1 985 , then 
this same relationship will be assumed to hold 
in each region. This does not imply that con
struction wages will be forecast to grow at the 
same rate everywhere , since average non
manufacturing wages are forecast for each 
state and region based on a complex set of fac
tors reflecting economic activity in the area,  
and these can and do differ substantially from 
place to place. A constraining procedure is 
also used to ensure that the total amount of 
wage and salary disbursements implied by 
these wage rates is consistent with the national 
and regional forecasts. 

Non-wage income is divided into two ag
gregates, taxable and non-taxable. The equa
tions for these include terms relating to each 
major component of non-wage income: 

• Other labor income; 

• Transfer payments (federal and state & lo-
cal) ; 

• Residence adjustment; 

• Non-farm proprietors' income; 

• Property income (dividends, interest ,  and 
rent) . 

Each term looks at the relevant national 
variable, and at a regional concept which can 
be viewed as driving the particular type of in
come. Farm proprietors' income is treated sep
arately, using DRI's forecasts of state production 
and cash receipts from crops and livestock. 

The fmal critical category of income in re
gional analysis is the residence adjustment; this 
is required because official estimates of wage 
income are based on data collected by place 
of work, while income is defined as place of 
residence. The adjustment thus represents an 
addition to income if many residents commute 
across state lines to work, and a negative num
ber if many of the state's jobs are held by resi
dents of other areas. The specification of the 
equation for the residence adjustment therefore 
depends upon the sign of the concept over his
tory; where it is negative, it is estimated as a 
proportion of total wages and salaries in the 
state (or region) ; where it is positive, it has 
been estimated as a proportion of total wages 
and salaries in neighboring states or regions to 
which it appears that area residents commute. 
Generally, commuting is to and from contigu
ous areas,  which can be easily identified by 
finding major metropolitan areas that lie across 
or close to state lines (e .g. , New York City) ; oc
casionally, specific events cause "commuting" 
over long distances, such as Texas to Alaska 
during the construction of the trans-Alaska oil 
pipeline. 

Population and Labor Force 

Population in the RIS model is estimated using 
a pooled time-series cross-sectional technique 
similar to the manufacturing sector. This en
sures that regional population forecasts will add 
up to the total given by the DRI macroeconomic 
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model (actually, the Census Bureau's middle 
projection) ; all movements of population are 
therefore balanced, with no people appearing 
out of thin air (or disappearing) . 

The main determinant of differential popu
lation growth is employment. In the RIS model, 
people for the most part follow jobs. There is 
an additional element of migration in response 
to relative wage rates, and also a non-economic 
components due to climate and attractiveness; 
this is largely a reflection of the increasing 
trend towards retirement in the sun-belt . It 
seems that in general people move towards 
fast-growing regions, rather than away from de
pressed ones, so that there is more movement 
when the overall economy performs more 
strongly. This effect is captured in the model by 
the particular coefficients on relative employ
ment and wage rate growth. 

The labor force is forecast as a fraction of 
total population, taking into account the broad 
national demographic changes in labor-force 
participation rates; the regional equations also 
include a measure of business recessions, to 
capture what is known as the "discouraged 
worker" phenomenon -- people who cannot 
fmd work eventually stop looking. 

The unemployment rate is forecast on the 
basis of labor force and total employment. This 
equation is not an identity; because the employ
ment statistics are on an establishment (place 
of work) basis, and exclude agriculture and 
self-employment, while the labor force and un
employment rate data come from Current Pop
ulation Survey. This is a household (place of 
residence) survey, and counts all forms of em
ployment (including even temporary absence 
from a job due to strikes) . 

Housing 

Housing is modeled in the RIS system us
ing a modified stock-adjustment method. First, 
a time series was created for the total stock of 
homes (including mobile homes) by state, us
ing the 1 960, 1 970, and 1 980 Census, together 
with data on housing starts and mobile home 
shipments. The implied depreciation rate,  
which is affected by the actual history of con
versions as a proportion of stock, is subject to 
the forecasters' judgment regarding likely fu
ture conversion rates. 
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Second, an equation was estimated for the 
actual stock, using population aged 18  to 64, and 
a composite measure of affordability. This in
cludes average regional household income, in
terest rates, and regional home prices. This 
equation was then solved over history; to yield an 
estimate of the desired, or trend, housing stock. 

'Ibtal housing starts are estimated on the 
basis of the gap between the desired an actual 
stocks, together with affordability (both a long- . 
term moving average and short-term variations 
around the moving average) . Also included is 
a speculation variable, modeled as the latest 
four-quarter increase in the desired stock (de
mand) . Thus if demand has been increasing 
rapidly; builders may keep on building, even af
ter the underlying demographics have turned 
down. In states where this is an important term 
in the equation, relatively large cycles may be 
observed in housing starts. 

Total housing starts are divided into sin
gles and multi based both on trends in the na
tional mix , and on regional average incomes, It 
is assumed that single-family homes are the 
generally preferred form of housing, and that 
higher incomes will bring more singles, other 
things being equal. 

Retail Sales 

The RIS models include ret ail sales 
(durables and nondurables) for the nine re
gions. Details have now been added for all 
those states for which data are published, using 
each state's share of the region's disposable 
personal income to forecast changes in its 
share of regional retail sales. Estimates were 
also made of the implied retail sales in the non
reporting states, so as to ensure that the state 
and regional forecasts are both realistic and 
consistent. The state forecasts, like the existing 
regional series, are broken down into durables 
and nondurables, since sales in these two ma
jor categories respond to different influences, 
particularly in terms of their behavior over the 

. business cycle. 

Consumer Prices 

Consumer prices indices do not exist at 
the state level, despite a widespread need for 
information on relative inflation in different 
parts of the country. DRI already forecasts 
those CPIU's that exist for major metropolitan 



areas, and has now extended the coverage by 
using available data on consumer expenditure 
by region to construct state indices. 

These are not based on local price infor
mation, but instead utilize information on typi
cal household budgets in the four Census Re
gions, by size class of metropolitan area. This 
makes possible the calculation of different 
weights for the components of the CPI in each 
state, depending on its Census Region and the 
sizes of the metropolitan areas in the state. 

These weights are applied to the national com
ponents of the CPI , except that state home 
prices are used for housing costs. The indices 
also include the existing forecasts of the 28 
published metropolitan CPIU's , weighted by 
the population of the area relative to its- state . 
The entire system of state and metropolitan in
dices thus represents a consistent set of indica
tors of relative rates of inflation; it must be 
noted, however, that they do not measure rela
tive living costs at one point in time, since they 
do not embody state-by-state statistics. 
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DRI TRANSPORTATION SECTOR 
MODEL METHODOLOGY 

The Transportation Sector of the U.S. En
ergy Model is a tool for forecasting vehicle de
mand for oil or, more specifically, motor fuels. 
With this model, DRI/McGraw-Hill tracks the 
stock, usage, and fuel efficiency characteristics 
of cars and three classes of trucks. 

It is a vintage capital stock model, formu
lated algebraically rather than econometrically. 
For each vehicle category included, the model 
endogenously forecasts the capital stock, miles 
traveled, fuel use, and both new car and fleet
wide fuel efficiency for both gasoline- and 
diesel-fueled vehicles. The model is capable 
of examining dynamic adjustments to policies 
acting through traditional macro-economic 
variables, as well as policies directly affecting 
technological characteristics of the vehicle 
stock. 

This model is premised on the notion that 
the demand for motor fuels is derived from the 
demand for travel and consumer's preferences 
toward particular vehicles. Consumers deter
mine the level of travel as well as the vehicle 
stock composition through their purchase deci
sions. The stock composition, associated effi
ciency characteristics, and vehicle usage pat
terns thereby determine the level of  fuel 
consumption. Both vehicle purchase patterns 
and travel decisions are derived within the 
model as functions of economic activity and 
fuel prices. 

Vehicle Sales 

The process of determining fuel con
sumption begins with consumers' vehicle pur
chase decisions, particularly the timing of the 
purchase and the type of vehicle bought . 
These decisions are based upon the prevailing 
macroeconomic environment and the price of 
fuels. Total sales of imported cars, domestic 
cars, light trucks (0 to 1 0 ,000 lbs.) , medium 
trucks ( 1 0 ,00 1 to 33 ,000 lbs.) , and heavy trucks 
(>33 ,000 lbs.) are obtained from DRI's Automo
tive and U.S. Macroeconomic Services. These 
sales figures are then disaggregated between 
gasoline- and diesel-fueled vehicles. 

To accomplish this disaggregation, the 
diesel percentage of sales in each vehicle class 
is defin�d exogenously, based on historical 
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patterns and expected future behavior. We ap
ply these diesel percentages to their respective 
classes, yielding the diesel-fueled share of ve
hicle sales for each class. The gasoline-fueled 
share is then calculated as total sales ,  less 
diesel-fueled sales, for each vehicle class. 

Although DRI's b ase case forecast for 
gasoline-diesel sales splits are determined 
through off-line analysis , changes in these 
shares occur endogenously in the model and 
are functions of the prices of gasoline and 
diesel fuel relative to their respective base case 
levels. Once completed, the sales pattern sum
marizes the level of vehicle sales within four 
classes of vehicles across two fuel-use cate
gories. 

Vehicle Stock 

Once purchase decisions are determined, 
the vehicle stock in any given year is defmed 
as a function of past sales patterns and the 
technological characteristics of those sales, as 
embodied in the survival probabilities associ
ated with specific vehicle age groups. The ve
hicle stockin a particular class in any given 
year depends upon the number of vehicles 
sold in each of the previous N years (with N be
ing 1 0  for cars , 1 4  for light tr'ijcks , 1 3  for 
medium trucks, and 1 2  for heavy trucks) , and 
the probabilities that these vehicles will still be 
on the road in that year. For each vehicle class, 
a set of survival probabilities is determined 
empirically that reconciles previous year vehi
cle $ales data with the historical vehicle stock. 
Thus, a fixed percentage of cars or trucks sold 
in any given year is expected to be in the stock 
at some time in the future. This percentage de
clines with greater vehicle age. 

The product of sales and survival rates for 
each discrete age category is then summed to 
give the stock from year 1 to year N. Added to 
this is the stock of old vehicles, or all vehicles 
older than the Nth year for each class. A cer
tain percentage of each previous years' old 
stock (beginning with the last historically ob
served old stock) is assumed to be scrapped 
each year. T'nis exogenously specified scrap
page rate is based on past historical behavior 
and future expectations. Additionally, .  the previ
ous years' Nth old cars are added to the old 
stock so that retirements of and additions to the 
old stock occur simultaneously, though at vary
ing rates. 



Vehicle Miles Traveled 

The total number of miles traveled by the 
stock of vehicles of a particular class and fuel
using type is determined as the product of the 
number of vehicles in that class' stock and the 
number of miles traveled per vehicle in that 
stock. Miles per vehicle traveled depends in 
large part upon the vehicle's age and class; the 
older the vehicle, the fewer miles it is driven 
each year, on average. Thus, miles traveled 
per vehicle varies across two dimensions: ( 1 )  
the class of vehicle and (2) the age of the vehi
cles within that class. 

In the transportation sector, baseline fore
casts of usage rates (miles traveled per vehi
cle) by class and age are based upon changing 
economic conditions and vehicle operating 
cost per mile driven.  Although the baseline 
miles per vehicle estimate may differ across 
vehicle ages and classes, it is not allowed to 
vary across fuel-type within a particular class 
or across age groups within that class. Miles 
traveled per vehicle class and age are allowed 
to change over time in accordance with histori
cal patterns. 

Total miles traveled per vehicle class is 
derived from the number of miles per vehicle 
and the total number of vehicles in the stock. 
Total miles traveled for a particular class is sim
ply the sum of the number of vehicles of a par
ticular age multiplied by the miles traveled per 
vehicle in the age group. 

Vehicles usage rates are dependent pri
marily upon real costs per mile-driven and real 
per capita disposable income for cars and real 
GNP for trucks. The real cost per mile is de
fmed by dividing real fuel prices (cents per 
gallon) by the vehicle efficiency (miles per gal
lon) . 

The usage rates for cars vary over the 
forecast according to changes in retail gasoline 
prices or per c apit a  dispos able income 
change. For light trucks, the basic formulation 
is the same. In the case of medium trucks, we 
assume that miles traveled per vehicle are a 
function of the weighted average of real diesel 
fuel costs per mile and real gasoline costs per 
mile and real gross national product . Heavy 
truck usage rates are a function primarily of 
real GNP. Changes in real diesel fuel costs im
pact heavy truck usage rates mainly through 
their influence on GNP and truck sales. 

Fuel Consumption 

Fuel consumption for a particular vehicle 
class and fuel type is derived by summing the 
result of vehicle sales times survival rate times 
usage rate divided by average miles per gallon 
(MPG) for each discrete age category includ
ing the stock of old vehicles. Total consump
tion by fuel type is the sum of fuel consumption 
for each of the four vehicle classes. Total motor 
fuel. consumption is the sum of gasoline plus 
diesel fuel. 

New-Vehicle Efficiency 

Since fuel consumption is the product of 
miles driven and vehicle efficiency, an accurate 
estimation of new-vehicle fuel efficiencies is a 
critical component of the transportation sector 
model. As new vehicles are purchased and old 
ones retired, vehicle stock average efficiency 
changes. In a recent effort to improve the ac
curacy of this critical forecast element, DRI em
ployed two alternative methods to analyze the 
responsiveness of new-vehicle MPG to chang
ing prices, economic conditions and govern
ment policies. 

The econometric approach estimated the 
relationship between new vehicle MPG and de
mographics as well as changes in real fuel 
prices. This method is included explicitly in 
the DRI Transportation Sector model. The sec
ond approach examined the cost to manufac
turers of installing fuel saving technologies, and 
the incentives for consumers to switch market 
segments in response t o  higher gasoline 
prices or gas-guzzler taxes. The combination 
of traditional econometric analysis of the key 
historic price ,  economic and demographic 
variables and an engineering assessment of 
the technological costs and constraints to fuel 
economy improvement in each vehicle seg
ment has yielded an improved method of fore
casting new vehicle fuel efficiency. 

In the econometric analysis, changes in 
the new domestic car MPG were regressed on 
changes in demographics and current and 
lagged changes in the logarithmic value of real 
gasoline prices. Furthermore, different MPG 
responses were estimated for positive and neg
ative price changes. 

A demographic fllter variable was created 
to explain variations in new car MPGs due to 
shifts in the age distribution of the car-buying 
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population. Car buyers in the 20-24 age group, 
for example, tend to buy smaller, more fuel effi
cient cars than buyers in the 35-40 population 
segment , where families usually dictate the 
need for a larger car; younger buyers also tend 
to have fewer cars per household. 'Ib approxi
mate this demographic impact on MPG choice, 
we derived a weighted average of approxi
mated 1 989 MPG preferences. Weights are 
based on population shares within 1 0  age 
groups, adjusted by approximate vehicle own
ership percentages within each group. While a 
one-to-one relationship is expected between 
the actual on-road new car MPG and the de
mographic variable, the coefficient on demo
graphics in the regression analysis was con
strained to 1 . 1 5 since the EPA-rated MPG is 
typically 1 5% higher than the on-road new car 
fuel-economy. 

Modeling changes in MPGs as a function 
of changes in the log of the real gasoline price 
provides a structure in which continued im
provements in MPGs in response to continued 
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price increases become increasingly more dif
ficult. To the same MPG improvement as when 
real gasoline prices rose from $0.50 to $ 1 .00, 
for example, would require prices to rise from 
$1 .00 to $2 .00 or from $2.00 to $4.00. 

The regression structure also allows the 
MPG response to price changes to vary de
pending on whether prices are increasing or 
decreasing. Intuition suggests that true techno
logical advances simulated by increasing prices 
will not be abandoned when prices decline. 

The constant term of the regression sug
gest new car efficiency improved 0 .5  MPGs 
per year over the 1 970-89 period, independent 
of demographics or price changes .  MPG 
changes resulting from price increases are 3 
times as large as from price decreases. MPGs 
response to price changes in the current year 
and in 3 previous years. A 50% increase in the 
real gasoline price results in a 4 .2  MPG gain 
within four years; a 50% cut in prices produces 
a 2.4 MPG drop . .  
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c 
MODEL 

RE 

E 

WORLD .AND U.S.  OIL PRICES 

Crude Oil Prices 

• Energy Overview Model uses two price 
series for crude oil 

- U.S. Refiner's Acquisition Cost of Crude 
(RACC) 

30 �---------------------

25 

20 

1 5  

1 0  

5 

1 990 1 995 

11111111 High Reference Case 
- Low Reference Case 

2000 2005 201 0 

Crude Oil Price Projections 
( 1990 DOLLARS PER BARREL) 

- Lower-48 producers' wellhead oil price 

• U.S. RACC price is used as basis for fuel 
oil product prices. RACC price projec
tions for the NPC Reference Cases were 
prepared by DRI!McGraw-Hill. 

Year 
1 990 

1991  

1 995 

2000 

2005 

20 1 0  

U.S. Refiners 
Acquisition Cost of Crude 

High Reference Case Low Reference Case 
RACC Ann. Growth RACC Ann. Growth 

($90/BBL) Rate (%) ($90/BBL) Rate flo) 

$22.32 $22 .32 

18 .38 18 .38 

19 .01  0.9% 15 .50 -4.2% 

2 1 . 1 0  2 . 1% 17 .00 0.5% 

25. 14  3.6% 1 8.50 1 .7% 

27 .85 2 .8% 20.00 l .SO/o 

• Lower-48 wellhead price is based on his-
torical relationship to RACC: 

Lower-48 WHO =  0.96*(U.S.RACC) - $0.03/BBL 

Lower -48 wellhead price used in producer 
investment analysis 
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Fuel Oil Product Prices 

• Alternative fuel oils represented in Energy 
Overview Model by 4 grades of residual 
fuel oil and by distillate; 

- High Sulfur RFO = 2.0%S and 1 .3%S 

- Low Sulfur RFO = 0. 7%S* and 0.3%S 

• Fuel oil prices reflect price as delivered to 
end-user's "burnertip," including pur
chase price, delivery charges, and ad val
orem taxes when applicable. 

• Specified by sulfur grade for each year in 
forecast period: 

- Separate specifications for U.S. East 
Coast versus Region 9 (California, Ari
zona, and Nevada) 

- Regional variability added to determine 
final prices in each of the 1 0  demand 
regions. 

*This class represents 0.5%S in Region 9 (Califor
nia, Ar�ona, and Nevada) . 

Fuel Oil Price Scenario 

• General outlook for world oil markets in 
NPC Reference Cases: 

- Growing oil product demand and refin
ery runs worldwide 

- Shift toward lighter product barrel, re
. duced demand for high sulfur products 

- Potential for declining value of high-sul
fur fuel oils and possible trend toward 
increased low/high sulfur product price 
differentials over time 

• Low-sulfur (0.3% S) residual -fuel oil price 
projections prepared by DRI/McGraw-Hill 
for each Reference Case. Stated as New 
York Harbor Spot Cargo Prices. 

• High-sulfur product price projections de
veloped from DRI 0.3% S series assuming 
low/high sulfur price differentials of $4-
5/BBL as specified by NPC Demand & 
Distribution Group. 

60�--------------�----------------------------------� 
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Delivered Fuel Oil Prices 

• Delivered oil product prices estimated by 
EEA from wholesale-level product price 
projections by sulfur-content plus regional 
transportation cost algorithms 

• . Model distinguishes two classes of fuel oil 
prices: 

- Large end-user price ,  applicable to 
electric utilities and largest industrials 
taking direct delivery by waterway 

- Retail industrial price for product sup
plied through oil jobbers, applicable to 
most of industrial sector 

• Retail industrial prices start at $0 .80/BBL 
above large end-user price based on ter
minaling and land transportation costs for 
oil jobbers. A distribution cost curve for 
residual fuel oil is reflected for increasing 
consumption leve�. 

Comparison Of Crude OU .And Oil 
Product Price Projections 

($1990 PER BARREL) 

1995 2000 2010 

Crude Oil 
NPC High Reference Case 19.01 2 1 . 1 0  27 .85 

NPC Low Reference Case 1 5.50 17.00 20.00 

Low Sulfur (0.3%) Residual Fuel Oil* 

NPC High Reference Case 20.94 23.41 30.84 

NPC Low Reference Case 17 .29 1 9. 14  22.68 

High Sulfur (2.0%) Residual Fuel Oil* 

NPC High Reference Case 16 .50 1 8.95 26.41 

NPC Low Reference Case 12 .84 14.65 18.22 

Low/High Sulfur Premium 
NPC High Reference Case 4.44 

NPC Low Reference Case 4.45 

4.46 

4 .49 

4.43 

4 .46 

* Delivered to larger end-users from New York 
Harbor (East Coast) Market. DRI wholesale level projec
tions adjusted to delivered basis by EEA. 

60�--------------------------------------------------� 
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NATURAL GAS SUPPLY 

Characterization Of ED&P Process 

• New Field Exploration 

- Regional, by depth interval 

- Remaining resource base  stated in 
terms of number, size and type of re
maining fields 

- Pattern of discovery determined by 
EEA's "double exponential" find-rate 
equation 

- Representation of development stage 
includes number, timing and productiv- · 

. ity of producing wells in each field 

A- AAI&Iachia 

a - East Gun 
Onshore 

C- North Cantral 

D - Allda-£ast 
Texas 

E - South 
Louisiana 
Onshore 

G- Texas Gun 
Onshore 

WL- Willston Basin 

FR - Rocky Min. Foreland 

OV- Overthrust Bel 
SJB- San Jaun Basin 

JN - Md-Continant 

JS- Pemian Basin 

L - West Coast Onshore 

BO - Easlllm GOM 
EGO - West and Cantrai GOM 

LO - West Coast Ollshore 

• Normal Reserve Appreciation in Existing 
Fields ("Probables") 

- Regional, by depth interval 

- Represented independently for oil ver-
. sus gas fields 

- Characterized by old field exploratory 
drilling findrates, development drilling 
recoveries and well production profile 

- Model maintains inventory of proba
bles, which turn over each year as re
source is proved and new fields are dis
covered 

Lower-48 Hydrocarbon Model Regions 
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• Unconventionals: Coal Bed Methane, De
vonian Shale, .Antrim Shale, Tight Gas, In
fill Drilling 

- Represented in "Enhanced Recovery 
Module' '  

- Each "cell" in the ERM is  for a specific 
area/formation/depth. 

- Characterized by average well produc
tivity. decline rates, drilling costs, de
pletion effects, etc. 

- Up to three technology scenarios can 
be specifie d  for each cell .  Market 
shares are exogenous or endogenous 

- (e.g. , based on IRR or level of experi
ence) . 

• Alternative Resource Base Options 

- New Fields: low; middle and high sce
narios provided for each region/depth 

- Old Fields: specified as any fraction of 
default values 

- Unconventionals: - specified as any frac
tion of default value for each "cell" 

Recoverable Lower-48 
Resource Base As Of 1/1/9 1  

(TCF) 

NPC Reference Cases 
Resource Current Advanced 
Category Technology Technology 

High Perm Nonass. 326.4 359.0 

Low Perm Nonasso. 53.6 80.4 

Asso.- Diss. 48 .9  53.8 

1btal New Fields 428.9 493.2 

High Perm Nonass. 1 66.0 1 82.6 

Low Perm Nonasso. 30.4 33.5 

Asso.- Diss. 1 8 .4 20.2 

Total Appreciation 2 14 .8 236.3 

Shale 37 . 1  57.2 

Coalbed Methane 62.4 97 .8 

Tight Gas 1 48.4 235.2 

Low Btu Gas 1 5 .0 1 5.0 

Undiscovered 1btal 906 .7  1 1 34.7 
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Und iscovered Nonassociated 

1 .  High perm New Fields 
Old Fields 
Total 

2. Low perm 

3. Devonian Shale 

New fields 
Old Fields 
Total 

4. Coalbed Methane 

5. Tight 

6. Low Btu Gas 

Subtotal • Nonassoc. 

Undiscovered Associated-Dissolv. 

Lower-48 Gas Resoun:e Summary By Region: 
Base Technology 

( TECHNICAL RECOVERY, DRY BCF AS OF 1/119 1  ) 

A 

19,990 
922 

20,9 1 2  

3,386 
0 

3,386 

26,626 

9,440 

1 0,545 

0 

8 c 

1 0,036 6,1 37 
4, 166 1 ,951 

1 4,202 8,088 

0 0 
0 0 
0 0 

0 1 0,523 

6,527 0 

0 0 

0 0 

70,909 20,729 18,61 1 

D 

1 1 ,227 
7,189 

18,416 

4,2 1 1  

4,224 

8,435 

0 

0 

18,982 

0 

E 

1 4,760 

1 8,838 

33,598 

0 

0 

0 

0 

0 

0 

0 

G 

36,548 
25,904 
62,452 

7, 143 

5,501 
1 2,644 

0 

0 

5,751 

0 

45,833 33,598 80,847 

WL 
1 ,3 1 5  

246 
1 ,561 

386 
275 
661 

0 

0 

0 

0 

FR 

1 8,972 
2,276 

21 ,248 

26,41 4  
7,297 

33,71 1 

0 

24,879 

89,930 

1 4,960 

2,223 1 84,728 

SJB 

870 
289 

1 , 1 59 

1 ,305 
6,473 
7,778 

0 

21 ,590 

0 

0 

30,527 

7. New Fields 213 872 2,343 3,085 435 2,350 891 3,21 2 976 
Old Fields 570 495 704 2,058 739 1 ,543 526 945 1 90 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Subtotai -Assoc.-Dissolv. 783 1 ,367 3,047 5,1 43 1 ,1 74 3,893 1 ,417  4, 157 1 , 166 

Total Undiscovered 1/1191 71 ,692 22,097 21 ,658 50,976 34,772 84,739 3 ,640 1 88,885 31 ,693 

Historical Ultimate Recovery * 

Nonassociated 

Associated-Dissolved 

Tota l U lt.  Recovery 1/1191 

All nme Recovery •• 

Und iscovered Nonassociated 

1 .  High perm New Fields 
Old Fields 
Total 

2. Low perm 

3. Devonian Shale 

4. Coalbed Methane 

5. Tight 

New fields 
Old Fields 
Total 

6. Low Btu Gas 

Subtotal · Nonassoc. 

Undiscovered Associated-Dissolv . 

43,030 

3,251 

46 ,281 

117,973 

1 1 ,91 7 

2,342 

14,259 

3&,35& 

2,430 59,098 83,545 

3, 154 18,605 1 6,926 

5,584 71,703 100 ,471 
27,242 128,679 135,243 

1 04,349 

33,902 

1 38,251 

222,. 

Lower-48 Gas Resoun:e Summary By Region: 
Advanced Technology 

( TECHNICAL RECOVERY, DRY BCF AS OF 1/1/9 1  ) 

A 8 C D E G 

21 ,989 

1 ,015  
23,004 

5,079 
0 

5,079 

42,475 

15,104 

17,932 

0 

1 1 ,040 
4,583 

1 5,623 

0 
0 
0 

0 

10,385 

0 

0 

6,751 
2, 1 46 
8,897 

0 
0 
0 

14,747 

0 

0 

0 

12 ,350 

7,908 

20,258 

6,317 

4,646 
10,963 

0 

0 

29,1 22 

0 

1 6,236 

20,722 

36,958 

0 

0 

0 

0 

0 

0 

0 

40,203 

28,494 

68,697 

1 0,71 5 . 
6,051 

1 6,766 

0 

0 

. 9,385 

0 

1 03,594 26,008 23,644 60,342 36,958 94,847 

3,1 1 0  25,409 

2, 1 81 7,361 

5,291 32,770 
8,931 221 ,&55 

WL FR 

1 ,447 20,869 
271 2,504 

1 ,7 1 8  23,373 

579 39,621 
303 8,027 

882 47,648 

0 0 

0 39,399 

0 141 ,231 

0 1 4,960 

2,600 266,61 1 

29,496 
739 

30,235 

61 ,928 

SJB 

957 
318  

1 ,275 

1 ,958 
7,1 20 
9,078 

0 

32,938 

0 

0 

43,291 

7. New Fields 234 959 2,577 3,394 479 2,585 980 3,533 1 ,074 
Old Fields 627 545 774 2,264 813 1 ,697 579 1 ,039 209 

subtotai -Assoc.-Dissolv. 
· · · · · · · · · · · · · · · · · · · · · · · ·as1· · · · · · · · · · · ·1;504· · · · · · · · · ··a;as1· · · · · · · · · · · ·5;658 . . . . . . .  , . . .  1 ;292 · · · · · · · · · · ·4:2a2· · · · · · · ·  .. ·1:ss9· · · · ·  

. . . . . .  4;572 . . . . . . . . . . . . . .  1 .• 283 
Total Undiscovered 1/1191 104,455 27,512 2&,995 66,000 38,250 99,129 4,159 271 ,183 44,m 

H istorical Ultimate Recovery • 

Nonassociated 

Associated-dissolved 

Total Ult. Recovery 1/1191 
All nme Recovery •• 
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43,030 
3,251 

46,281 
150,73& 

1 1 ,91 7 
2,342 

14,259 
41,771 

2,430 59,098 

3,154 18,605 

5,584 77,703 

32,579 143,703 

83,545 

1 6,926 

100,471 

138,721 

1 04,349 
33,902 

138,251 

237,380 

3,1 1 0  25,409 
2,1 81 7,361 

5,291 32,770 

9,450 303,153 

29,496 
739 

30,235 
74,808 



Lower-48 Gas Resource Summary By Region: 
Base Technology 

( TECHNICAL RECOVERY, DRY BCF AS OF 1/l/91 ) 

ov JN JS L BO EGO LO AO TOTAL 
Undiscovered Nonassociated 

1 .  High perm New Fields 1 1 ,462 36,930 20,808 15,236 ° 13,899 85,51 1 6,1 93 1 6,497 326,391 
Old Fields 7,146 26,41 9 13,558 2,455 3,232 5 1 , 129 295 0 1 66,015 
Total 18,608 63,349 34,366 17,691 1 7,131 1 36,640 6,488 1 6,497 492,406 

2. Low perm New Fields 0 8,394 2,332 0 0 0 0 0 53,571 
Old Fields 0 2,653 4,007 0 0 0 0 0 30,430 
Total 0 1 1 ,047 6,339 0 0 0 0 0 84,001 

3. Devonian Shale 0 0 0 0 0 0 0 0 37,149 

4. Coalbed Methane 0 0 0 0 0 0 0 0 62,436 

5. Tight 0 10,842 1 2,390 0 0 0 0 0 1 48,440 

6. Low Btu Gas 0 0 0 0 0 0 0 0 14,960 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Subtotal - Nonassoc. 18,608 85,238 53,095 17,691 1 7, 131 1 36,640 6,488 1 6,497 839,392 

Und iscovered Associated-Dissolv. 

7. New Fields 747 5,455 3,574 2,294 79 1 5,046 6,8 1 8  5 1 6  48,906 
Old Fields 424 1 ,507 3,41 5  398 0 4,470 401 0 18,385 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  · . . . . . . . . . . . . . . .  

Subtotai -Assoc.-Dissolv. 1 ,17 1  6,962 6,989 2,692 79 1 9,51 6 7,21 9  51 6 67,291 

Tota l Undiscovered 1/1191 19,779 92,200 60,084 20,383 17,210 1 56,156 13 ,706 17,013 906,684 
H istorical U ltimate Recovery * 

Nonassociated 4,296 1 53,514  42,334 1 0, 1 23 4,832 1 1 6,023 829 0 694,334 
Associated-Dissolved · 321 38,n8 49,702 23,485 0 1 9,989 2,851 0 223,588 

Total Ult. Recovery 1/1/91 4,617 1 92,292 92,036 33,608 4,832 1 36,012 3 ,680 0 917 ,922 

All Time Recovery ** 24,396 284,492 152 ,1 20 53,991 22,042 292,168 17,386 17,013 1 ,824,606 

Lower-48 Gas Resource Summary By Region: 
Advanced Technology 

( TECHNICAL RECOVERY, DRY BCF AS OF 1/119 1  ) 

ov JN J� L BO EGO LO AO TOTAL 
Und iscovered Nonassociated 

1 .  High perm New Fields 1 2,608 40,623 22,889 16,760 1 5,289 94,062 6,81 2 1 8, 1 47 359,030 
Old Fields 7,861 29,061 14,9 13  2,700 3,555 56,242 324 0 182,617 
Total 20,469 69,684 37,802 1 9,460 1 8,844 1 50,304 7,136 1 8, 1 47 541 ,647 

2. Low perm New Fields 0 1 2,591 3,498 0 0 0 0 0 80,357 
Old Fields 0 2,918 4,408 0 0 0 0 0 33,473 
Total 0 15,509 7,906 0 0 0 0 0 1 13,830 

3. Devonian Shale 0 0 0 0 0 0 0 0 57,222 
4. Coalbed Methane 0 0 0 0 0 0 0 0 97,826 
5. Tight 0 17,429 20, 1 05 0 0 0 0 0 235,204 
6. Low Btu Gas 0 0 0 0 0 0 0 0 14,960 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . .. . . . .  

Subtotal - Nonassoc. 20,469 102,622 65,81 3  1 9,460 1 8,844 1 50,304 7,136 1 8, 147 1 ,060,689 

Undiscovered Associated-Dissolv. 

7. New Fields 822 6,001  3,931 2,523 87 1 6,551 7,500 568 53,797 
Old Fields 466 1 ,658 3,757 438 0 4,917  441 0 20,224 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Subtotai -Assoc.-Dissolv. 1 ,288 7,659 7,688 2,961 87 21 ,468 7,941 568 74,021 

Total Undiscovered 1/1/91 21 ,757 110 ,280 73,501 22,421 18,931 1 71 ,772 15,077 18,714 1 ,134,710 

H istorical Ultimate Recovery * 

Nonassociated 4,296 153,514 42,334 10, 1 23 4,832 1 1 6,023 829 0 694,334 
Associated-dissolved 321 38,n8 49,702 23,485 0 1 9,989 2,851 0 223,588 

Total Uh.  Recovery 1/1/91 4,617 1 92,292 92,036 33,608 4,832 1 36,012 3,680 0 917,922 
All nma Recovery •• 26,374 302,572 165,537 56,029 23,763 307,784 18,757 18,714 2,052,632 
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Canadian Natural Gas Resource Base 

Current Technology 
(BCF, AS OF 1/1/90) 

#20 #21 #22 #23 
Alberta, Sask, B.C., Mackenzie/ Eastern 

Manitoba S.M.L. Terr. Beaufort Canada 

Reserve Growth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 8,909 2 ,455 0 273 

New Pools/fields . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 1 ,4 17  27 ,934 67 ,456 8 1 ,577 

Coal Bed Methane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  80,333 0 0 0 

Tight Gas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  54,700 0 0 0 

Total Undiscovered 225,359 30,389 67 ,456 8 1 ,850 

Producing Reserves . . . . . . . . . . . . . . . . . . . . . . . . . . . .  43,940 5,047 0 600 

Undeveloped, 
Discovered Pools/fields . . . . . . . . . . . . . . . . . . . . . .  1 9 ,254 3,095 12 ,498 17 ,252 

Total Discovered Reserves 63, 1 94 8 , 142 1 2 ,498 1 7 ,852 

Cumulative Production . . . . . . . . . . . . . . . . . . . . . . . .  56, 1 29 7 ,701 0 833 

All Time Intimate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  344,682 46,232 79 ,954 100,535 

NOTES: Estimates of undeveloped reserves in Frontier areas are from EEA data base and 
do not necessarily match CPA or COGLA estimates. 
Eastern offShore resources are NOT counted as established reserves by CPA. 
Coal bed methane included only for plains portion of Alberta. 

Regioa Legead 
18- Alaska Qlshore 

18a - ANWR 

18b - N. FOOihils I Coaslal Rail 
18c - S. Foochilsl lnL BaUis 
18d - Cook Inlet Qlshare 

19 - Alaska Ollshore 

19a - Beaufor1 Shell 
19b - ClaJkchl Sea 
19c - Cook lnle1 Ollshare 

19d - Gl.ll Of Alaska, elc 
20- Alberta, � Manl!oba 

23- Easlam Canada 
23a - Qlshare 

23b - Scofan Shell 
21 - Bridsh Cdumbla 23c - NewiGundland Shell 
22 - Beaufort I Madlanzle I Nar1hem lla&in 23d - l.alrackr Shell 

24c - Slable Plallarm 
24d - Ballin Bay 

#24 
Arctic 
Islands 

0 

96,7 1 0  

0 

0 

96,7 1 0  

0 

1 6,945 

16 ,945 

0 

1 13 ,655 

Canadian and .Alaskan Hydrocarbon Model Supply Regions 
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Total 

2 1 ,636 

345,094 

80,333 

54,700 

501 ,763 

49,587 

69,044 

1 18,631  

64,663 

685,057 



Canadian Natural Gas Resource Base 

Advanced Technology 
(BCF, AS OF 1/1/90) 

#20 #21 #22 #23 #24 
Alberta, Sask, B.C. ,  Mackenzie/ Eastern Arctic 

Manitoba S.M.L. Terr. Beaufort Canada Islands Total 

Reserve Growth . . . . . . . . . . . . . . . . . . . . . . .  : . . . . . . . . . . .  20,800 2,700 0 300 0 23,800 

New Pools/fields . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  78,559 30,727 74 ,202 89,735 1 06 ,381 379,603 

Coal Bed Methane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 28,532 0 0 0 0 1 28·,532 

Tight Gas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  89,400 0 0 0 0 89 ,400 

Total Undiscovered 317 ,291 33,427 74 ,202 90,035 1 06 ,381 62 1 ,335 

Producing Reserves . . . . . . . . . . . . . . . . . . . . . . . . . . . .  43,940 5,047 0 600 0 49,587 

Undeveloped, 
Discovered Pools/fields . . . . . . . . . . . . . . . . . . . . . .  · 19 ,254 3,095 1 2 ,498 1 7 ,252 1 6,945 69 ,044 

Total Discovered Reserves 63 , 1 94 . 8; 142 1 2 ,498 1 7 ,852 1 6 ,945 1 18 ,63 1 

Cumulative Production . . . . . . . . . . . . . . . . . . . . . . . .  56 , 1 29 7 ,701  0 833 0 64 ,663 

All Time Ultimate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  436,6 1 4  49,270 86,700 1 08,720 1 23,326 804,629 

NOTES: Estimates of undeveloped reserves in Frontier areas are from EEA data base and 
do not necessarily match CPA or COGLA estimates. 
Eastern offshore resources are NOT counted as established reserves by CPA. 
Coal bed methane included only for plains portion of Alberta. 

Producer Behavior 

Producer Rate of Return 
• Minimum rate of return on marginal invest

ments (hurdle rate) used in "grading" 
each potential E&D investment. 

• Hurdle rate expressed for model on a real 
(inflation adjusted) , after-tax basis. 

• NPC Reference Case used a 4 percent 
real, after-tax marginal rate of return. Re
alized average rate of return was well 
above this. 

Inertial Constraints on E&D Activity 
• Drilling activity limits imposed as maxi

mum and minimum rates of change in 
drilling activity from prior-period levels. 

• Reflects inertia in industry; prevents unrea
sonable, dramatic shifts in location of ac
tivity between re�ions or depths. 

• Model determines actual year-to-year 
change for each investment "cell" based 
on its profit index (internal rate of return 
minus hurdle rate) . 

• Iner tial constraints for NPC Reference 
Case allow maximum of 30 percent up
ward and 40 percent downward change 
per year (see figure) 
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Example Calculations Producer Behavior 
For Real, After-tax Ror (Continued) 

Income Tax Rate: 37.0% 
Inllation: 5.0% 

Integrated Companies 
Producer Price Emectations 

Nominal After-tax Real D-E Real, After-
• The model's DCF analysis of drilling in-

Rate Rate Rate * Ratio Tax Rate vestments is based on producer expecta-
Debt . . .  . . . .  1 0.5% 6.6% 1 .5% 26.0% 0.4% tions for future oil  and gas wellhe ad 
Equity . . . .  1 0. 1% 10 . 1% 4 .9% 74.0% 3.6% prices. Expected oil prices are based on 

4.0% 

Debt . . .  . . . .  10.5% 6 .6% 1 .5% 26.0% 0.4% 
the crude oil price scenario. 

Equity . . . . 1 1 .5% 1 1 .5% 6.2% 74.0% 4.6010 • Expected trajectory for gas prices is en-
5.0% dogenously linked to model's current pe-

Debt . . .  . . . .  10.5% 6.6010 1 .5% 26.0% 0.4% riod solution for wellhead gas prices, but 
Equity . . . .  12 .9% 12 .9% 7 .5% 74.0% 5 .6% 

6.0% may be adjusted for long-run price ex-

Independents pectations of producers. 

Nominal After-tax Real D-E Real, After- • Long-run price expectations are deter-
Rate Rate Rate * Ratio Tax Rate mined by selection from model options: 

Debt . . .  . . . .  1 2 .0% 7 .6% 2 .4% 42.0% 1 .0% 
Equity . . . .  1 0.4% 10 .4% 5 . 1% 58.0% 3.0% 1 )  Producers expect flat future prices .  

4.0% Current period's solution price is the 
Debt . .  . . . . .  12 .0% 7 .6% 2 .4% 42.0% 1 .0% expected price in all future years. 
Equity . . . .  12 .2% 12 .2% 6.9% 58.0% 4.0% 

2) Producers have long-run expectations 5.0% 

Debt . . . . . . .  1 2 .0% 7 .6% 2 .4% 42 .0% 1 .0% 
toward which prices will "ramp" from 

Equity . . . .  14.0% 14.0% 8.6% 58.0% 5.0% 
the current period's solution. Can be 

6.0% netback price from resid or other basis 

* To convert to real: 
for expectations. 
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real% = (nominal% - inflation%) I ( 1  + inflation%) 
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Illustration Of Supply Model Inertial Constraints 



3) Producers assume an exogenous price 
path specified by user. 

• Selection for NPC Reference Case was 
ramped expectation logic (option #2) to 
allow producers to anticipate future price 
changes. Expectations were adjusted to 
be consistent with the actual gas price re
sults of the case, so that producers were 
effectively given "rational foresight" of fu
ture prices. 

Drilling Costs 

• Model's drilling costs are benchmarked to 
actual 1 988 well cost data from Joint Asso
ciation Survey GAS) . 

• Drilling costs are projected endogenously 
in the model's solution as a national, an
nual drilling and completion (D&C) index 
where 1 .00 = 1 988 cost levels. D&C index 
includes all costs for exploration and de
velopment, except for offshore bonuses 
(calculated separately by model) . 

• Basis for EEA drilling cost projection is re
gression analysis over 20 year period of 
well cost per foot versus crude oil prices 
and rig counts. 

• Although currently depressed, drilling 
costs must eventually increase toward full
cost recovery level for drilling services in
dustry. 

- Must eventually reach revenue level suf
ficient to construct new rigs. 

- Varying assumptions on component 
costs at full-cost recovery level lead to 
range of 1 . 20- 1 . 35 of 1 988 costs for 
D&C index. 

- The full cost level is used to constrain 
drilling costs to reasonable levels in 
long-run. 

Other 
Supply Assumptions 

&eculative Lower-48 Gas Resources 
• Reflects poorly understood, speculative 

resources not otherwise incorporated in 
model (e.g. , some coalbed methanes in 
non-exploited basins) . 

• Set to zero for NPC Cases 

Gas SJmRly :Jl!chnolo.gy bn,Provement 

• Improvement in new field exploration effi
ciency of 2 percent per year. Begin in 
1 99 1 .  

• Improvement in drilling technology lead
ing to reductions in drilling cost index. 
Rate of improvement of 2 .0 percent per 
year, beginning 1 99 1 .  

• In conventional (high-permeability) fields, 
5 percent increase in recovery of oil and 
gas by 2 000 and another 5 percent by 
20 10. 

• Advances in seismic technologies, well 
stimulation, and horizontal drilling in
crease recovery from low-permeability 
new fields by 50 percent by 2010 .  

• For deep water development, technologi
cal advances assumed to reduce cost of 
platforms by 25 percent. 

• For coal bed methane, tight gas and Devo
nian shale, technological advances vary 
by cell and generally range for 30 percent 
to 60 percent improvement. 
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G.AS IMPORT/ 
EXPORT TRADE 

Gas Import/Export Trade 

• Canadian gas imports into U.S. are en
dogenously determined in model. 

• Mexican gas imports or exports are sce
nario assumptions set by the NPC Imports 
and Alaskan Workgroup. Assumptions for 
reference cases are shown below. 

Mexican Gas 
(Imports) Exports 

(BCFIYEAR) 

HIGH REF. 
CAsE 

WWREF'. 
CASE 

1990 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - 16  - 16  

1991  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -57 -57 

1992 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -1 1 0  - 1 1 0  

1993 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - 180 - 180 

1994 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -220 -220 

1995 . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . .  -250 -250 

1996 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -270 -270 

1997 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -285 -285 

1998 . . . .  . .  . .  . .  . .  . .  . .  . . . . . .  .. . .  . .  . .  . .  . -300 -300 

1999 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -31 5  -31 5  

2000 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -330 

2001 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -300 

2002 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -270 

2003 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -240 

2004 . . . . . . . . . . . .  : . . . . . . . . . . . . . . . . . . . .  -2 1 0  

2005 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - 180 

-330 

-345 

-360 

-380 

-400 

-420 

2006 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - 135 -440 

2007 .. . .  . .  .. . .  . .  . .  .. . . . . . . . . . .  . . . . . .  . -90 -455 

2008 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -45 -470 

2009 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 -485 

2010 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 00 -500 

SUM(l990-2010) . . . . . . . . . . . .  -3,703 -6,588. 

Note: Negative volumes are U.S. 
exports to Mexico 
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LNG Imports 

• Based on an algorithm developed by Im
ports and Alaska working group. LNG al
gorithm constructed from considerations 
of current LNG contracts and anticipated 
new supply capacity (see below) . 

• Annual volume scenario implemented by 
iterative ( ofiline) competition of LNG im
ports versus · Lower-48 gas during series 
of runs leading to each case. 

• Algorithm assumes that no LNG terminals 
would be constructed at new sites through 
20 10 .  No expansion of  capacity at exist
ing terminals required beyond minor in
crease in throughput at Everett (to 300 
MMcfd after 2000) . 

• Annual LNG import volumes (Bet) in NPC 
High Reference Case: 

1 990 1 995 2000 2005 2010 

Existing Terminals 
Everett 40 8 1  1 13 1 13 1 13 

Lake Charles 35 40 140 1 40 140 

Cove Pt. 0 0 0 0 

Elba Island 0 0 0 0 

75 1 2 1  253 253 253 

LNG 
Market Clearing Prices 

Everett, MA 
Algeria (curr. supply) 
Algeria (add'l supply) 
Nigeria 

Lake Charles, LA 
Algeria (curr. supply) 
Algeria (add'l supply) 
Venezuela 
Venezuela 

Cove Point, MD 
Venezuela 

Elba Island, GA 
Venezuela 
Venezuela 

( 1991$) 

Min. Vol. Max. Vol. Price 
(MMCF/D) (MMCF/0) ($/MCF) 

1 10 1 10 
0 130 2 .50 
0 70 2 .55 

1 10 1 10 
0 340 2 .50 
0 1 50 4 . 15  
0 400 4 .25 

0 560 4.20 

0 350 4 .20 
0 2 1 0  4 .50 

Note: Calculated prices have been rounded to the 
nearest nickel. 



Calculation of 
Market Clearing Prices: 

Terminal 
Operating 

Prod. & Volume liquef.1 Shipping8 Regasif.3 Total (MMCF/0)4 

Everett: 
Nigeria 1 .800 0.56 1 0.204 $2 .565 241-310  

Lake Charles: 
Venezuela 3.3 10  0 .742 0.08 1  $4 . 133 45 1-600 
Venezuela 3.310  0 .742 0. 1 89 $2 .241 601-1 ,000 

Cove Point: 
Venezuela 3.310  0 .643 0.230 $4. 183 0-560 

Elba Island: 
Venezuela 3.310  0 .603 0.290 $4.203 0-350 
Venezuela 3.310  0 .603 0.596 $4 .509 351-560 

1 Contract price of $1 .80 POB Nigeria; refer to 
LNG Appendix 3 Table 1 for Venezuela. 

2 Refer to LNG Appendix 3 Table 2 ;  Nigeria trade 
uses a "used" ship; Venezuela uses new ships. 

3 Refer to LNG Appendix 3 Table 3; average cost 
for specified terminal operating volume. 

4 Refer to LNG Appendix 3 Table 3; Lake Charles 
and Elba Island have different prices for Venezuelan sup
ply, since accepting full volumes (up to 560 MMCF/D) 
from Venezuela will require expansion .of the terminal 
(i.e . ,  additional capital expenditures) . 

LNG Imports 

• Annual LNG import volumes (Bet) 
in NPC U>w Reference Case: 

1990 1995 2000 2005 2010 

Existing Terminals 

Everett 40 52 1 13 1 13 1 13 

Lake Charles 35 40 1 15 1 40 140 

Cove Pt. 0 0 0 0 

Elba Island 0 0 0 0 

75 92 228 253 253 

ANGTS 

• Alaskan Natural Gas Transportation Sys
tem (ANGTS) authorized in 1 977 for trans
porting Alaskan gas to U>wer-48 U.S. mar
kets. Construction of pre-build portion 
completed · in 1 982-83. In use for import
ing Canadian production, although low 
LF's on Eastern leg until l 988- 1 989. 

• Project sponsors released new estimate of 
project costs in 1 988 .  Reduced 45% to 
$1 4 .6 billion in 1 988 dollars. Sponsors are 
claiming ability to be operational in mid
to late- 1 990's. 

• ANGTS or other system could be part of 
opening Canadian frontier areas. Recent 
NEB forecast assumes MacKenzie Delta 
opened about 2000. 

• NPC Case assumes that available North 
Slope gas will be used for pressure main
tenance and enhanced liquids recovery 
through 201 0. 

Canadian 
Demand .Assumptions 

• High Reference Case Canadian demands 
are based on NEB forecast. Only changes 
for NPC were to backout fuel switching 
from gas to oil in later years. This added 
approximately 330 bcf of potential gas de
mand by 201 0. 

• Low Reference Case Canadian demands 
are based on reductions in energy de
mand that are similar to those assumed for 
u.s. 

Assumptions For 
Energy Demand Growth 

u.s. 
Residential 

Commercial 

Industrial 

Total Electricity 
(purchased) 

Canada 

Residential 

Commercial 

Industrial 

Total Electricity 

( 1990-201 0) 

NPC 
HIGH 

0.5% 

1 .0% 

1 .3% 

1 .7% 

0 .7% 

1 .2% 

2 .0% 

1 .8% 

NPC 
ww 

0.1% 

0.8% 

0.2% 

1 .4% 

0 . 1% 

0.90AI 

0 .4% 

1 .4% 

Ratio 
low/High 

0.21 

0.75 

0. 18  

0.79 

0.2 1 

0.75 

0. 18  

0.77 
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Canadian Energy Demand For 
NPC Reference Cases 

High Refel'eace Case Low Refel'eace Case 
Growth Growth 

1990 2000 2010 1990-2010 1990 2000 2010 1990-2010 

Residential 
Electricity . . . . . . . . . . . . . . . . . . .  476 542 615 1 .29% 476 527 580 0.9goA, 
Oil Products . . . . . . . . . . . . . . .  266 224 196 -1 .52% 266 208 17 1 -2JgoA, 
Natural Gas . . . . . . . . . . . . . . . .  538 62 1 658 1 .01% 538 564 575 0.34% 
LPG . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19  2 1  23 0.96% 19  1 9  20 0.24% 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 1 1 -3. 1 6% 2 1 1 -4.06% 
Renew. & Other . . . . . . . . .  93 97 99 0.31% 93 88 86 -0.38% 

Total 1 ,394 1 ,506 1 ,592 0.67% 1 ,394 1 ,408 1 ,433 0.14% 

Commercial 
Electricity . . . . . . . . . . . . . . . . . . .  362 423 485 1 .47% 362 408 454 1 . 13% 
Oil Products . . . . . . . . . . . . . . .  102 102 99 -0. 13% 102 102 94 -0.42% 
Natural Gas . . . . . . . . . . . . . . . .  349 406 453 1 .32% 349 393 429 1 .04% 
LPG . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22 23 23 0.26% 22 22 22 -0.06% 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 0 0 0 0 0 
Renew. & Other . . . . . . . . .  2 3 5 4.96% 2 3 4 4.40% 

Total 836 957 1 ,065 1 .22% 836 927 1 ,002 0.91% 

Industrial 
Electricity . . . . . . . . . . . . . . . . . . .  627 805 972 2 .22% 627 761 880 1 .7 1% 
Oil Products . . . . . . . . . . . . . . .  3 10  376 409 1 .40% 310 279 267 -0.74% 
Natural Gas . . . . . . . . . . . . . . . .  875 1 , 130 1 ,340 2 . 15% 875 875 875 0.00% 
LPG . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26 29 33 1 .27% 26 23 22 -0.83% 
Coal, Coke . . . . . . . . . . . . . . . . .  2 17 276 470 3.95% 217  242 307 1 .76% 
Renew. & Other . . . . . . . . .  412 431 459 0.54% 412 360 300 -1 .58% 

Total 2,466 3,047 3,683 2 .03% 2 ,466 2,540 2,650 0.36% 

Transportation 
Electricity . . . . . . . . . . . . . . . . . . .  3 6 9 5.92% 3 5 7 4.37% 
Oil Products . . . . . . . . . . . . . . .  1 ,79 1 1 ,901 2 ,012 0.58% 1 ,791 1 ,873 1 ,954 0.44% 
Natural Gas . . . . . . . . . . . . . . . .  3 1 0  1 7  9.34% 3 1 0 17 9.2 1% 
LPG . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  26  31 37 1 .85% 26 3 1  36 1 .71% 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 0 0 0 0 0 
Renew. & Other . . . . . . . . .  0 0 0 0 0 0 

Total 1 ,822 1 ,948 2 ,075 0 .65% 1 ,822 1 ,9 1 9  2,013 0.50% 

Non-Energy 
Oil Products . . . . . . . . . . . . . . .  333 404 481 1 .85% 333 335 337 0.05% 
Natural Gas . . . . . . . . . . . . . . . .  139 186 226 2.47% 139 1 50 158 0.67% 
LPG . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  143 223 238 2 .56% 143 164 166 0.74% 

Total 616 813 945 2. 17% 616 649 662 0.36% 

Total End Use 
Electricity . . . . . . . . . . . . . . . . . . .  1 ,468 1 ,776 2,081 1 .76% 1 ,468 1 ,700 1 ,921 1 .35% 
Oil Products . . . . . . . . . . . . . . .  2,802 3,007 3, 1 97 0.66% 2 ,802 2,796 2,822 0.04% 
Natural Gas . . . . . . . . . . . . . . . .  1.903 2,353 2,694 1 .75% 1 ,903 1 ,992 2,054 0.38% 
LPG . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  236 327 354 2.06% 236 259 266 0.60% 
Coal . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  219 277 471 3.92% 219  243 308 1 .73% 
Renew. & Other . . . . . . . . .  507 531 563 0.52% 507 452 390 -1 .30% 

Total 7, 134 8,270 9,360 1 .37% 7 , 134 7,442 7,760 0.42% 

Electric Utility 
Natural Gas . . . . . . . .  97 81 1 16 0.90% 97 81  1 1 6  0.90% 

Total Primary Gas Demand 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2,000 2 ,434 2 ,810 1 .72% 2,000 2,073 2 , 170 0.41% 

Note: Gas and oil demands are absent any fuel switching from gas to oil. 
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REGULATORY .AND 
TRANSPORTATION MARKET 

STRUCTURE 

Residential & Industrial & 

Regulatory Context 
• NPC Reference Cases assume a 

Commercial Sectors Utility Sectors 
flexible market structure and continu
ation of regulatory move toward 
deregulation. -- { 

Dual Market Structure 

• FERC transportation policy of 
Orders 4 3 6/500 continued. Total 
wellhead price decontrol by 1/1/93. 

• General market outlook is for 
near-term success in resolving indus
try's gas contract problems: 

Legacy of problem contracts es
sentially gone by 1 990/91 

All new gas contracts assumed 
to be market responsive - i.e. , 
contain market out clauses and 
take-or-release provisions 

• Pipeline/LDC contract relation-
ships reforme d in e arly 1 9 90 's 
through GIC's and Order 636 

• FERC Order 636  was issued 
during study and was not explicitly 
simulated in modeling effort. Rate 
treatment was revised to approximate 
the impact on transport rates and 
pipeline revenues of the shift toward 
Straight Fixed Variable rate-design. 
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Market Structure 

• All scenarios assume continuation of dual 
market structure: 

- LDC/tariff market of conventional gas 
utility sales under cost-of-service rates 

- End-user transportation market of 
spot gas sales under flexible T&D 
transport rates 

LDC!Tarif(Market 

• Tariff market is served by an LDC portfo
lio of firm and spot gas supplies: 

- Pipeline purchases 

- Direct Canadian imports (e.g. , PGT) 

- LT producer contracts 

- Spot market purchases 

• Scenarios assume LDC portfolios change 
as bubble ends to reflect greater reliance 
on firm supplies. 

• Scenarios also assume pipelines success
ful in stabilizing merchant function by 
early 1 990's. 

End-User TrangonaUon 

• End-user may enter transport market for 
two reasons: 

- Availability of lower priced gas com
pared to LDC's core-market tariff rates 

- Fuel switching pressures from lower
priced residual fuel oil 

• First group (gas-on-gas competitive) in
cludes higher-valued industrial user and 
distillate-competitive UEG load 

- Over forecast period tend to swing 
back to core market 

- UEG load (e.g. ,  combined cycle units) 
assumed to stay on transport gas 

• Second group (gas-on-oil competitive) al
lowed access to transport gas when 
needed to minimize fuel switching (no in
stitutional barriers) . Essentially a very 
flexible market tending to support de
mand 
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TransportaUon Discounting 

• Pipelines and LDC's will discount inter
ruptible transport (ITS) rates when neces
sary to compete for sales in end-user 
markets 

• Discounting constrained by "floors" rep
resenting minimum (year-round) rates. 

• Chosen to recover 0/M and debt costs allo
cated to ITS; little or no return on/of capital 

- Pipeline floors vary by pipeline 
group, range $0.25-$0.40 

- LDC floors assumed $0.20, 
representing rock-bottom rate 

• The scenarios assume that interpipeline 
competition does not lead to significant 
discounting on transportation for LDCtrar
iff market 

Pipeline Capacity 
Expansion And Costs 

• Capacity additions endogenously selected 
by EEA Pipeline Network Model. Objec
tive is to minimize delivered gas cost at 
each point in network subject to capacity 
constraints, while satisfying demand. 

• Pipeline capacity expansions 
determined from: 

- Announced expansion plans 
(through 1 994) 

- Endogenous selection of long-term 
expansion options (generic plans) 

• Costs of pipeline c apacity expansions 
based on: 

- Costs and rates estimated by 
sponsors of armounced projects 

- Generic cost algorithms developed 
by NPC T&S Group for construction 
cost per Mcfd of capacity per 
geographic mile of haul (see chart) . 

• Other capital expenditures for mainte
nance and refurbishment of existing 
transmission facilities based on scenario 
(time-phased schedule) developed by 
NPC T&S Group. 



- $2.90 Alaskan 1 Canadian Frontier 
IIIIIIIUIIIW $1 .1 0 Canadian Existing System 
- $1 .40 U .S. Existing System (Loop & Compression) 
= $1 .25 U .S. Existing System (Compression Only) 
··-··- $1 .80 New System 

North American Gas Pipeline Network Structure 

Transmission Capital Expenditure Relationship 

- $/Mcfd/Mile -
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Network Nodal Structure 

Lower-48 Nodes Canadian 
NODE NAME SUPPLY DEMAND Imports 
N1 NEW ENGL ME, NH, VT, MA, CT, Rl IMPORT 

N4 NY/NJ Appalachia: NY NY, NJ 
NODE LOCATION 

N6 MID ATLANTIC Appalachia: South PA, DE, MD, VA, WV, KY N3 ............. PhiUipsburg 
N8 SO ATL NC, SC, GA / Cornwall 

N10 FLORIDA MAFLA - Florida FL N5 . .. . ......... Niagara 
N1 1 SO. EAST MAFLA - MS/AL MS, AL, TN N14 ........... St. Clair 
N12 NORPHLET Norphlet 

N15 ........... Emerson 
N13 MIDWEST Midwest 1 Appalachia: Ohio IN, IL, Ml,  WI, MN, OH 
N16 CENTRAL MO, lA, NE N24 ........... Monchy 

N17 SO. LA LA Gulf Onshore AR, LA N28 • • . • • • . • . . •  Wild Horse 
N18 E.  TEXAS NE. TX I NO. LA &TX Gulf Onshore E.TX N29 . • . . • • • • • • .  Kingsgate 
N19 GuW Of Mexico Gulf Of Mexico 
N21 W. TEXAS Permian Basin W.TX, E.NM 

N30 ..... . . . . . . Huntingdon 

N23 MID-CONT Mid Continent KS, OK 
N25 GT PLNS Great Plains 

Coal Gasification Coal Gasification 
N26 HSM WL Williston Basin Mexican 
N27 MOUNTAIN CO, UT, WY, Ml, NO, SO Border Points 
N31 PAC NW Pacific: OR, WA OR, WA, ID IMPORT 

N32 NPC / PGT NODE LOCATION 

N33 SO PAC Pacific: CA, AZ, NV CA, AZ, NV N22 ........... Juarez 
N34 HSM LO Pacific Offshore 

N56 .......... Reynosa 
N35 OPAL WY Rockies (HSM FR) 
N36 HSM OV Overthrust Be� N57 . .. . . .... . Naco etc. 

N37 HSM SJB San Juan Basin (N) 
N38 EPNG/SJ San Juan Basin (S) W.NM 

N39 EPNG/TW 
N40 Atlantic Offshore HSM AO 

LNG. 

Canadian/Alaska Nodes 
Imports 

TERMINAL 
NODE NAME SUPPLY DEMAND NODE LOCATION 

N41 BC (N) HSM BC N2 ............. Everett 
N42 BC (S) BC N7 ..... . . . . . . . . Cove 
N43 Boundary Lake Point 
N44 Caroline HSM ASM Alberta N9 • • . • . • • . . . . . •  Eba 
N45 Empress Island 
N46 Saskatchewan Saskatchewan N20 ........... Lake 

Charles 
N47 Manitoba Manaoba 
N48 Ontario Ontario 
N49 Quebec Quebec 
N50 Eastern Canada HSM EC Atlantic 
N51 Arctic Islands HSM ART 
N52 Mack I Beaufort HSM NWC 
N53 Alaska North Slope HSM AKO 
N54 Alaska Interior HSM AK 
N55 Alaska Cook Inlet HSM AKO Alaska 
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Pipeline Capacity Costs 
And Rates 

Capitalization Assumptions 

NPC 
T&S Choice 

Equity (% of capital) . . . . . . . . . . . . . . . . . . .  30% 

Return on Equity (AT) . . . . . . . . . . . . .  ; . .  1 3.5% 

Cost of Debt (BT) . . . . . . . . . . . . . . . . . . . . . . . .  1 0.0% 

Composite ROR (BT) . . . . . . . . . . . . . . . . .  1 3. 4  

Ratemaking Assumptions 
Useful Life . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30 years 

LF (%) for rate design . . . . . . . . . . . . . . . .  90% 

Levelization of Rates . .  .. .. . .  . .  . .  . .  . .  . .  Over flrst 5 years 

Incremental/Rolled-in 
Canada . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  rolled-in 
U.S. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  rolled-in 

Pipeline Construction Costs 
Standard . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  NPC T&S factors 

Exceptions . . . . . .  . .  . .  . .  . . . . . . . . . . . . . .  . . . . . .  . .  Known projects 

ENVIRONMENTAL 
REGULATION 

Impact Of Pending 
Regulatory Activity On Gas 

And Competing Fuels 

1W!1 
• No new reqUirements. EPA not likely to 

revise or expand. EPA will look to BACT* 
and LAER** reviews of new equipment to 
tighten emission limits 

AC1D RJIIN 
• Focus of legislation is on reduction of 

S02/NOx emissions from coal-fired units 
in electric utility sector. 

• Control options will include scrubbing 
(FGD) , coal switching, clean coal tech
nologies. · 

• Oil-fired units will be affected in second 
phase (post-2000) . Gas will have clear 
premium over fuel oil based on sulfur con
tent. 

• Emerging gas/coal technologies ( cofiring, 
reburn) have potential to offer emission 
control option. Gas also valuable as back
up contingency control measure (FGD 
outages, higher power situations) 

• States could be under pressure to cut oil 
sulfur limits applicable to non-utility 
sources. 

* Best Available Control Technology 

** Lowest Achievable Emissions Rate 

Acid Rain 

• Key provisions of Acid Rain law (Title IV): 
- Mandated reductions in emissions from 

fossil-fuel steam generators, 1 0  MM 
tons SOx and 2 MM tons NOx by 2000 

- Meet 2 .5 lbs/MMBtu average in Phase I 
(by 1 995 or 1 996) 

- Meet 1 . 2 lbs/MMBtu in Phase II (by 
2000 or 2001)  with no (or limited) emis
sions increases allowed for units �1 . 2  
lbs 

- Emissions allowances/trading system 

- No direct control of industrial sector 
sources, but may optionally participate 
in trading 

• Key elements to reflect in an environmen
tal scenario: 

- Higher electricity prices and impact on 
electricity demand growth 

- Gas/oil fuel switching constraints in utili
ties - e.g., emissions trading via SOx 
control cost curve 

- Market size for gas/coal technologies 

- Potential for EPA to tighten air emis-
sions regulations in the industrial sector 
in a future action 
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CNG 
Vehicle Scenario 

• Reference Case based on estimating 
numbers of clean-fuel vehicles required 
by Mandated Programs (only) in four vehi
cle groups: 

- Urban buses 

- Fleet vehicles 

- Private autos (California only) 

- Some heavy-duty trUcks 

• Analysis based on simplified model of ve
hicle population dynamics: vehicles in 
operation, miles of travel, fuel consump
tion, scrappage, etc. Key variables are: 

- Extent of U.S. vehicle population in af
fected geographic areas 

Clean Fuel Vehicle 
Energy Consumption Scenario 

(TBTU'S) 

Urban School Fleet Calif lt/Med Other 
Total Buses Buses LDV/l.DT Pilot Proj MOTs LDVA.oT 

1985 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1986 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1987 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1988 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1989 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1990 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

· 1991 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1992 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1993 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1994 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1995 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1996 21 .3 0.0 0.0 0.0 21 .3 0.0 0.0 
1 997 39.5 0.0 0.0 0.0 39.5 0.0 0.0 
1998 83.8 6.3 0.7 1 3.8 55.0 8.0 0.0 
1999 1 57.5 1 2.6 1 .3 39.7 88.1 8.0 0.0 
2000 242.2 19.8 2.6 80.2 1 1 6.3 8.0 0.0 
2001 301 .9 27.0 4.0 99.9 140.5 8.0 0.0 
2002 350.2 35.3 6.2 1 10. 1  161 .2 8.0 0.0 
2003 396.2 43.6 8.5 1 21 .4 178.8 8.0 0.0 
2004 439.0 51 .7 10.8 1 32.5 193.8 8.0 0.0 
2005 471 .5 52.2 13.1 1 43.8 206.4 8.0 0.0 
2006 500.8 52.7 15.5 1 53.9 217.1 8.0 0.0 
2007 528.1 53.3 17.9 164.0 226.0 8.0 0.0 
2008 553.8 53.8 20.3 1 74.3 233.4 8.0 0.0 
2009 577.7 54.3 22.7 1 84.5 239.4 8.0 0.0 
2010 600.5 54.9 25.1 194.9 244.3 8.0 0.0 
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- New vehicle sales levels, fuel consump
tion per vehicle , vehicle lifetimes 
(turnover rate) 

- Limiting provisions (e.g. , fleet vehicle 
program limited to centrally-fueled 
fleets of 10 or more) 

• CNG penetration rates in clean-fuel vehi
cle populations based on a positive out
look for CNG penetration versus other 
clean fuels: 

CNG 

- 25% of urban buses 

- 25% in mandated fleet vehicle pro-
grams 

- 10% in California pilot program for pri
vate autos 

- 50% in other vehicle group s  (e . g. , 
school buses and heavy trucks) 

CNG Vehicle Natural Gas 
Consumption Scenario 

(TBTU'S) 

Urban School Fleet Calif. Pilot lt/Med Other 
Total Buses Buses LDV/l.DT Proj MOTs LDVILDT 

Penetration Among 
Clean-Fuel Vehicles 25.0o/o 50.0% 25.0% 10.0% 50.0% 0.0% 
1 985 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1 986 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1 987 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1988 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1 989 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1 990 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1991 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1992 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1993 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1994 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1995 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1996 2.1 0.0 0.0 0.0 2.1 0.0 0.0 
1 997 4.0 0.0 0.0 0.0 4.0 0.0 0.0 
1 998 14.9 1 .6 0.4 3.5 5.5 4.0 0.0 
1 999 30.4 3.2 0.7 9.9 8.8 7.9 0.0 
2000 49.6 5.0 1 .3 20.1 1 1 .6 1 1 .7 0.0 
2001 63.0 6.8 2.0 25.0 1 4.1  15.3 0.0 
2002 74.3 8.8 3.1 27.5 1 6.1 1 8.7 0.0 
2003 85.3 1 0.9 4.3 30.4 17.9 22.0 0.0 
2004 95.9 1 2.9 5.4 33.1 1 9.4 25.1 0.0 
2005 . 1 04.2 13.1 6.6 36.0 20.6 28.0 0.0 
2006 1 1 1 .9 13.2 7.8 38.5 21 .7 30.8 0.0 
2007 1 19.3 13.3 9.0 41 .0 22.6 33.5 0.0 
2008 1 26.5 1 3.5 10.2 43.6 23.3 36.0 0.0 
2009 133.4 1 3.6 1 1 .4 .46.1 23.9 38.4 0.0 
2010 140.1 1 3.7 12.6 48] 24.4 40.7 0.0 



Upstream 
Environmental 

Compliance 
Costs 

• NPC environmental regulations compli
ance cost impact scenario based on anal
ysis of four laws: 

- Resouxce Conservation 
And Recovery Act (RCRA) 

- Safe Drinking Water Act (SDWA) 
- Clean Water Act (cwA) 
- Clean Air Act (CAA) 

• Also considered restrictions on wetlands 
drilling 

• Costs put directly into Hydrocarbon Sup
ply Model as capital costs or operating 
costs dollars per well, broken out by re
gion and depth interval 

• Over 30 different variables such as well 
depth, productivity. produced water ratio, 
disposal well ratio to producer, and pro
duction wells per gas plant were esti
mated for use in cost calculations 

• Majority of compliance cost estimates 
were adapted from .API reports, 

• EPA reports on Clean Water Act costs and 
MMS reports on Clean Air Act costs were 
also utilized 

• NPC "balanced" scenario is generally 
equivalent to the low imp act c ases 
sketched by the Department of  Energy in 
their 1 990 oil exploration and production 
report 

- Sum of all NPC "balanced" scenario 
costs generally add less than $55,000 to 
the costs of new gas wells, $1 25,000 to 
costs of new oil wells 

- Operating costs increased less than 
$7 , 000 per year/gas well, $4200 per 
year/oil well 

- Exception is Clean Water Act impact on 
shallow water offshore operations: 

- NPC scenario results in as much as 
$ 1 30 , 00 0  per well incre ase in 
drilling costs, 

- Other exceptions include much higher 
costs of DNA regulations in Louisiana, 
CAA regulations offshore California, 
and wetlands drilling costs in Louisiana 

• Impact on production from existing com
pletions considered in model of all exist
ing U.S. gas wells 

• Special attention paid to impact on Ap
palachian region and stripper well com
pliance costs 

• RC RA - C apital c o sts  incurred from 
$ 1 0 ,000 to $ 1 5 ,000/well (onshore) main 
cost is offsite drilling waste disposal .  
Other costs include evaporation pit clo
sure, emergency pit upgrades, workover 
pit closure 

• SDWA - Operating costs from 0 to $4,000 
per year/well (onshore) main cost is me
chanical integrity pressure testing and 
logging of injectors 

• CWA - Capital costs incurred $2,500/well 
(onshore ex. La) . Capital costs incurred 
up to $ 1 20 ,000/well (onshore La) . Off
shore new well shallow water capital costs 
up to $461 ,000 (oil) , $ 1 1 3,000 (gas) . Off
shore existing well shallow water capital 
costs up to $28,000 (oil) , $ 1 7 ,000 (gas) 

- National Pollution Discharge permit 
costs $2 ,500/well 

- Onshore Louisiana costs increased by 
cost of new injection wells required by 
ban on surface discharge of produced 
fluids Offshore costs driven by holding 
tank and treatment system for produced 
waters - draft scenario uses national av
erage water production for oil and gas 
wells 

• CAA - Capital costs incurred from $3,000 
to $ 1 2 , 000/well (onshore) main cost is 
compression cost increase because of air 
toxics emissions controls 

• Capital costs incurred up to $1 25,000/well 
(offshore Calif) main cost increase be
cause of air toxics emissions controls dur
ing platform construction, development 
drilling and operation 

• Wetlands Drill Site Restrictions - Capital 
costs increase from $ 1 00 to $1 20,000 per 
gas well due to increased directional drilling 
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Summary 
Of Environmental 

Assumptions 

• Acid rain scenario based on Title N of 
CAAA of 1 990: 

- Starts in 1 995, Phase IT in 2000 

- 1 2 ,000 MW scrubbing in 2000, increas-
ing to 20,000 in 2005 

- Efficient market leads to marginal S02 
control costs of $450-500/ton in 2000 
and $550-600/ton in 2005 

- Gas cofiring market is 190-230 bcf/year 

- Industrials impacted by tightened SIPS 

• Vehicle gas consumption under Clean Air 
Act based on positive outlook for CNG ve
hicle penetration: 

- By 2000, 50 Bcf 

- By 2005, 1 00 Bcf 

- By 20 1 0, 1 40 Bcf 

1. New England 
2. New York I New Jersey 
3. Middle Atlantic 
4. South Atlantic 
5. Midwest 

6. Southwest Central 
7. Central 
8. North Central 
9. Southern PacHic 
10. Northwest 

NOTE: Alaska and Hawaii Excluded 

U.S. ENERGY DEMAND 
AND ECONOMIC ACTnnTY 

Introduction To U.S. Energy 
Demand Trends 

• NPC Demand and Distribution group 
modified energy demand trends in all 
end-use sectors by targeting specific en
ergy intensity trends: 

- Residential energy use per building 

- Commercial energy use per square 
foot 

- Industrial energy use per unit of output 

• The impact of these changes was to de
crease energy demand growth below lev
els which models would have projected. 

• Energy demand, energy intensity, and 
macro-economic inputs are itemized in 
the following section. Other demand-re
lated assumptions also are itemized. 

EOM Demand Regions of the United States 
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• Macro-economic inputs were prepared by 
DRI/McGraw Hill for NPC on a regional 
basis. However, the SIC mix of industrial 
production output was modified by NPC 
Demand & Distribution group from that 
projected by DRI, while total growth in 
output was retained as projected. 

Comparison Of 
Key Economic And Energy 

Assumptions 

NPC High And Low Reference Cases 
( GROWTH RATES ARE PERCENT P.A. , 1990-2010 ) 

Case 1: High Case 2: Low 
Scenario Assumption Reference Reference 

Economic Growth Moderate Slowed 

GNP 2.4% 2 .0% 

Disposable Income 1 .80% 1 .49% 

Industrial Production 2.70% 2 .25% 

Population Growth 0.64% 0.31% 

Residential Housing 
Stock 1 .01% 0.74% 

Commercial Floor Space 1 .40% 1 .08% 

General 

World Oil Price $27.85 $20.00/ 
($1990 in 2010) /bbl bbl 

U.S. Energy Demand Approx. Approx. 
(2010) 100 Quads 88 Quads 

Environmental Currently Currently 
Laws enacted enacted 

Energy taxes (new) None None 

Total U.S. Energy Demand 

(QUADS) 

Case 1 :  
High Ref. 

1990 2010 
Industrial 

Fuel & Power I 1 6.8 2 1 .3 

Raw materials 6.0 7 .2 

Subtotal 22.8 28.5 

Residential 9.0 10 .3 

Commercial 6.5 8.2 

Electric Losses 20 .0 25.0 

Transportation2,3 22 . 1  28. 1 

Total 80.4 100. 1 

1 Includes lease and plant gas use. 

Case 2: 
Low Ref. 

2010 

16.5 

6.7 

23.2 

9.6 

7.7 

22.8 

24.4 

87.7 

2 Includes CNG vehicle demand and gas pipeline fuel. 

3 Transportation sector energy projection 
prepared for NPC by DR!. 
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Comparison Of 
Energy Demand Trends 

By Sector 

NPC High And Low Reference Cases 
(GROWTH RATES ARE PERCENT P.A., 1990-2010) 

Case 1: High Case 2: 1Dw 
Reference Reference 

RESIDENTIAL 
Housing Stock Growth 1 .01% 0.74% 

Energy lntensity1 -0.5% -0.6% 

Energy Demand2 +0.5% +0. 1% 

Electricity Demand 1 .65% 1 .08% 

COMMERICIAL3 

Floor Space Growth 1 .40% 1 .08"/o 

New Gas Technologies Modest No 
( cogen, cooling) penetration growth 

Energy lntensity1 -0.4% -0.4% 

Energy Demand2 + 1 .0% +0.7% 

Electricity Demand 1 .45% 1 .30% 

1 Energy use per unit (building , sq. ft. of floor 
space) . Target intensity trend selected by NPC Demand 
and Distribution group. 

2 Energy demand growth rate on a weather nor
malized basis . Actual 1990-201 0  growth rates will differ 
due to effect of weather patterns on 1 990 energy de
mand. 

3 Excludes natural gas vehicles, which are re
ported with commercial sector in standard model out
puts. 
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Comparison Of 
Energy Demand Trends 

By Sector 

NPC High And Low Reference Cases 
(GROWTH RATES ARE PERCENT P A., 1990-2010) 

- CONT'D -

Case ! : High Case 2: Low 
Reference Reference 

INDUSTRIAL 

Production Growth 2 .70% 2 .25% 

SIC Mix 1983-90 1 983-90 
of Production Trends Trends 

Energy 1983-90 1 973-80 
Efficiency Gains Period Period 
Industrial EEA Scenario Minor downward adjust-
Cogeneration for 1993 GRI ment in growth to match 

Baseline slower steam demand 
Projection growth (1995-2010) 

Industrial Energy Demand (Quads) 

1990 2010 2010 

Fuel & Power 
(ex L&P) 1 5.58 20.03 1 5.46 

Raw Materials 5.97 7 .21  6.69 

Total (ex L&P) 2 1 .59 27.24 ( 1 .2%) 22. 1 5  (0. 1%) 

+ L&P 1 .27 1 .25 . 1 .08 

Total Industrial 22.81 28.49 ( 1 . 1%) 23.23 (0.1%) 

Purchased Electricity 3.2 1 4.54 ( 1 .7%) 4.33 ( 1 .5%) 



Comparison Of Energy Demand 
Trends By Sector 

NPC High And Low Reference Cases 
(GROWTH RATES ARE PERCENT P.A. , 1990-2010) 

- CONT'D -

Case 1 :  Case 2: 

High Reference Low Reference 

ELECTRIC UI'ILl'l'Y 
Purchased 
Electricity Growth 1 .62% 1 .30% 

Energy-QUADS 1 990 2010 2010 

Inputs 29.4 37 .7 ( 1 .2%) 35 .5(0.go/o) 

Losses 20.0 25.0 22.8 

Key Assumptions 
Repowering Adds 2 1  GW to existing Adds 15 GW 

oil/gas capacity, to existing oil/ 
mostly after 2000 gas capacity 

Heat Rate New Units improve 
Improvement 6% by 20 10 over Same 

1 990 technology 

Existing units improve 
2-3% (on average) 

due to refurbislunent 
Same 

Fuel Mix in New gas-fired generators 
New Units assumed supplied at finn Same 

transport gas rates 

Utility price expectations assume 
future gas prices will ramp Same 
to residual oil equivalent. 

Lower-48 Natural Gas 
Consumption 

(QUADS) 

Case 1 :  Case 2: 

High Ref. Low Ref. 

1 990 201 0  20 10 

Residential 4 .5  4 .9  4 .7  

Commercial1 2 .7  3.5 3 .1  

Industrial 7 .0  8 .9  6 . 1  

Electric Utility 2.9 5 .4  4.9 
. ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Total 1 7 . 1  22 .7 18.8 

+Lease/Plant 

+PPL Fuel 

+Exports/UAF 

Total Disposition 

1 . 1  

0 .6 

0.2 

1 9.0 

1 .3 

0.9 

0.2 

25.0 

1 . 1  

0.7 

0.7 

2 1 .3 

1 Includes 0. 1 4  Quads for gas demand in natural 
gas vehicles in 2010.  
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Economic And 
Demographic Inputs 

NPC HIGH 
REFERENCE CASE 

Industrial 
Production Growth Rates 

NPC High Reference 
Case (No. 3) 

Scenario 

FRB index F'RB index Growth Rates 

77= 1 .00 87= 1 .00 (% p.a.) 

1 980 1 .086 0.837 

1 98 1  1 . 1 10 0.855 

1 982 1 .03 1 0.794 

1 983 1 .092 0.84 1 

1 984 1 .2 18 0.938 

1 985 1 .238 0.954 

1 986 1 .251 0.964 

1 987 1 .298 1 .000 

1 988 1 .372 1 .057 

1 989 1 .403 1 .08 1 

1 990 1 .4 17 1 .092 

1 991  1 .390 1 .07 1 - 1 .9% 

1 992 1 .4 18 1 .092 2.0% 

1 993 1 .488 1 . 1 46 4 .9% 

1 994 1 .535 1 . 1 82 3 . 1 %  

1 995 1 .583 1 . 220 3.2% 

1 996 1 .630 1 .256 2.9% 

1 997 1 .677 1 .292 2.9% 

1 998 1 .740 1 .34 1 3.8% 

1 999 1 .794 1 .382 3. 1 %  

2000 1 .850 1 .425 3. 1 %  

2001 1 .9 1 2  1 .473 3.4% 

2002 1 .972 1 .5 1 9  3. 1% 

2003 2.038 1 .570 3.3% 

2004 2 . 1 0 1  1 .6 1 9  3. 1 %  

2005 2 . 1 56 1 .66 1 2 .6% 

2006 2.2 12  1 .704 2.6% 

2007 2.268 1 .747 2.5% 

2008 2.3 18 1 .786 2.2% 

2009 2.365 1 .822 2.0% 

20 10 2.4 13 1 .859 2.0% 

1 990-2000 2.70% 

2000-20 10 2.69% 

1 990-20 10 2 .69% 
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Industrial Production By Federal Region 

NPC High Reference Case 
- Millions $ 1977 -

FRB INDEX ('77) 109.2 

1 .0% Growth 

1990 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f.��-�.P.�!!!��� .. �!!Q!��� ........ . . . . .. . . .............................................. 

GROWTH 
NE NYJNJ MA SA MW swc CEN MTN PAC NW L-48 US % P.A. 

Food 6,040 1 8, 129 24,671 42,437 57,637 28,479 27,815 8,313 25,792 8,971 248,284 1 . 1% 
Textiles 2,895 2,427 4,818 38,890 1 ,1 24 622 1 21 0 1 ,410  169 52,476 -1 .2% 
Paper 6,831 6,746 7,041 16,985 19,925 5,737 2, 1 20 331 4,1 29 3,916 73,76j 2.1% 
Chemicals 6,392 25,819 20,1 15 35,609 34,218 24,607 7,267 1 ,564 1 1 ,560 3,479 170,631 1 .5% 
Refining 371 6,907 9,143 8,944 1 7,561 44,314 4,312 4,354 25,053 1 ,248 1 22,206 2.1% 
Stone Etc. 1 ,613 3,832 5,334 8,878 8,753 4,569 2,468 1 ,441 4,909 1 ,056 42,852 -2.0% 
Steel 1 ,468 2,075 15,234 6,059 26,405 2,1 1 2  1 , 1 81 1 , 1 58  2,024 700 58,416 0.4% 
Aluminum 3,067 3,505 4,156 7,978 10,623 3,896 1 ,674 1 ,606 4,635 2,01 2  43,152 -2.7% 
All Other 89,573 101 , 128 101 ,428 183,065 308,914 87,839 69,794 26,319 182,909 37,769 1 , 188,737 1 . 1% 

Total 1 1 8,250 170,568 191 ,941 348,844 485,159 202,174 1 1 6,752 45,085 262,421 59,319 2,000,514 1 .0% 
Annual 
Growth -1 .7% -o.1o/o -o. 1o/o 1 .2% 0.3% 2.2% 1 .6% 3.0% 2.7% 4.5% 1 .0% 

Industrial Production By Federal Region 

NPC High Reference Case 
- Millions $ 1977 -

FRB INDEX ('77) : 1 2 1 .3 

3.6%: Growth 

1995 
....................................................................... f.���.�I..P.�!!!��� .. ��Q!��� ......... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

GROWTH 
NE NYJNJ MA SA MW swc CEN MTN PAC NW L-48 US o/o P.A. 

Food 6,222 18,380 28,416 47,288 63,053 31 ,971 31 ,250 9,269 28,726 9,892 274,468 2.8% 
Textiles 3,080 2,346 5,008 41 ,204 1 ,218 725 1 43 0 1 ,529 1 87 55,440 1 .8% 
Paper 7,360 6,996 7,572 19,048 22,061 6,482 2,4 1 1  362 4,51 3 4,208 81,013 3.2% 
Chemicals 7,524 29,346 22,495 39,755 39,650 29,776 8,187 1 ,807 13,362 4,048 1 95,951 4.2% 
Refining 355 7,095 9,421 9,405 18, 101 49,457 4,753 4,9 1 1  25,571 1 ,487 1 30,556 2.2% 
Stone Etc. 1 ,557 3,836 5,426 9,261 9,516 4,923 2,621 1 ,522 5,1 84 1 ,088 44,936 2.6% 
Steel 1 ,325 1 ,884 15,325 6,1 48  27,21 1 2,232 1 ,226 1 , 1 49 2,004 700 59,203 1 .6% 
Aluminum 3,072 3,540 4,747 8,959 1 2,305 4,198 1 ,926 1 ,683 4,753 2,096 47,281 3.2% 
All Other 99,844 108,339 1 13,636 21 1 ,235 335,441 101 ,055 . 79,336 31 ,210 210,673 42,567 1 ,333,335 4.0% 

Total 130,339 181 ,763 21 2,046 392,303 528,557 230,819 131 ,854 51 ,912 296,31 6  66,274 2,222,182 3.6% 
Annual 
Growth 4.4% 2.9% 3.8% 3.5% 2.9% 3.6% 3.8% 4.5% 4.3% 3.8% 3.6% 
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Industrial Production By Federal Region 

NPC High Reference Case 
- Millions $ 1 977 -

FRB INDEX ( '77) : 1 4 1 .2 

3. 1 %  Growth 

2000 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f.���-�LP.�!TI�!!� .. R!!9.!�!!� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

GROWTH 
NE NYJNJ MA SA MW swc CEN MTN PAC NW l-48 us o/o PA. 

Food 6,957 20,208 33,694 54,614 71 ,654 36,673 35,989 10,634 32,926 1 1 ,339 314,688 2.8% 
Textiles 3,302 2,385 5,453 45,447 1 ,328 783 1 59 0 1 ,699 201 60,757 1 .8% 
Paper 8,554 7,998 8,745 22,440 25,903 7,553 2,867 430 5,365 4,833 94,688 3.2% 
Chemicals 10 ,156 36,297 27,691 48,774 48,429 36,388 9,993 2, 1 93 16,2 1 7  4,858 240,996 4.2% 
Refining 445 7,886 10,533 1 0,885 19,859 54,605 5,563 5,627 28,757 1 ,721 1 45,881 2.2% 
Stone Etc. 1 ,748 4,231 6,100 1 0,648 10,879 5,674 2,994 1 ,740 5,923 1 ,254 51 , 190 2.6% 
Steel 1 ,401 1 ,925 16,591 6,733 29,434 2,447 1 ,356 1 ,233 2, 1 60 765 64,044 1 .6% 
Aluminum 3,513 3,888 5,696 1 0,715 14,678 4,764 2,292 1 ,937 5,390 2,390 55,262 3.2o/o 
All Other 1 23,730 122,924 132,852 246,644 371 ,850 1 18,433 93,430 38,568 259,808 50,998 1 ,559,238 3.2% 

Total 1 59,804 207,742 247,355 456,900 594,013 267,320 154,643 62,362 358,246 78,358 2,586,745 3.1 %  
Annual 
Growth 4.2% 2.7% 3.1 % 3.1% 2.4% 3.0% 3.2% 0 3.7% 3.9% 3.4% 3.1 o/o 

Industrial Production By Federal Region 

NPC High Reference Case . 
- Millions $ 1 977 -

FRB INDEX ('77) : 1 64.9 

3.2% Growth 

2005 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . .. . . . f.���-��I..P.�!TI��.�-.R�P.!�!!� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

GROWTH 
NE NYJNJ MA SA MW swc CEN MTN PAC NW l-48 us o/o PA. 

Food 7,763 22,513 38,131 63,685 81 ,999 42,292 40,856 1 2,272 38,1 69 1 3, 1 23 360,803 . 2.8% 
Textiles 3,540 2,528 5,993 49,963 1 ,447 860 187 0 1 ,848 218 66,584 1 .8o/o 
Paper 9,831 9,137 10,130 26,534 30,296 8,925 3,338 506 6,318 5,657 1 10,672 3.2% 
Chemicals 1 2,919 44,378 33,991 60,672 59,333 44,536 1 2,281 2,655 19,632 5,998 296,395 4.2% 
Refining 498 8,728 1 1 ,672 1 2,451 22,251 60,81 0  6,372 6,348 31 ,91 9  1 ,956 1 63,005 2.2% 
Stone Etc. 1 ,941 4,690 6,896 1 2, 187 1 2,379 6,525 3,394 2,007 6,840 1 ,456 58,316  2.6% 
Steel 1 ,512  2,056 17,968 7,403 31 ,674 2,664 1 ,470 1 ,343 2,351 839 69,281 1 .6% 
Aluminum 3,851 4,244 7,523 1 2,216 18,072 5,320 2,565 2, 1 85 5,964 2,650 64,591 3.2% 
All Other 148,525 141 ,41 2 156,401 288,404 429,935 140,082 109, 1 37 46,1 25 31 1 ,544 59,710  1 ,831 ,276 3.3% 

Total 190,378 239,686 288,705 533,515 687,387 31 2,015 179,601 73,441 424,585 91 ,607 3,020,922 3.2% 
Annual 
Growth 3.6% 2.9% 3,1% 3.1 %  3.0% 3. 1 %  3.0% 3.3% 3.5% 3.2% 3.2% 
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Industrial Production By Federal Region 

NPC High Reference Case 
- Millions $1977 -
FRB INDEX ('.77) :  186.2 

2.5%: Growth 

2010 
..................................... ; .... ............................ .f.��.� . .  Q�!!!!�� . .  ft!!ll!��.� . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

GROWTH 
NE NYINJ MA SA MW swc CEN MTN PAC NW L-48 US % P.A. 

Food 8,692 25,1 73 43,232 74,056 93,866 48,728 46.447 14,148 44,1 69 15,165 413,675 2.8% 
Textiles 3,799 2,681 6,586 54,916 1 ,578 946 218 0 2,01 1 236 72,970 1 .8% 
Paper 1 1 ,328 1 0,474 1 1 ,751 31 ,31 1 35,429 10,526 3,890 596 7,430 6,619 1 29,354 3.2% 
Chemicals 16,312 54,319 41 ,740 75,299 72,746 54,559 15,096 3,223 23,835 7,401 364,530 4.2% 
Refining 557 9,662 1 2,937 14,224 24,928 67,728 7,287 7,1 58  35,436 2,222 1 82,1 39 2.2% 
Stone Etc. 2,1 59 5,210 7,801 13,942 14,087 7,496 3,850 2,312 7,888 1 ,688 66,433 2.6% 
Steel 1 ,632 2, 194 19,462 8,149 34,068 . 2,902 1 ,595 1 ,463 2,560 921 74,946 1 .6% 
Aluminum 4,2n 4,697 9,553 14,008 21 ,929 6,000 2,898 2,485 6,676 2,972 75,495 3.2% 
All Other 167,247 154,599 173,795 318,970 471 ,724 156,166 120,617 51 ,809 350,567 66,099 2,031 ,592 2.1% 

Total 21 6,003 269,007 326,856 604,876 770,355 355,051 201 ,897 83,1 94 480,570 103,322 3,4 1 1 ,132 2.5% 
Annual 
Growth 2.6% 2.3% 2.5% 2.5% 2.3% 2.6.% 2.4% 2.5% 2.5% 2.4% 2.5% 

Residential Sector Rousing Stock By Region 

NPC High Reference Case 
- Thousands Of Units -

ANN. 
GROWTH 

RATE 
NE NYINJ MA SA MW swc CEN MTN PAC NW L048 (%) 

1990 5,648 1 0,481 9,747 1 8,739 1 8,658 1 1 ,398 7,278 3,1 48 1 2,978 3,528 1 01 ,603 2.0% 
1991 5,698 10,545 9,854 19,018 1 8,834 1 1 ,494 7,334 3,1 80  13, 185 3,604 102,746 1 . 1% 
1992 5,740 10,594 9,943 19,261 18,987 1 1 ,591 7,383 3,216 13,345 3,672 103,732 1 .0% 
1993 5,783 10,646 10,030 19,529 1 9,147 1 1 ,708 7,437 3,253 13,516 3,741 104,790 1 .0% 
1 994 5,828 1 0,704 10,1 16 19,809 1 9,309 1 1 ,843 7,494 3,291 13,698 3,809 1 05,901 1 . 1% 
1 995 5,875 1 0,766 10,204 20,104 19,4n 12,000 7,554 3,331 13,899 3,879 1 07,089 1 .1% 
1996 5,924 1 0,830 10,299 20,416 19,651 1 2,167 7,616 3,372 14, 1 20 3,952 108,347 1 .2% 
1997 5,974 10,895 10,397 20,731 1 9,823 12,337 7,676 3,412  14,352 4,025 1 09,622 1 .2% 
1 998 6,025 1 0,960 10,494 21 ,045 19,988 12,510 7,735 3,454 1 4,590 4,098 1 10,899 1 .2% 
1 999 6,076 1 1 ,025 10,590 21 ,353 20,144 12,683 7,789 3,496 14,829 4,1 69 1 1 2,154 uro 
2000 6,1 27 1 1 ,088 10,684 21 ,652 20,289 1 2,856 7,839 3,538 15,064 4,237 1 13,374 1 .1% 
2001 6,1 78 1 1 , 151 10,779 21 ,948 2(),427 13,027 7,886 3,582 15,301 4,303 1 14,582 0.9% 
2002 6,230 1 1 ,214 10,876 22,249 20,566 13,199 7,933 3,627 15,539 4,369 1 15,803 0.9% 
2003 6,281 1 1 ,276 10,970 22,539 20,698 13,368 7,9n . 3,671 15,775 4,433 1 16,989 0.9% 
2004 · 6,329 1 1 ,335 1 1 ,063 22,814 20,822 13,530 8,015 3,712 16,002 4,494 1 18,1 17  0.9% 
2005 6,377 1 1 ,391 1 1 ,1 50  23,076 20,937 13,687 8,050 3,752 1 6,221 4,554 1 19, 1 95 0.9% 
2006 6,421 1 1 ,443 1 1 ,231 23,322 21 ,043 13,836 8,081 3,790 16,431 4,61 1 1 20,208 0.9% 
2007 6,464 1 1 ,492 1 1 ,308 23,555 21,142 13,980 8,108 3,827 16,636 4,665 1 21 ,175 0.9% 
2008 6,506 1 1 ,541 1 1 ,383 23,788 21 ,240 14, 1 23 8,134 3,864 16,841 4,719 1 22,139 0.9% 
2009 6,551 1 1 ,592 1 1 ,460 24,030 21 ,342 14,269 8,1 63 3,903 17,051 4,775 1 23,136 0.9% 
201 0 6,597 1 1 ,645 1 1 ,541 24,282 21 ,447 14,418 8,1 93 3,943 17,263 4,831 1 24,1 60 0.9% 

1990·2000 0.89% 0;49% 0.97% 1 .57% 0.76o/a 1 .08% 0.64% 1 .23% 1 .59% 1 .90% 1 .10% 
2000·2010 0 .82% 0.51% 0.84% 1 .23% 0.54% 1 .09% 0.47% 0.98% 1 .22% 1 .27% 0.91% 
1990·2010 0.78% 0.53% 0.85% 1 .30% 0.70% 1 .1 8% 0.59% 1 .1 3% 1 .44% 1 .58% 1 .01% 
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Commercial Sector Square Footage By Region 

NPC High Reference Case - Million Square Feet 
ANN GROWTH 

NE NYINJ MA SA MW swc CEN MTN PAC NW L048 RATE (o/o) 

1 990 2,430 4,363 4,680 8,080 8,915  5,563 2,300 1 ,578 6,221 1 ,672 45,802 2.1% 
1 991 2,463 4,399 4,769 8,276 9,059 5,617 2,325 1 ,596 6,426 1 ,701 46,631 1 .8% 
1 992 2,449 4,371 4,779 8,290 9,069 5,609 2,322 1,596 6,527 1 ,709 46,721 0.2% 
1 993 2,428 4,349 4,789 8,302 9,100 5,626 2,326 1 ,602 6,625 1 ,722 46,869 0.3% 
1 994 2,405 4,333 4,806 8,359 9,162 5,666 2,339 1 ,614 6,722 1 ,740 47,1 46 0.6% 
1 995 2,387 4,317 4,824 8,468 9,237 5,715 2,354 1 ,625 6,809 1 ,758 47,494 0.7% 
1 996 2,381 · 4,305 4,850 8,624 9,323 5,779 2,371 1 ,638 6,894 1 ,775 47,940 0.9% 
1 997 2,391 4,300 4,884 8,798 9,41 1 5,854 2,389 1 ,652 6,981 1 ,791 48,451 1 . 1% 
1 998 2,415 4,308 4,928 8,967 9,504 5,942 2,410 1 ,669 7,075 1 ,807 49,025 1 .2% 
1999 2,451 4,332 4,988 9, 131 9,615 6,046 2,435 1 ,689 7, 190 1 ,828 49,705 1 .4% 
2000 2,494 4,373 5,065 9,293 9,748 6, 165 2,468 1 ,715 7,326 1 ,853 50,500 1 .6% 
2001 2,538 4,427 5, 154 9,456 9,902 6,298 2,506 1 ,745 7,482 1 ,884 51 ,392 1 .8% 
2002 2,580 4,492 5,249 9,622 10,073 6,442 2,549 1 ,778 7,649 1 ,9 18  52,352 1 .9% 
2003 2,616 4,563 5,348 9,791 10,257 6,594 2,596 1 ,81 5 7,822 1 ,957 53,359 1 .9% 
2004 2,648 4,638 5,448 9,964 10,448 6,752 2,645 1 ,854 7,996 1 ,998 54,391 1 .9% 
2005 2,675 4,713 5,544 1 0, 135 10,638 6,91 0 2,693 1 ,893 8, 163 2,040 55,404 1 .9% 
2006 2,703 4,789 5,640 1 0,31 0 10,828 7,072 2,741 1 ,934 8,328 2,084 56,429 1 .9% 
2007 2,731 4,867 5,736 1 0,491 1 1 ,019 7,239 2,789 1 ,976 8,495 2,130 57,473 1 .9% 
2008 2,758 4,943 5,830 1 0,670 1 1 ,203 7,405 2,836 2,017 8,660 2,176 58,498 1 .8% 
2009 2,785 5,017 5,923 1 0,846 1 1 ,380 7,571 2,880 2,058 8,823 2,222 59,505 1 .7% 
201 0 2,81 2 5,090 6,015 1 1 ,020 1 1 ,552 7,737 2,923 2,099 8,986 2,268 60,502 1 .7% 

1990-2000 0.38% 0.45% 1 .1 1 %  1 .60% 1 .09% 1 .30% 1 .00% 1 .34% 2.06% 1 .54% 0.98% 
2000-2010 0.45% 0.31 % 0.83% 1 .22% 0.70% 1 .22% 0.65% 0.98% 1 .23% 0.92% 1 .82% 

1990-2010 0.73% 0.77% 1 .26% 1 .56% 1 .30% 1 .66% 1 .21 % 1 .44% 1 .86% 1 .54% 1 .40% 

Disposable Income By Region 

NPC High Reference Case - Billions Of 1982 Dollars 
ANN GROWTH 

NE NYINJ MA SA MW swc CEN MTN PAC NW L048 RATE (%) 

1 990 178.7 352.5 291 .4 469.4 523.5 279.6 191 .6 78.2 424.6 96.7 2,886 -Q.5% 
1991 174.4 347.0 288.3 469.7 51 9.2 282.7 189.2 77.8 41 9.4 96.8 2,865 -Q.S% 
1 992 174.9 349.3 290.1 479.4 529.3 289.0 193.2 79.1 423.4 99.3 2,907 1 .5% 
1 993 179.1 355.3 296.5 495.2 544.5 298.9 199.1 81 .7 436.6 1 02.9 2,990 2.8% 
1 994 1 84.8 363.6 303.5 51 1 .9 560.9 309.4 205.2 84.6 452.3 1 06.4 3;082 3.1% 
1 995 188.9 372.1 309.9 526.5 573.4 318.1 21 0.1 86.9 465.6 1 09.4 3, 161 2.5% 
1 996 192.3 378.9 315.5 539.1 582.9 325.2 21 3.0 88.6 476.0 1 1 1 .6 3,223 2.0% 
1997 195.7 384.2 320.7 549.9 590.9 331 .8 21 5.6 90.0 485.5 1 1 3.5 3,278 1 .7% 
1998 199.6 390.6 325.8 562.2 600.9 338.9 21 9.8 91 .8 497.4 1 1 6.0 3,343 2.0% 
1 999 203.8 396.8 331 .8 574.7 61 1 .2 346.3 224.2 93.7 510.1 1 1 8.6 3,41 1 2.0% 
2000 207.2 402.2 337.3 586.2 620.2 352.8 227.9 95.5 521 .5 1 20.8 3,472 1 .8% 
2001 210.4 407.8 342.6 597.8 629.1 358.9 231 .3 97.2 532.6 1 23.0 3,531 1 .7% 
2002 213.7 41 2.7 348.5 608.9 637.5 364.7 234.4 98.9 543.2 1 25.3 3,588 1 .6% 
2003 217.5 418.1 354.9 621 .3 647.5 371 .5 238.1 100.7 554.6 1 27.6 3,652 1 .8% 
2004 221 .6 424.0 362.5 635.5 659.4 379.5 242.4 102.8 567.6 1 3Q.4 3,726 2.0% 
2005 225.4 429.6 370.5 649.8 670.4 387.7 246.4 1 04.9 580.8 1 33.0 3,798 2.0% 
2006 228.9 435.1 377.4 663.3 679.8 395.3 249.9 106.8 593.0 1 35.3 3,865 1 .7% 
2007 232.4 440.4 384.0 676.7 689.1 402.6 253.5 108.7 605.0 1 37.6 3,930 1 .7% 
2008 235.8 446.2 390.4 690.0 698.0 409.8 257.0 1 10.6 617.0 1 40.0 3,995 1 .6% 
2009 239.2 451 .8 396.8 702.9 705.9 416.8 260.2 1 1 2.4 628.4 142.3 4,057 1 .6% 
2010 242.7 457.6 403.4 716.0 714.0 424.1 263.4 1 1 4.2 639.9 1 44.6 4,1 20 1 .6% 

1 990-2000 1 .49% 1 .33% 1 .47% 2.25% 1 .71 % 2.35% 1 .75% 2.02% 2.08% 2.25% 1 .86% 
2000-2010 1 .59% 1 .30% 1 .80% 2.02% 1 .42% 1 .86% 1 .46% 1 .80% 2.07% 1 .8 1 %  1 .73% 

1 990-2010 1 .54% 1 .31 % 1 .64% 2.13% 1 .56% 2.10% 1 .60% 1 .91 % 2.07% 2.03% 1 .80% 
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Resident Population By Region 

NPC High Reference Case 
- Thousands of Persons -

ANN. 
GROWTH 

RATE 
NE NYINJ MA SA MW swc CEN MTN PAC NW L048 (%) 

1 990 13,204 25,749 24,1 97 46,760 46,518 28,359 1 8,382 7,633 34,887 8,797 254,486 0.4% 

1991 13, 198 25,819  24,390 47,464 46,888 28,757 18,509 7,727 35,567 9,007 257,326 · 1 . 1% 

1 992 13, 193 25,829 24,519  48,055 47,204 29,160 18,639 7,809 36,088 9,1 69 259,665 0.9% 

1 993 13,225 25,826 24,607 48,590 47,467 29,541 18,756 7,881 36,473 9,289 261 ,655 0.8% 

1 994 13,289 25,879 24,716 49,1 15 47,739 29,872 18,871 7,950 36,841 9,381 263,653 0.8% 

1 995 13,363 25,968 24,842 49,613 47,951 30,165 18,965 8,006 37,215 9,461 265,549 0.7% 

1 996 13,446 26,094 24,977 50,086 48,1 1 1  30,482 1 9,041 8,061 37,629 9,537 267,464 0.7% 

1 997 13,539 26,219 25, 1 21 50,530 48,258 30,778 19,1 17 8,1 1 2  38,043 9,592 269,309 0.7% 

1998 13,631 26,328 25,264 50,972 48,424 31 ,038 19 ,199 8,1 62 38,440 9,640 271 ,098 0.7% 

1999 13,714 26,418 25,405 51 ,415 48,603 31 ,282 19,286 8,21 2  38,819 9,691 272,845 0.6% 

2000 13,783 26,490 25,548 51 ,850 48,787 31 ,520 19,379 8,265 39,1 86 9,745 274,553 0.6% 

2001 13,839 26,553 25,688 52,273 49,040 31 ,720 19,527 8,322 39,51 0 9,793 276,265 0.6% 

2002 13,913 26,641 25,837 52,723 49,197 31 ,925 1 9,586 8,375 39,831 9,848 277,876 0.6% 

2003 13,977 26,719 25,969 53,146 49,323 32, 1 22 1 9,628 8,425 40,1 27 9,900 279,336 0.5% 

2004 14,031 26,780 26,1 09  53,565 49,445 32,332 19,664 8,475 40,434 9,950 280,785 0.5% 

2005 14,071 26,819 26,266 53,990 49,556 32,545 19,691 8,527 40,761 9,998 282,224 0.5% 

2006 14,1 12  26,860 26,423 54,423 49,657 32,754 19,714 8,579 41 ,092 1 0,047 283,651 0.5% 

2007 14,160 26,892 26,570 54,864 49,745 32,956 19,737 8,630 41 ,413  1 0,095 285,062 0.5% 

2008 14,213 26,944 26,710 55,306 49,822 33, 153 19,758 8,678 41 ,730 1 0, 144 286,458 0.5% 

2009 14,266 27,007 26,844 55,742 49,891 33,342 19,779 8,725 42,044 1 0, 195 287,835 0.5% 

2010 14,320 27,076 26,978 56,1 75 49,948 33,529 19,797 8,772 42,354 1 0,249 289,198 0.5% 

1 990-2000 0.43% 0.28% 0.54% 1 .04% 0.48% 1 .06% 0.53% 0.80% 1 .1 7% 1 .03% 0.76% 

2000-2010 0.38% 0.22% 0.55% 0.80% 0.24% 0.62% 0.21% 0.60% 0.78% 0.51% 0.52% 
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Economic And 
Demographic Inputs 

NPC LOW 
REFERENCE CASE 

Industrial Production Growth 
Rates 

NPC Low Reference Case (No. 3) 

Scenario 
FRB lndex FRB !ndex Growth Rates 

71= 1 .00 87= 1 .00 (o/o p.a.) 
1 980 1 .086 0.837 

1 981  l . l lO 0.855 

1 982 1 .03 1  0.794 

1 983 1 .092 0.84 1 

1 984 1 . 2 1 8  0.938 

1 985 1 . 238 0.954 

1 986 1 . 25 1 0.964 

1 987 1 .298 1 .000 NPC High 
1 988 1 .372 1 .057 Reference 

1 989 1 . 403 1 .08 1 Case 
1 990 1 . 4 1 7  1 .092 

1 991  1 .390 1 .07 1 - 1 . 9% - 1 .9% 

1 992 1 . 4 18  1 .092 2.0"/o 2 .0% 

1 993 1 . 475 1 . 137 4 .0% 4 .9% 

1 994 1 .507 1 . 1 6 1  2 .2% 3 . 1 %  

1 995 1 .546 1 . 1 9 1  2 .6% 3.2% 

1 996 1 .586 1 .222 2 .6% 2 .9% 

1 997 1 .628 1 .254 2 .6% 2 .9% 

1 998 1 .684 1 .297 3.5% 3 .8% 

1 999 1 . 732 1 .335 2.9% 3 . 1 %  

2000 1 .780 1 .37 1 2 .7% 3 . 1 %  

2001 1 .830 1 .4 1 0  2.8% 3.4% 

2002 1 .882 1 .450 2 .9% 3. 1% 

2003 1 .94 1  1 .495 3. 1% 3.3% 

2004 1 .998 1 .540 3.0"/o 3 . 1% 

2005 2.043 1 .574 2 .2% 2.6% 

2006 2.073 1 .597 1 .5% 2.6% 
2007 2. 106 1 .623 1 . 6% 2 .5% 

2008 2. 1 4 1  1 .649 1 . 6% 2.2% 

2009 2. 176 1 .676 1 . 6% 2 .0% 

2010 2.2 1 1 1 .704 1 . 6% 2 .0% 

1 990-2000 2.30% 2 .70% 
2000-20 10 2 . 1 9% 2.69% 

1 990-20 10 2 .25% 2 .69% 
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Industrial Production By Federal Region 

NPC Low Reference Case 
- Millions $ 1 977 -

FRB INDEX ('77) : 1 09.2 

1 .0%: Growth 

1990 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f.��.�L�!!!��.�-�!!9!!1.!1.! .... . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

GROWTH 
NE NYJNJ MA SA MW swc CEN MTN PAC NW L-48 US % PA. 

Food 6,040 1 8, 1 29  24,671 42,437 57,637 28,479 27,815 8,313 25,792 8,971 248,284 1 . 1% 
Textiles 2,895 2,427 4,818 38,890 1 , 1 24 622 1 21 0 1 ,4 10  1 69 52,476 ·1 .2% 
Paper 6,831 6,746 7,041 16,985 1 9,925 5,737 2, 1 20 331 4,1 29 3,916 73,761 2.1% 
Chemicals 6,392 25,81 9  20,1 15 35,609 34,218 24,607 7,267 1 ,564 1 1 ,560 3,479 1 70,631 1 .5% 
Refining 371 6,907 9,1 43 8,944 1 7,561 44,314  4,312 4,354 25,053 1 ,248 1 22,206 2.1 %  
Stone Etc. 1 ,613 3,832 5,334 8,878 8,753 4,569 2,468 1 ,441 4,909 1 ,056 42,852 ·2.0% 
Steel 1 ,468 2,075 15,234 6,059 26,405 2,1 1 2  1 , 1 81 1 , 1 58  2,024 700 58,416 0.4% 
Aluminum 3,067 3,505 4,1 56  7,978 . 1 0,623 3,896 1 ,674 1 ,606 4,635 2,012 43,1 52 ·2.7% 
All Other 89,573 101 , 128 101 ,428 183,065 308,914 87,839 69,794 26,319 1 82,909. 37,769 1 ,1 88,737 1 .1% 

Total 1 1 8,250 170,568 191 ,941 348,844 485, 1 59 202;1 74 1 1 6,752 45,085 262,421 59,31 9  2,000,514  1 .0% 
Annual 
Growth -1 .7% .0.1 %  .0. 1 %  1 .2% 0.3% 2.2% 1 .6o/o 3.0% 2 .7% 4.5% 1 .0% 

Industrial Production By Federal Region 

NPC Low Reference Case 
- Millions $ 1 977 -
FRB INDEX ('77) : 1 1 9.1 

2.9%: Growth 

1995 
. . . . . . . . . . . . . . . ... . . . . . ........ . . . . . . . ...... . . . . . . . .............. . . . . . . f.���.�L�!!!!�!l.�I..�!!U!!l.!l.� .... . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

GROWTH 
NE NYJNJ MA SA MW swc CEN MTN PAC NW L-48 US % PA. 

Food 6,134 1 8,1 1 8  28,0 1 1  46,615 62, 155 31 ,516 30,806 9,1 37 28,317  9,752 270,561 2.3% 
Textiles 3,051 2,323 4,960 40,809 1 ,207 718 1 41 0 1 ,515 185 54,908 1 .5% 
Paper 7,241 6,883 7,449 18,740 21 ,704 6,3n 2,372 356 4,440 4, 1 39 79,701 2.6% 
Chemicals 7,364 28,720 22,015 38,906 38,804 29,141 8,012 1 ,769 13,077 3,962 1 91,770 3.5% 
Refining 351 7,012 9,31 1 9,296 1 7,892 48,883 4,698 4,854 . 25,275 1 ,470 1 29,043 1 .8% 
Stone Etc. 1 ,536 3,784 5,352 9,1 35  9,387 4,857 2,586 1 ,501 5,1 14  1 ,073 44,326 2.2% 
Steel 1 ,314 1 ,868 15,1 99 6,097 26,987 2,214 1 ,216 1 , 139 1 ,987 694 58,715 1 .3% 
Aluminum 3,022 3,483 4,671 8,814 1 2,105 4,130 1 ,895 1 ,656 4,676 2,062 46,515 2.6% 
All Other 97,822 106,146 1 1 1 ,335 206,958 328,649 99,009 n,7ao 30,578 206,408 41 ,705 1 ,306,341 3.3% 

Total 1 27,834 178,339 208,304 385,371 518,890 226,844 1 29,456 50,989 290,809 65,043 2,1 81 ,879 2.9% 
Annual 
Growth 3.7% 2.2% 3.�% 2.9% 2.3% 3.0% 3.2% 3.9% 3.7% 3.1 %  2.9% 
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Industrial Production By Federal Region 

NPC Low Reference Case 
- Millions $ 1 977 -

FRB INDEX ('77) : 1 37 . 1  

2.9%: Growth 

2000 
. . . . . . . : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . f.���.��LP.�!TI��.� . . R�R!��.� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

GROWTH 
NE NYINJ MA SA MW swc CEN MTN PAC NW L-48 US % PA . 

Food 6,696 19,450 32,430 52,566 68,966 35,297 34,639 10,235 31 ,691 1 0,914 302,885 2.3% 
Textiles 3,219 2,325 5,315 44,294 1 ,294 763 1 55 0 1 ,656 1 96  59,216 1 .5% 
Paper 8,189 7,657 8,372 21 ,484 24,800 7,231 2,745 4 1 1  5, 1 37 4,627 90,654 2.6% 
Chemicals 9,588 34,268 26,1 43 46,048 45,722 34,354 9,434 2,071 1 5,31 1 4,587 227,527 3.5% 
Refining 431 7,645 10,210 1 0,552 19,251 52,933 5,393 5,455 27,877 1 ,668 1 41 ,415 1 .8% 
Stone Etc. 1 ,685 4,079 5,882 10,267 10,490 5,471 2,887 1 ,677 5,71 1 1 ,209 49,358 2.2% 
Steel 1 ,370 1 ,883 16,228 6,586 28,791 2,394 1 ,326 1 ,206 2,1 1 3  748 62,645 1 .3% 
Aluminum 3,363 3,723 5,454 10,259 14,053 4,561 2, 1 94 1 ,854 5,1 60 2,288 52,908 2.6% 
All Other 121 ,015 1 20,227 1 29,937 241 ,233 363,691 1 1 5,835 91 ,380 37,722 254, 1 08 49,879 1 ,525,027 3.1% 

Total 155,556 201 ,256 239,972 443,287 577,057 258,840 150, 1 54 60,632 348,763 76, 1 1 5  2,51 1 ,634 2.9% 
Annual 
Growth 4.0% 2.4% 2.9% 2.8% 2. 1 %  2.7% 3.0% 3.5% 3.7% 3.2% 2.9% 

Industrial Production By Federal Region 

NPC Low Reference Case 
- Millions $ 1 977 -

FRB INDEX ('77) :  1 57.4 
2.8%: Growth 

2005 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f.���.��LP.�!TI��.� . . R�Q\�!1.� . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . 

GROWTH 
NE NYINJ MA SA MW swc CEN MTN PAC NW L-48 US o/o PA. 

Food 7,295 21 , 1 57 35,834 59,849 77,060 39,744 38,395 1 1 ,533 35,870 1 2,332 339,070 2.3% 
Textiles 3,396 2,424 5,748 47,919 1 ,388 825 179 0 1 ,772 209 63,861 1 .5% 
Paper 9,159 8,513 9,438 24,722 28,226 8,315  3,1 1 0  472 5,886 5,270 1 03,1 1 2  2.6% 
Chemicals 1 1 ,766 40,419  30,958 55,259 54,039 40,562 1 1 , 1 86 2,418  17,880 5,463 269,950 3.5% 
Refining 473 8,298 1 1 ,097 1 1 ,838 21 , 1 55 57,814 6,058 6,035 30,346 1 ,860 1 54,973 1 .8% 
Stone Etc. 1 ,829 4,420 6,500 1 1 ,486 1 1 ,667 6, 1 50 3, 1 99 1 ,891 6,447 1 ,373 54,962 2.2% 
Steel 1 ,459 1 ,983 17,335 7, 142 30,558 2,570 1 ,419 1 ,296 2,268 809 66,839 1 .3% 
Aluminum 3,588 3,954 7,009 1 1 ,382 16,838 4,957 2,390 2,036 5,557 2,469 60,1 79 2.6% 
All Other 143,602 1 36,725 151 ,217 278,845 41 5,685 135,439 105,520 44,596 301 ,218  57,731 1 ,770,578 3.0% 

Total 182,566 227,894 275, 1 36  508,441 656,616 296,377 171 ,455 70,277 407,245 87,517 2,883,524 2.8% 
Annual 
Growth 3.3% 2.5% 2.8% 2.8% 2.6% 2.7% 2.7% 3.0% 3.1 o/o 2.8% 2.8% 
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Industrial Production By Federal Region 

NPC Low Reference Case 
- Millions $ 1977 -

FRB INDEX ('77): 170.4 

1 .6%: Growth 

2010  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f.���-�-.P.�!!!�!!� . .  �!!!!!�!l� ............... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

GROWTH 
NE NYINJ MA SA MW swc CEN MTN PAC NW L-48 US o/o PA. 

Food 7,975 23,098 39,669 67,952 86, 129 44,711  42,618 1 2,982 40,529 1 3,915 379,579 2.3% 

Textiles 3,585 2,530 6,216 51 ,831 1 ,490 893 206 0 1 ,898 222 68,870 1 .5% 

Paper 10,271 9,497 10,655 28,389 32, 1 23 9,544 3,527 540 6,736 6,002 1 17,283 2.6% 

Chemicals 14,332 47,726 36,673 66,1 59 63,916 47,936 13,264 2,832 20,942 6,502 320,283 3.5% 

Refining 519 9,009 1 2,063 13,263 23,244 63,1 52 6,794 6,675 33,042 2,072 1 69,831 1 .8% 

Stone Etc. 1 ,989 4,799 7,1 87 1 2,844 1 2,978 6,906 3,546 2,130 7,267 1 ,555 61 ,202 2.2% 

Steel 1 ,553 2,087 18,518 7,754 32,417 2,761 1 ,518  1 ,392 2,436 876 71,314 1 .3% 

Aluminum 3,878 4,258 8,662 1 2,701 19,882 5,440 2,628 2,254 6,053 2,695 68,450 2.6% 

All Other 153,522 141 ,91 1 159,532 292,793 433,012 143,350 1 1 0,719 47,557 321 ,797 60,675 1 ,864,868 1 .0% 

Total 197,625 244,916 299,174 553,688 705,1 91 324,694 184,819 76,361 440,699 94,51 4  3,1 21 ,681 1 .6% 

Annual 
Growth 1 .6% 1 .5% 1 .7% 1 .7% 1 .4% 1 .8% 1 .5% 1 .7% 1 .6% 1 .6% 1 .6% 

Residential Sector Housing Stock 
By Region 

NPC Low Reference Case 
- Thousands of Units -

ANN GROWTH 
NE NYINJ MA SA MW swc CEN MTN PAC NW L048 RATE (%) 

1 990 5,648 10,481 9,747 1 8,739 18,658 1 1 ,398 7,278 3, 148 1 2,978 3,528 1 01 ,603 2.0% 

1991 5,698 1 0,545 9,854 1 9,018 18,834 1 1,494 7,334 3, 180 1 3, 185 3,604 1 02,746 1 . 1% 

1 992 5,740 10;593 9,941 1 9,258 18,985 1 1 ,590 7,382 3,21 5 1 3,343 3,671 1 03,718  0.9% 

1 993 5,779 10,641 1 0,018 19,496 19, 126 1 1 ,696 7,428 3,249 1 3,497 3,735 1 04,665 0.9% 

1994 5,816 10,686 1 0,079 1 9,707 19,246 1 1 ,803 7,466 3,277 1 3,637 3,790 1 05,507 0.8% 

1995 5,851 10,731 1 0, 133 1 9,909 1 9,357 1 1 ,91 6  7,501 3,303 13,780 3,843 1 06,324 0.8% 

1996 5,888 1 0,777 1 0, 193 20, 1 24 1 9,473 1 2,036 7,538 3,329 13,938 3,900 1 07,1 96 0.8% 

1997 5,924 1 0,824 1 0,256 20,342 1 9,589 1 2, 1 59 7,575 3,356 1 4, 1 06 3,957 1 08,088 0.8% 

1998 5,961 1 0,872 1 0,319 20,561 19,699 1 2,285 7,61 1 3,383 1 4,279 4,0 1 4  1 08,984 0.8% 

1999 5,997 1 0,919 1 0,381 20,773 19,802 1 2,41 1  7,643 3,41 2 1 4,452 4,069 1 09,859 0.8% 

2000 6,032 1 0,964 1 0,442 20,978 19,895 1 2,537 7,672 3,440 1 4,621 4,1 22 1 10,703 0.8% 

2001 6,067 1 1,009 1 0,503 21, 180 19,983 1 2,664 7,699 3,470 1 4,791 4,1 73 1 1 1 ,539 0.6% 

2002 6, 103 1 1,052 1 0,566 21 ,386 20,069 12,795 7,725 3,501 1 4,963 4,224 1 12,385 0.6% 

2003 6, 136 1 1,094 1 0,626 21 ,583 20,149 1 2,924 7,747 3,531 1 5, 132 4,273 1 13,1 96 0.6% 

2004 6,168 1 1, 131 1 0,684 21,765 20,220 13,049 7,764 . 3,559 1 5,291 4,321 1 13,953 0.6o/o 

2005 6,198 1 1 , 166 1 0,738 21 ,935 20,281 13,170 7,777 3,-585 1 5,443 4,366 1 14,660 0.6% 

2006 6,225 1 1 , 197 1 0,786 22,090 20,332 13,286 7,785 3,609 1 5,585 4,41 1 1 15,306 0.6% 

2007 6,251 1 1 ,225 1 0,829 22,235 20,376 13,397 7,790 3,631 1 5,720 4,453 1 15,906 0.6% 

2008 6,276 1 1 ,252 1 0,871 22,380 20,41 9  13,509 7,793 3,656 1 5,856 4,495 1 16,506 0.6% 

2009 6,303 1 1,280 1 0,915 22,535 20,465 13,625 7,797 3,681 1 5,997 4,539 1 17,1 37 0.6% 

2010 6,330 1 1 ,309 1 0,963 22,702 20,514 13,746 7,802 3,707 1 6, 143 4,584 1 17,799 0.6% 

1990-2000 0.89% 0.49% 0.97% 1 .57% 0.76% 1 .08% 0.64% 1 .23% 1 .59% 1 .90% 0.86% 

2000-2010 0.82% 0.51 % 0.84% 1 .23% 0.54% 1 .09% 0.47% 0.98% 1 .22% 1 .27% 0.62% 

1990-2010 0.57% 0.38% 0.59% 0.96% 0.48% 0.94% 0.35% 0.82% 1 .10% 1 .32% 0.74% 
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Commercial Sector Square Footage By Region 

NPC Low Reference Case - Million Square Feet 
ANN GROWTH 

NE NYINJ MA SA MW swc CEN MTN PAC NW L048 RATE (%) 

1 990 2,430 4,363 4,680 8,080 8,915  5,563 2,300 1 ,578 6,221 1 ,672 45,802 2.1 %  
1 991 2,463 4,399 4,769 8,276 9,059 5,617  2,325 1 ,596 6,426 1 ,701 46,631 1 .8% 
1 992 2,449 4,371 4,n8 8,289 9,068 5,609 2,322 1 ,596 6,526 1 ,709 46,71 7  0.2% 
1 993 2,427 4,349 4,787 8,292 9,094 5,624 2,325 1 ,602 6,621 1 ,721 46,842 0.3% 
1 994 2,403 4,331 4,797 8,327 9,1 41 5,660 2,334 1 ,61 2 6,71 0 1 ,736 47,051 0.4% 
1 995 2,381 4,31 0 4,804 8,396 9,1 90 5,702 2,344 1 ,621 6,780 1 ,750 47,278 0.5% 
1996 2,369 4,292 4,813 8,499 9,239 5,750 2,353 1 , 630 6,839 1 ,761 47,545 0.6% 
1 997 2,370 4,279 4,825 8,615 9,284 5,805 2,362 1 ,639 6,892 1 ,771 47,842 0.6% 
1 998 2,384 4,276 4,846 8,731 9,330 5,868 2,372 1 , 649 6,949 1 ,782 48,1 87 0.7% 
1999 2,41 1 4,288 4,882 8,850 9,392 5,943 2,386 1 ,662 7,024 1 ,795 48,633 0.9% 
2000 2,444 4,316 4,934 8,976 9,478 6,032 2,407 1 ,680 7, 1 22 1 ,8 1 4  49,203 1 .2% 
2001 2,480 4,358 4,999 9, 105 9,583 6, 133 2,434 1 ,702 7,238 1 ,837 49,869 1 .4% 
2002 2,513 4,409 5,072 9,234 9,704 6,245 2,466 1 ,728 7,366 1 ,864 50,601 1 .5% 
2003 2,541 4,466 5, 147 9,364 9,839 6,363 2,501 1 ,757 7,499 1 ,895 51 ,372 1 .5% 
2004 2,564 4,527 5,225 9,494 9,983 6,487 2,538 1 ,787 7,633 1 ,929 52, 1 67  1 .5% 
2005 2,583 4,588 5,298 9,622 10,1 26 6,61 1 2,575 1 ,81 8 7,762 1 ,964 52,947 1 .5% 
2006 2,601 4,651 5,372 9,752 10,270 6,740 2,61 2 1 ,851 7,890 2,001 53,740 1 .5% 
2007 2,620 4,714 5,445 9,879 10,41 1 6,874 2,648 1 , 884 8,017  2,039 54,531 1 .5% 
2008 2,637 4,n6 5,51 4 1 0,000 10,542 7,006 2,681 1 ,917 8, 141  2,076 55,290 1 .4% 
2009 2,654 4,835 5,580 1 0, 1 1 7  1 0,664 7, 137 2,71 2 1 ,949 8,260 2,1 1 3  56,021 1 .3% 
201 0 2,670 4,893 5,646 1 0,235 10,781 7,266 2,742 1 ,981 8,378 2,1 5 1  56,743 1 .3% 

1 990-2000 0.38% 0.45% 1 . 1 1 %  1 .60% 1 .09% 1 .30% 1 .00% 1 .34% 2.06% 1 .54% 0.72% 
. 2000-201 0 0.45% 0.31 % 0.83% 1 . 22% 0.70% 1 .22% 0.65% 0.98% 1 .23% 0.92% 1 .44% 

1990-201 0 0.47% 0.57% 0.94% 1 . 19% 0.95% 1 .34% 0.88% 1 . 14% 1 .50% 1 .27% 1 .08% 

Disposable Income By Region 

NPC Low Reference Case - Billions Of 1 982 Dollars 
ANN GROWTH 

NE NYINJ MA SA MW swc CEN MTN PAC NW L048 RATE (%) 

1 990 178.7 352.5 291 .4 469.4 523.5 279.6 191 .6 78.2 424.6 96.7 2,886 -o.5% 
1 991 174.4 347.0 288.3 469.7 51 9.2 282.7 1 89.2 77.8 41 9.4 96.8 2,865 -Q.8% 
1992 174.6 348.6 289.5 478.3 528.0 288.5 1 92.8 78.9 422.3 99.0 2,900 1 .2% 
1 993 178.2 353.3 294.7 491 .8 540.4 297.1 1 97.7 8 1 .1  433.3 1 0 1 .9 2,970 2.4% 
1 994 183.3 360.4 300.6 506.4 554.1 306.4 202.9 83.5 446.9 1 04.9 3,049 2.7% 
1 995 186.8 368.0 306.1 51 9.5 564.8 314 .1  207.2 85.5 458.4 1 07.4 3, 1 1 8  2.2% 
1 996 189.7 373.8 310.9 530.6 572.6 319.9 209.3 86.9 466.8 1 09.2 3, 170 1 .7% 
1 997 1 92.4 377.9 315.1 540.0 578.7 325.3 21 1 .0 87.9 474.4 1 1 0.7 3,213 1 .4% 
1 998 1 95.6 382.9 319.2 550.4 586.3 331 .1 2 14 . 1  89.3 484.0 1 1 2.8 3,266 1 .6% 
1 999 1 99.1 388.0 324.1 561 .3 594.5 337.2 217 .6 90.9 494.4 1 1 5.0 3,322 1 .7% 
2000 201 .8 392.0 328.5 571 .1 601 .4 342.4 220.4 92.3 503.6 1 1 6.7 3,370 1 .4% 
2001 204.1 395.9 332.5 580.3 607.6 347.0 222.6 93.5 51 1 .9 1 1 8.3 3,414  1 .3% 
2002 206.9 399.8 337.6 590.2 61 4.7 352 .0 225.1  94.8 520.9 1 20.3 3,462 1 .4% 
2003 210.2 404.5 343.4 602.0 623.7 358.2 228.5 96.5 531 .2 1 22.5 3,521 1 .7% 
2004 213.9 409.7 350.6 61 5.9 634.9 365.9 232.5 98.5 543.2 1 25.2 3,590 2.0% 
2005 217.3 414.4 357.8 629.2 644.3 373.5 236.0 100.4 554.9 1 27.6 3,655 1 .8% 
2006 21 9.5 417.5 362.6 638.8 648.9 379. 1  237.7 101 .5 563.2 1 28.8 3,698 1 .2% 
2007 221 .7 420.8 367.3 648.4 654.2 384 .3 239 .6 102.7 571 .3 1 30.2 3,741 1 .2% 
2008 224.1 424.7 371 .9 658.7 660.0 389.6 242.0 1 04.1 580.1 1 32.0 3,787 1 .2% 
2009 226.4 428.4 376.7 668.9 665. 1 395.0 244 .1 105.4 588.7 1 33.8 3,833 1 .2% 
201 0  228.8 432.1 381 .5 679.0 670.0 400.5 246.1  106.7 597.1  1 35.6 3,877 1 .2% 

1 990-2000 1 .22% 1 .07% 1 .21 % 1 .98% 1 .40% 2.05% 1 .41 % 1 .67% 1 .72% 1 .90% 1 .56% 
2000-201 0 1 .26% 0.98% 1 .51 % 1 .75% 1 .09% 1 .58% 1 . 1 1 %  1 .46% 1 .72% 1 .5 1 %  1 .4 1 %  

1 990-201 0 1 .24% 1 .02% 1 .36% 1 .86% 1 .24% 1 .81 % 1 .26% 1 .56% 1 .72% 1 .70% 1 .49% 
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Resident Population By Region 

NPC Low Reference Case 
- Thousands of Persons -

ANN. 
GROWTH 

RATE 
NE NYINJ MA SA MW swc CEN MTN PAC NW L048 (%) 

1 990 13,204 25,749 24,1 97 46,760 46,518 28,359 1 8,382 7,633 34,887 8,797 254,486 0.4% 
1 99 1  13,1 98 25,819 24,390 47,464 46,888 28,757 1 8,509 7,727 35,567 9,007 257,326 1 . 1% 
1 992 13,1 67 25,n9 24,471 47,961 47, 1 1 1  29,103 1 8,603 7,793 36,0 17 9, 1 50  259,1 55 0.7% 
1 993 13,161 25,699 24,485 48,345 47,224 29,395 18,660 7,839 36,285 9,237 260,330 0.5% 
1 994 13,188 25,677 24,521 48,717 47,340 29,637 18,7 12  7,881 36,531 9,292 261 ,496 0.4% 
1 995 1 3,233 25,704 24,586 49,082 47,415 29,852 1 8,752 7,9 1 4  36,797 9,339 262,674 0.5% 
1 996 13,2n 25,753 24,645 49,395 47,419 30,070 1 8,768 7,941 37,082 9,379 263,729 0.4% 
1 997 13,328 25,796 24,7 1 1  49,678 47,410 30,261 18,784 7,964 37,36 1 9,401 264,694 0.4% 
1 998 13,375 25,821 24,n3 49,957 47,417 30,412 1 8,803 7,985 37,61 8  9,41 7  265,578 0.3% 
1 999 13,410 25,822 24,829 50,233 47,430 30,546 18,824 8,006 37,854 9,436 266,390 0.3% 
2000 13,431 25,804 24,886 50,496 47,443 30,670 18,849 8,029 38,073 9,456 267,137 0.3% 
2001 13,438 25,n3 24,936 50,741 47,519 30,755 18,924 8,053 38,243 9,467 267,849 0.3% 
2002 13,456 25,757 24,986 50,992 47,485 30,834 1 8,905 8,072 38,394 9,481 268,362 0.2% 
2003 13,466 25,732 25,021 51 ,220 47,426 30,91 1 1 8,873 8,087 38,525 9,494 268,755 0.1 %  
2004 13,463 25,687 25,059 51 ,437 47,358 30,995 1 8,834 8, 1 03 38,663 9,508 269,1 07 0.1 %  
2005 13,445 25,616 25, 1 1 0  51 ,654 47,275 31 ,081 1 8,786 8, 1 20 38,81 7  9,520 269,424 0.1 %  
2006 13,428 25,540 25,161 51 ,876 47,174 31 , 1 64 1 8,731 8, 1 36 38,969 9,529 269,708 0.1% 
2007 13,4 1 9  25,476 25,205 52,1 00  47,056 31 ,243 1 8,670 8, 1 49 39, 1 08 9,532 269,958 0.1% 
2008 13,414 25,426 25,240 52,319 46,927 31 ,313 1 8,609 8, 1 58 39,238 9,534 270,1 78 0.1% 
2009 13,410 25,383 25,268 52,525 46,794 31 ,369 1 8,550 8, 1 68 39,364 9,541 270,372 0.1% 
201 0  13,403 25,340 25,290 52,722 46,651 31 ,418 1 8,490 �. 1 77 39,485 9,554 270,530 0.1% 

1990-2000 0.17% 0.02% 0.28% o.n% 0.20% 0.79% 0.25% 0 .51 % 0.88% 0.73% 0.49% 
2000-2010 -o.02% -Q .1 8o/o 0.16% 0.43% -Q.1 7o/o 0.24% -Q.19o/o 0.18% 0.36% 0.10% 0.13% 
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ELECTRIC 
POWER GENERATION 

Industrial Cogeneration 

• NPC Reference Case scenarios devel
oped from EEA cogeneration forecast pro
posed for the 1 993  Edition of the GRI 
Baseline Projection 

• In 1 989, industrial cogeneration capacity 
was approximately 24 ,  1 00 megawatts .  
Generation was approximately 1 46 ,000 
million Kwh. 

• High Reference case assumes that cogen
erated power grows 6 .6  percent per year 
through 1 995: 

- 1 9 9 5  inst alle d c ap acity would b e  
42,700 'M.W and generation of 243,600 
million Kwh, in middle of typical fore
cast ranges 

- One-half to two-thirds of increment is 
assumed to be exported (i. e. , sold to 
utilities) 

• Projected growth for total cogenerated 
power to slow to 2 .  7 percent after 1 995 , 
with capacity of 63,500 'M.W by 20 10 :  

- Less opportunity for cogeneration pro
jects in industrial sector 

- Assumed weaker economic incentives 
for cogeneration as capacity credits are 
lost when new electric utility plants 
come on line after 1 995 

- Institutional changes less advantages to 
cogeneration 

• Cogenerated power from gas fired facili
ties is projected to also grow by 1 2 . 1% 
per year through 1 995: 

- Installed capacity would increase to 
2 3 , 600  MW by 1 9 9 5  comp ared to  
1 1 ,800 'M.W in 1 989 

• Increase in gas demand (vs. 1 989) for co
generation is 325 Bcf by 1 995. Total co
gen mcremental gas demand of 8 1 4  Bcf. 
Incremental gas demand is the net energy 
input to produce electrical output, over 
and above energy required to produce 
steam. 

• Growth of power production in gas-fued 
cogeneration facilities slows to 2 .9% per 
annum after 1 995 

• By 20 1 0 ,  increase in cogeneration gas de
mand (vs. 1 989) is 750 Bcf. Total incre
mental cogen gas demand is 1 ,240 Bcf. 

• Low Reference Case modifies this sce
nario to reduce post- 1 995 growth of co
generation by approximately 1 0  percent, 
reflecting impact of slower growth in in
dustrial production. 

• Gas demand in California EOR fields is 
projected to reach 275 Bcf in 1 995, declin
ing slowly through forecast period. 

NUG Generation And Canadian 
Power Imports 

• Generation scenario in this case is based 
on NERC 1 9 90  forecast (through 1 999-
2000) 

• In High Reference Case, Canadian elec
tricity imports projected to increase from 
1 , 980 million Kwh (net) in 1 990 to 38,929 
in 1 995 and 66,0 1 4  by 2000. Regional al
location based on recent NEB forecast. 
( 1 990 Import levels were atypically low) 

• Total non-utility generation (NUG's) pro
jected to increase from 1 1 5, 7 00 million 
Kwh in 1 9 9 0  to 1 8 4 , 1 00 in 1 9 95  and 
248,000 in 20 1 0 . NUG generation com
posed of: 

- Industrial cogeneration sales to utility 
system 

- Large central-st ation independent 
power producers (IPP's) 1 

- Small power producers/OF's 

• In Low Reference Case, growth rates in 
Canadian power imports, industrial co
generation sales, and large IPP's reduced 
in proportion to change in growth rate for 
total purchased electricity. 

1 Reflects currently planned large IPP's, which are 
incorporated in model's electric utility sector as specific 
central-station powerplants (quasi-utility) . 
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• Composition of NUG/power import see-
nario (millions Kwh) 

1 990 1 995 2000 20 10 

Canadian 
power imports 1 ,980 38,929 66,01 4  66,014 

Purchased 
cogenerated 58,393 1 06,276 133,579 1 64,049 
power 

Large IPP's 1 8 , 187 26,82 1 27 ,689 27 ,689 

Small 

IPP's/QF's2 49, 1 2 1  50,991 52 ,932 57 ,039 

Total 
Generation 1 17 ,681 223,01 7  280,2 14  3 14,791 

Growth 
Rate (%) 13.SOIO 4.7% 1 .2% 

• Composition of l.ower-48 NUG/power im-
port scenarios (millions Kwh) in Low Ref-
erence Case 

1 990 1 995 2000 20 10 

Canadian 
power imports 1 ,980 35,052 56,7 17 66,01 4  

Purchased 
cogenerated 58,393 106,276 130,245 1 58,272 
power 

Large IPP's 1 8 , 187 26,82 1 27 ,689 27,689 

Small 

IPP's/QF's2 49, 1 2 1  50,991 52 ,932 57,039 

Total 
Generation 1 17 ,681 2 19 , 140 267 ,583 309,01 4  

Growth 
Rate (%) 13 .2% 4 . 1% 1 .5% 

1 Reflects only specific, currently-announced 
large IPP projects in U.S .  Northeast. Future (unan
nounced) projects of similar kind retl.ected as new utility 
system capacity additions. Model adds additional new, 
large central station capacity as required during forecast 
period. 

z · Non-fossil fuel power generators (e.g. ,  landfill, 
wind, solar , etc.) 

New Utility 
Generating Capacity 

( 1 )  Through 1 987,  fuel mix of new utility gen
erating capacity based on announced plans of 
electric industry in 1 99 1  NERC forecast. An
nounced plants not constructed by 1 99 7  in 
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forecast case are "canceled" and replaced by 
generic gas/coal competition 

(2) Beyond 1 997 ,  new utility generating ca
pacity is based on endogenous competition of 
coal and gas-fired units for baseload generat
ing needs: 

• The capital costs of coal fired plants are 
assumed to increase at 1 . 0 percent per 
year in real items. Capital costs of gas 
fired facilities assumed to increase at 
same rate. 

• Assumed greater reliance on more ex
pensive, lower sulfur coal in complying 
with environmental requirements. 

• Added assumption that a portion of "old" 
oil/gas fired steam plants would be repow
ered, with a net increase in capacity (ef
fectively adds new generating capacity 
which is oil/gas fired) . 

- Total of 2 1 ,000 "NNl additional oil/gas 
capacity from repowering during 1 99 1 -
20 1 0  in High Reference Case; 1 5 ,000 
"N1W in Low Reference Case. 

- Technology mix of incremental capac-
ity: 40% steam, 60% combined cycle 

(3) Between 1 998 and 2005, "Institutional" fac
tors not reflected in the utility model's long run 
cost minimization logic constrain the use of 
coal in ne generating plants, favoring natural 
gas. These institutional factors affecting utility 
decisions until the late 1 990's include: 

• Perceptions which tend to understate natu
ral gas prices in the future ; utilities are 
slow to react to rising natural gas prices 
hence tend to understate future escalation 
in wellhead gas costs until the turn of the 
century. 

• The combination of excess generating ca
pacity in many regions, uncertain growth 
in electricity demands, utility financial 
problems and a regulatory attitude which 
makes recovery of capital costs in new 
plants uncertain, all lead utilities to bias 
fuel choice in new capacity toward oil/gas 
fired capacity because capital costs per 
KVV are considerably less than for coal. 

• In this uncertain environment utilities will 
tend to delay new construction decisions 
as long as possible, which also tends to fa
vor the choice of oil/gas fired units since 



their construction time is much shorter 
than for coal fired units. 

• This environment is assumed to persist 
until near the end of the decade (years 
1 9 9 7-98) when: natural gas prices are 
clearly escalating, excess generating ca
pacity has been worked off in most re
gions, utility financial woes have eased 
and regulators, recognizing the need for 
new generating capacity; adopt attitudes 
which once again encourage utilities to in
stall more expensive, coal fired capacity. 

• Due to long construction lead times be
tween the date that new capacity choices 
are made and when new plants come on 
line, the long term economics of coal vs 
natural gas/oil costs becomes the domi
nant factor affecting the fuel mix between 
gas/oil and coal in new generating plants 
coming on line by the year 2005 

• Hence, during the period 1 998-2005 the 
choice of fuel firing capacity between nat
ural gas/oil vis coal in new baseload gen
erating plants was estimated, relying pri
marily on the fuel mix in currently 
announced plans to build new plants , 
rather than on strictly long term cost mini
mization. 
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A Comparison of NPC and DRI Forecasts 

Refiners' Acquisition Price of Foreign 
Crude Oil 
( 1 990 dollars , dollars per barrel) 
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(1 990 dollars per mmbtu) 
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N PC Forecast-A G raphic Summary 

Population Growth Slows 
(Percent change) 

0 .  0 I++H+ti+Hiof+t+++++++f++++H+t��-++++++++++++l++f-t 

1 960 1 970 1 980 1 990 2000 201 0 

- Total Population - Adult Population 

Slower Growth in the Labor Force 
Limits Gains in Potential Output 
(Percent change) 

4--------------------�-----------

o�I+H*H+M+++H+�H+ti+H�+H+++�H+H+IH+H 
1 960 1 970 1 980 1 990 2000 201 0 

- Potential Real GNP -- Labor Force 
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The Civil ian Labor-Force Participation 
Rate Levels Off 

1 960 1 970 1 980 1 990 

Industrial Production G rowth 
Remains Flat 
(Average annual percent change) 

6 

5 

4 

3 

2 

1 960s 1 970s 1 980s 

2000 

1 990s 

201 0 

2000-
201 0 



Consumption Retreats Slightly 
(Percent of GNP) 

62 ��������+H�+H+H+H+H+H+H� 

1 960 1 970 1 980 1 990 2000 

Business Fixed Investment Surges Back 
in the Near Term 
(Percent of GNP) 

201 0 

8 �����+H�+H+H�+H+H+H+H+H�+H 

1 960 1 970 1 980 1 990 2000 201 0 

Housing Starts Decline from 1 970s Peak 
(Average annual rate, mil l ions of units) 

1 960s 1 970s 1 980s 1 990s 

• • •  As Government Spending Recedes 
(Percent of G N P) 

2000-
201 0 

1 6 �H+H+�H+H+H+H+H+H+�H+H+�H+H+� 
1 960 1 970 1 980 1 990 2000 201 0 
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The Federal Deficit Improves Steadily 
(Percent of GNP) 

-2 ��+H��H+�+H��H+�+H��H+�� 

1 960 1 970 1 980 1 990 

Real Interest Rates Moderate, But 
Remain H igh Relative to History 
{Ten-year bond yield , percent) 

1 4  

2000 201 0  

The Merchandise Trade Deficit 
Steadily Improves 
(Percent of GNP) 

2 

0 

-4 �H+H+����+H+H��H+H+�+H+H+H� 
1 960 1 970 1 980 1 990 

Inflation Remains Moderate 
(Percent change) 

2000 201 0 
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(Left scale) 
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1 980 1 990 2000 

• • • • Real, Deflated by CPI 
(Right scale) 

201 0 1 960 

-

1 970 1 980 

FIXed-Weight GNP 
Price Index 

1 990 2000 201 0 

• • • • Consumer Price 
Index 



The Energy-to-GNP Ratio Keeps Falling 
(Thousands of Btus per 1 982 dollar of GNP) 

30 

Consumers Continue to Spend Proportionately 
Less on Energy 

1 5��������+H+H�+H+H+H+H�� 

1 960 1 970 1 980 1 990 2000 

Oil Import Volume Relative to Real GNP 
Remains Stable 
(Percent) 

1 970 1 980 1 990 2000 

201 0 1 960 1 970 1 980 1 990 2000 

- New Domestic 
Vehlcle mpg (§) ���Jm��pe��: 

• • • Fleet mpg (Right scale, percent) 

The Oil Import Bil l  Exceeds the 
Trade Deficit in the Late 1 990s 
(Bi l l ions of dollars) 

201 0 

-400 .....,��fof+t+H+H�+H+H++++++�-H+H+ ..... �I+4 
201 0 1 960 1 970 1 980 1 990 2000 201 0 

- Oil Import Bill • • • Trade Deficit 
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N PC Forecast 

DRI/McGraw-Hill Summary Table for the U.S. Economy 

Gross Domesti c Product 
Gross Nati onal Product 
Fi nal Sal es 

Excl udi ng CCC Transacti on s  
Total Consumpti on 
Nonresi dential  Fi xed I nvestment 

Equi pment 
Structures 

Resi dent i a l  Fi xed I nvestment 

Exports 
Imports 
Federal Government 

Excl udi ng CCC Transacti ons  
State and Local Governments 

Rea l GNP ( 1 982 $) 
Gross Nati onal Product 

GNP Pri ce Defl ator ( Impl i c i t) 
GNP Pri ce I ndex (Fi xed-Wei ght) 
CPI--Al l Urban Consumers 
Producer Pri ce I ndex--Fi ni shed Goods 
Empl oyment Cost I ndex - Tota l Comp . 
Output per Hour 

I ndustri al  Producti on ( 1987 = 1 . DDO) 
Annua 1 Rate of Chan�e · 

Nonfarm I nven Accum Bi l l i on 1982 $) 
Housi ng Starts (Mi l uni ts) 
Retai l Uni t  Car Sal es (Mi l units)  
Ci vi l i an Unempl oyment Rate (%) 
Nonfarm Empl . 
Fed . Budget Surpl us  

(Uni fi ed , FY , bi l .  $) 

Current Account Bal ance (Bi l l i on $) 
Merch . Trade Bal ance (c . v . b . , bi l .  $) 
Forei gn Crude Oi l ($ per barrel ) 
U . S .  Dol l ar Exchange Rate (% change) 
Foreign  GOP (% change) 

Money Supp l y  (M2, bi l l i on $) 
Percent Change vs Year Ago (Q4/Q4) 

AA Corp Uti l i ty Rate (%) 
Thi rty-Year Treasury Bond Rate (%) 
Treasury Bi l l  Rate f%� 
Federal Funds Rate % 
Prime Rate (%) 
S&P I ndex of 50D Common Stocks 

Personal I ncome (Bi l l i on $) 
Real  Di sposabl e I ncome (% change) 
Savi ng Rate (%) 
Profi ts After Tax (Bi l l i on $) 
Post-Tax Corp Cash Fl ow (Bi l l i on $) 

Percent Change vs Year Ago 
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YEARS 

199D 1991 1992 1995 2DDD 2DD5 

Composi ti on of Real GNP (Annual rate of change) 

1 . D  -0 . 6  1 . 7  3 . 2  2 . 5  2 . 4  
1 . 1  -0 . 6  1 . 7  3 . 1  2 . 5  2 . 5  
1 .8 -0 . 2  1 . 4 3 . 2  2 . 5  2 . 5  
1 . 9 -0 . 3  1 . 4  3 . 2  2 . 5  2 . 5  
1 . 1  -0 . 3  1 . 4  2 . 5  1 . 9 1 . 9  
1 . 7  -4 . 6  3 . 5  7 .2 3 . 8  2 . 9  
2 . 7  -0 . 9  8 . 3  6 . 6  4 . 3  3 . 1  

-0 . 5  -13 . 4  -9 . 2  9 . 4  2 . D  2 . 2  
-8 . 7  -10 . 4  9 . 6  6 . 8  1 . 2 D . 6  

6 . 5  4 . 9  4 . 2  6 . 4  6 . 7  5 . 2  
1 . 5  -0 . 5  6 . 1  5 . 3  4 . 3  3 . 3  
1 . 5  1 . 1  -0 . 9  -4 . D  -0 . 8  1 . 6 
1 . 9 D . 6  -0 .8 -4 . D  -0 . 8  1 . 6 
4 . 5  D . 7  1 . 0  3 . 6  1 . 4  1 . 4 

Bi l l i on s  of Dol l ars 

4 , 121 . 8  4 , D97 . 5  4 , 165 . 4  4 , 596 . 1  5 , 247 . 1  5 , 965 . 2  
5 , 524 . 6  5 , 684 . 7  5 , 943 . 7  7 , 128 . 9  9 , 494 . 1  1 2 , 7 3 1 . 3  

Pri ces and Wages (Annual rate of change) 

4 . 1  3 . 5  2 . 8  2 . 6  3 . 4  3 . 4  
4 . 6  3 . 9  3 . 1  3 . 3  4 . 1  4 . D  
5 . 4  4 . 2  3 . 4  3 . 2  3 . 8  3 .8 
4 . 9  2 . 1  2 . 5  2 . 7  3 . 7  3 . 7  
5 . D  4 . 4  3 . 9  4 . 3  5 . 1  5 . D  
D . D  D . 3  1 .7  1 . 4 1 .8 1 . 7  

Producti on and Other Key Measures 

l . D92 l . D7 1 1 . 092 1 . 213  1 . 412 1 . 649 
1 . 0 -1 . 9  2 . 0  3 . 2  3 . 1  2 . 8  

-0 . 7  -14 . 0  -3 . 9  20 . 0  20 . 2  27 . 7  
1 . 203 1 . 0 1 1  1 . 148 1 . 376 1 . 353 1 . 192 

9 . 5  8 . 4  8 . 7  1 0 . 4  1 0 . 8  1 1 . 1  
5 . 5  6 . 8  7 . 0  5 . 7  5 . 8  5 . 7  
1 . 5 -0 . 9  D . 6  2 . 2  1 . 0 0 . 8  

-236 . 1  -265 . 7  -451 .2 -202 . 4  -15 1 . 8  -108 . 7  

Forei gn Trade 

-92 . 128 1 . 564 -44 . 756 -69 . 560 -37 . 339 53 . 62 1  
-101 . 7  -62 . 7  -69 . 4  -1D6 . 6  -83 . 5  -37 . 7  

22 . 22 18.83 19 . 65 22 . 0D 28 . 48 40 . 03 
-5 . 2  -1 . 1  0 . 5  -1 . 0  -1 . 1  -0 . 8  

3 . 0  2 . 2  2 . 3  3 . 9  3 . 9  3 . 6  

Fi nanc i a l  Markets 

3 , 325 . 3  3 , 416 . D  3 , 59 1 . 9  4 , 25 1 . 6  5 , 863 . 4  7 ,899 . 6  
3 .8 2 . 7  5 . 1  6 . 1  6 . 7  5 .8 

9 . 66 9 . 1D 8 . 77 9 . 24 8 . 9 1  8 . 9 1  
8 . 6 1  8 . 14 7 . 73 8 . 09 7 . 49 7 . 35 
7 . 49 5 . 38 3 . 92 6 . 33 5 . 84 5 . 80 
8 . 10 5 . 69 3 . 92 7 . 00 6 . 50 6 . 50 

1 0 . 0 1  8 . 46 6 . 4 1  9 . 00 8 . 00 8 . 00 
335 376 417 476 652 830 

I ncomes 

4 , 67 9 . 8  4,833 . 9  5 , 063 . 8  6 , 1 17 . 7  8, 1 3 1 . 6  1 D , 872 . D  
1 .8 -0 . 2  1 . 3  2 . 6  1 .8 2 . D  
5 . 1  5 . 3  5 . 3  5 . 5  5 . 3  5 . 3  

197 . 0  187 . 8  2 12 . 5  288 . 0  363 . 5  425 . 8  
549 . 1  566 . 5  638 . 2  760 . 1  1 , 001. 4 1 , 290 . 3  

-2 . 7  3 . 2  12 . 6  6 . 1  5 . 1  5 . 0  

Average Annua 1 
Compound Growth 

1 99D 1995 2DDD 2DD5 
2D1 D  1995 2DDD 2DD5 2D1D 

1 . 9  2 . 2  2 . 7  2 . 6  2 . 1  
2 . D  2 . 2  2 . 7  2 . 6  2 . 2  
1 . 9 2 . 1  2 . 7  2 . 6  2 . 2  
1 . 9  2 . 1  2 . 7  2 . 6  2 . 2  
1 . 6  1 . 9  2 . D  1 . 9  1 . 6 
2 . 5  5 . 5  4 . 7  4 . D  2 . 6  
2 . 8  7 . 6 5 . D  4 . 4  2 . 8  
1 . 5  -0 . 2  3 . 5  2 . 4  1 . 6 
1 . 9 3 . 6  2 . 2  D . 3  1 . 2  

3 . 4  6 . 2  6 . 8  6 . 1  4 . 2  
2 . 8  5 . 7  4 . 4  4 . 1  2 . 8  
1 . 2 -3 . 4  -1 . 6  D . 5  1 . 4 
1 . 2  -3 . 4  -1 . 6  D . 5  1 . 4 
1 . 1  2 . D  2 . 0  1 . 3  1 . 2  

6 , 643 . 9  2 . 2  2 . 7  2 . 6  2 . 2  
1 6 , 941 . 1  5 . 2  5 . 9  6 . 0  5 . 9  

3 .8 3 . 0  3 . 1  3 . 4  3 . 6  
4 . 3  3 . 4  3 . 8  4 . 1  4 . 1  
4 . D  3 . 6  3 . 6  3 . 9  . 3 . 9  
4 . D  2 . 7  3 . 3  3 . 8  3 .8 
5 . 2  4 . 1  4 . 9  5 . 2  5 . 1  
1 . 6  1 . 3  1 .8 1 . 9  1 . 6 

1 .862 2 . 1  3 . 1  3 . 2  2 . 5  
2 . 2  2 . 1  3 . 1  3 . 2  2 . 5  

33 . 1  NM 0 . 2  6 . 5  3 . 6  
1 . 234 2 . 7  -0 . 3  -2 . 5  0 . 7  

1 1 . 1  1 .8 0 . 7  0 . 6 0 . 1  
5 .8 0 . 4  0 . 4  0 . 0  D . 1  
0 . 6  1 . 3  1 . 2  0 . 9  0 . 7  

-97 . 4  3 . 0  5 . 6  6 . 5  2 . 2  

206 . 458 5 . 5  1 1 . 7  NM 30 . 9  
22 . 2  -1 . 0  4 . 8  1 4 . 7  NM 

52 . 96 -0 . 2  5 . 3  7 . 0  5 .8 
-0 . 4  0 . 0  -1 . 1  -1 . 0  -0 . 6  

3 . 1  3 . 2  3 . 9  3 . 8  3 . 3  

1 0 , 380 . 1  5 . 0  6 . 6  6 . 1  5 . 6  
5 . 6  5 . 0  6 . 6  6 . 1  5 . 6  

8 . 80 -0 . 9  -0 . 7  0 . 0  -0 . 3  
7 . 29 -1 . 2  -1 . 5  -0 . 4  -0 . 2  
5 . 74 -3 . 3  -1 . 6  -0 . 2  -0 . 2  
6 . 49 -2 . 9  -1 . 5  O . D  O . D  
7 . 99 -2 . 1  -2 . 3  O . D  0 . 0  

1 , 132 7 . 3  6 . 5  4 . 9  6 . 4  

1 4 , 365 . 4  5 . 5  5 . 9  6 . 0  5 . 7  
1 . 6 1 . 9 1 . 9  1 . 9 1 . 7 
5 . 4  1 . 5 -0 . 9 D . 1  0 . 4  

606 . 7  7 . 9  4 . 8  3 . 2  7 . 3  
1 , 760 . 2  6 . 7  5 . 7  5 . 2  6 . 4  

6 . 8  6 . 7  5 . 7  5 . 2  6 . 4  



NPC Forecast 

U.S. Energy Outlook Summary 

Average Annua 1 
Compound Growth 

YEARS 
1990 1 995 2000 2005 

1990 1991 1992 1995 2000 2005 2010 1995 2000 2005 2010 

Demand for A 1 1  Fuel s 

Total Energy Demand (Quad Btus) 81 . 4  81 . 8  82 . 8  86 . 0  9 1 . 1  96 . 3  1 0 1 . 4  1 . 1  1 . 2  1 . 1  1 . 0 
Annual Rate of Change 0 . 1  0 . 5  1 . 2 1 . 2 1 . 3 . 1 . 1  1 . 0 1 . 1  1 . 2 1 . 1  1 . 0 

Real GNP (% change) 1 . 1  -0 . 6  1 . 7 3 . 1  2 . 5  2 . 5  2 . 0  2 . 2  2 . 7  2 . 6  2 . 2  
Energy Use Rati os 

Mi l l i on Btus per Capi ta 325 . 6  323 . 6  324 . 8  329 . 9  338 . 0  347 . 4  356 . 8  0 . 3  0 . 5  0 . 6  0 . 5  
Thousand Btus per 1982 $ GNP 1 9 . 8  20 . 0  1 9 . 9  18 . 7  17 . 4  16 . 1  1 5 . 3  -1 . 1  -1 . 5  -1 . 4  -1 . 1  

Pri ces (Dol l ars per barrel ) 

U . S .  Refi ners ' Acqui s i t i on Pri ce 
for Crude Oi l --Composi te 22 . 35 1 9 . 14 19 . 57 21 .86 28 . 33 39 . 84 52 . 7 3  -0 . 4  5 . 3  7 . 1  5 . 8  

Annual Rate of Change 24 . 4  -14 . 4  2 . 3  4 . 0  6 . 3 7 . 2 5 . 7 -0 . 4  5 . 3  7 . 1  5 .8 
Domesti c 22 . 44 19 . 37 19 . 50 2 1 . 72 28 . 1 3 39 . 53 52 . 30 -0 . 6  5 . 3  7 . 0 5 . 8  

Annual Rate of Change 25 . 5  -13 . 7  0 . 7  3 . 9  6 . 3  7 . 2 5 . 7  -0 . 6  5 . 3  7 . 0 5 . 8  
Forei gn 22 . 22 18.83 19 . 65 22 . 00 28 . 48 40 . 03 52 . 96 -0 . 2  5 . 3  7 . 0  5 . 8  

Annual Rate of Change 2 3 . 0  -15 . 3  4 . 4  4 . 0  6 . 3  7 . 2  5 . 7  -0 . 2  5 . 3  7 . 0 5 . 8  
Fore i g n  ( 1990 $ )  22 . 22 18 . 19 18 . 46 1 9 . 0 1  21 . 10 25 . 14 27 . 84 -3 . 1  2 . 1  3 . 6  2 . 1  

Annual Rate o f  Change 18 . 1  -18 . 1  1 . 5  1 . 3  2 . 9  3 . 7  1 . 8 -3 . 1  2 . 1  3 . 6  2 . 1  

Pri ces (Percent change) 

Producer Pri ce I ndex--Fuel and Power 12 .8 -1 . 3  1 . 2 3 . 2  7 . 1  6 . 4  5 . 8  2 . 1  5 . 0  6 . 7  5 . 8  
Coal 2 . 1  -0 . 3  1 . 7 3 . 0  4 . 7  5 . 2  5 . 2  2 . 3  4 . 5  5 . 1  5 . 2  
Natural Gas 4 . 1  -1 . 9  5 . 3  2 . 0  12 . 2  8 . 0  7 . 6  1 . 7 6 . 6  9 . 8  7 . 6  
El ectri ci ty 2 . 5  5 .7 1 . 6 1 . 4 5 . 1  4 . 3  4 . 7  2 . 1  2 . 8  4 . 4  4 . 6  
Domesti c Crude Oi l (NSA) 26 . 1  -12 . 7  -0 . 2  3 . 9  6 . 3  7 . 2  5 . 7  -0 . 6  5 . 3  7 . 0  5 . 7  
Refi ned Petrol eum Products 22 . 3  -10 . 4  2 . 0  4 . 8  6 . 4  6 . 2  5 . 3  1 . 5  5 . 6  6 . 4  5 . 3  
Resi dual Fuel s 2 1 . 4  -18 . 9  3 . 0  4 . 9  6 . 8  7 . 5  5 . 9  0 . 6  5 . 7  7 . 6  6 . 0  

Producer Pri ce I ndex--I ndustri al  3 . 8  0 . 6  1 . 2 2 . 6  4 . 0  4 . 0  4 . 3  1 . 9 3 . 5  4 . 1  4 . 1  
Personal Cons ump Defl ator--Energy 8 . 6  0 . 8  1 .8 3 . 6  5 . 6  5 . 0  5 . 1  2 . 3  4 . 7  5 . 4  5 . 1  

Gasol i ne 1 4 . 0  -1 . 5  0 . 7  5 . 2  5 . 9  5 . 3  4 . 9  2 . 3  6 . 2  6 . 1  5 . 3  
Fuel Oi l and Coa l 20 . 4  -3 . 7  1 . 7  3 . 6  4 . 8  5 . 3  4 . 6  2 . 4  3 . 7  5 . 5  4 . 7  
El ectri ci ty 2 . 4  3 . 8  2 . 4  1 . 5  5 . 0  4 . 5  5 . 1  1 . 9 2 . 7  4 . 4  4 . 9  
Natural Gas 0 . 1  1 . 3 3 . 6  2 . 7  6 . 3  5 . 3  5 . 7  2 . 4  5 . 0  5 . 9  5 . 5  

Personal Consumpti on Defl ator 5 . 3  4 . 2  3 . 4  3 . 2  4 . 0  3 . 8  4 . 1  3 . 5  3 . 7  4 . 0  4 . 0  
Gasol i ne Tax (Cents per gal l on) 25 . 7  3 1 . 7  32 . 7  36 . 2  47 . 8  62 . 3  80 . 1  7 . 1  5 . 7  5 . 4  5 . 2  

Federal 10 . 5  15 . 1  1 5 . 1  15 . 1  20 . 1  25 . 1  30 . 1  7 . 5  5 . 9  4 . 5  3 . 7  
State and Local 1 5 . 2  1 6 . 6  17 . 6  21 . 1  27 . 8  37 . 2  50 . 0  6 . 8 5 . 6  6 . 1  6 . 1  
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U.S. Energy Outlook Summary (Continued) 

YEARS 

Average Annual 
Compound Growth 

-------------- 1990 1995 2000 2005 
1990 1991 1992 1995 2000 2005 201 0  1995 2000 2005 2010 

Real Personal Consumpti on (Percent change) 

Househol d Energy Consumpti on -2 . 9  -0 . 6  -0 . 3  1 . 3  0 . 8  0 . 5  0 . 3  0 .8 0 . 9  0 . 6  0 . 3  
Gasol i ne -1 . 9  -2 . 3  -1 . 6  0 . 7  0 . 6  0 . 2  -0 . 1  -0 . 2  0 . 6  0 . 2  -0 . 1  
Fuel Oi l and Coal -13 . 0  -3 . 9  1 . 6 0 . 4  0 . 1  -0 . 2  -0 . 3  0 . 0  0 . 0  o . o  -0 . 3  
El ectri ci ty 0 . 4  3 . 3  -0 . 2  2 . 8  1 .8 1 . 4  1 . 1  2 . 4  2 . 0  1 . 5  1 . 3  
Natural Gas -a.o -0,6 4 . 2  0 . 2 -0 . 3  -0 . 3  -0 . 5  1 . 4 -0 . 1  -0 . 3  -0 . 4  

Total Consumpti on 1 . 1  -0 . 3  1 . 4  2 . 5  1 . 9  1 . 9 1 . 6 1 . 9 2 . 0  1 . 9 1 . 6  
Energy Share o f  Consumpti on (%) 

1982 Dol l ars 7 . 6  7 . 6 7 . 4  7 . 2  6 .8 6 . 4  6 . 0  -1 . 1  -1 . 1  -1 . 3  -1 . 3  
Current D o  1 1  ars 5 . 8  5 . 6  5 . 4  5 . 2  5 . 1  5 . 2  5 . 1  -2 . 2  -0 . 1  0 . 1  -0 . 2  

Average Mi l es per Gal l on 2 1 . 0  21 . 4  2 1 . 8  22 . 5  23 . 6  25 . 2  27 . 0  1 . 4  0 . 9  1 . 4 1 . 3  

Imports o f  Petrol eum and Products 

Bi l l i ons  of 1982 Dol l ars 94 . 1  88 . 4  92 . 1  102 .8 128 . 4  146 . 7  161 . 4  1 .8 4 . 6  2 . 7  1 . 9 
Bi l l i ons of Current Dol l ars 62 . 3  5 1 . 3  56 .8 70 . 2  1 13 . 1  181 . 6  264 . 6  2 . 4  1 0 . 0  9 . 9  7 . a  
Import Bi l l  as Percent of GNP 1 . 13 0 . 90 0 . 96 0 . 98 1 . 19 1 . 43 1 . 56 -2 . 7 3 . 9 3 . 7  1 . 8 

Industri al  Producti on 

Oi l and Gas Extracti on (% change) 0 . 0  0 . 3  -4 . 9  -0 . 1  1 . 3  -0 .8 -0 . 4  -1 . 4  -0.4 -1 . 2  -0 . 9  
Pi ped Gas a n d  El ectri c Uti l i ti es ( %  change) 0 . 9  0 . 6  1 . 6  2 . 1  2 . 8  1 . 6 1 . 2 1 . 7 1 . 9 1 . 6  1 . 3 
Total Producti on (% change) 1 . 0 -1 . 9  2 . 0  3 . 2  3 . 1  2 . 8  2 . 2  2 . 1  3 . 1  3 . 2  2 . 5  
El ec Uti l Fuel Use, Percent from : 

Coal 55 . 5  54 . 6  55 . 1  54 . 7  53 . 5  56 . 1  58. 5  -0 . 3  -0 . 4  1 . 0 0 . 8  
Natural Gas 9 . 3  9 . 1  8 . 8  9 .8 1 1 . 2 1 0 . 6  9 . 7  1 . 1  2 .8 -1 . 1  -1 . 9  
Petrol eum Products 4 . 2  4 . 2  3 . 8  4 . 0  4 . 8  4 . 8  4 . 8  -1 . 1  3 . 7  -0 . 1  -0 . 1  
Hydro , Nucl ear, Sol ar, and Other 3 1 . 0  32 . 0  32 . 3  3 1 . 5  30 . 5  28 . 5  27 . 1  D . 4  -0 . 7  -1 . 3  -1 . 0  



Comparison of the NPC and DRI Forecasts 

Key Economic Indicators 

(Compound average annual growth rates) 

N PC DRI 
Forecast Forecast 
1990-2010 1990-2010  

Res i dent i al  and Commerc i al Sectors 

Res i dent i a l  Bui l d i ng Stock 1 . 0 1 . 0 
Commerci al Fl oor Space 1 . 4 1 . 3 
Di s posabl e I ncome 1 .8 1 .8 
Res i dent i al Popul at i on 0 . 6  0 . 6  

I ndustri a l  Sector 

Food 1 . 7 1 . 6 
Text i l es 0 .8 0 . 7  
Paper 2 . 1  2 . 0  
Chemi cal s 2 . 4  2 . 3  
Pet rol eum Refi n i ng 0 . 5  0 . 5  
Stone , Cl ay & Gl ass 1 . 4 1 . 3 
I ron and Steel 0 . 0  -0 . 3  
Nonferrous Meta l s 2 . 3  2 . 0  
Other 3 . 0  2 . 8 
Total  I ndustri al 2 . 7  2 . 5  

Real  GNP 2 . 4  2 . 3  
GNP Defl ator 3 . 3  3 . 7  
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6/ 1 7/92 Vers i on :  NPCLO\.IR E F  \.lorkspace:  NPC/E NG/\.IS/MTBE F I X .  

RES I D E N T I A L  DEMAND FOR ENERGY 
FUE L & PO\.IER USES 

( T r i l l  i on BTU ) 
%CH %C H . %CH 

YEARS 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 91  TO 90 TO 2000 TO 

1 990 1 99 1  1 992 1 993 1 994 1 995 2000 2005 20 1 0  92 2000 20 1 0  

Coa l 72 . 7 73 . 2  73 . 0  72 . 9  72 . 8  72 . 6  71 . 8  70 . 8  69 . 7 - 0 . 2  - 0 .  1 - 0 . 3 

N a t ura l Gas 4 , 526 . 7  4 , 658 . 1  4 , 822 . 0  4 ,  797 . 6  4 , 789 . 0  4 ,  771 . 1  4 ,  70 1 . 1  4 , 63 0 . 7  4 , 468 . 6 3 . 5  0 . 4  - 0 . 5  

Pet ro l eum 1 , 3 1 8 . 7  1 , 328 . 9  1 , 35 2 . 6  1 , 379 . 7  1 , 373 . 4  1 , 3 74 . 5  1 , 324 . 3  1 , 295 . 6  1 , 249 . 3  1 . 8 0 . 0  - 0 . 6  
D i s t i l l ate Fue l 835 . 8  788 . 1 839 . 2  862 . 5  854 . 7  854 . 0  8 1 8 . 2  793 . 0  755 . 0 6 . 5  - 0 . 2  - 0 . 8  
L i quef i ed Gases 423 . 1  449 . 3  433 . 9  436 . 9  437 . 4 438 . 3  427 . 6  426 . 9  421 . 3  - 3 . 4  0 . 1 - 0 . 1 
Kerosene 5 9 . 8  91 . 5  79 . 5  80 . 3  8 1 . 3 82 . 2  78 . 5  75 . 6  73 . 1  - 1 3 . 1  2 . 8  - 0 . 7  

Other 1 . 5 1 . 5 1 . 5 1 . 5 1 . 5 1 . 5 1 . 6 1 . 6 1 . 6 0 . 5  0 . 5  0 . 5  
- - - - - - - - .. ... .. .. .. .. .. ..  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Tota l D i rect Fue l s  5 , 9 1 9 . 6  6 , 06 1 . 7 6 , 249 . 2  6 ,  25 1 . 7 6 , 236 . 7  6 , 2 1 9 . 8  6 , 098 . 8  5 , 998 . 6  5 , 789 . 3  3 . 1  0 . 3  - 0 . 5  

E l ec t r i c i ty 3 , 1 05 . 9  3 , 267 . 8  3 , 300 . 4  3 , 354 . 7 3 , 405 . 1 3 , 456 . 6  3 , 724 . 4  3 , 98 1 . 8  4 , 1 84 . 2  1 . 0 1 . 8 1 . 2 
L osses 6 , 997 . 9 7, 281 . 9  7 , 367 . 9  7 , 538 . 1 7, 620 . 8  7 , 755 . 3 8 , 065 . 7  8 , 478 . 3  8 , 838 . 7 1 . 2 1 . 4 0 . 9  

======== ======== ======== ======== ======== ======== ======== - - - - - - - - ======== - - - - - - - - -- - - - - - - -

Tota l P r i mary Fue l s  1 6 , 023 . 4  1 6 , 6 1 1 . 4 1 6 , 9 1 7 . 5  1 7 , 1 44 . 5  1 7, 262 . 5  1 7 , 431 . 7  1 7 , 888 . 8  1 8 , 458 . 7  1 8 , 8 1 2 . 1  1 . 8 1 . 1  0 . 5  

P r i mary Fue l s  Per 
Househ o l d  1 69 . 7  1 74 . 4  1 76 . 1  1 77. 1 1 77 . 2  1 77. 7 1 75 . 6  1 75 . 3  1 73 . 9  1 . 0 0 . 3  · 0  .. 1 

Energy Use to  
GNP Rat i o  2 . 1 9  2 . 28 2 . 30 2 . 25 2 . 20 2 . 1 5  1 . 94 1 . 77 1 . 64 1 . 0 - 1 . 2 ·· 1 .  7 

Energy to GNP Rat i o  3 . 89 4 . 05 4 . 07 4 . 0 1 3 . 94 3 . 87 3 . 54 3 . 27 3 . 08 0 . 5  · 0 . 9  - 1 . 4  



6/ 1 7/92 Vers i on :  NPCLOWR E F  Workspace : NPC/ENG/WS/M l B E F I X .  

COMME R C I AL D EMAND FOR E N E R GY 
FUEL & POWER USES 

( T r i l l i on BTU) 
%CH %CH %CH 

YEARS 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 9 1  T O  9 0  T O  2000 TO 

1 990 1 99 1  1 992 1 993 1 994 1 995 2000 2005 20 1 0  92 2000 20 1 0  

Coa l 9 1 . 3 9 1 . 9  9 1 . 8  9 1 . 6  9 1 . 4  9 1 . 2  90 . 2  88 . 9  87. 6  · 0 . 2  . 0 .  1 · 0 . 3  

Natura l Gas 2 , 763 . 0  2 , 85 5 . 0  2 , 963 . 7  2 , 999 . 9  3 , 036 . 3  3 , 062 . 3  3 , 2 1 0 . 3  3 , 5 1 6 . 1 3 , 74 1 . 0  3 . 8  1 . 5 1 . 5 

Petro l eum 898 . 4  863 . 5  893 . 3  892 . 4  886 . 8  883 . 3  852 . 0  825 . 8  8 1 4 . 3  3 . 4  - 0 . 5  · 0 . 5  
D i st i l l ate F ue l  486 . 1 444 . 9  476 . 7  4 73 . 6  467 . 1 461 . 7  427 . 1 397 . 7  378 . 4  7. 1 - 1 . 3  - 1 . 2 
Res i dua l F ue l  225 . 2  207 . 7  224 . 6  225 . 3  224 . 6  224 . 5  2 1 6 . 6  207. 7 203 . 5  8 . 1 - 0 . 4 - 0 . 6  
Gaso l i ne 1 00 . 6  99 . 8  1 0 1 . 0  1 02 . 3 1 03 . 7  1 05 . 4  1 1 4 . 7  1 25 . 0  1 35 . 8  1 . 1  1 . 3 1 . 7  
Kerosene 1 3 . 0  33 . 0  1 3 . 9  1 4 . 0  1 4 . 1  1 4 . 2 1 4 . 9 1 5 . 7  1 6 . 4  - 5 7 . 9  1 . 4  1 . 0 
L i quef i ed Gases 73 . 6  78 . 1  77 . 2  77 . 2  77 . 3  77 . 5  78 . 7  79 . 8  80 . 2  - 1 . 2  0 . 7  0 . 2 

Other 0 . 1 0 . 1  0 . 1  0 . 1  0 . 1  0 . 1  0 . 1 0 . 1  0 . 1  0 . 2  0 . 2  0 . 2  
.. .. .. .. .. .. .. ..  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

T o t a l D i rec t Fue l s  3 , 75 2 . 8 3 , 8 1 0 . 5  3 , 948 . 8  3 , 984 . 0  4 , 0 1 4 . 6  4 , 036 . 9  4 , 1 5 2 . 4  4 , 430 . 8  4 , 643 . 0  3 . 6  1 . 0 1 . 1  

E l ec t r i c i ty 2 , 804 . 2  2 , 846 . 0  2 , 850 . 9  2 , 92 1 . 3  3 , 009 . 0  3 , 094 . 0  3 , 35 3 . 9  3 , 529 . 8  3 , 668 . 6  0 . 2  1 . 8 0 . 9 
Losses 6 , 3 1 8 . 1 6 , 34 1 . 9  6 , 364 . 3  6 , 564 . 1  6 , 734 . 5  6 , 94 1. 8  7, 263 . 4  7, 5 1 6 . 1 7, 749 . 6  0 . 4  1 . 4 0 . 7  

= = = = = = = =  = = = = = = = =  = = = = = = = =  = = = = = = = =  = = = = = = = =  = = = = = = = =  = = = = = = = =  = = = = = = = =  = = = = = = = =  - - - - -

T ot a l  P r i mary Fue l s  1 2 , 875 . 1 1 2 , 998 . 3  1 3 , 1 64 . 1  1 3 , 469 . 4  1 3 , 758 . 1  1 4 , 072 . 6  1 4 , 769 . 7  1 5 , 476 . 7  1 6 , 061.-2 1 . 3  1 . 4 0 . 8  

P r i mary Fue l s  Per 
Square Foot 279 . 0  276 . 8  276 . 2  2 79 . 2  28 1 . 4  283 . 7  275 . 2  258 . 0  241 . 8  - 0 . 2  - 0 . 1  1 . 3 

Energy Use t o  
G N P  R at i o  1 . 59 1 . 62 1 . 64 1 . 6 1  1 . 60 1 . 58  1 . 49 1 . 4 1  1 . 36 0 . 8  - 0 . 7  · 0 . 9  

Energy to GNP R a t i o  3 . 1 2  3 . 1 7  3 . 1 7  3 . 1 5 3 . 1 4 3 . 1 3 2 . 92 2 . 74 2 . 63 - 0 . 1  - 0 . 7  · 1 . 0  
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Coa l 
Cok i ng 
St eam 

Natura l Gas 
Fue l  and Power 
L ease and P l ant  

Pet ro l eum 
D i s t i l l ate  F ue l  
Res i dua l Fue l 
L i quef i ed Gases 
Kerosene 
Gaso l i ne 
S t i l l Gas 
Pet ro l eum Coke 
Crude O i l  

Hydropower 
Other 

Tota l D i rect F ue l s  

E l ec t r i c i ty 
Losses 

Tot a l  P r i mary F ue l s  

P r i mary F ue l s  Per 
Rea l Va l ue of Sh i pments 
Energy Use to 

GNP Rat i o  
Energy t o  GNP Rat i o  

Vers i on :  NPCLOWR E F  Wo r kspace : NPC/ENG/WS/MT BE F I X . 

I NDUST R I AL D E MAND FOR ENERGY 
FUE L & POWE R USE S 

( T r i l l i on BTU ) 
%CH %CH %CH 

YEARS 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 9 1  TO 90 TO 2000 TO 

1 990 1 99 1  1 992 1 993 1 994 

2 1 792 . 8  2 1 607 . 7  2 1 706 . 5  2 1 71 2 . 4  2 1 690 . 7  
1 1 067 . 3  924 . 6  983 . 9  1 1 007 . 5  992 . 3  
1 1 723 . 8  1 1 681 . 0  1 1 722 . 6  1 1 704 . 9  1 , 698 . 4  

8 1 459 . 2  8 , 52 1 . 7  8 , 709 . 0  8 , 764 . 7  8 , 794 . 4  
7 , 1 85 . 6  7 , 294 . 8  71 501 . 4  7 , 570 . 7  7 , 624 . 8  
1 1 273 . 6  1 , 226 . 9  1 , 207 . 6  1 , 1 94 . 0  1 , 1 69 . 6  

4 1 059 . 8  3 , 963 . 5  4 , 053 . 6  4 1 1 32 . 4  4 , 1 89 . 6  
1 , 1 78 . 6  1 1 1 1 6 . 9  1 1 1 32 . 1  1 1 1 4 5 . 4  1 , 1 60 . 3  

385 . 1  346 . 1  358 . 3  4 1 1 . 8 436 . 7  
332 . 3  405 . 4  4 1 1 . 8 4 1 5 . 8  422 . 7  

1 5 . 8  25 . 5  24 . 6  26 . 6  28 . 2  
1 96 . 1 1 94 . 6  1 88 . 9  1 9 1 . 5  1 90 . 9  

1 , 379 . 8  1 , 3 3 1 . 0  1 1 381 . 5  1 , 383 . 2  1 , 389 . 4  
5 2 1 . 0  5 04 . 4  5 1 7 . 0  5 1 8 . 7  522 . 0  

5 1 . 0  39 . 4  39 . 4  39 . 4  39 . 4  

3 1 . 0  3 1 . 0  3 1 . 0  3 1 . 0  3 1 . 0  
1 . 0  1 . 0 1 . 0 1 . 0 1 . 0 

... ... ... ... ... ... ... ... - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 995 2000 

2 1 687 . 4  2 1 398 . 6  
997 . 3  71 7 . 1 

1 , 690 . 1  1 1 68 1 . 5  

8 , 85 0 . 9  9 , 1 95 . 6  
7 , 708 . 5  8 1 072 . 9  
1 , 1 42 . 3  1 , 1 22 . 6  

4 1 299 . 4  4 , 522 . 7  
1 1 1 82 . 6  1 1 290 . 0  

506 . 7  557 . 7  
429 . 6  456 . 3  

29 . 7  3 1 . 8  
1 90 . 4  1 73 . 2  

1 , 395 . 6  1 1 430 . 3  
525 . 4  543 . 9  

39 . 4  39 . 4  

3 1 . 0  3 1 . 0  
1 . 0 1 . 0 

- - - - - - - - - - - - - - - -

2005 2 0 1 0  

2 1 285 . 6  2 1 1 8 1 . 3  
524 . 6  382 . 0  

1 ,  76 1 . 0  1 1 799 . 3  

9 1 71 4 . 3  9 1 458 . 1 
8 1 60 1 . 6  8 , 4 1 3 . 2  
1 1 1 1 2 . 7  1 , 045 . 0  

4 , 664 . 3  4 1 865 . 2  
1 1 350 . 3  1 1 391 . 8  

575 . 7  695 . 1  
485 . 1  488 . 8  

3 1 . 3  30 . 3  
1 65 . 7  1 54 . 7  

1 1 45 7 . 2 1 1 488 . 1  
559 . 6  577 . 0  

39 . 4  39 . 4  

3 1 . 0  3 1 . 0  
1 . 0 1 . 0 

- - - - - - - - - - - - - - - -
1 5 1 343 . 8  1 5 1 1 24 . 9  1 5 1 50 1 . 1  1 5 1 64 1 . 5  1 5 , 706 . 7  1 5 1 869 . 7  1 6 1 1 48 . 9  1 6 1 696 . 2  1 6 1 536 . 6  

3 , 1 60 . 1 . 3 , 1 32 . 3  3 1 1 6 1 . 9  3 , 22 1 . 1  3 , 235 . 7  3 , 296 . 9  3 1 5 1 3 . 8  3 1 697. 1 3 1 867 . 4  
7 1 1 1 9 . 9  6 1 979 . 8  7 1 058 . 6  71 23 7 . 8  7 , 24 1 . 7 7 , 396 . 9  7 1 609 . 8  7 1 872 . 2  8 , 1 69 . 5  

======== ======== ======== ======== ======== ======== ======== ======== ======== 
25 1 623 . 7  25 , 23 7 . 0  25 1 72 1 . 6  26 1 1 00 . 4  26 , 1 84 . 0  26 1 563 . 5  271 272 . 5  28 1 265 . 6  28 1 573 . 5  

1 0 . 93 1 1 . 1 1  1 1 . 1 5 1 0 . 94 1 0 . 71 1 0 . 5 1  9 . 38 8 . 50 7 . 88 

4 . 49 4 . 46 4 . 49 4 . 4 1  4 . 33 4 . 26 3 . 89 3 . 61 3 . 35 
6 . 22 6 . 1 6  6 . 1 9  6 . 1 0  5 . 98 5 . 90 5 . 40 5 . 00 4 . 68 

92 2000 20 1 0  

3 . 8  - 1 . 5 - 0 . 9  
6 . 4  - 3 . 9  - 6 . 1 
2 . 5  - 0 . 2  0 . 7  

2 . 2  0 . 8  0 . 3  
2 . 8  1 . 2 0 . 4  

- 1 . 6 - 1 . 3 - 0 . 7  

2 . 3  1 . 1  0 . 7  
1 . 4 0 . 9  0 . 8  
3 . 5  3 . 8  2 . 2  
1 . 6 3 . 2  0 . 7  

- 3 . 6  7 . 2  - 0 . 5  
- 3 . 0  - 1 . 2 - 1 . 1  

3·. 8 0 . 4  0 . 4  
2 . 5  0 . 4  0 . 6  
0 . 0  - 2 . 5  0 . 0  

0 . 0  0 . 0  0 .. 0 
0 . 0  0 . 0  0 . 0  

2 . 5  0 . 5  0 . 2  

0 . 9  1 . 1  1 . 0 
1 . 1  0 . 7  0 . 7  

---- ---- ----

1 . 9 0 . 6  0 . 5  

0 . 4  - 1 . 5 - 1 . 7  

0 . 9  - 1 . 4 - 1 . 5 
0 . 6  - 1 . 4 - 1 . 4 



6! 1 7/92 Vers i on:  NPCLO�R E F  �orkspace : NPC/EN G/�S/MT B E F I X .  

RA� MATER I AL D EMAND FOR E N ER G Y  
( T r i l l  i on B T U )  

%CH %C H %CH 
YEARS 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 9 1  TO 90 TO 2000 TO 
1 990 1 991  1 992 1 993 1 994 1 995 2000 2005 20 1 0  92 2000 20 1 0  

Asph a l t  & Road O i l 1 , 1 66 . 3  1 , 053 . 8  1 ,  04 1 . 1  1 , 048 . 2  1 , 05 9 . 0  1 , 076 . 0  1 , 1 52 . 4  1 , 1 85 . 8  1 , 204 . 7 - 1 . 2  - 0 . 1 0 . 4  

lubes & Waxes 396 . 1  3 5 3 . 8  375 . 0  385 . 4  39 1 . 8  398 . 4  428 . 2  461 . 8  482 . 9  6 . 0  0 . 8  1 . 2 
I ndust r i a l  Use 221 . 3  1 97 . 6  207 . 0  2 1 5 . 7  22 1 . 1  226 . 6  252 . 4  280 . 3  298 . 2  4 . 8  1 . 3 1 . 7 
Transportat i on Use 1 74 . 8  1 5 6 . 2  1 68 . 0  1 69 . 7  1 70 . 7  1 71 . 8  1 75 . 8  1 8 1 . 5  1 84 . 7  7 . 5  0 . 1  0 . 5  

Pet r o l eum Coke 2 1 1 . 4 203 . 6  206 . 3  2 1 4 . 0  207 . 8  2 1 2 . 0  209 . 1  202 . 3  1 9 1 . 0  1 . 3 - 0 . 1 - 0 . 9  
Spec i a l  Naphthas 1 07 . 3  92 . 2  96 . 7  1 03 . 5  1 1 1 . 4 1 23 . 0  1 55 . 5  1 73 . 3  1 87 . 3  5 . 0  3 . 8  1 . 9 
Other Petro l eum Produc ts * 1 26 . 4  - 56 . 7  82 . 1 85 . 1  85 . 9  86 . 9  86 . 7  86 . 8  86 . 8  NM - 3 . 7  0 . 0  

Pet rochem i c a l  F eeds t oc k s  2 , 389 . 7  2 , 455 . 9  2 , 435 . 8  2 , 349 . 2  2 , 289 . 4  2 , 3 1 4 . 2  2 , 677 . 0  2 , 85 7 . 5 3 , 026 . 1 - 0 . 8  1 . 1  1 . 2 
l i quef i ed Gases 1 , 1 94 . 5  1 , 2 1 6 . 2  1 , 202 . 1  1 , 1 86 . 5  1 , 1 54 . 6  1 , 1 66 . 4  1 , 35 1 . 9 1 , 445 . 9  1 , 534 . 2  - 1 . 2 1 . 2 1 . 3 
Naph t h a  347 . 8  3 1 9 . 2  335 . 6  343 . 6  350 . 6  355 . 6  4 1 6 . 6  450 . 4  483 . 1  5 . 1  1 . 8 1 . 5 
S t i l l  Gas 93 . 5  90 . 8  92 . 3  92 . 1  92 . 0  93 . 3  1 1 0 . 6  1 1 9 . 5  1 28 . 1 1 . 6 1 . 7 1 . 5 
M i sce l l aneous 753 . 9  829 . 7  805 . 9  727 . 0  692 . 2  699 . 0  797 . 9  84 1 . 7 880 . 7  - 2 . 9  0 . 6  1 . 0 

Tot a l  4 , 397 . 2  4 , 1 02 . 7  4 , 23 7 . 1 4 ,  1 85 . 5  4 , 1 4 5 . 3  4 , 2 1 0 . 6  4 , 708 . 9  4 , 967 . 5  5 . 1 78 . 8  3 . 3  0 . 7  1 . 0 

Tota l D e l i vered Fue l 
per D o l l ar of GNP ** 1 . 07 1 . 00 1 . 02 0 . 98 0 . 95 0 . 94 0 . 93 0 . 88 0 . 85 1 . 9 · 1 . 3 · 0 . 9  

* Other produc ts i nc l ude natura l gaso l i ne ,  i sopentane, unf rac t i ona ted 
s t ream, p l ant  condensa t e ,  unf i n i shed o i l s ,  mot o r  gaso l i ne bl end i ng 
components and avi a t i on gaso l i ne b l end i ng component s .  Due to 
i ncons i s tenc i es in the c l ass i f i ca t i ons o f  some pet r o l eum produc t s ,  
ref i nery i nput s  exceed t ot a l  supp l y  f o r  these produc t s ,  l eav i ng a net 
nega t i ve ba l ance .  

** Thousand B t u  per 1 982 D o l l ar o f  GNP 



6/ 1 7/92 

Natura l Gas 
P i pe l i ne Fue l 
Veh i c l e  Fue l 

Pet ro l eum 
Motor Gaso l i ne 

Unreformu l a t ed 
oxygenate 

D i s t i l l ate F ue l  
Jet  F ue l  
Res i dua l Fue l 
L i quef i ed Gases 
Av i a t i on Gaso l i ne 

Tota l 

E l ec t r i c i ty 

P r i mary Fue l s  Per 
Person 

Energy to  GNP R a t i o  

Vers i on :  NPCLOWR E F  

TRAN SPORTAT I ON D EMAND FOR ENERGY 
FUEL AND POWER USES 

( T r i l l  i on B t u )  

YEARS 

Workspace : NPC/ENG/WS/MT B E F I X  

%CH %CH %CH 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 91 TO 90 TO 2000 TO 
1 990 1 99 1  1 992 1 993 1 994 1 995 2000 2005 20 1 0  92 2000 20 1 0  

680 . 3  772 . 2  674 . 0  645 . 1  650 . 3  660 . 1  906 . 0  1 , 1 46 . 7  1 , 2 1 9 . 8  - 1 2 . 7  2 . 9  3 . 0  
680 . 3  772 . 2  674 . 0  645 . 1  650 . 3  653 . 8  71 5 . 0  770 . 5  . 776 . 0  - 1 2 . 7  0 . 5  0 . 8  

0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  6 . 3  1 91 . 1  376 . 2  443 . 8  NC NC 8 . 8  

2 1 , 5 1 9 . 8  2 1 , 246. 1 2 1 , 1 1 9 . 5  2 1 , 4 1 6 . 7  2 1 , 771 . 4  22 , 249 . 3  23 , 5 09 . 1 24 , 927. 6 25 , 300 . 1  - 0 . 6  0 . 9  0 . 7  
1 3 , 55 3 . 7  1 3 , 470 . 0  1 3 , 3 1 1 . 0 1 3 , 439 . 2  1 3 , 586 . 0  1 3 , 773 . 0  1 4 , 1 43 . 6  1 4 , 592 . 8  1 4 , 429 . 2  - 1 . 2 0 . 4  0 . 2  
1 3 , 553 . 7  1 3 , 470 . 0  1 3 , 3 1 1 . 0 1 3 , 439 . 2  1 3 , 432 . 9  1 3 , 461 . 5  1 3 , 270 . 2  1 3 , 589 . 8  1 3 , 437 . 4  - 1 . 2 - 0 . 2  0 . 1  

0 . 0  0 . 0  0 . 0  0 . 0  1 53 . 1  3 1 1 . 5 873 . 4  1 , 003 . 0  991 . 9  NC N C  1 . 3 
3 , 823 . 2  3 , 778 . 4  3 , 775 . 8  3 , 822 . 2  3 , 896 . 6  4 , 0 1 0 ; 4  4 , 532 . 8  5 , 1 20 . 0  5 , 429 . 4  - 0 .  1 1 .  7 1 . 8 

. 3 , 1 29 . 4  3 , 023 . 9  3 , 038 . 1 3 , 1 27 . 3  3 , 238 . 1 3 , 35 9 . 9  3 , 625 . 0  3 , 900 . 3  4 , 062 . 6  0 . 5  1 . 5 1 . 1  
948 . 1 9 1 0 . 6  93 1 . 7  964 . 4  985 . 9  1 , 038 . 7  1 1 1 36 . 4  1 , 240 . 3  1 , 302 . 0  2 . 3  1 . 8 1 . 4 

20 . 4  2 1 . 7  2 1 . 3  22 . 1  23 . 3  25 . 8  29 . 8  32 . 8  35 . 3  - 1 . 9 3 . 9  1 . 7 
45 . 0  4 1 . 5  4 1 . 5  4 1 . 5  4 1 . 5  4 1 . 5  4 1 . 5  4 1 . 5  4 1 . 5  0 . 0  - 0 . 8  0 . 0  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ... .. .. .. .. .. ... .. - - - - - - - - .. .. .. .. .. ... ... ... - - - .. -

22 , 200 . 1  22 , 0 1 8 . 3  2 1 , 793 . 5  22 , 06 1 . 8  22 , 42 1 . 7  22 , 909 . 4  24 , 4 1 5 . 2  26 , 074 . 3  26 , 5 1 9 . 9  - 1 . 0 1 . 0 0 . 8  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 8 . 1 24 . 4  1 9 . 6  1 9 . 7  20 . 0  20 . 2  2 1 . 1  2 1 . 9  22 . 5  - 1 9 . 8  1 . 6 0 . 7  

88 . 84 87. 22 85 . 58 85 . 98 86 . 72 87 . 98 90 . 66 94 . 1 4 93 . 40 - 1 . 9 0 . 2  0 .. 3 

5 . 39 5 . 38 5 . 25 5 . 1 6 5 . 1 2  5 . 1 0 4 . 84 4 . 62 4 . 35 - 2 . 3  - 1 . 1  - 1 . 1  



6/ 1 7/92 Vers i on :  NPCLOYR E F  Yorkspace : NPC/ENG/YS/MT BE F I X .  

Coa l ( 1 )  
Consumpt i on 
Stock Changes 

N a tura l Gas 

Pet ro l eum ( 1 )  

Res i dua l Fuel  ( 1 )  
Consumpt i on 
Stock Changes 

D i s t i l l a t e  Fue l  ( 1 )  
Consumpt i on 
Stock Changes 

Other ( 1 )  

Nuc l ear Power 
Hydropower 
Other 

To t a l  ( 2 )  

T ot a l  E l ec t r i c i ty 

LEGEND 
( 1 )  P roduct Supp l i ed .  

1 990 1 99 1  

E L E C T R I C  UT I L I T I E S  D EMAND FOR ENERGY 
USED IN T H E  GENE RAT I ON O F  ELECTR I C I T Y 

( T r i l l  i on BTU ) 

YEARS 

1 992 1 993 1 994 1 995 2000 2005 20 1 0  

1 6 1 585 . 0  1 6 1 06 1 . 7  1 6 1 45 0 . 2  1 6 1 542 . 6  1 6 1 696 . 6  1 7 1 020 . 1  1 6 1 479 . 0  1 6 1 903 . 5  1 6 1 893 . 3  
1 6 1 079 . 7  1 6 1 003 . 3  1 6 1 2 1 5 . 2  1 6 1 475 . 8  1 6 1 656 . 9  1 6 1 954 . 8  1 6 1 662 . 9  1 6 1 864 . 4  1 6 1 890 . 8  

4 1 7 . 6  58 . 4  

2 1 854 . 1  2 1 848 . 2  

1 1 3 76 . 9  1 1 286 . 6  

1 1 263 . 2  1 1 1 98 . 1 
1 1 1 40 . 1  1 1 206 . 8  

1 23 . 1  - 8 . 7  

1 0 1 . 8  76 . 9  
86 . 4  77 . 5  
1 5 . 4 - 0 . 6  

1 1 . 9 1 1 . 5 

6 1 1 86 . 0  6 1 569 . 2  
2 1 909 . 0  3 1 064 . 8  

200 . 0  1 96 . 4  
- - - - - - - - - - - - - - - -

235 . 1  

2 1 785 . 4  

1 1 029 . 8  

967 . 3  
978 . 9  
- 1 1 . 6 

56 . 1  
64 . 0  
- 7 . 9  

6 . 3  

6 1 850 . 6  
3 1 1 25 . 0  

206 . 3  
.. - .. .. .. ..  - -

66 . 8  39 . 7  

2 1 978 . 7  3 1 066 . 9  

1 1 1 35 . 2  1 1 1 3 6 . 6  

1 1 053 . 8  1 1 058 . 6  
1 1 03 1 . 2  1 1 05 0 . 6  

22 . 6  8 . 0  

75 . 0  71 . 6  
69 . 8  72 . 3  

5 . 3 - 0 . 6  

6 . 3  6 . 3  

6 1 942 . 8  71 042 . 3  
3 1 1 92 . 5  3 1 23 1 . 5  

222 . 1  222 . 8  
- - - - - - - - - - - - - - - -

65 . 3  - 1 83 . 8  

3 1 085 . 1  4 1 327 . 3  

1 1 4 0 1 . 8  1 1 435 . 4  

1 1 293 . 1 1 1 3 1 1 . 4  
1 1 246 . 7  1 1 338 . 1  

46 . 4  - 26 . 7  

1 02 . 4  1 1 7 . 7 
87. 1 1 1 6 . 9  
1 5 . 3  0 . 8  

6 . 3  6 . 3  

7 1 1 1 6 . 4  7 1 45 1 . 4  
3 1 263 . 1  3 1 408 . 5  

23 1 . 5  35 7 . 4  
- - - - - - - - - - - - - - - -

39 . 1  2 . 5  

5 1 1 8 1 . 4  5 1 5 77 . 0  

1 1 652 . 5  2 1 402 . 6  

1 1 481 . 6  2 1 1 32 . 3  
1 1 436 . 5  2 1 071 . 2  

45 . 1  6 1 . 1  

1 64 . 5  264 . 0  
1 42 . 7  230 . 8  

2 1 . 9  33 . 1  

6 . 3  6 . 3  

71 5 1 3 . 8  7 1 565 . 4  
3 1 638 . 0  3 1 846 . 6  

338 . 7  3 1 0 . 8  
- - - - - - - - - - - - - - - -

29 1 605 . 8  29 1 968 . 6  30 1 2 1 2 . 3  30 1 946 . 9  3 1 1 35 7 . 0  3 2 1 052 . 7  33 1 642 . 9  35 1 1 88 . 7  36 1 593 . 1  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

9 1 1 00 . 8  9 1 282 . 9  9 1 346 . 7  9 , 530 . 9  
- - - - - · - -

9 , 683 . 8  
- - - - - - - - ... .. ... ... .. .. ... .. - - - - - - - - - - - - - - - -

9 , 881 . 8  1 0 , 627 . 4  1 1 , 245 . 0  1 1 1 75 7 . 2 

( 2 )  I nc l udes consumpt i on of coa l ,  produc t supp l i ed o f  pe t ro l eum .  

%CH %CH %CH 

91 TO 90 TO 2000 TO 
92 2000 201 0 

2 . 4 - 0 . 1  
1 . 3 0 . 4  

302 . 4  NM 

- 2 . 2  4 . 2  

- 20 . 0  0 . 4  

- 1 9 . 3  0 . 4  
- 1 8 . 9  1 . 6 
- 33 . 5  NM 

- 2 7 . 1 1 . 5 
- 1 7 . 5  3 . 1  

- 1 1 223 . 5  - 25 . 7  

- 44 . 9  - 6 . 1 

4 . 3  1 . 9 
2 . 0  1 . 6 
5 . 0  6 . 0  

- - - - - - - - - - - - -

0 . 8  1 . 3 
- - - ·· - - - - - - - - -

0 . 7  1 . 6 

0 , 2 
0 . 1  

NM 

2 . 6  

5 . 3  

5 . 0  
4 . 5  

NM 

8 . 4  
7 . 0  

45 . 4  

0 . 0  

0 . 2  
1 . 2 

- 1 . 4 

0 . 8  

1 . 0 
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Natura l Gas 
P i pe l i ne Fue l 
Veh i c l e  Fue l 

Pet r o l eum 
Motor Gaso l i ne 

Unreformu l ated 
oxygenate tt 

D i st i l l at e  Fuel 
Jet Fue l  
Res i dua l Fue l 
L i quef i ed  Gases 
Avi at i on Gaso l i ne 

Tota l 
E l ec t r i ci ty 

Pr i mary Fue l s  Per 
Person 

Energy to GNP Rat i o  

Vers i on :  NPCH I GHREF Workspace:  NPC/EN G/2 . 

TRANSPORTAT I ON DEMAND FOR ENERGY 
FUEL AND POWER USES 

( T r i l l i on Btu) 

YEARS 
%CH %CH %CH 

- - - - - - - - - - · - - - - - - - - - - - - - - - - - - - - - - - - · - - - - - - - - - - - - - - - - - - · - - - - - - - - - - - - - - - - - - - - - - - · - 91 TO 90 TO 2000 TO 
1 990 1 991 1 992 1 993. 1 994 1 995 2000 2005 201 0  92 2000 20 1 0  

680 . 3  772 . 2  675 . 8  650 . 5  658 . 8  668 . 9  92 1 . 7  1 , 1 61 . 5  1 , 238 , 0  - 1 2 . 5  
680 . 3  772 . 2  675 . 8  650 . 5  658 . 8  662 . 6  731 . 6  790 . 3  797 . 1 - 1 2 . 5  

0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  6 . 3  1 90 . 1  371 . 3  440 . 9  NC 

2 1 , 5 1 9 . 8  21 , 246 . 1  21 , 1 07 . 1 21 , 446 . 4  2 1 , 853 . 4  22 , 352 . 5  24 , 030 . 0  25 , 575 . 4 26, 833 . 0  - 0 . 7  
1 3 , 553 . 7  1 3 , 470 . 0  1 3 , 3 1 5 . 9  1 3 , 480 . 7  1 3 , 672 . 5  1 3 , 894 . 2  1 4 , 5 1 0 . 3  1 5 , 01 7 . 5  1 5 , 258 . 8  - 1 . 1  
1 3 , 553 . 7  1 3 , 470 . 0  1 3 , 3 1 5 . 9  1 3 , 480 . 7  1 3 , 5 1 8 . 4  1 3 , 580 . 0  1 3 , 6 1 4 . 6  1 3 , 985 . 7  1 4 , 21 0 . 7  - 1 . 1  

0 . 0  0 . 0  0 . 0  o . o  1 54 . 1  3 1 4 . 2  895 . 8  1 , 03 1 . 8  1 , 048 . 1  NC 
3 , 823 . 2  3 , 778 . 4  3 , 775 . 1  3 , 829 . 1 3 , 9 1 4 . 9  4 , 035 . 6  4 , 6 1 6 . 9  5 , 254 . 5  5 , 798 . 9  - 0 . 1 
3 , 1 29 . 4  3 , 023 . 9  3 , 026 . 0  3 , 1 1 1 . 9 3 , 21 7 . 8  3 , 323 . 1  3 , 672 . 1 3 , 960 . 9  4 , 3 1 0 . 7  0 . 1  

948 . 1 91 0 . 6  927.6 961 . 7  984 . 3  1 , 033 . 8  1 , 1 60 . 6  1 , 269 . 9  1 , 387. 6  1 . 9 
20 . 4  21 . 7  21 . 0  2 1 . 5  22 . 5  24 . 4  28 . 6  31 . 1  35 . 4  - 3 . 3  
45 . 0  41 . 5  4 1 . 5  4 1 . 5  4 1 . 5  4 1 . 5  4 1 . 5  4 1 . 5  41 . 5  0 . 0  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
22 , 200 . 1 22 , 0 1 8 . 3  21 , 782 . 9  22 , 096 . 9  22 , 5 1 2 . 3  23 , 021 . 4  24 , 95 1 � 7  26 , 736 . 9  28 , 071 . 0  - 1 . 1  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 8 . 1 24 . 4  1 9 . 6  1 9 . 7  20 . 0  20 . 2  21 . 1  

88 . 84  87. 22 85 . 54 86 . 1 2  87. 07 88 . 4 1  92 . 65 

5 . 39 5 . 38 5 . 23 5 . 1 2  5 . 06 5 . 0 1  4 . 76 

- - - - - - - - - - - - - - - - - - - - -
2 1 . 9  22 . 5  - 1 9 . 8  

96 . 53 98 . 85 - 1 . 9 

4 . 49 4 . 23 - 2 . 7  

3 . 1  3 . 0  
0 . 7  0 . 9  

N C  8 . 8  

1 . 1  1 .  1 
0 . 7  0 . 5  
0 . 0  0 . 4  

NC 1 . 6 
1 . 9 2 . 3  
1 . 6 1 . 6 
2 . 0  1 . 8 
3 . 4  2 . 2  

- 0 . 8  0 . 0  

1 . 2 1 . 2 

1 . 6 0 . 7  

0 . 4  0 . 7  

- 1 . 2 - 1 . 2  

*Incremental ;  Current (i .e. 1 992) Levels of Oxygenate Use 
are Imbedded in "Unreformulated" (Conventional) Fuel Category 
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Comparison of NPC/ DRI and DRI Base Cases 

Average U.S .  Refiner Cost of 
Foreign Crude 

(Dol lars per Barre l )  
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Non-OPEC Crude Production 
( Excluding CPEs) 

(Mi l l ion Barre ls per Day) 
2 5r-----------------------------------------� 

1 5  ...... .... . ... . . . .. . .. . . . .. .. _ . .... «• •• • ·--- - ······· - --·-·---·····--·-·-···--···-·--·-·-·- ·· · · ----···· --.... -- ·· · ·  . •.. . ..•.. 

1 0  

5 

....... . .... .. ..... ·-···--· .. -·- · ··--· ···· .. ---- . . ····-- ·------·····----.. ---------------

1991 

. . . .. .... ........ .. ... --.. ···-···--------····-----..... .... _ .•..... 

1994 1997 2000 2003 2006 

- NPC/DRI - DRI D Difference 

OP EC Crude Production 

(Mi l l ion Barre ls  per Day) 

2009 

60�----------------------------------------� 

40 

20 

1991 1994 1997 2000 2003 2006 

- OPECIINPC - OPECIIDRI CJ Difference 

2009 



SHORT-TERM OUTLOOK : 
After t h e  War 

• Retur n  to Market Fu ndamenta ls  

• P roduct ion  D isc ipl i ne  is  Key in  Short  Ter m, Led by 
Persian  Gu l f  P roducers ,  Espec ial ly Saud i Arab ia  

• Resu mpt ion of Kuwa i t i  and I raq i P roduct ion  
w i l l  not  be as Quick as Ex pected Pr ior  to  the War's End 

• OPEC P roduct ion C u t  is  Requ i red  to C o m pe nsate fo r Weak 
Wor ld Econo m ic G rowt h, S lugg ish  Oi l D e m a nd G rowth  and 
Seasonal Second-Quarte r  D ow n tu r n  i n  Oi l Demand 

• Prom ised Cut  i n  OP EC Product ion  May Be Too Smal l to 
Avert  Fu rther  Pr ice Weak ness 
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World Economic Growth Burdened by 
Slugg ish Anglo Economies 

(%Growth, Qtr ly, At Annual Average Rate) 
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Ample Wor ld Crude Production Wil l  
Lead to Inventory Bui ld ing 

(Mi l l ion Barrels per Day) (I nventories) 
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SHORT-TERM OUTLOOK : 
OP EC Restrain t  Cr i tical fo r Pr ice G row th 

• Excess Product ion  and Weak Demand Exert  D ow n ward 
Pressu re on N ear-term Crude Pr ices 

• G radual  P r ice Recovery Due to I m p roved Econom ic G rowt h  
a n d  Faster  Oi l De mand G rowth by Late 1991  

• Eventual  Resto rat ion  of Kuwai t i  and I raq i Product ion  
Presents Cr i t ical  Test  for OPEC P roduct ion  Restra i n t  

• Saud i I n f luence o n  OPEC Po l icy G reat ly  Ex panded - 

From 27o/o to 35°/o o f  OP EC P rod uct ion  ( 1990 vs . 1991 )  

• Crude P r ices Wi l l  R ise  S low ly  From 2 nd-Quarte r  1991, 
With  U .S .  Ref iner  Pr ices Averag ing  $ 2 0.50 I n  1 9 9 2  



SH ORT - T E R M  O U T LOOK : 
Tur moi l  S u r rounds OPEC Product ion / P r ic ing Pol icy 

H ig h  Res e r ve Prod uce rs Wan t :  

- H ig her Vol u mes 

- Lower, M o re Stab l e  Oi l P r ices 

- Steady D e mand G row t h  

- Red uc e d  F i n ancial  I nc e n t ive 
fo r N o n-OP EC P ro d ucers 

- These cou n t r ies can genera l l y  
to lerate lower o i l ex p o r t  
ear n ings.  

Low Res e r ve P ro d ucers Wan t: 

- H ig h e r  P r ices 

- Lowe r P ro d u c t i o n  Vo l u me s  

- Ex te nd e d  Res e r ve L i fe 

- H ig h e r  S h o r t-Te r m  Reve n ues 

- P ressu re d  by h ig h  d e b t  and 
h ig h  p o p u l at i o n  grow t h, 
t h e s e  e c o n o m ies r i s k  
destab i l i zat i o n  i f  ex p o r t  
reve nues are i n adequ ate . 
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1990 World Crude Oi l Production 

(M i l l ion Barre ls  per Day) 
8 
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Source: 0 1 1  & G a s  J ournal  

LEGEND FOR COUNTRY ABBREVIATIONS 

U S  - U nited States 
CN - Canada 
UK - U n i ted Kingdom 
N R - Norway 
M X - Mexico 
SA - Saudi Arabia 
I R N - I ran 
I RQ - Iraq 
K W - Kuwait 
UAE - United Arab Emirates 
QTR - Qatar 
ALG - Algeria 
N I G  - Nigeria 
LIB - Libya 
GAB - Gabon 
VEN - Venezuela 
EC - Ecuador 
I N D  - I ndonesia 
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Short-term U .S .  Ref iner Cost of 
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SH ORT - T E R M  OUTLOOK : 
U . S .  Demand fo r Pet roleum P roducts Weak 

• Gains  in  Stock Ave rage F uel  Economy Outpace I ncreas ing 
Veh icle M i les Traveled and Lead to D ecl i n i ng Gasol i ne  
C onsu m pt ion  

• Weak On-H ig hway Diese l  Demand C lose ly  T ied to Eco n o m ic 
Act iv i ty  

• Reduced Compet i t ion  and H ig her Fares ,  S low ing Ec o n o m y  and 
I ncreasing Airc raft Ef f ic iency Lead to  S lower G rowt h  in  J et 
Fuel  Demand 

• Gains  i n  E lectr ic i ty  Ge nerated F ro m  N uclear  and Hyd ro 
Disp lace Residu a l F ue l ,  but  Deplet ion  of  C oal  and N uclear 
P i pel ine Wi l l Cause Later  Rebou nd 

• Tig hter  Env i ro n mental  Regu lat ions  W i l l  St rengthen Gas o l i ne ,  
Diesel  Fuel  and Low-Su l f u r  Residual  F ue l  Pr ices 



LON G - T E RM OU T LOOK : 
Sustained U pward Pressu re o n  Crude P r ices 

• Certai n OPEC P roducers Expe r ience F l at o r  Dec l i n i ng 
Product ion ,  and Requ i re H ig her  Rea l  Pr ices · 

• N o n-OP EC Oi l Product ion  and N et C P E  Ex p o rts Beg i n  
P rot racted Dec l i ne 

• OP EC Product ion  Capac i ty Ex pand s to M eet I nc reased 
Requ i rements 

• Real Crude Pr ice G row th  M oderates f rom 4°/o An nua l ly  i n  
Ear ly  1990s to 2 °/o Long Ter m  

• Real Crude Pr ices R ise  Fro m  $18 .50 i n  1991  to $ 2 4  i n  
2 0 0 0  a n d  $ 2 9  i n  2010 



. S lowe r N ea r - Te r m  Ec o n o m ic G row th 
Yie lds to Faste r G row th i n  L ate 1 9 9 0 s  

(Average An nual Perc e n t  Change)  
8 5 - 9 0 9 0 - 9 5  9 5 - 2 0 0 0  
- - - - - - - - - - - - - - - - -

U n i ted States 2 . 8  2 . 0  2 . 5  

Canada 3 . 1 2 .3 3 . 4  

Japan 4. 7 3 . 7  3 . 5  

European B ig 4 .  3 . 1 2 . 5  3 .4 

Other OECD 3 . 0  2 . 6  3 . 3  

N on - OP EC LDCs 5 . 2  5 . 1 5 . 9  

OPEC 2 . 6  5 . 3  5 . 0  



U .S. Demand for Petroleum Wi l l  G row 
Slowly.  Then Accelerate 

(Mi l l ion Barrels per Day) (BBL/1980 GOP $) 
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OPEC Wi l l  Gain From Declines in 
Non-OPEC and CPE Exports 

(Mi l l ion Barrels per Day) 
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Risks to the Forecast 

Lower P r ices Resu l t  From:  
• Low Ec onomic G rowt h, W h ich Red uces G row t h  i n  

O i l  C o n s u m p t i o n  

• OP EC Discord o n  P ro d uct ion and P r ic i n g  

• I n abi l i t y  to Res t ra in  P ro d u c t i o n  Ve rsus S l ug g i s h  Oi l 
D emand Cau ses S h ar p e r  P r i c e  D e c l i ne T h an Base Case 

H igher P r ices Caused by: 
• St ronger  Ec ono m ic Recover y  an d Faste r O i l  D emand 

D emand G rowt h  T h an Base Case 

• K u wai t i  and I raq i  Ou tages Are Lon g e r  Th an E x p e cte d 

• Saud i-Led O P EC Ach i eves Successfu l P rod u c t i o n  
Restrai n t  



World Oil Outlook Summary 
(Mil l ion Barrels per Day) 

�H 

YEARS 

�H �H �H �H 

· · · · · · · · · · · · · · · · · · · · · · · · • • • · · · · · · · · · · · · · · · · · · · · · · · · · · • 89 TO 90 TO 95 TO 2000 TO 2005 TO 

1 989 1 990 1 99 1  1 992 1 995 2000 2005 201 0  90 95 2000 2005 201 0  

MAJOR SEVEN 

OTHER DECO 

TOTAL DECO 

DEVE LOP I NG AREAS 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

O I L  CONSUMPT I ON 

3 1 . 93 3 1 . 83 3 1 . 76 32 . 30 33 . 1 0 35 .48 39 .40 43 . 88  - 0 . 3  

5 . 67 5 . 87 6 . 02 6 . 28 6 . 38 6 . 77  7 . 53 8 . 4 1  3 . 6  

37 . 60 37 . 70 37. 78 38 . 58 39 .49 42 . 25 46 . 93 52 . 29 0 . 3  

1 4 . 9 1  1 5 . 52 1 5 . 70 1 6 . 0 1  1 7. 1 9  1 8 . 98 2 1 . 05 23 . 59 4 . 1  
===== ===== ===== ===== ===== ==�== ===== 

0 . 8  

1 . 7 

0 . 9  

2 . 1  
==== 

1 .4 

1 . 2 

1 . 4 

2 . 0  
==·== 

NON - COMMUN I ST CONSUMPT I ON 52 . 50 53 . 22 53 . 48 54 . 59 56.68 61 . 23 67 . 98 75 . 88  1 . 4 1 .3 1 . 6 

MAJOR SEVEN 

OTHER NON -OPEC 

TOTAL NON - OPEC 

OPEC CRUDE 

OPEC NGLs 

TOTAL OPEC PRODUCT I ON 

NON - COMMUN I ST PRODUCT I ON 

NET COMMUN I ST EXPORTS 

RE F I NERY GA I N  

I NVENTORY W I T HDRAWALS ( * )  

0 I L PRODUCT ! ON 

1 3 . 38 1 3 . 07 1 3 .32 1 3 . 30 1 2 . 36 1 1 .30 1 0 .40 9 . 59 - 2 . 4  - 1 . 1  - 1 . 8 

1 1 . 77 1 2 . 26 1 2 . 55 1 2 . 62 1 2 . 67 1 3 . 13 1 3 . 95 1 4 . 93 4 . 2  0 . 7  0 . 7 

25 . 1 5  25 . 32 25 . 88  25 . 92 25 . 03 24 . 43 24 .35 24 . 5 2  0 . 7  - 0 . 2  - 0 . 5  

2 1 . 77  23 . 00 23 .27 24 . 1 5  27. 43 33 . 27 40 . 4 1  48 .32 5 . 7  3 . 6  3 . 9  

1 . 91 1 . 90 1 . 87 1 . 89 1 . 95 2 . 02 2 . 1 2  2 . 23 - 0 . 2  0 . 5  0 . 7  

23 . 67 24 . 9 1  25 . 1 4 26. 04 29 . 38 35 . 29 42 . 53 5 0 . 55 5 . 2  3 . 4  3 . 7  

48 . 82 50 . 23 5 1 . 02 5 1 . 96 54 . 4 1  59 . 72  66 . 88  75 . 07 2 . 9  1 . 6 1 . 9 

1 . 84 1 . 58 1 . 50 1 . 43 1 . 23 0 .47 - 0 . 04 - 0 . 54 · 1 4 . 1 

1 . 1 0  1 . 1 2  1 . 1 2 1 . 1 5  1 . 1 9 1 . 29 1 . 43 1 . 59 1 . 4 

0 . 74 0 . 29 - 0 . 1 5  0 . 06 - 0 . 1 5  - 0 . 24 - 0 . 29 - 0 . 24 -60 . 4  

- 4 . 9  - 1 7. 5  

1 . 3 1 . 6 

NM · 1 0 . 6  
===== ===== ===== ===== ===== :c::: �==== ===== ===== ==== ===== 

TOTAL NON - COMMUN I ST SUPPLY 52 . 50 53 . 22 53 . 48 54 . 59 56 . 68  61 . 23 67. 98 75 . 88  1 . 4 1 . 3 1 . 6 

AVERAGE U . S .  RE F I NERS ' 

COST OF FORE I GN CRUDE 

1990 S/BARREL 

CURRENT S/BARRE L  

1 8 . 77  22 . 1 5 1 8 . 50 1 9 . 38 22 . 00 24 . 00 26. 38 29 . 00 1 8 . 0 · 0 . 1 

1 8 . 04  22 . 1 5 1 9 . 07 20 . 57 25 .62 33 . 58 45 . 52 62 . 23  22 . 8  3 . 0  

* Negat i ve va l ues i nd i cate a n  i nventory bui ld; 

i nc l udes stat i st i ca l di screpancy. 
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2 . 1  
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2 . 1  
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4 . 0  

1 . 0 

3 . 8  

2 . 3  

NM 

2 . 1  

- 3 . 5  

2 . 2  

2 . 3  

2 . 2  

2 . 3  
===== 

2 . 2  

- 1 . 6 

1 . 4 

0 . 1  

3 . 6  

1 . 0 

3 . 5  

2 . 3  

· 70 . 8  

2 . 2  

3 . 9  
==== ====:.: 

2 . 1  
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1 . 9 

6 . 5  



UN I TED STATES 

CANADA 

JAPAN 

UN I TED K I NGDOM 

W. GERMANY 

FRANCE 

I TALY 

MAJOR SEVEN 

SAOO I ARAB I A  

I RAN 

I RAQ 

KUWAI T  

UN I TED ARAB EMI RATES 

QATAR 

NEUTRAL ZONE 

N I GERIA 

L I BYA 

ALGER I A  

GABON 
VENEZUELA 

I NDONESIA 

ECUADOR 

OPEC 

MEX I CO 

NORWAY 

OTHER 

World Crude Production Summary 
(Mi l l ion Barrels per Day) 

YEARS 

XCH XCH XCH XCH XCH 

· • • • • · · • • · · • • · • · • • • · • • • • • • • • · • • • • • • • • · • • · · • • • • • • • • · • • •  89 TO 90 TO 95 TO 2000 TO 2005 TO 

1 989 1990 1 991 1 992 1995 2000 2005 201 0  90 95 2000 2005 201 0  
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1 . 56 

0 . 01 

1 . 79 

0 . 08  

0 . 07 

0 . 1 1  

7.37 7 . 36  7 . 25 6 . 72  5 .99 
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1 . 83 2 . 03 2 . 16 1 .81 1 . 44 

0 . 08  0 . 08  0 . 08  0 . 08  0 . 07 

0 . 07 0 . 07 0 . 07 0 . 07 0 . 06  

0 . 1 2  0 . 1 2  0 . 1 2  0 . 1 2  0 . 1 1  
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8 . 07 1 0 . 1 3  1 2 . 75  1 5 .55 27. 1  

3 . 42 4 . 47 5 .60 

3 . 1 3 4 . 1 8 5 . 25 

1 . 61 2 . 02 2 . 91 

6 . 76 7 . 9  

6 . 40 - 28 . 7  

3 . 77  -32 . 7  

2 . 23  2 . 76 3 . 40 4 . 37 9 . 7  

0 . 42 0 . 46  0 . 52 0 . 57 - 1 .6 

0 . 36  0 . 44  0 . 50 0 . 55 -27.9 

1 . 81 1 .86 1 . 75 1 . 76 8 . 7  

1 . 45 1 . 47 1 . 56 1 . 64 23 . 2  

0 . 72  0 . 80  0 . 73  0 . 65 1 0 . 1  

0 . 32 0 .32 0 . 36  0 . 4 1  26. 3  

2 . 28 2 . 76 3 .61 4 . 32 22 . 5  

1 . 30 1 . 31  1 . 1 5 1 . 23 2 . 6  

0 . 30 0 . 29  0 . 33 0 .33 - 0 . 6  

5 . 1  

2 . 1  

9 . 3  

8 . 4  

1 . 6 

1 . 8 

4 . 5  

0 . 3  

1 .4 

- 1 . 2  

2 . 9  
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0 . 8  

1 . 0 

4 . 6  
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4 . 6  

4 . 4  
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0 . 5  

0 . 3  
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o .o  
3 . 9  
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- 0 . 7  
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A Comparison of N PC and DRI Forecasts 

Refiners' Acquisition Price of Foreign 
Crude Oil 
(1 990 dollars, dollars per barrel) 
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NPC Forecast-A Graphic Summary 

Population Growth Slows 
(Percent change) 
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The Labor-Force Participation 
Rate Drops Off 
(Percent) 
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Consumption Retreats Slightly 
(Percent of GNP) 
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The Federal Deficit Improves Steadily 
(Percent of GNP) 
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Real Interest Rates Moderate, But 
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The Energy-to-GNP Ratio Keeps Falling 
(Thousands of Btus per 1 982 dollar of GNP) 
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NPC Forecast 
DRI/McGraw-Hill Summary Table for the U.S. Economy 

Average Annual 

YEARS 
C0111p0und Growth 

1990 1995 2000 2005 
1990 1991 1992 1995 2000 2005 2010 1995 2000 2005 2010 

Composi ti on of Real GNP (Annual rate of change) 

Gross Domesti c Product 1 . 0  �.6  1 .4 2 .8 2 . 1  1 .9 1 .3 1 .7 2 .4  2 .2  1 .4 
Gross Nati onal Product 1 . 1  -0.6  1 . 3  2.8 2 . 1  2 .0  1 .3 1 .8 2 .3  2 . 3  1 .5 
Fi nal Sal es 1 .8 �.2 1 . 1  2 .8 2 .2  2 . 1  1 .3 1 .7 2 .4  2 . 3  1 .5  

Excl udi ng CCC Transacti ons 1 . 9 �.3  1 . 1  2 .8 2.2 2.1  1 . 3  1 . 7  2 .4  2 .3  1 .5  
Total Consumpti on 1 . 1  �.3  1 . 3 2 .2  1 .6 1 . 7  1 . 1  1 .6 1 . 7  1 .7 1 . 1 
Nonresi dential  Fixed Investment 1 .7 -4.6 3 . 3  6.8 3.6 2 . 1  1 .2 5 .2  4 .4  3.7 1 .2 
Equi pment 2.7  �.9 8.1 6.3 4.0 2 . 1  1 .2 7 .4 4 .7  4 .2  1 .2 
Structures �.5 -13.4 -9 .6 8.6 1 .8 1 .8 1 . 3  -0.7 3 .4  2 .0 1 .4 

Resi dential  Fixed Investment -3.7 -10 .4 6 . 1  5.8 0.9 0 .5  1 .8 -0.2 1 . 7  0.2 1.0 
Exports 6 .5  4 . 9  3 . 6  6 . 0  6 .2 4 .3  2.6 5 .5 6 .4  5 .5  3.3 
Imports 1 . 5  �.5  5 . 7  4.8 4.0 2.8 1 .8 5 .3  4 .0  3.9  1 .7 
Federal Government 1 . 5  1 . 1  �.9  -4.0 � .8 1 . 3  0 . 8  -3 .4  -1 . 6  0 . 4  1 .0 

Excl udi ng CCC Transacti ons 1 . 9  0 .6  � .8 -4.0 -0.8 1 . 3  0 .8 -3 .4  -1 .6  0 .4 1 .0 
State and Local Governments 4 . 5  0 .7  0 . 7  3 . 0  1 .0 1 . 0  0 . 4  1 .7 1 . 5  0 .8 0 .5 

Bi l l i ons of Dol l ars 

Rea 1 GNP (1982 $) 4 , 121 .8 4,097 .5  4, 152 . 1 4,499.7 5 ,051 .7 5,652 .5  6 ,099 . 1  1 .8 2 . 3  2 . 3  1 .5 
Gross Nati onal Product 5,524.6 5,684.7 5,922 .0  6 ,893.0 8,824.5  1 1 ,443.3 14,617 .6  4 .5  5 . 1  5 .3  5.0 

Prices and Wages (Annual rate of change) 

GNP Pri ce Defl ator ( Impl ic it) 4 . 1  3 . 5  2 . 8  2 . 1  3 .0  3 .1  3.7  2.7 2.7 3 .0  3 .4  
GNP Pri ce Index _(Fixed-Weight) 4 .6  3 .9  3 .0  2.7  3 .7  3 .6  4 . 1  3 . 1  3 . 3  3.7 3.8 
CPI--Al l Urban Consumers 5 .4  4.2 3.3 2 .5  3 .4  3 .3  3 .8 3 .2  3 .0  3 .4  3 .5  
Producer Pri ce Index--Fini shed Goods 4.9 2 . 1  2 . 1  1 . 5  3 . 1  2.8 3 .6  1 .9 2 .6  2 .9  3 .2  
Employment Cost Index - Total Comp. 5 .0 4 .4  3 .8 4.1  4.9 4.8 5.0 3 .9  4 .7  5 .0  4.9 
Output per Hour 0.0 0 .3  1 .8 1 .9  2 . 1  1 . 7  1 .4  1 .6 2 . 1  2 . 1  1 .6 

Producti on and Other Key Measures 

Industrial Production (1987•1 .000) 1 . 092 1 .071 1.088 1 . 182 1 .352 1 .548 1 .677 1A6 2 .7  2 .7  1 .6 

Annual Rate of Chante 1 . 0  -1 .9 1 .6 2 .8 2 . 7  2 .2  1 .5 1 .6 2 . 7  2 . 7  1 .6 
Nonfarm Inven Accum Bi l l i on 1982 $) �.7 -14 .0 -5 .3  17 .0  16.9 24.6 27 .4 NM -0.2 7 .8 2.2 
Housi ng Starts (Mi l uni ts) 1 .203 1 .011 1 . 048 0.976 0 .953 0 .792 0 .834 -4 . 1  -0 . 5  -3.6 1 . 1  
Retai l Uni t  Car Sal es (Mi l units) 9 .5  8.4 8.7 10 . 1  10.3 10.7 10.4 1 . 1  0 .5  0 .8 -0.7 
Civi l i an Unemployment Rate (%) 5 . 5  6 .8 7 . 1  6 .2  6.3  5.9 5 .7  2 . 3  0 .2 -1 .2 -0.7 
Nonfarm Empl . 1 . 5  � . 9  0 .2 1 .4 0 .4 0 .4  0 . 1  0 . 7  0 .6  0 .4  o.o 

(Estab. survey, % change) 

Fed . Budget Surpl us 
(Uni fied, FY, bi l .  $) 

-220 .5 -268.7 -395 .7 -250.5  -245.8 -281 .5  -353. 3  -2 .6 0.4 -2 .7 -4.6 

Foreign Trade 

Current Account Bal ance (Bi l l i on $) -92. 128 1 . 564 -43.697 -58.846 -17 .502 51 .474 212.074 8.6 2 1 . 5  NM 32.7 
Merch. Trade Bal ance (c .v .b . ,  bi l .  $) -101 .7  -62 .7 -67 .5  -94.9 -64.2 -34.7 44.8 1 . 4  7 .5 1 1 .6 NM 
Foreign Crude Oi l ($ per barrel ) 22.22 18.83 18.79 17 .73 22.20 27 .97 35 .57 -4.4 4 .6  4 . 7  4.9 
u.s. Dol l ar Exchange Rate (% change) -5 .2 -1 . 1  0 .7  �.6 -0.7  -0.5 0 .0  0 . 3  -0.7 -0.6 -0.2 
Forei gn GOP (% change) 3.0 2 .2 2.0 3 .5  3 .4  3.2 2.7 2 .8 3 .4  3 .3  2 .9  

Fi nanci al Markets 

Money Supply (M2, bi l l i on $) 3 ,325 .3  3,416 .0  3 ,580.9 4, 135 .4 5 ,465 . 1  7 , 103.3  8,943 .5  4 .5  5 .7  5 .4  4 .7  
Percent Change vs  Year Ago (Q4/Q4) 3.8 2.7 4.8 5 . 1  5 . 8  5 . 2  4.8 4 . 5  5 . 7  5 . 4  4.7 

AA Corp Uti l i ty Rate {%) 9 .66 9 . 10 8.72 8.98 8.47 8.42 8.30 -1 .4  -1 .2 -0.1 -0.3 
Thi rty-Year Treasury Bond Rate (%) 8.61 8 . 14 7 . 67 7 .75 7 .05 6 .96 6 .93 -2 . 1  -1 .9  -0.3 -0.1  
Treasury Bi l l  Rate f%i 7 . 49 5 .38 3 .87 6 . 10 5 .58 5.62 5 .61  -4.0  -1 .8 0 . 1  o.o 
Federal Funds Rate % 8 . 10 5 . 69 3 .86 6.64 6 . 00 6 .00 5 .99 -3 .9  -2 .0  0 .0  0 .0  
Prime Rate (%) 10.01 8.46 6 . 35 8 .64 7 . 50 7 . 50 7 .49 -2 .9  -2 .8 0 .0  o . o  
S&P Index of 500 Common Stocks 335 376 417 472 647 849 1 , 146 7 . 1  6 . 5  5 .6 6.2 

I ncomes 

Personal Income (Bi l l i on $) 4,679.8 4 ,833 .9 5 , 046.6  5 ,947 .8 7 , 586.0  9 ,828.2 12,523 . 1 4 .9  5 . 0  5 . 3  5.0 
Real Di sposabl e Income (% change) 1 .8 �.2  1 . 1  2 .3  1 .5 1 .8 1 . 1  1 .6 1 . 6  1 .7 1 . 1  
Savi ng Rate (%) 5 . 1  5 . 3  5 . 2  5 .4  5 .4  5 . 5  5 .6  1 . 0  o . o  0.5  0 .3  
Profi ts After Tax (Bi l l i on $)  197 .0  187 .8 209.6  264.8 349. 3  415.4 589 . 1  6 . 1  5 .7  3 .5  7 .2 
Post-Tax Corp Cash Fl ow (Bi l l i on $)  549 . 1  566.5  638.6 741 .4 967 .7 1 , 225 .5  1 , 600.6 6.2 5 . 5  4.8 5.5 
Percent Change vs Year Ago -2.7  3 .2  12 .7  5 .6  5 .2  4 . 0  5 .5 6 .2  5 .5  4 .8  5 .5  
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N PC Forecast 

U.S. Energy Outlook Summary 

Average Annual 
Compound Growth 

YEARS 
1990 1995 2000 2005 

1990 1991 1992 1995 2000 2005 2010 1995 2000 2005 2010 

Demand for Al l Fuel s 

Total Energy Demand (Quad Btus) 81 .4 81 .8 82.4  84 . 0  86. 1  87 .9 89 .4  0 . 6  0 . 5  0 . 4  0 . 3  
Annual Rate of  Change 0 . 1  0 .5  0 .8  0 .6  0 .6  0 .4  0 .3  0 .6  0 .5  0 .4  0 .3  

Real GNP (%  change) 1 . 1  -0.6  1 .3 2 .8  2 . 1  2 . 0  1 . 3  1 .8 2 . 3  2 . 3  1 .5 
Energy Use Ratios 

Mi l l i on Btus per Capi ta 325 .6 323 .6 324 . 1  325 .8 328 .3  332. 4  336 .3  0 . 0  0 . 2  0 . 2  0 .2  
Thousand Btus per 1982 $ GNP 19.8 20 .0 19 .9  18 . 7  1 7 . 0  1 5 . 6  1 4 . 7  -1 . 1  -1 .8 -1 .8 -1 .2 

Pri ces (Dol l ars per barre l ) 

U . S .  Refi ners ' Acqui s i t i on Pri ce 
for Crude Oi l--Composi te 22 .35 19 . 14 18 .71  17 .61  22 .08 27 .83 35 .42 -4.6  4 .6  4 . 7  4 .9  

Annual Rate of Change 24 . 4  -14 . 4  -2 .2  -2 . 2  5 . 0  4 . 8  5 . 2  -4.6  4 .6 4 . 7  4 . 9  
Domestic 22 .44 19 .37 18 .65 17 . 50 2 1 . 92 27 .62 35 . 12 -4.8 4 .6  4 .7  4 .9  

Annual Rate of Change 25 .5  -13.7  -3 .7 -2 . 2  5 . 0  4 . 8  5 .2  -4.8  4 .6  4 . 7  4 . 9  
Forei gn 22 .22 18.83 18 .7g 17 .73 22 . 20 27 .97 35 .57 -4.4  4 .6  4 .7  4.9 

Annual Rate of Change 23 .0 -15 .3 -0.2 -2 .2  5 .0  4 .8  5 .2  -4.4  4 .6  4 .7  4 .9  
Forei gn ( 1990 $ )  22 .22 18 . 19 17 .66 15 .51  17 .03 18 .52 19 .89 -6.9  1 .9 1 . 7 1 . 4 
Annual Rate of Change 18. 1  -18 . 1  -2 .9  -4 . 1  2 . 0  1 . 6  1 .5 -6.9 1 .9  1 . 7 1 . 4  

Pri ces (Percent change) 

Producer Price Index--Fuel and Power 12 .8 -1 .3 � .g -0 . 5  6 . 1  4 .6  5 . 3  -0.4  4 .2  5 . 1  5 .0  
Coal 2 . 1  � . 3  1 . 6  2 . 0  4 .2  4 .5  4 .7  1 .7 3.8 4 . 4  4 . 6  
Natural Gas 4 . 1  -1 .9 3 . 6  -2 .8 1 1 .2 6 . 0  7 . 0  -1 .0 5 . 1  7 . 9  6 . 5  
El ectri city 2 .5  5 .7  1 .4  0 . 2  4 .4  3 . 6  4 . 3  1 . 4 2 .0  3 . 7  4 . 1  
Domesti c Crude Oi l (NSA) 26 . 1  -12 .7 -4.6 -2 . 3  5 . 0  4 .7  5 .2  -4.8 4 .6  4 . 7  4 .9 
Refi ned Petrol eum Products 22 .3 .-10 .4 -1 .0  0 .5  5 . 5  4 . 3  4.8 -1 . 5  4 .9  4 . 7  4 . 6  
Residual Fuel s 2 1 .4  -18.9 -1 .4  -1 .4  5 . 5  5 . 0  5 . 4  -3 .6  5 . 0  5 . 2  5 .2  

Producer Pri ce Index--Industri al 3 .8 0 . 6  0 . 7  1 .2 3 .3 3 . 0  3 .8  1 .0 2 .8 3 . 2  3 .5  
Personal Consump Defl ator--Energy 8.6  0 .8 0 .8  1 .6 5 . 1  4 .2  4 .9  1 .0 4 .2  4 .6  4 .8  

Gasol i ne 14.0 -1 .5 -1 .0 2.9 5 .4 4 . 3  4.8 0 . 6  5 .9  5 . 2  5 .0  
Fuel Oi l and Coal 20 .4  -3 .7 -0.4 0 . 4  3 . 7  3 .8 3 .8 0 . 2  2 .9  3 . 9  3 .8  
El ectri ci ty 2 .4  3 .8 2 . 3  0 . 6  4 . 6  4 .0  5 . 0  1 . 4 2 . 0  3 .8  4 . 6  
Natural Gas 0 . 1  1 . 3  3 . 0  -0 . 1  5 . 5  4 .0  5 . 4  0 .9  3 .9  4 .6  4 .9  

Personal Consumpti on Defl ator 5 . 3  4 . 2  3 .3  2 .6  3 . 5  3 .4  3 .8  3 . 2  3 . 2  3 . 5  3 . 7  
Gasol i ne Tax (Cents per gal l on) 25.7 31 .7  32 . 7  36 . 2  47 .8 62 .3  80 . 1  7 . 1  5 . 7  5 . 4  5 . 2  

Federal 10 . 5  15 . 1  15 . 1  15 . 1  20 . 1  25 . 1  30 . 1  7 . 5  5 .9  4 . 5  3 . 7  
State and Loca 1 15.2 16 .6 17 .6  21 . 1  27 .8 37 .2  50 . 0  6 .8 5 .6  6 . 1  6 . 1  
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U.S. Energy Outlook Summary (Continued) 
YEARS 

1990 1995 2000 2005 
1990 1991 1992 1995 2000 2005 2010 1995 2000 2005 2010 

Househol d Energy Consumpti on -2.9  -0.6 -0.2  1 . 3 0 . 7  0 . 6  0 . 1  0 . 8  0 .8 0 .6  0 . 1  
Gasol i ne -1 .9 -2 .3 -1 .5  0 .8 0 .4  0 . 1  -0.4  -0 . 1  0 .4  0 . 1  -0.4  
Fuel Oi l and Coal -13 .0  -3 .9 1 .8 0 . 7  -0.4  -0.1  -0.7 0 .1  -0.3  -0 . 1  -0.7  
El ectrf ci ty 0 .4  3 . 3  -0.3 2 .6  1 .9 1 . 7  1 . 1  2 .3  2 .0  1 .7 1 . 3  
Natural Gas -8.0 -0.6 4 . 1  0 . 3  -0.5  -0.3  -0 .8 1 .2 -0 . 1  -0.4 -0 .8 

Total Consumpti on 1 . 1  -0.3  1 . 3  2 . 2  1 .6 1 . 7  1 . 1  1 .6 1 .7 1 .7 1 . 1  
Energy Share o f  Consumpti on (%) 

1982 Dol l ars 7 .6  7 .6 7 .4 7 . 3  6 . 9  6 . 6  6 .2  -0 . 9  -0.9  -1 . 1  -1 .0  
Current Dol l ars 5 .8 5 . 6  5 . 4  5 . 0  5 . 0  5 .D  5 . 0  -3 .0  0 . 1  -0. 1 0 . 1  

Average Mi l es per Gal l on 21 .0  21 .4 21 .8 22. 5  23 .6  25 .2  27 .0  1 .4 0 .9 1 .4 1 . 3  

Imports of Petrol eum and Products 

Bi l l i ons of 1982 Dol l ars 94 . 1  88.4 9 1 . 2  97 .3  1 15 .3  123.9 131 .0  0 .7  3 .5  1 .5  1 . 1  
Bi l l i ons o f  Current Dol l ars 62 .3 51 .3  54 .0 53 .7 79 .2  107 . 3  144.2 -2 .9 8 . 1  6 . 3  6 . 1  

· Import Bi 1 1  as Percent o f  GNP 1 . 13 0 . 90 0 . 9 1  0 . 78 0 . 90 0 .94 0 . 99 -7 . 1  2 .9  0 .9  1 . 0 

Industri al Producti on 

Oi l and Gas Extracti on {% change) 0 .0  0 .3 -4.9 -0.3  1 .2 -0.9  -0.4  -1 .4 -0.5  -1 .2 -0.9 
Pi ped Gas and El ectri c Uti l i ti es (% change) 0 .9  0 .6 1 . 5  1 .8 2 .6  1 .5 0 . 9  1 .4 1 .7 1 .5 1 .0 
Total Production (% change) 1 . 0  -1 .9 1 .6 2 .8 2 . 7  2 . 2  1 .5 1 . 6  2 . 7  2 . 7  1 .6 
El ec Utf l Fuel Use, Percent from: 

Coal 55 .5 54 .6 55 . 1  54 .7  53 .5  56. 1  58.5  -0 . 3  -0.4 1 .0 0 .8  
Natural Gas 9 . 3  9 . 1  8.8 9 .8 1 1 . 2  10.6 9.7 1 . 1  2.8 -1 . 1  -1 .9 
Petrol eum Products 4.2 4.2 3 .8 4 .0  4 .8  4 .8  4.8 -1 . 1  3 . 7  -0 . 1  -0 . 1  
Hydro, Nucl ear, Sol ar, and Other 31 .0  32 .0 32 .3 31.5 30.5 28.5  27 . 1  0 . 4  -0 . 7  -1 .3  -1 .0 
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Comparison of the NPC and DRI Forecasts 

Key Economic Indicators 

(Compound average annual growth rates) 
NPC DRJ 

Forecast Forecast 
1990-2010 1990-2010 

Res ; dent; al and Commerc; al Sectors 

Res; dent ; al Bu; l d; ng Stock 0 . 7  1 .0 
Commerc; al Fl oor Space 1 . 1  1 .3 
o; sposabl e Income 1 .5 1 .8 
Res ; dent ; al Popul at ; on 0 . 3  0 . 6  

Industr; al  Sector 

Food 1 . 4 1 . 6 
Text n es 0 . 5  0 . 7  
Paper 1 . 7 2 .0 
Chem; cal s 2 . 0  2 . 3  
Petrol eum Ref; n ; ng -Q . 1  0 . 5  
Stone . Cl ay & Gl ass 0.9  1 .3 
I ron and Steel -Q . 5  -Q . 3  
Nonferrous Metal s 1 . 6  2 .0 
Other 2 . 2  2 .8 
Total Industrhl 2 .2 2 .5 

Real GNP 2 .0 2 . 3  
GNP Defl ator 2 .9 3 . 7  
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6!29!92 Vers i on :  NPC LOWR E F  CASE 
OUT LOOK FOR THE U . S .  ENERGY SE CTOR 

%CH %CH %CH 
YEARS 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 9 1  TO 90 TO 2000 TO 
1 990 1 991 1 992 1 993 1 994 1 995 2000 2005 201 0 92 2000 20 1 0  

PR I MARY ENERGY CONSUMPT I ON BY SECTOR ( QUADR I L L I ON BTU ) 

Tota l 80 . 6  80 . 3  81 . 9  82 . 9  83 . 5  84 . 6  87. 1 89 . 7  90 . 0  2 . 0  0 . 8  0 . 3  
Res i dent i a l  5 . 9  6 . 1  6 . 2  6 . 3  6 . 2  6 . 2  6 . 1 6 . 0  5 . 8  3 . 1  0 . 3  - 0 . 5  
Conmerc i a l  3 . 8  3 . 8  3 . 9  4 . 0  4 . 0  4 . 0  4 . 2  4 . 4  4 . 6  3 . 6  1 . 0 1 . 1 
I ndust r i a l  1 9 . 6  1 9 . 1 1 9 . 6  1 9 . 6  1 9 . 5  1 9 . 7  20 . 0  20 . 4  20 . 1  2 . 6  0 . 2  0 . 0  
T ransportat i on 2 1 . 7  2 1 . 4  22 . 0  22 . 2  22 . 5  22 . 9  23 . 8  24 . 8  24 . 6  2 . 6  0 . 9  0 . 3  
E l ect r i c  Ut i l i ty 29 . 6  30 . 0  30 . 2  30 . 9  3 1 . 2  3 1 . 8  33 . 0  34 . 1  34 . 9  0 . 8  1 . 1  0 . 6  

Energy t o  Rea l GNP 1 9 . 54 1 9 . 60 1 9 . 73  1 9 . 38 1 9 . 06 1 8 . 8 1  1 7 . 24 1 5 . 86 1 4 . 76 0 . 7  - 1 . 2  - 1 . 5  

TOTAL CONSUMPT I ON BY FUEL TYPE ( QUADR I L L I ON BTU ) 

Petro l eum 33 . 6  32 . 8  32 . 7  33 . 1  33 . 3  34 . 1  35 . 4  36 . 5  37. 1 - 0 . 4  0 . 5  0 . 5  
Natura l Gas 1 9 . 3  1 9 . 7  20 . 0  20 . 1  20 . 2  20 . 2  2 1 . 8  23 . 2  23 . 1  1 . 5 1 . 2 0 . 6  
Coa l 1 9 . 0  1 8 . 8  1 9 . 1 1 9 . 3  1 9 . 4  1 9 . 6  1 8 . 7  1 8 . 5  1 8 . 2  1 . 7 - 0 . 2  - 0 . 3  
Nuc l ear 6 . 2  6 . 6  6 . 9  6 . 9  7 . 0  7. 1 7 . 4  7 . 4  7 . 4  4 . 3  1 . 8 0 . 0  
Hydropower 2 . 9  3 . 1  3 . 2  3 . 2  3 . 3  3 . 3  3 . 4  3 . 7  3 . 9  1 . 9 1 . 6 1 . 2 
Other 0 . 2  0 . 2  0 . 2  0 . 2  0 . 2  0 . 2  0 . 4  0 . 3  0 . 3  5 . 0  5 . 8  - 3 . 3  

E l ec t r i c i ty 9 . 1  9 . 3  9 . 3  9 . 5  9 . 6  9 . 8  1 0 . 4  1 0 . 9  1 1 . 3 0 . 7  1 . 4 0 . 8  

PR I CES ( CONSTANT 1 991  DOL LARS PER M I L L I ON BTU ) 

Crude O i l ( I mported) 3 . 88 3 . 25 3 . 1 6 3 . 03 2 . 90 2 . 79 3 . 05 3 . 32 3 . 59 - 2 . 5  - 2 . 4  1 . 6 
Res i dua l Fue l - E l ec t r i c  U t i l i ty 3 . 42 2 . 47 2 . 54 2 . 64 2 . 65 2 . 61 2 . 89 3 . 1 4 3 . 42 3 . 0  - 1 . 7 1 . 7 
D i st i l l ate-Res i dent i a l  8 . 08 7 . 38 6 . 96 6 . 98 7 . 1 1  6 . 96 7 . 1 5  7 . 59 7 . 97 - 5 . 7  - 1 . 2  1 . 1  
Gaso l i ne- Reta i l  1 0 . 07 9 . 57 9 . 1 3  8 . 96 8 . 91 8 . 92 1 0 . 37 1 1 . 38 1 2 . 1 1  - 4 . 6  0 . 3  1 . 6 
Coa l - E l ect r i c  Ut i l i ty 1 . 5 1  1 . 46 1 . 37 1 . 39 1 . 40 1 . 42 1 . 54 1 . 65 1 . 76 - 6 . 0  0 . 2  1 . 4 
Natura l Gas -We l l head Spot 1 . 58 1 . 34 1 . 30 1 . 34 1 . 34 1 . 47 1 . 78 1 . 99 2 . 55 - 3 . 3  1 . 2 3 . 6  
Natura l Gas - Res i dent i a l  5 . 82 5 . 59 5 . 43 5 . 46 5 . 45 5 . 58 5 . 91  6 . 1 3  6 . 74 - 2 . 8  0 . 1  1 . 3 
Natura l Gas- Commerc i a l  4 . 84 4 . 64 4 . 49 4 . 52 4 . 52 4 . 65 4 . 97 5 . 1 9 5 . 78 - 3 . 3  0 . 3  1 . 5 
Natura l Gas- I ndust r i a l  2 . 94 2 . 82 2 . 69 2 . 73  2 . 74 2 . 87 3 . 20 3 . 38 4 . 02 - 4 . 8  0 . 8  2 . 3  
Natura l Gas-Ut i l i ty 2 . 39 2 . 2 1 2 . 07 2 . 1 2  2 . 1 4 2 . 27 2 . 58 2 . 81 3 . 39 - 6 . 3  0 . 8  2 . 7  
E l ect r i c i ty- Res i dent i a l  23 . 72 22 . 84 22 . 52 22 . 2 1  2 1 . 85 21 . 70 21 . 5 2  22 . 23 23 . 1 5  - 1 . 4 - 1 . 0  0 . 7  
E l ect r i c i ty- Commerc i a l  2 1 . 74 21 . 21 20 . 93 20 . 54 20 . 09 1 9 . 84 1 9 . 64 20 . 45 2 1 . 48 - 1 . 3 - 1 . 0 0 . 9  
E l ectr i c i ty- I ndust r i a l  1 4 . 67 1 4 . 38 1 4 . 1 6  1 4 . 09 1 4 . 04 1 4 . 05 1 4 . 47 1 5 . 09 1 5 . 99 - 1 . 6 - 0 . 1  1 . 0 
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6/29/92 Vers i on :  NPC LOWR E F  CASE 
%CH %CH %CH 

YEARS 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 9 1  TO 90 TO 2000 TO 

1 990 1 991 1 992 1 993 1 994 1 995 2000 2005 20 1 0  92 2000 20 1 0  

FUE L CONSUMPT I ON B Y  SECTOR ( QUADR I L L I ON BTU ) 

Res i dent i a l  
Petrol eum 1 . 3 1 . 3 1 . 4 1 . 4 1 . 4 1 . 4 1 . 3 1 . 3 1 . 2 1 . 8 0 . 0  - 0 . 6  
Natura l Gas 4 . 5  4 . 7  4 . 8  4 . 8  4 . 8  4 . 8  4 . 7  4 . 6  4 . 5  3 . 5  0 . 4  - 0 . 5  
Coa l 0 . 1  0 . 1  0 . 1  0 . 1  0 . 1 0 . 1  0 . 1  0 . 1  0 . 1  - 0 . 2  - 0 . 1 - 0 . 3  
E l ec t r i c i ty 3 . 1  3 . 3  3 . 3  3 . 4  3 . 4  3 . 5  3 . 7 4 . 0  4 . 2  1 . 0 1 . 8 1 . 2 
Other 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 5  0 . 5  0 . 5  

Conmerc i a l  
Pet ro l eum 0 . 9  0 . 9  0 . 9  0 . 9  0 . 9  0 . 9  0 . 9  0 . 8  0 . 8  3 . 4  - 0 . 5  - 0 . 5  
Natura l Gas 2 . 8  2 .9 3 . 0  3 . 0  3 . 0  3 . 1  3 . 2  3 . 5  3 . 7 3 . 8  1 . 5 1 . 5 
Coa l 0 . 1  0 . 1  0 . 1  0 . 1  0 . 1 0 . 1  0 . 1  0 . 1  0 . 1  - 0 . 2  - 0 . 1  - 0 . 3  
E l ect r i c i ty 2 . 8  2 . 8  2 . 9  2 . 9  3 . 0  3 . 1  3 . 4  3 . 5  3 . 7  0 . 2  1 . 8 0 . 9  
Other 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 2  0 . 2  0 . 2  

I ndust r i a l  
Pet ro l eum 8 . 3  7 . 9  8 . 1  8 . 1  8 . 1 8 . 3  8 . 9  9 . 2  9 . 4  2 . 7  0 . 7  0 . 6  
Natura l Gas 8 : 5  8 . 5  8 . 7  8 . 7  8 . 7  8 . 7  8 . 8  9 . 0  8 . 6  2 . 2  0 . 4  - 0 . 2  
Coa l 2 . 8  2 . 6  2 . 7  2 . 7  2 . 7  2 . 7  2 . 3  2 . 2  2 . 1  3 . 8  - 1 . 8 - 1 . 2 
E l ect r i c i ty 3 . 2  3 . 1  3 . 2  3 . 2  3 . 2  3 . 2  3 . 3  3 . 4  3 . 4  0 . 9  0 . 5  0 . 2  
Other 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

Transportat i on 
Pet ro l eum 21 . 7  21 . 4  2 1 . 3  21 . 5  2 1 . 8  22 . 2  22 . 9  23 . 6  23 . 4  - 0 . 6  0 . 5  0 . 2  
Natura l Gas 0 . 7  0 . 8  0 . 7  0 . 6  0 . 6  0 . 7  0 . 9  1 . 1  1 . 2 - 1 2 . 7  2 . 7  2 . 7  
E l ect r i c i ty 0 . 0  o . o  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  - 1 9 . 8  1 . 6 0 . 7  

E l ect r i c  Ut i l i ty 
Pet ro l eLID 1 . 4 1 . 3 1 . 0 1 . 1  1 . 1  1 . 4 1 . 4 1 . 6 2 . 2  - 1 9 . 9  0 . 1  4 . 9  
Natura l Gas 2 . 9  2 . 8  2 . 8  3 . 0  3 . 0  3 . 1  4 . 2  4 . 9  5 . 2  - 2 . 2  3 . 9  2 . 2  
Coa l 1 6 . 1 1 6 . 0  1 6 . 2  1 6 . 4  1 6 . 6  1 6 . 8  1 6 . 2  1 6 . 2  1 6 . 0  1 . 3 0 . 1  - 0 . 2  
N uc l ear 6 . 2  6 . 6  6 . 9  6 . 9  7 . 0  7 . 1 7 . 4  7 . 4  7 . 4  4 . 3  1 . 8 0 . 0  
Hydropower 2 . 9  3 . 1  3 . 1 3 . 2  3 . 2  3 . 3  3 . 4  3 . 6  3 . 8  2 . 0  1 . 6 1 . 2 
Other 0 . 2  0 . 2  0 . 2  0 . 2  0 . 2  0 . 2  0 . 4  0 . 3  0 . 3  5 . 0  5 . 9  - 3 . 4  

OTHER KEY MEASURES (ANNUAL RATES O F  CHANGE ) 

Rea l GNP 1 . 1 3 - 0 . 59 1 . 33 2 . 99 2 . 40 2 . 76 2 . 1 4 2 . 02 1 . 34 1 . 3 2 . 1  1 . 9 
GNP Def l ator 4 . 1 0  3 . 5 1  2 . 80 2 . 85 2 . 32 2 . 07 3 . 0 1  3 . 1 0  3 . 69 2 . 8  2 . 7  3 . 2  
Rea l D i sposab l e  I ncome 1 .  79 - 0 . 25 1 . 08 2 . 1 8 2 . 91  2 . 26 1 . 49 1 . 82 1 . 08 1 . 1  1 . 6 1 . 4 
FRB Product i on I ndex 1 . 02 - 1 . 92 1 . 61  3 . 36 2 . 25 2 . 75 2 .  71 2 . 1 6  1 . 46 1 . 6 2 . 2  2 . 2  
FRB Capac i ty Ut i l i za t i on - 1 . 97 - 4 . 95 - 0 . 35 1 . 43 - 0 . 85 - 0 . 1 8  - 0 . 3 1  - 0 . 26 0 . 53 - 0 . 3  - 0 . 7  0 . 1  

U . S .  Macroeconomi c Source:  C DR I CH I P ) NPCLOWRE F 
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6!29!92 Vers i on :  NPC LOWREF  CASE 

RES I DENT IAL DEMAND FOR ENERGY 
FUEL & POWER USES 

( T r i l l i on BTU ) 
%CH %CH %CH 

YEARS 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 9 1  TO 90 TO 2000 TO 

1 990 1 99 1  1 992 1 993 1 994 1 995 2000 2005 201 0  92 2000 20 1 0  

Coa l 72 . 7  73 . 2  73 . 0  72 . 9  72 . 8  72 . 6  71 . 8  70 . 8  69 . 7  - 0 . 2  - 0 . 1 - 0 . 3  

Natura l Gas 4 , 526 . 7  4 , 658 . 1  4 , 822 . 0  4 , 797 . 6  4 , 789 . 0  4 ,  771 . 1  4 ,  70 1 . 1  4 , 630 . 7  4 , 468 . 6  3 . 5  0 . 4  - 0 . 5  

Petro l eum 1 , 3 1 8 . 7  1 , 328 . 9  1 , 35 2 . 6  1 , 379 . 7 1 , 373 . 4  1 , 374 . 5  1 , 324 . 3  1 , 295 . 6  1 , 249 . 3  1 . 8 0 . 0  - 0 . 6  
D i st i l l ate F ue l  835 . 8  788 . 1  839 . 2  862 . 5  854 . 7  854 . 0  81 8 . 2  793 . 0  755 . 0  6 . 5  - 0 . 2  - 0 . 8  
L i quef i ed Gases 423 . 1  449 . 3  433 . 9  436 . 9  437 . 4  438 . 3  427 . 6  426 . 9  42 1 . 3  - 3 . 4  0 . 1  - 0 . 1  
Kerosene 59 . 8  91 . 5  79 . 5  80 . 3  81 . 3  82 . 2  78 . 5  75 . 6  73 . 1  - 1 3 . 1 2 . 8  - 0 . 7  

Other 1 . 5 1 . 5 1 . 5 1 . 5 1 . 5 1 . 5 1 . 6 1 . 6 1 . 6 0 . 5  0 . 5  0 . 5  
.. .. .. .. .. ... .. ..  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .. ... ... .. ... ... .. ... - - - - - - - - - - - - - - - -

Tota l D i rect Fue l s  5 , 91 9 . 6  6 , 061 . 7  6 , 249 . 2  6 , 25 1 . 7  6 , 236 . 7  6 , 2 1 9 . 8  6 , 098 . 7  5 , 998 . 6  5 , 789 . 2  3 . 1  0 . 3  - 0 . 5  

E l ect r i c i ty 3 , 1 05 . 9  3 , 267. 8  3 , 300 . 4  3 , 354 . 7  3 , 405 . 0  3 , 456 . 5  3 , 723 . 9  3 , 981 . 0  4 , 1 83 . 5  1 . 0 1 . 8 1 . 2 
Losses 6 , 997 . 9  7, 281 . 9  7 , 368 . 0  7, 536 . 3  7, 6 1 9 . 0  7 ,  752 . 5  8 , 05 6 . 9  8 , 456 . 8  8 , 797 . 8  1 . 2 1 . 4 0 . 9  

======== ======== - - - - - - - - - - - - - - - - ======== ======== ======== ======== ======== ----- - - - -- - - - - - - - --------

Tota l P r i mary Fue l s  1 6 , 023 . 4  1 6 , 61 1 . 4 1 6 , 9 1 7 . 6  1 7 , 1 42 . 7  1 7, 260 . 7  1 7, 428 . 8  1 7 , 879 . 6  1 8 , 436 . 4  1 8 , n0 . 5  1 . 8 1 . 1  0 . 5  

P r i mary Fue l s  Per 
Household 1 69 . 7  1 74 . 4  1 76 . 1  1 77 . 1 1 77 . 2  1 77 . 7  1 75 . 6  1 75 . 1  1 73 . 5  1 . 0 0 . 3  - 0 . 1  

Energy Use to 
GNP Rat i o  2 . 1 9 2 . 28 2 . 30 2 . 25 2 . 20 2 . 1 5 1 . 94 1 . 77 1 . 64 1 . 0 - 1 . 2  - 1 . 7  

Energy t o  GNP Rat i o  3 . 89 4 . 05 4 . 07 4 . 0 1  3 . 94 3 . 87 3 . 54 3 . 26 3 . 08 0 . 5  - 0 . 9  - 1 . 4  



6/29/92 Vers i on :  NPC LOWREF CASE 

COMMERC I AL DEMAND FOR ENERGY 
FUE L & POWER USES 

( T r i l l i on BTU ) 
%CH %CH %CH 

YEARS 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -· - - - - - - - - - 9 1  TO 90 TO 2000 TO 

1 990 1 991  1 992 1 993 1 994 1 995 2000 2005 201 0  92 2000 201 0 

Coa l 91 . 3  91 . 9  91 . 8  91 . 6  91 . 4  91 . 2  90 . 2  88 . 9  87. 6  · 0 . 2  - 0 . 1 - 0 . 3  

Natura l Gas 2 , 763 . 0  2 , 855 . 0  2 , 963 . 7  2 , 999 . 9  3 , 036 . 3  3 , 062 . 3  3 , 2 1 0 . 2  3 , 5 1 6. 0  3 , 74 1 . 0  3 . 8  1 . 5 1 . 5 

Petro l eum 898 . 4  863 . 5  893 . 3  892 . 4  886 . 8  883 . 3  852 . 0  825 . 8  8 1 4 . 3  3 . 4  - 0 . 5  - 0 . 5  
D i st i l l ate Fue l  486 . 1  444 . 9  476 . 7  473 . 6  467. 1 461 . 7  427. 1 397 . 7  378 . 4  7. 1 - 1 . 3 - 1 . 2 
Res i dua l Fuel 225 . 2  207 . 7  224 . 6 225 . 3  224 . 6  224 . 5  2 1 6 . 6  207 . 7  203 . 5  8 . 1  - 0 . 4  - 0 . 6  
Gaso l i ne 1 00 . 6  99 . 8  1 0 1 . 0  1 02 . 3  1 03 . 7  1 05 . 4  1 1 4 . 7  1 25 . 0  135 . 8  1 . 1 1 . 3 1 . 7 
Kerosene 1 3 . 0  33 . 0  1 3 . 9  1 4 . 0  1 4 . 1 1 4 . 2  1 4 . 9  1 5 . 7  1 6 . 4  -57.9 1 . 4 1 . 0 
L i quef i ed Gases 73 . 6  78 . 1  77. 2  77. 2  77 . 3  77. 5  78 . 7  79 . 8  80 . 2  - 1 . 2  0 . 7  0 . 2  

Other 0 . 1  0 . 1  0 . 1  0 . 1  0 . 1  0 . 1 0 . 1  0 . 1  0 . 1 0 . 2  0 . 2  0 . 2  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Tota l D i rect Fue l s  3 , 752 . 8  3 , 81 0 . 5  3 , 948 . 8  3 , 984 . 0  4 , 0 1 4 . 6  4 , 036 . 8  4 , 1 5 2 . 4  4 , 430 . 8  4 , 643 . 0  3 . 6  1 . 0 1 . 1  

E l ect r i c i ty 2 , 804 . 2  2 , 846 . 0  2 , 850 . 9  2 , 921 . 3  3 , 009 . 0  3 , 093 . 9  3 , 353 . 5  3 , 528 . 9  3 , 667 . 4  0 . 2  1 . 8 0 . 9  
Losses 6 , 31 8 . 1 6 , 34 1 . 9  6 , 364 . 5  6 , 562 . 6  6 , 73 2 . 9  6 , 939 . 3  7, 255 . 4  7, 496 . 4  7, 71 2 . 6  0 . 4  1 . 4 0 . 6 

======== -------- ======== -------- ======== ======== -------- -------- -------- ----- ---- ------------ -------- -------- -------- --------

Tota l P r i ma ry Fue l s  1 2 , 875 . 1  1 2 , 998 . 3  1 3 , 1 64 . 2  1 3 , 467 . 9  1 3 , 756 . 5  1 4 , 070 . 1  1 4 , 761 . 3  1 5 , 456 . 0  1 6 , 023 . 0  1 . 3 1 . 4 0 . 8  

P r imary Fue l s  Per 
Square Foot 279 . 0  276 . 8  276 . 2  279 . 1  281 . 4  283 . 7  275 . 0  257 . 7  241 . 2  · 0 . 2  - 0 . 1 - 1 . 3  

Energy Use to 
GNP Rat i o  1 . 59 1 . 62 1 . 64 1 . 61  1 . 60 1 . 58 1 . 49 1 . 41  1 . 36 0 . 8  - 0 . 7  - 0 . 9  

Energy t o  GNP Rat i o  . 3 . 1 2  3 . 1 7 3 . 1 7  3 . 1 5  3 . 1 4 3 . 1 3 2 . 92 2 . 73  2 . 63 - 0 . 1  - 0 . 7  - 1 . 1  
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Coa l 
Cok i ng 
Steam 

Natura l Gas 
Fue l and Power 
Lease and P l ant 

Pet rol eum 
D i s t i l l ate Fue l 
Res i dua l Fue l 
L i quef i ed Gases 
Kerosene 
Gaso l i ne 
S t i l l  Gas 
Pet ro l eum Coke 
Crude O i l 

Hydropower 
Other 

Tota l D i rect Fue l s  

E l ect r i c i ty 
Losses 

Tota l P r i mary Fue l s  

P r i mary Fue l s  Per 
Rea l Va l ue of Sh i pments 
Energy Use to 

GNP Rat i o  
Energy t o  GNP Rat i o  

� I Ol (.U 

Vers i on :  NPC LOWREF CASE 

I NDUSTR I AL DEMAND FOR ENERGY 
FUEL & POWER USES 

( T r i l l i on BTU ) 
%CH %CH %CH 

YEARS 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 91 TO 90 TO 2000 TO 

1 990 1 991 

2 , 792 . 8  2 , 607 . 7  
1 , 067 . 3  924 . 6  
1 , 723 . 8  1 , 681 . 0  

8 , 459 . 2  8 , 5 2 1 . 7  
7, 1 85 . 6  7, 294 . 8  
1 , 273 . 6  1 , 226 .9 

4 , 059 . 8  3 , 963 . 5  
1 , 1 78 . 6  1 , 1 1 6 . 9  

385 . 1  346 . 1  
332 . 3  405 . 4  

1 5 . 8 25 . 5  
1 96 . 1 1 94 . 6  

1 , 379 . 8  1 , 331 . 0  
5 2 1 . 0  504 . 4  

5 1 . 0  39 . 4  

3 1 . 0  3 1 . 0  
1 . 0 1 . 0 

- - - - - - - - - - - - - - - -

1 992 1 993 

2 , 706 . 5  2 , 703 . 7  
983 . 9  1 , 007. 5  

1 , 722 . 6  1 , 696 . 3  

8 , 709 . 0  8 , 708 . 7  
7 , 5 0 1 . 4  7 , 5 1 8 . 8  
1 , 207 . 6  1 , 1 89 . 9  

4 , 053 . 6  4 , 1 1 8 . 4  
1 , 1 32 . 1  1 , 1 44 . 6  

358 . 3  408 . 7  
4 1 1 . 8 4 1 4 . 8  

24 . 6  26 . 5  
1 88 . 9  1 90 . 4  

1 , 381 . 5  1 , 377 . 5  
5 1 7. 0  5 1 6 . 5  

39 . 4  39 . 4  

3 1 . 0  3 1 . 0  
1 . 0 1 . 0 

- - - - - - - - - - - - - - - -

1 994 1 995 2000 2005 201 0  

2 , 673 . 6  2 , 66 1 . 9  2 , 337 . 4  2 , 1 93 . 1  2 , 06 1 . 4  
992 . 3  997 . 3  71 7 . 1 524 . 6  382 . 0  

1 , 681 . 3  1 , 664 . 6  1 , 620 . 3  1 , 668 . 5  1 , 679 . 4  

8 , 683 . 2  8 , 684 . 5  8 , 769 . 9  9 , 032 . 1  8 , 564 . 2  
7 , 5 2 1 . 1  7 , 55 2 .  7 7, 667. 9  7 , 945 . 0  7, 546 . 9  
1 , 1 62 . 1  1 , 1 3 1 . 8  1 , 1 02 . 0  1 , 087 . 1  1 , 0 1 7 . 4  

4 , 1 59 . 7  4 , 25 1 . 0  4 , 369 . 3  4 , 385 . 4  4 , 429 . 6  
1 , 1 5 7 . 8  1 , 1 77 . 5  1 , 258 . 6  1 , 272 . 4 1 , 249 . 3  

430 . 2  495 . 6  526 . 7  526 . 6  6 1 4 . 8  
420 . 3  425 . 6  442 . 2  459 . 5  452 . 3  

27 . 7  28 . 8  28 . 4  25 . 8  23 . 5  
1 88 . 8  1 87 . 3  1 65 . 7  1 54 . 2  1 40 . 1  

1 , 377 . 8  1 , 378 . 1  1 , 382 . 6  1 , 378 . 3  1 , 376 . 5  
5 1 7 . 7  5 1 8 . 8  525 . 7  529 . 3  533 . 7  

39 . 4  39 . 4  39 . 4  39 . 4  39 . 4  

3 1 . 0  3 1 . 0  3 1 . 0  31 . 0  3 1 . 0  
1 . 0 1 . 0 1 . 0 1 . 0 1 . 0 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1 5 , 343 . 8  1 5 , 1 24 . 9  1 5 , 50 1 . 1  1 5 , 562 . 8  1 5 , 548 . 4  1 5 , 629 . 4  1 5 , 508 . 6  1 5 , 642 . 7  1 5 , 087. 2  

3 , 1 60 . 1 3 , 1 3 2 . 3  3 , 1 61 . 9  3 , 20 1 . 3  3 , 1 94 . 9  3 , 233 . 5  3 , 324 . 2  3 , 356.3  3 , 375 . 3 
7, 1 1 9 . 9  6 , 979 . 8  7 , 058 . 7  7, 1 9 1 . 8  7, 1 49 . 0  7, 252 . 4  7 , 1 92 . 1  7 , 1 29 . 7  7 , 098 . 3  

======== ======== ======== ======== ======== ======== ======== ======== ======== 
25 , 623 . 7  25 , 237. 0 25 , 72 1 . 7  25 , 956 . 0  25 , 892 . 3  26 , 1 1 5 . 2  26, 025 . 0  26, 1 28 . 7  25 , 560 . 8  

1 0 . 93 1 1 .  1 1  1 1 . 1 5 1 0 . 88 1 0 . 59 1 0 . 33 8 . 95 7 . 85 7 . 05 

4 . 49 4 . 46 4 . 49 4 . 39 4 . 28 4 . 1 9 3 .  73 3 . 36 3 . 03 
6 . 22 6 . 1 6  6 . 1 9  6 . 07 5 . 91 5 . 80 5 . 1 5 4 . 62 4 . 1 9  

92 2000 20 1 0  

3 . 8  - 1 . 8  - 1 . 2  
6 . 4  - 3 . 9  - 6 . 1  
2 . 5  - 0 . 6  0 . 4  

2 . 2  0 . 4  - 0 . 2  
2 . 8  0 . 7  - 0 . 2  

- 1 . 6 - 1 . 4  - 0 . 8  

2 . 3  0 . 7  0 . 1  
1 . 4 0 . 7  - 0 .  1 
3 . 5  3 . 2  1 . 6 
1 . 6 2 . 9  0 . 2  

- 3 . 6  6 . 0  - 1 . 9  
- 3 . 0  - 1 . 7  - 1 . 7  

3 . 8  0 . 0  0 . 0  
2 . 5  0 . 1  0 . 2  
0 . 0  - 2 . 5  0 . 0  

0 . 0  0 . 0  0 . 0 
0 . 0  0 . 0  0 . 0 

2 . 5  0 . 1  - 0 . 3  

0 . 9  0 . 5  0 . 2  
1 . 1 0 . 1  - 0 . 1 

---- ==== ----

1 . 9 0 . 2  - 0 . 2  

0 . 4  - 2 . 0  - 2 . 4  

0 . 9  - 1 . 8 - 2 . 1  
0 . 6  - 1 . 9  - 2 . 0  



6/29/92 Vers i on :  NPC LOWREF CASE 

RAW MATER I AL DEMAND FOR ENERGY 
( T r i l l i on BTU ) 

%CH %CH %CH 
YEARS 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 9 1  TO 90 TO 2000 TO 
1 990 1 991 1 992 1 993 1 994 1 995 2000 2005 201 0  92 2000 20 1 0  

Aspha l t  & Road O i l 1 , 1 66 . 3  1 , 053 . 8  1 , 04 1 . 1  1 , 048 . 2  1 , 059 . 0  1 , 076 . 0  1 , 1 52 . 4  1 , 1 85 . 8  1 , 204 . 7  - 1 . 2  · 0 . 1 0 . 4  

Lubes & Waxes 396 . 1 353 . 8  375 . 0  385 . 2  392 . 2  399 . 3  429 . 9  461 . 6  480 . 4  6 . 0  0 . 8  1 .  1 
I ndust r i a l  Use 221 . 3  1 97 . 6  207 . 0  21 5 . 7  221 . 1  226 . 6  252 .4 280 . 3  298 . 2  4 . 8  1 . 3 1 . 7 
T ransportat i on Use 1 74 . 8  1 56 . 2  1 68 . 0  1 69 . 5  1 71 . 0  1 72 . 7  1 77 . 5  1 8 1 . 3  1 82 . 1 7 . 5  0 . 2  0 . 3  

Pet ro l eum Coke 2 1 1 . 4 203 . 6  206 . 3  2 1 4 . 0  207 . 8  21 2 . 0  209 . 1 202 . 3  191 . 0  1 . 3 · 0 . 1 - 0 . 9  
Spec i a l  Naphthas 1 07 . 3  92 . 2  96 . 7  1 03 . 5  1 1 1 . 4 1 23 . 0  1 55 . 5  1 73 . 3  1 87 . 3  5 . 0  3 . 8  1 . 9 
Other Pet r o l eum Products * 1 26 . 4  · 56 . 7  82 . 1  85 . 1  85 . 9  86 . 9  86 . 7  86 . 8  86. 8  N M  - 3 . 7  0 . 0  

Pet rochem i ca l  Feedstocks 2 , 389 . 7  2 , 455 . 9  2 , 435 . 8  2 , 349 . 2  2 , 289 . 4  2 , 3 1 4 . 2  2 , 677 . 0  2 , 85 7 . 5  3 , 026 . 1  - 0 . 8  1 . 1  1 . 2 
L i quef i ed Gases 1 , 1 94 . 5  1 , 2 1 6 . 2  1 1 202 . 1 1 , 1 86 . 5  1 , 1 5 4 . 6  1 , 1 66 . 4  1 , 351 . 9  1 , 445 . 9  1 , 534 . 2  - 1 . 2 1 . 2 1 . 3 
Naphtha 347 . 8  3 1 9 . 2  335 . 6  343 . 6  350 . 6  355 . 6  4 1 6 . 6  450 . 4  483 . 1  5 . 1  1 . 8 1 . 5 
S t i l l  Gas 93 . 5  90 . 8  92 . 3  92 . 1  92 . 0  93 . 3  1 1 0 . 6  1 1 9 . 5  1 28 . 1 1 . 6 1 . 7 1 . 5 
M i sce l l aneous 753 . 9  829 . 7  805 . 9  727 . 0  692 . 2  699 . 0  797. 9  84 1 . 7  880 . 7  - 2 . 9  0 . 6  1 . 0 

Tot a l  4 , 397. 2  · 4 , 1 02 . 7  4 , 237. 1 4 , 1 85 . 3  4 , 1 45 . 7  4 , 2 1 1 . 5 4 ,  71 0 . 6  4 , 967. 3  5 , 1 76 . 2  3 . 3  0 . 7  0 . 9  

Tota l D e l i vered Fue l  
per Do l l a r  of GNP ** 1 . 07 1 . 00 1 . 02 0 . 98 0 . 95 0 . 94 0 . 93 0 . 88 0 . 85 1 . 9 - 1 . 3 - 0 . 9  

* Other products i nc l ude natura l gaso l i ne ,  i sopentane, unf ract i onated 
st ream, p l ant condensate, unf i n i shed o i l s ,  motor gaso l i ne b l end i ng 
components and avi at i on gaso l i ne b l end i ng components .  Due to 
i ncons i stenc i es in the c l ass i f i ca t i ons of some petro l eum products,  
ref i nery i nputs exceed tot a l  supp l y  for these products,  l eavi ng a net 
negat i ve ba l ance . 

** Thousand Btu per 1 982 D o l l a r  of GNP 



6!29!92 

Natura l Gas 
P i pe l i ne Fue l 
Veh i c l e  Fuel 

Petro l eum 
Motor Gaso l i ne 

Unreformu l ated 
Oxygenate 

D i st i l l ate Fue l 
Jet Fue l  
Res i dua l Fue l 
L i quef i ed Gases 
Avi at i on Gaso l i ne 

Tota l 

E l ect r i c i ty 

P r i ma ry Fue l s  Per 
Person 

Energy t o  GNP Rat i o  

Vers i on :  NPC LOWRE F  CASE 

TRANSPORTAT I ON DEMAND FOR ENERGY 
FUEL AND POWER USES 

( T r i l l i on Btu)  
%CH %CH %CH 

YEARS 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 91 TO 90 TO 2000 TO 

1 990 1 991 1 992 1 993 1 994 1 995 2000 2005 201 0 92 2000 20 1 0  

680 . 3  n2 . 2  674 . 0  643 . 3  647 . 0  655 . 4  888 . 8  1 , 1 06 . 5  1 , 1 58 . 6  - 1 2 . 7  
680 . 3  n2 . 2  674 . 0  643 . 3  647 . 0  649 . 2  704 . 9  756 . 0  758 . 3 - 1 2 . 7  

0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  6 . 2  1 83 . 9  350 . 5  400 . 2  NC 

2 1 , 539 . 7  21 , 246 . 1  2 1 , 1 08 . 7  2 1 , 355 . 1  2 1 , 64 1 . 6  22 , 030 . 8  22 , 71 5 . 2  23 , 438 . 6  23 , 1 76 . 2  - 0 . 6  
1 3 , 5 73 . 5  1 3 , 470 . 0  1 3 , 300 . 6  1 3 , 40 1 . 9  1 3 , 507 . 3  1 3 , 636 . 4  1 3 , 602 . 7  1 3 , 555 . 7  1 2 , 955 . 5  - 1 . 3 
1 3 , 5 73 . 5  1 3 , 470 . 0  1 3 , 300 . 6  1 3 , 40 1 . 9  1 3 , 355 . 1  

0 . 0  0 . 0  0 . 0  0 . 0  1 5 2 . 3  
3 , 823 . 2  3 , n8 . 4  3 , n5 . 5  3 , 82 1 . 1  3 , 894 . 2  
3 , 1 29 . 4  3 , 023 . 9  3 , 038 . 1  3 , 1 1 1 . 9 3 , 205 . 8  

948 . 1  91 0 . 6  93 1 . 6  956 . 6  969 . 4  
20 . 4  2 1 . 7  2 1 . 3  22 . 1  23 . 3  
45 . 0  4 1 . 5  4 1 . 5  4 1 . 5  4 1 . 5  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 3 , 327 . 9  1 2 , 762 . 2  1 2 , 623 . 1  1 2 , 063 . 6  - 1 . 3 
308 . 4  

4 , 006 . 1  
3 , 309 . 4  
1 , 0 1 1 . 6 

25 . 8  
4 1 . 5  

- - - - - - - -

840 . 5  932 . 6  891 . 9  NC 
4 , 5 1 3 . 6  5 , 081 . 0  5 , 371 . 4  - 0 . 1 
3 , 477 . 4  3 , 640 . 8  3 , 688 . 1  0 . 5  
1 , 050 . 1  1 , 086 . 8  1 , 084 . 4  2 . 3  

29 . 8  32 . 8  35 . 3  - 1 . 9 
4 1 . 5  4 1 . 5  4 1 . 5  0 . 0  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - -
2 1 , 539 . 7  2 1 , 246 . 1  2 1 , 782 . 7  22 , 000 . 2  22 , 291 . 8  22 , 690 . 8  23 , 6 1 7 . 0  24 , 569 . 7  24 , 369 . 4  2 . 5  
- - - - - - - -

1 8 . 1 

86 . 1 9 

5 . 23 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

24 . 4  1 9 . 6  1 9 . 7  20 . 0  

84 . 1 6 85 . 54 85 . 74 86 . 22 

5 . 1 9 5 . 25 5 . 1 5 5 . 1 0 

.. .. .. .. .. .. .. ... .. .. .. .. .. .. .. ... 

20 . 2  2 1 . 1  

87. 1 4  87 . 70 

5 . 05 4 . 68 

- - - - - - - - - - - - - - - -

2 1 . 9  22 . 5  - 1 9 . 8  

88 . 71 85 . 83 1 . 6 

4 . 35 4 . 00 1 . 2 

2 . 7  2 . 7  
0 . 4  0 . 7  

N C  8 . 1  

0 . 5  0 . 2  
0 . 0  - 0 . 5  

- 0 . 6  - 0 . 6  
N C  0 . 6  

1 . 7 1 . 8 
1 . 1 0 . 6  
1 . 0 0 . 3  
3 . 9  1 . 7 

- 0 . 8  0 . 0  

0 . 9  0 . 3  

1 . 6 0 . 7  

0 . 2  - 0 . 2  

- 1 . 1  - 1 . 6  



6/29/92 

Coa l ( 1 )  
Consumpt i on 
Stock Changes 

Natura l Gas 

Pet ro l eum ( 1 )  

Res i dua l Fue l ( 1 )  
Consunpt i on 
Stock Changes 

D i st i l l ate Fue l ( 1 )  
Consumpt i on 
Stock Changes 

Other ( 1 )  

Nuc l ea r  Power 
Hydropower 
Other 

Tota l ( 2 )  

Tota l E l ect r i c i ty 

LEGEND 
( 1 )  Product supp l i ed .  

1 990 1 99 1  

Vers i on :  N P C  LOWR E F  CASE 

ELECTR I C  UT I L I T I ES DEMAND FOR ENERGY 
USED I N  THE GENERAT I ON OF E LECTR I C I TY 

( T r i l l i on BTU ) 

YEARS 

1 992 1 993 1 994 1 995 2000 2005 20 1 0  

1 6 , 585 . 0  1 6 , 06 1 . 7  1 6 , 450 . 2  1 6 , 482 . 7  1 6 , 584 . 8  1 6 , 854 . 0  1 6 , 048 . 9  1 6 , 1 98 . 3  1 5 , 966 . 0  
1 6, 079 . 7  1 6 , 003 .3 1 6, 2 1 5 . 2  1 6 , 426 . 6  1 6 , 556.4  1 6 , 800 . 5  1 6 , 24 0 . 6  1 6 , 1 72 . 0  1 5 , 972 . 3  

4 1 7 . 6  58 . 4  235 . 1  56. 1 . 28 . 4  53 . 5  - 1 91 . 7  26 . 4  - 6 . 4  

2 , 854 . 1  2 , 848 . 2  2 , 785 . 4  2 , 966 . 7  3 , 044 . 3  3 , 050 . 1  4 , 1 97 . 9  4 , 925 . 1  5 , 2 1 0 . 7  

1 , 376 . 9  1 , 286 . 6  1 , 030 . 2  1 , 1 29 . 1 1 , 1 27 . 4  1 , 385 . 2  1 , 393 . 9  1 , 575 . 9  2 , 239 . 3  

1 , 263 . 2  1 , 1 98 . 1 967. 7 1 , 048 . 3  1 , 050 . 2  1 , 277 . 9  1 , 273 . 4  1 , 4 1 2 . 8  1 , 987 . 3  
1 ,  1 40 . 1  1 , 206 . 8  979 . 2  1 , 027. 4  1 , 043 . 6  1 , 233 . 6  1 , 300 . �  1 , 370 . 5  1 , 931 . 6  

1 23 . 1  - 8 . 7  - 1 1 . 5 20 . 9  6 . 6  44 . 3  - 26 . 8- 42 . 4  55 . 7  

1 0 1 . 8  76 . 9  56 . 1  74 . 4  70 . 9  1 0 1 . 0  1 1 4 . 1  . 1 56 . 8  245 . 6  
86 . 4  77 . 5  64 . 0  69 . 5  71 . 8  86 . 2  1 1 3 . 6  1 36 . 2  2 1 5 . 3  

%CH %CH %CH 

91 TO 90 TO 2000 TO 
92 2000 20 1 0  

2 . 4  - 0 . 3  - 0 . 1 
1 . 3 0 . 1  - 0 . 2  

302 . 4  NM 28 . 9  

- 2 . 2  3 . 9  2 . 2  

- 1 9 . 9  0 . 1  4 . 9  

- 1 9 . 2  0 . 1  4 . 6 
- 1 8 . 9  1 . 3 4 . 0  
-32 . 2  NM NM 

- 27 . 0  1 . 1 8 . 0  
- 1 7. 4  2 . 8  6 . 6  

1 5 . 4 - 0 . 6  - 7 . 9  4 . 9  - 0 . 9  1 4 ; 8  0 . 5  20 . 6  30 . 3  - 1 , 2 1 9 . 4  - 29.3  5 1 . 4  

1 1 . 9 1 1 . 5 6 . 3  6 . 3  6 . 3  6 . 3  6 . 3  6 . 3  6 . 3  ·44 . 9  -6. 1 

6, 1 86 . 0  6 , 569 . 2  6 , 85 0 . 6  6 , 940 . 9  7 , 037.8 7, 1 09 . 0  7 , 423 . 7  7, 443 . 2  7 , 438 . 0  4 . 3  1 .8 
2 , 909 . 0  3 , 064 . 8  3 , 1 25 . 0  3 , 1 92 . 5  3 , 23 1 . 5  3 , 263 . 1  3 , 408 . 3  3 , 637. 6  3 , 838 . 0  2 . 0  1 . 6 

200 . 0  1 96 . 4  206 . 3  222 . 1  222 . 8  23 1 . 5 353 . 7  308 . 5  25 1 . 4 5 . 0  5 . 9 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
29, 605 . 8  29 , 968 . 6  30 , 2 1 2 . 8  30 , 877. 8  3 1 , 220 . 1  3 1 , 839 . 3  33 , 01 8 . 0  34 , 062 . 2  34 , 949 . 7  0 . 8  1 . 1  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

9, 1 00 . 8  9 , 282 . 9  9 , 346 . 7  9 , 5 1 1 . 1  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

9 , 642 . 9  9 , 81 8 . 2  1 0 , 437. 0  1 0 , 902 . 4  1 1 , 263 . 2  0 . 7  1 . 4 

0 . 0  

0 . 0  
1 . 2 

-3 . 4  

0 . 6  

0 . 8  

( 2 )  I nc l udes consumpt i on o f  coa l ,  product supp l i ed of pet ro l eum. 
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N PC CAS E 2 S C E N A R I O  

Principal Assumptions and Conclusions 

0 Keys to sustained low oil prices are: 

Higher energy/oil efficiency and sluggish economic 

conditions, resulting in weak oil demand growth , and 

I ncreased crude oil availabil ity (wil l ingness to supply) at 

low prices 

0 Economic growth in the U.S. is not a s sluggish as in other 

world economies; lower oil prices provide relatively greater 

stimulus to U.S. economy 

0 Oil/G N P  i ntensity is stronger in U.S .  than other  countries; yet, total 

non-CPE world oi l  consumption lags Case 1 

0 OPEC and non-OPEC will ingness to supply oil assumed to be 

sufficient to ensure adequate oil supplies, despite low oil prices 

4-59 
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Comparison of NPC 
Case 1 and Case 2 Scenarios 

CASE 2 CASE 1 

U.S. Refiners' 1 995 1 5.60 1 9. 1 5  
Cost of Crude 2000 1 7. 1 0  21 .25 
(1 990$/Barre� 201 0 20.00 28.00 

GNP/GOP Growth 
(Avg. %/Year, 1 990-201 0) 

United States 1 .9% 2.5% 
Major Seven 2.4% 3.1 %  
Non-Communist World 3.0% 3.8% 

Non-Communist Oil 1 995 56.0 58.2 
Consumption(MMBD) 2000 58.5 64.8 

201 0 63.3 78.8 

OPEC Crude Oil 1 995 26.8 29.3 
Production(MMBD) 2000 29.8 37. 1 

201 0 33.0 51 .4 

Oil Consumption 0.4-0.8%/Year Improvement 
EffiCiency Relative to Case 1 

Oil Demand Response Stronger U.S. Oil 
to Price Consumption Response to 

Lower Oil Prices 

GNP/GOP Growth U.S. GNP Growth Rate 
Less Influenced by 
Sluggish Economic 

Conditions 



Faste r Eff iciency Gai ns and Ample Crude Suppl ies 

are Key to Lowe r Oi l P r ices 

Lowe r  
O i l  P r ices 

S l ugg ish 
Macro e c o n o m ic 

C o nd i t io n s  

S l owe r G N P  
G row t h  

Rest rai n e d  

Oi l C o n s u mpt i o n  

Faste r / 
Eff i c iency G a i n s  

G row t h  

Am ple Crude 
Oi l S u p p l ies 

/ 
o Faste r ef f i c i e n cy g a i n s  and s l u g g i s h  e c o n o m i c  g row t h  

o f fs e t  t h e e f fe c t  o f  lowe r o i l p r i c e s,  res t ra i n i n g o i l 
d e m a n d  g row t h .  

S u s ta i n e d  
Lowe r 

O i l  P r ic es 

o A b u n d a n t  c r u d e  s u p p l i e s  and we ak d e m an d  y ie ld s u s tai n e d  
l owe r o i l p r i c e s .  



� I 0> 1 !8/92 Workspace : NPC/WOI L0291 /0I L20 . ro 

WORLD O I L OUTLOOK SUMMARY 

( M i l l i on Barrel s  Per Day) 

XCH XCH XCH XCH XCH 

90 TO 90 TO 95 TO 2000 TO 2005 TO 

1 990 1 991 1 992 1 993 1 995  2000 2005 201 0  91 95 2000 2005 201 0  

O I L  CONSUMPT I ON 

MAJOR SEVEN 3 1 . 83 31 . 82 32 . 23 32 . 29 32 . 99  35 . 5 1  39 . 60 42 . 1 9  0 . 0  0 . 7  1 . 5 2 . 2  1 . 3 

OTHER OECD 5 . 87 6 . 04 6 . 26 6 . 28 6.34 6.47 6 . 81 6.93 2 . 8 1 . 5 0 . 4  1 . 0 0 . 4  

TOTAL OECD 37. 70 37.85 38 .49 38 .57 39 .33 41 . 98 46 .40 49 . 1 2  0 . 4  0 . 9  1 . 3 2 . 0  1 .  1 

DEVELOP I NG AREAS 1 5 . 52 1 5 . 72 1 5 .91 1 5 . 92 1 6 . 71 1 6 . 55 1 5 . 50 1 4 . 20 1 . 3 1 . 5 - 0 . 2  - 1 . 3 - 1 . 7 
===== ===== ===== ----- ===== ===== ----- ===== ===== ==== ==== ==== ==== 

NON· CPE CONSUMPT I ON  53 . 22 53 . 57 54 . 40 54 .49 56 . 04 58. 53 61 . 90 63 . 32 0 . 7  1 . 0 0 . 9  1 . 1  0 . 5  

FORMER CPE CONSUMPT I ON  1 3 . 06 1 2 . 76 1 2 . 80 1 2 . 84  1 2 . 93 1 2 . 87 1 2 . 69 1 2 . 53 - 2 . 3  - 0 . 2  - 0 . 1 - 0 . 3  - 0 . 3  
===== ===== ===== ===== ===== ===== ----- ===== ===== ==== ==== ==== ==== 

WORLD CONSUMPT I ON  66 . 54 66 . 33 67. 20 67. 33 68.97 71 . 40 74 . 60 75 . 85 - 0 . 3  0 . 7  0 . 7  0 . 9  0 . 3  

O I L  PRODUCT I ON 

MAJOR SEVEN 1 3 . 07 1 3 . 25 1 3 . 1 8  1 2 . 93 1 2 . 35 1 1 .41  1 0 . 59 9 . 78 1 . 4 - 1 . 1  - 1 . 6  - 1 . 5 - 1 . 6 

OTHER NON-OPEC 1 2 . 26 1 2 . 49 1 2 . 53 1 2 . 58 1 2 . 66  1 3 . 25 1 4 . 20 1 5 . 24 1 .9 0.6 0.9 1 . 4 1 . 4 

TOTAL NON -OPEC 25 . 32 25 . 74 25 . 71 25 . 5 1  25 . 0 1  24 .65 24 . 79  25 . 02 1 . 6 - 0 . 3  - 0 . 3  0 . 1  0 . 2  

OPEC CRUDE 23 . 00 23 . 38 24 . 80 25 .45 26 .85 29 .81 32 . 37 32 . 96 1 . 7 3 . 1  2 . 1  1 . 7 0 . 4  

OPEC NGLs 1 . 90 1 . 87 1 . 89 1 . 91 1 . 95 2 . 02 2 . 1 2  2 . 23 - 1 . 7  0 . 5  0 . 7  1 . 0 1 . 0 

TOTAL OPEC PRODUCT I ON  24 .91 25 . 25 26. 69 27. 36 28. 80  31 .83 34 .49 35 . 1 8 1 . 4 3 . 0  2 . 0  1 .6 0 . 4  

===== ::;::::: ===== ===== ===== ===== ===== ===== ===== ==== ==== ==== ==== 

NON· CPE PRODUCT I ON  50 . 23  50 . 99  52 . 40 52.87 53 . 81 56.48 59 . 28 60 . 20 1 .5 1 . 4 1 . 0 1 . 0 0 . 3  



XCH XCH XCH XCH XCH 

90 TO 90 TO 95 TO 2000 TO 2005 TO 

1 990 1 99 1  1 992 1993 . 1 995 2000 2005 201 0  91 95 2000 2005 201 0  

FORMER CPE PRODUCT I ON  1 4 . 64  1 4 . 22 1 4 . 1 9  1 4 . 2l 1 4 . 1 5  1 3 . 88  1 4 . 24 1 4 . 65 - 2 . 8  - 0 . 7  - 0 . 4  0 . 5  0 . 6  
===== ===== ===== ===== ===== ===== ===== ===== ===== ==== ==== ==== ==== 

WORLD PRODUCT I ON  65 . 25 65 . 2 1  66 . 59 67. 09 67. 96 70 . 36 73 . 52 74 . 85 - 0 . 1  0 . 8  0 . 7  0 . 9  0 . 4  

RE F I NERY GA I N  1 . 1 2  1 . 1 2  1 . 1 4 1 . 14  1 . 1 8  1 . 23 1 . 30 1 . 33 0 . 7  1 . 0 0 . 9  1 . 1  0 . 5  

I NVENTORY W I THDRAWALS ( * )  0 . 29 - 0 . 01 - 0 . 53 - 0 . 90 - 0 . 1 7  - 0 . 1 9  - 0 . 22 - 9 . 33 NM NM - 2 . 5  - 2 . 8  - 8 . 6  
===== ===== ===== ===== ===== ===== ===== ===== ===== ==== ==== ==== ===== 

TOTAL WORLD SUPPLY 66 . 54 66 . 33 67. 20 67 .33 68 . 97 71 .40 74 . 60 75 . 85 - 0 . 3  0 . 7  0 . 7  0 . 9  0 . 3  

NET EXPORTS FROM 1 . 58 1 . 46 1 . 39 1 . 37 1 . 23 1 . 01  1 . 54 2 . 1 3  - 7. 6  - 4 . 9  - 3 . 8  8 . 8  6 . 6  

FORMER CPEs 

AVERAGE U . S .  RE F I NERS ' 

COST OF FORE I GN CRUDE 

1990 S/BARREL 22 . 1 5 1 8 . 46 1 7 . 73  1 7 . 00 1 5 . 57 1 7 . 07 1 8 . 58 20 . 08 - 1 6 . 6  - 6 . 8  1 . 9 1 . 7 1 . 6 

CURRENT S/BARREL 22 . 1 5  1 9 . 04  1 8 . 84  1 8 . 56 1 8 . 00 23 . 38 31 . 07 4 1 . 42 - 1 4 . 0  - 4 . 1  5 . 4  5 . 9  5 . 9  

* Negat i ve va lues indicate an i nventory bui ld; 

i nc ludes stat ist ica l  di screpancy. 



1 !8/92 Workspace: NPC/WOI L0291 /0I L20 . 

MAJOR SEVEN 

GROWTH I N  REAL GOP 

(Annua l i zed Rates of G rowth ) 

XCH XCH XCH XCH XCH 

YEARS 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 90 TO 90 TO 95 TO 2000 TO 2005 TO 

1 990  1991 1 992 1 993  1 995 2000 2005 201 0  91 95 2000 2005 201 0  

UN I TED STATES 0 . 9  - 0 . 2  2 . 0  2 . 1  2 . 5  1 . 8 1 .9 1 . 7 - 0 . 2  1 . 8 2 . 1  2 . 0  1 . 7 

CANADA 0 . 7  - 1 . 0  2 . 5  2 . 7  2 . 9  2 . 9  2 . 3  2 . 4  - 1 . 0  1 . 9 2 . 6  2 . 2  2 . 4  

JAPAN 5 . 9  3 . 1  2 . 9  3 . 3  3 . 7  3 . 0  3 . 2  3 . 2  3 . 1  3 . 4  3 . 1  3 . 1  3 . 2  

UN I TED KI NGDOM 1 . 0 - 1 . 1  1 . 3 1 . 8 2 . 6  2 . 3  2 . 4  2 . 5  - 1 . 1  1 . 4 2 . 1  2 .3 2 . 5  

W. GERMANY 4 . 5  2 . 9  1 . 9 2 . 6  3 . 6  3 . 1  2 . 9  2 . 9  2.9 2 . 7  3 . 3  2 . 8  2 . 8  

FRANCE 2 . 6  1 .8 1 . 7 2 . 2  3 . 4  2 . 8  3 . 0  3 . 1  1 .8 2 . 4  2 . 8  2 . 9  3 . 0  

I TALY 1 .9 1 . 5 1 . 5 2 .3 2 . 6  2 . 5  2 . 8  2 . 9  1 . 5 2 . 0  2 . 5  2 . 7  2 . 8  

MAJOR SEVEN 2 . 5  1 . 0 2 . 1  2 . 4  3 . 0  2 . 4  2 . 5  2 . 5  1 . 0 2 . 2  2 . 6  2 . 5  2 . 4  

WORLD EXCL . CPEs 2 . 8  1 .9 2 . 4  2 . 9  3 . 5  3 . 1  3 . 2  3 . 3  1 .9 2 . 8  3 . 1  3 . 1  3 . 2  



1/8/92 Workspace : NPC/WO I L0291 /0I L20 . 

WORLD OI L SUPPLY/DEMAND BALANCE 

( M i l l i on Barre l s  Per Day) 

XCH XCH XCH XC H  XC H  

9 0  TO 90 TO 95 TO 2000 TO 2005 TO 

1 990 1991 1 992 1 993 1 995 2000 2005 20 1 0  91 95 2000 2005 201 0  

O I L  CONSUMPT I ON 

UN I TED STATES 1 6 . 91 1 6 . 75  1 6 . 91 1 6 . 91 1 7. 4 1  1 9 . 1 0  2 1 . 73  23 . 63 - 0 . 9  0 . 6  1 . 9 2 . 6  1 . 7 

CANADA 1 . 76 1 . 73 1 . 76 1 . 77 1 . 78 1 . 85 1 . 91 1 . 93 - 1 . 7 0 . 2  0 . 8  0 . 6  0 . 2  

JAPAN 5 . 24 5 . 1 9 5 . 27 5 . 32 5 . 46 5 . 88 6 . 67 7 . 07 · 1 . 0  0 . 8  1 . 5 2 . 6  1 . 2 

UN I TED K I NGDOM 1 . 76 1 . 78 1 . 78 1 . 76 1 . 74 1 . 84 1 . 94 2 . 09 1 . 0 - 0 . 3  1 .  1 1 . 0 1 . 5 

W. GERMANY 2 . 4 1  2 . 55 2 . 64  2 . 68  2 . 74 2 . 73  2 . 91 2 .'92 5 . 8  2 . 6  · 0 . 1 1 . 3 0 . 1  

FRANCE 1 . 83 1 . 87 1 . 89 1 . 88 1 . 91 2 . 02 2 . 1 9 2 . 27 2 . 3  0 . 9  1 .  1 1 .  7 0 . 7  

I TALY 1 . 91 1 . 94 1 . 98 1 . 97 1 . 96 2 . 09 2 . 25 2 . 29 1 . 7 0 . 6  1 . 3 1 . 5 0 . 3  

MAJOR SEVEN 3 1 . 83  3 1 . 82 32 . 23 32 . 29 32 . 99  35 . 5 1  39. 60 42 . 1 9 0 . 0  0 . 7  1 . 5 2 . 2  1 . 3 

OTHER OECD 5 . 87 6 . 04 6 . 26 6 . 28 6 . 34 6 . 47 6 . 81 6 . 93 2 . 8  1 . 5 0 . 4  1 . 0 0 . 4  

TOTAL OECD 37. 70 37. 85 38 . 49 38 . 57 39 . 33 41 . 98 46 . 40 49. 1 2  0 . 4  0 . 9  1 . 3 2 . 0  1 . 1 

NON -OPEC LDCs 1 1 . 07 1 1 . 1 8 1 1 . 28 1 1 . 24 1 1 . 87 1 2 . 20 1 2 . 1 3  1 1 . 89 1 . 0 1 . 4 0 . 6  - 0 . 1  - 0 . 4  

OPEC 4 . 25 4 . 33 4 . 42 4 . 49 4 . 65 4 . 1 6  3 . 1 8 2 . 1 2  1 . 9 1 . 8 - 2 . 2  - 5 . 2  - 7 . 8  

U . S .  TERR I TOR I ES 0 . 20 0 . 20 0 . 20 0 . 20 0 . 20 0 . 1 9  0 . 1 9 0 . 1 9  - 1 . 2  - 0 . 8  - 0 . 5  - 0 . 2  0 . 5  
===== ===== ----- ===== -----· ===== ===== ===== ==== ==== ==== ==== ==== 

NON - COMMUN I ST CONSUMPT I ON 53 . 22 53 . 57 54 . 40 54 . 49 56 . 04 58 . 53 61 . 90 63 . 32 0 . 7  1 . 0 0 . 9  1 . 1  0 . 5  

CENTRALLY- PLANNED ECON . 1 3 . 06 1 2 . 76 1 2 . 80 1 2 . 84  1 2 . 93 1 2 . 87 1 2 . 69 1 2 . 53 - 2 . 3  - 0 . 2  - 0 . 1  - 0 . 3  - 0 . 3  
===== ----- ----- ===== ----- ===== ===== ===== ==== ==== ---- ==== ==== 

WORLD CONSUMPT I ON  66 . 54 66 . 33 67. 20 67. 33 68 . 97 71 . 40 74 . 60 75 . 85 - 0 . 3  0 . 7  0 . 7  0 . 9  0 . 3  

t' 0) (J] 



XCH XCH XCH XCH XCH 
90 TO 90 TO 95 TO 2000 TO 2005 TO 

1 990 1 99 1  1 992 1 993 1 995 2000 2005 20 1 0  91  95 2000 2005 201 0  

UNI TED STATES 

CANADA 

JAPAN 

UN I TED K I NGDOM 

W. GERMANY 

FRANCE 

I TALY 

MAJOR SEVEN 

OTHER NON -OPEC 

TOTAL NON-OPEC 

OPEC CRUDE 

OPEC NGLs 

OI L PRODUCT I ON 

8 . 85 8 . 87 8 . 75  8 . 56 8 . 27 7 . 62 7 . 04 6 . 45 0 . 2  · 1 . 3 · 1 . 6 · 1 . 6 

1 . 93 1 . 90 1 . 84 1 . 89 1 . 81 1 . 89 1 . 99 2 . 04 - 1 . 3 - 1 . 3 . 0 . 9  1 . 0 

0 . 01 0 . 01 0 . 01 0 . 0 1 0 . 01 0 . 01 0 . 01 0 . 01 0 . 0  0 . 0  0 . 0  o . o  
1 . 99 2 . 1 8  2 . 3 1  2 . 20 1 . 98 1 . 63 1 . 29 1 . 04 9 . 6  - 0 . 1  - 3 . 9  - 4 . 5  

0 . 08 0 . 08 0 . 08 0 . 08 0 . 08 0 . 07 0 . 07 0 . 07 0 . 0  - 0 . 8  - 0 . 8  0 . 0  

0 . 09 0 . 08 0 . 08 0 . 08 0 . 08 0 . 08 0 . 07 0 . 07 - 1 . 2 - 1 . 0 - 0 . 9  - 1 . 3 

0 . 1 2  0 . 1 2  0 . 1 1  0 . 1 1  0 . 1 1  0 . 1 1  0 . 1 1  0 . 1 0  - 0 . 8  - 0 . 3  - 0 . 9  - 0 . 9  

1 3 . 07 1 3 . 25 1 3 . 1 8  1 2 . 93 1 2 . 35 1 1 . 4 1  1 0 . 59 9 . 78 1 . 4 - 1 . 1  - 1 . 6 - 1 . 5 

1 2 . 26 1 2 . 49 1 2 . 53 1 2 . 58 1 2 . 66  1 3 . 25 1 4 . 20 1 5 . 24 1 . 9 0 . 6  0 . 9  

25 . 32 25 . 74 25 . 71 25 . 5 1  25 . 0 1  24 . 65 24 . 79  25 . 02 1 . 6 - 0 . 3  - 0 . 3  

23 . 00 23 . 38 24 . 8D 25 . 45 26 . 85 29 . 81 32 . 37 32 . 96 1 . 7 3 . 1  2 . 1  

1 .90 1 . 87 1 . 89 1 . 91 1 . 95 2 . 02 2 . 1 2  2 . 23 - 1 . 7 0 . 5  0 . 7  

1 . 4 

0 . 1  

1 .  7 

1 . 0 

OPEC 24 .91  25 . 25 26 . 69 27.36 28 . 80 3 1 . 83 34 . 49 35 . 1 8 1 . 4 3 . 0  2 . 0  1 . 6 

NON -COMMUN I ST PRODUCT I ON  50 . 23 5 0 . 99  52 . 40 52 . 87 . 53 . 81 56 . 48 59 . 28 60 . 20 1 . 5 1 . 4 1 . 0 

CENTRALLY- PLANNED ECON . 1 4 . 64  1 4 . 22 1 4 . 1 9  1 4 . 2 1  1 4 . 1 5 1 3 . 88  1 4 . 24 1 4 . 65 - 2 . 8  - 0 . 7  - 0 . 4  

1 . 0 

0 . 5  

- 1 . 7  

0 . 5  

0 . 0  

-4 . 2  

- 0 . 5  

- 1 . 3 

- 0 . 8  

- 1 . 6 

1 . 4 

0 . 2  

0 . 4  

1 . 0 

0 . 4  

0 . 3  

0 . 6  
===== ===== ===== ===== ===== ===== ===== ===== ==== ==== ==== ==== ==== 

WORLD PRODUCT I ON 

RE F I NERY GA I N  

65 . 25 65 . 2 1  66 . 59 67. 09 67. 96  70 . 36  73 . 52 74 . 85 - 0 . 1 0 . 8  0 . 7  

1 . 1 2  1 . 1 2  1 . 1 4 1 . 1 4 1 . 1 8 1 . 23 1 . 30 1 . 33 0 . 7  1 . 0 0 . 9  

0 . 9  

1 . 1  

I NVENTORY W I T HDRAWALS ( * )  0 . 29 - 0 . 01 - 0 . 53 - 0 . 90 - 0 . 1 7  · 0 . 1 9  - 0 . 22 - 0 . 33 NM . NM - 2 . 5  - 2 . 8  

0 . 4  

0 . 5  

- 8 . 6  
===== ====c ===== ===== ===== ===== ===== ===== ==== ==== ==== ==== ==== 

TOTAL WORLD SUPPLY 

NET EXPORTS FROM 

FORMER CPEs 

66 . 54 66 . 33 67. 20 67. 33 68 . 97 71 .40 74 . 60 75 . 85 - 0 . 3  0 . 7  0 . 7  

1 . 58 1 . 46 1 . 39 1 . 37 1 . 23 1 . 0 1  1 .54 2 . 1 3  - 7 . 6  - 4 . 9  - 3 . 8  

* Negat ive va l ues i ndi cate an i nventory bui ld; 

i nc l udes stat i s t i ca l  di screpancy 

0 . 9  0 . 3  

8 . 8  6 . 6  



1 /31 /92 

U . S .  Economi c OUt l ook 

Average Annua l 

C� Growth 

YEARS - � - - - - - - - - - - - - - - - - - - - -

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1 990 1995 2000 2005 

1 990  1991 1 992 1995 2000 2005 201 0  1 995  2000 2005 201 0  

Compos i t i on  o f  Rea l GNP (Annua l rate of change ) 

Gross Nat i ona l  Product 1 . 0 - 0 . 2  2 . 0  2 . 5  1 . 8 1 . 9 1 . 7 1 . 8 2 . 1  2 . 0  1 . 7 

F i na l  Sa l es 1 . 6 0 . 0  1 . 3 2 . 6  1 . 9 1 . 9 1 . 7 1 . 7 2 . 1 2 . 0  1 . 7 

Exc l ud i ng  CCC T ransact i ons 1 . 6 - 0 . 1  1 . 3 2 . 6  1 . 9 1 . 9 1 . 7 1 . 7 2 . 1  2 . 0  1 . 7 

Total Consumpt i on  0 . 9  0 . 4  1 . 6 1 . 6 1 . 4 1 . 4 1 . 4 1 . 4 1 . 3 1 . 6 1 . 4 

Nonres ident i a l  F i xed I nvestment 1 . 8 - 3 . 4  7 . 0  6 . 5  2 . 9  2 . 9  2 . 9  5 . 1  4 . 2  3 . 3  2 . 9  

Equi pment 2 . 8  - 1 . 8 9 . 4  6 . 1 3 . 7  3 . 2  3 . 2  6 . 1  4 . 9  3 . 4  3 . 2  

Structures - 1 . 2  - 8 . 9  - 1 . 6 8 . 5  - 0 . 9  1 . 4 1 . 6 1 . 5 1 . 5 2 . 4  1 . 4 

Res i dent i a l  F i xed I nvestment - 5 . 4  - 1 1 . 5  7 . 3  4 . 3  1 . 4 0 . 6  2 . 4  1 . 4 1 . 2 0 . 7  1 . 0 

Exports 6 . 4  3 . 1  2 . 4  6 . 6  5 . 7  4 . 2  3 . 2  5 . 3  6 . 4  4 . 6  3 . 5  

ln.,arts 2 . 8  0 . 1  6 . 6  4 . 5  4 . 1  3 . 2  3 . 2  4 . 8  4 . 1  3 . 6  3 . 1  

Federa l Government 2 . 6  1 . 3 - 4 . 8  - 1 . 9  - 0 . 2  1 . 3 0 . 9  -3 . 1  - 1 . 0  0 . 9  1 . 0 

Exc l ud i ng  CCC T ransact i ons 1 . 7 0 . 6  - 4 . 6  - 1 . 9 - 0 . 2  1 . 3 0 . 9  - 3 . 2  - 1 . 0 0 . 9  1 . 0 

St ate and Loca l Governments 3 . 0  0 .9 2 . 1  2 . 3 0 . 8  0 . 7  0 . 7  2 . 0  1 . 1  0 . 7  0 . 6  

B i l l i ons o f  Dol lars 

Rea l GNP ( 1982 $) 4 , 1 57 . 3  4 , 1 5 0 . 0  4 , 234 . 8  4 , 540 . 0  5 , 031 . 5  5 , 55 1 . 8  6 , 034 . 8  1 . 8 2 . 1  2 . 0  1 . 7 

Gross Nat i ona l  P roduct 5 , 465 . 2  5 , 661 . 4  5 , 940 .3 6 , 881 . 5  8 , 981 . 4  1 1 , 962 . 7  1 5 , 834 . 5  4 . 7  5 . 5  5 . 9  5 . 8  

Pri ces and Wages (Annua l rate of change) 

GNP P r i ce Def l ator ( I mpl i c i t )  4 . 1  3 . 8  2 . 8  2 . 6  3 . 8  3 . 8  4 . 2  2 . 9  3 . 3  3 . 8  4 . 0  

GNP P r i ce I ndex ( f i xed-We i gh t )  4 . 6 4 . 0  3 . 4  3 . 3  4 . 3  4 . 4  4 . 7  3 . 5  4 . 0  4 . 4  4 . 5  

CP I - -Al l Urban Consumers 5 . 4  4 . 3  3 . 2  3 . 0' 4 . 0  4 . 1  4 . 4  3 . 5  3 . 7  4 . 1  4 . 2  

Producer P r i ce I ndex- - F i n i shed Goods 4 . 9  2 . 4  2 . 5  2 . 2  3 . 9  3 . 9  4 . 2  2 . 5  3 . 7  3 . 8  4 . 0  

Employment C os t  I ndex - Tot a l  C�. 5 . 0  4 . 4  4 . 2  4 - 7  5 . 3  5 . 4  5 . 4  4 . 2  5 . 2  5 . 5  5 .4 

� 0> OUtput per Hour - 0 . 9  1 . 2 1 . 8 1 . 5 1 . 5 1 . 5 1 . 2 1 . 4 1 .6 1 . 7 1 . 3 
>-..:J 



f" 0> Average Amua l (X) 
C� Growth 

YEARS - - - - - - - - - - - - - - - - - - - - - -

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1990 1 995 2000 2005 

1990 1991 1992 1995 2000 2005 201 0  1 995 2000 2005 201 0  

P roduct i on  a nd  Other Key Measures 

I ndust r i a l  Product i on  ( 1 987=1 . 000 ) 1 . 092 1 . 073 1 . 1 08 1 . 200 1 . 353 1 . 5 1 4  1 . 657 1 . 9 2 . 4  2 . 3  1 . 8 

Annua l Rate of Change 1 . 0 - 1 . 7  3 . 2  2 . 6  2 . 3  2 . 1  1 . 8 1 . 9 2 . 4  2 . 3  1 . 8 

Nonfarm l nven Accun ( B i l l  ion 1 982 S )  -5 . 1  - 1 1 . 3 1 8 . 2  1 2 . 6  1 7.4 19.9 19.9 NM 6 . 7  2 . 7  0 . 0  

Hous i ng  Starts (Mi l uni ts) 1 . 203 1 . 02 1  1 . 095 1 . 2 1 5  1 . 258 1 . 1 80 1 . 1 76 0 . 2  0 . 7  - 1 .3 - 0 . 1 

Reta i l Uni t Car Sa l es (Mi l uni t s )  9 . 5  8 . 8  9 . 4  1 0 . 0  1 0 . 0  1 0 . 4  1 0 . 4  0 . 9  0 . 1  0 . 8  0 . 0  

Civi l i an Unemployment Rate (X) 5 . 5  6 . 7  6 . 4  5 . 7  5 . 8  5 . 6  5 . 6  0 . 7  0 . 2  - 0 . 7  0 . 1  

Nonfarm En.,l . 1 . 5 - 0 . 9  0 . 4  1 . 3 0 . 6  0 . 4  0 . 6  0 . 7  0 . 7  0 . 4  0 . 5  

( Estab. survey, X change) 

Fed. Budget Surplus - 236 . 1  - 269 . 5  -360 . 6  - 238 . 1 - 266 . 2  -329 . 1 -526.6 - 0 . 2  - 2 . 3  - 4 . 3  - 9 . 9  

(Uni f i ed, F Y ,  bi l .  $) 

Fore i gn T rade 

Current Account Ba l ance (Bi l l i on S) - 92 . 1 28 - 1 0 . 1 24 -n. 788 -89 . 1 73  -42 . 399 1 9 . 680 71 . 884  0 . 6  1 3 . 8  NM 29 .6 

Merch . T rade Ba l ance (c . v . b. , bi l .  S )  - 1 01 . 7  - 64 . 7  -94 . 2  - 1 1 3 . 1  - 64 . 8  -35 . 7  -39.9 - 2 . 1  1 0 . 5  1 1 .3 - 2 . 3  

Forei gn Crude Oi l ($ pe r  barre l ) 22 . 22 1 8 . 92 1 8 . 92 1 7 . 95  23 . 1 8 30 . 46 39.37 - 4 . 2  5 . 2  5 .6 5 . 3  

U . S .  Dol l ar Exchange Rate (X change) -5 . 2  0 . 8  1 .4 0 . 7  - 1 . 1  - 0 . 4  - 0 . 4  0 . 3  - 1 . 2 - 0 . 7  -0.4 

Fore i gn GDP (X change) 3 . 0  1 . 8 2 . 1  3 . 7  3 . 6  3 . 3  2 . 8  2 . 9  3 . 6  3 . 5  3 . 0  

F i nanc i a l  Markets 

Money Supply (M2, bi l l i on $) 3 , 325 . 1  3 , 438 . 7  3 , 586 . 0  4 , 31 5 .4 5 , 740 . 0  7, 563 . 1  1 0 , 025 . 7  5 . 4  5 . 9  5 . 7  5 . 8  

Percent Change vs Year Ago (Q4/Q4) 3 . 8  3 . 4  4 . 3  7.6 5 . 6  5 . 8  6 . 0  5 . 4  5 . 9  5 . 7  5 . 8 

AA Corp Ut i l i ty Rate (X) 9.66 9 . 28 9 . 66  9.44 9 . 71 9 . 65 9 . 73  - 0 . 4  0 . 6  -0. 1 0 . 2  

Th i rty-Year Treasury B ond  Rate (X) 8.61 8 . 37 8 . 63 8 . 1 0  8.44 8 . 4 1  8.61 - 1 . 2 0 . 8  - 0 . 1  0 . 5  

Treasury B i l l  Rate (X) 7.49 5 .  71 6 . 42 5 . 97 6 . 1 2  5 . 96 5 .68 - 4 . 5  0 . 5  - 0 . 5  - 0 . 9  

Federal Funds Rate (X) 8. 1 0  6 . 03 6 . 74 6 . 58 6.fA 6 . 50 6 . 06  - 4 . 1 0 . 2  - 0 . 4  - 1 . 4 

Prime Rate (X) 1 0 . 01 8 . 79  9 . 27 8 . 1 4  8. 16 8 . 0 1  7.53 - 4 . 0  0 . 0  - 0 . 4  - 1 . 2  

s&P I ndex of 500 conmon Stocks 335 375 386 4 1 7  459 625 798 4 . 5  1 .9 6 . 4  5 . 0  



Average Annua l 

C� Growth 

YEARS - - - - - - - - - - - - - - - - - - - - - -

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1 990 1 995 2000 2005 

1 990 1 99 1  1 992 1 995 2000 2005 201 0  1 995 2000 2005 201 0  

I ncomes 

Persona l I ncome ( B i l l i on $) 4 , 645 . 5  4 , 804 . 0  5 , 053 . 0  5 , 947. 8  7, 805 . 0  1 0 , 43 1 . 2  1 3 , 939 . 3  5 . 1  5 . 6 6 . 0  6 . 0  

Rea l D i sposabl e  I ncome ( X  change) 0 . 9  - 0 . 7  1 .  7 2 . 1  1 . 4 1 . 8 1 . 6 1 . 5 1 . 5 1 .  7 1 . 6 

Savi ng Rate (%) 4 . 6  3 . 6  3 . 8  5 . 1  6 . 3  7. 1 8 . 4  2 . 2  4 . 3  2 . 3  3 . 5  

Prof i ts After Tax .( B i l l  i on S )  1 72 . 6  1 90 . 2  206 . 5  1 84 . 3  2 1 1 . 3 246 . 4  3 1 1 . 2 1 . 3 2 . 8  3 . 1  4 . 8  

Pos t - Tax Corp Cash F l ow ( B i l l i on S )  5 29. 1 564 . 5  588 . 1  652 . 4  800 . 0  1 , 036 . 5  1 , 365 . 7 4 . 3  4 . 2  5 . 3 5 . 7  

Percent Change vs Year Ago 1 . 2 6 . 7  4 . 2  3 . 1  5 . 8 4 . 3  6 . 8  4 . 3  4 . 2  5 . 3  5 . 7  
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NPCHRF3F: NPC HIGH REFERENCE CASE NO. 3 FINAL (#5) Run Date: 08/1 6/92 
Run Time:  02:04 PM 

EN ERGY OVERVIEW MODEL SUMMARY 

Crude 011 & Natural Gas Prices Lower 48 Gas Supply Drill ing Costs 
U.S. Crude Texas/Gulf Henry Hub Lower 48 Spot Whd Reserve Add. Producer Producer E&D 

Oil Price Spot Whd Gas Price Avg Wellhead Gas Price Reserve Dry Gas Replacement Deliverability Drilling Cost Incentive 
Year (RACC) Gas Price I (Delv'd to PPL) Gas Price to RACC Additions Production of Production Utilization Index @ 1 988 Costs • 

($90/bbl) ($90/MMBtu) ($90/MMBtu) ($90/MMBtu) (Btu Percent) (Bdtyear) (Bdtyear) (Percent) (Percent) 1 988=1 .00 ($90/MMBtu) 

1 989 1 8.70 1 .58 1 .77 1 .71  48.9 1 5, 1 27 1 6,8 1 6  90.0 8 1 .4 1 .02 1 .55 
1 990 22.32 1 .5 1  1 .69 1 .66 39.3 18 ,454 1 7,345 1 06.4 82.6 1 .03 1 .50 

1 991 1 8.38 1 .27 1 .45 1 .49 40. 1 1 3,088 1 7,350 75.4 82.9 1 .04 1 .25 
1 992 1 8.46 1 .32 1 .49 1 .48 4 1 .6 1 3,71 8 1 7,563 78. 1  85.5 1 .00 1 .35 
1 993 1 8.60 1 .53 1 .70 1 .63 47.6 1 3 ,789 1 7,73 1  77.8 88.5 0.99 1 .57 
1 994 1 8.76 1 .73 1 .90 1 .80 53.4 1 4 ,676 1 7,688 83.0 9 1 .2 1 .00 1 .76 
1 995 1 9.0 1 1 .98 2 . 1 5 2 .04 60.4 1 5 ,080 1 7,797 84.7 93.6 1 .03 1 .96 
1 996 1 9 .25 2 . 1 9 2 .36 2 .23 66.0 1 5 ,658 1 7,646 88.7 94.1  1 .06 2 . 1 1 
1 997 1 9.56 2 .33 2.50 2.36 69.0 1 5 ,928 1 7,843 89.3 94.8 1 .06 2.25 
1 998 1 9.9 1 2.47 2 .64 2 .51  72.0 1 6 ,259 1 7,834 9 1 .2 95. 1 1 .06 2.39 
1 999 20.5 1 2 .66 2.82 2.70 75. 1 1 7,6 1 9  1 7,936 98.2 95.4 1 .06 2.57 
2000 21 . 1 0  2 .88 3.05 2.94 79.2 1 8 ,684 1 8,275 1 02.2 95.6 1 .06 2.78 
2001 2 1 .75 2.87 3.03 2.92 76.4 20,434 1 8,628 1 09.7 95.6 1 .06 2.77 
2002 22.55 2.8 1  2.98 2.87 72.4 21 ,093 1 8,98 1 1 1 1 . 1 95.2 1 .06 2.71 
2003 23.45 2.80 2.97 2.85 69.3 21 ,758 · 1 9,324 1 1 2.6 94.7 1 .06 2.70 
2004 24.25 2.79 2 .96 2.84 66.8 22,239 1 9,696 1 1 2.9 94.3 1 .06 2.69 
2005 25. 1 4  2.76 2 .93 2 .79 63.7 22, 1 75 1 9,977 1 1 1 .0 93.8 1 .05 2.69 

2006 25.74 2.75 2 .9 1  2 .77 6 1 .9 21 ,508 20, 1 64 1 06.7 93.5 1 .03 2.71 
2007 26.25 2.87 3 .03 2.87 63.3 20,762 20,277 1 02.4 93.7 1 .03 2.83 
2008 26.75 3.09 3 .26 3.08 67.0 20,572 20,364 1 0 1 .0 94.2 1 .02 3.08 
2009 27.35 3.40 3.57 3.36 72. 1 2 1 , 1 33 20,404 1 03.6 94.9 1 .0 1  3.42 
201 0  27.85 3.47 3 .63 3 .43 72.2 22,482 20,450 1 09.9 94.9 1 .00 3.53 
201 5  0.00 0.00 0 .00 0 .00 0.0 0 0 0.0 0.0 0.00 0.00 
2020 0.00 0.00 0 .00 0 .00 0.0 0 0 0.0 0.0 0.00 0.00 
2025 0.00 0.00 0.00 0 .00 0.0 0 0 0.0 0.0 0.00 0.00 
2030 0.00 0.00 0 .00 0.00 0.0 0 0 0.0 0.0 0.00 0.00 

• Lower-48 spot wellhead gas price adjusted to reflect change in drilling costs from 1 988 levels. 



NPCHRF3F: NPC HIGH REFERENCE CASE NO. 3 FINAL (#5) Run Date: 08116192 
Run Time: 02:04 PM 

LOWER 48 NATURAL GAS BALANCE 
(Trillion Btus) 

1989 1 990 1 991 1 992 1 993 1 994 1 995 1 996 1 997 1 998 1999 2000 
DEMAND 
RESIDENTIAL 4,900 4,497 4,700 4,852 4,852 4,860 4,891 4,891 4,889 4,881 4,879 4,865 
COMMERCIAL • 2,771 2,729 2,846 2,849 2,844 2,856 2,877 2,881 2,878 2,882 2,91 4 2,956 
INDUSTRIAL 6,939 7,046 7,376 7,409 7,637 7,764 7,834 7,761 7,787 7,797 7,800 7,867 

BOILERS 2,791 2,831 2,983 2,922 3,006 3,077 3,122 3,1 06 3,1 06 3, 1 06 3,1 1 1  3, 1 1 4 
NONBOILERS 4,1 48 4,21 5 4,392 4,488 4,631 4,687 4,71 2 4,655 4,680 4,691 4,689 4,753 

ELECTRIC UTILITY 2,808 2,852 2,905 2,892 2,903 2,933 3,064 3,1 63 3,368 3,466 3,595 3,866 

TOTAL END USE DEMAND 1 7,41 7 1 7,1 25 1 7,826 1 8,001 1 8,236 1 8,41 3  18 ,666 1 8,696 1 8,921 1 9,026 1 9, 1 88 1 9,555 

LEASE AND PLANT USE 886 1 ,061 1 ,093 1 ,1 08 1 ,1 1 5  1 , 1 1 0  1 ,1 1 5  1 ,1 02 1 ,1 1 2  1 , 1 1 0  1 ,1 1 5  1 , 1 35 

TRANSMISSION FUEL 655 644 670 677 688 692 702 703 71 1 71 5 722 735 

UAF + EXPORTS 1 79 1 72 258 319 388 431 463 484 500 51 6 531 547 
TOTAL DISPOSITION 1 9, 1 37 1 9,001 1 9,847 20,1 05 20,425 20,646 20,945 20,984 21 ,245 21 ,367 21 ,556 21 ,973 

SUPPLY 
LOWER-48 PRODUCTION 1 7,651 1 7,341 1 7,938 18,065 1 8,239 1 8, 1 89 1 8,295 1 8, 135 1 8,331 1 8,326 1 8,428 1 8,794 
PIPELINE IMPORTS 1 ,326 1 ,465 1 ,709 1 ,836 1 ,969 2,21 1 2,392 2,503 2,521 2,543 2,558 2,562 
OTHER SUPPLY 0 0 0 0 0 0 0 0 0 0 0 0 
LNG + SNG + SUPPLEMENTAL$ 1 53 1 91 1 97 1 99 212  235 244 328 372 474 544 589 
TOTAL GAS SUPPLY 1 9,1 30 1 8,998 1 9,843 20,099 20,420 20,635 20,930 20,966 21 ,224 21 ,343 21 ,530 21 ,946 

· 2001 2002 2003 2004 2005 2006 2007 2008 2009 201 0 201 5 2020 2025 2030 
DEMAND 
RESIDENTIAL 4,855 4,856 4,864 4,878 4,885 4,891 4,896 4,903 4,91 1 4,921 0 0 0 0 
COMMERCIAL • 3,01 3 3,073 3,1 46 3,223 3,296 3,348 3,406 3,457 3,491 3,502 0 0 0 0 
INDUSTRIAL 8,044 8,21 9 8,332 8,477 8,534 8,630 8,751 8,81 1 8,844 8,908 0 0 0 0 

BOILERS 3,234 3,345 3,424 3,51 8 3,561 3,620 3,695 3,728 3,741 3,783 0 0 0 0 
NON BOILERS 4,810  4,874 4,908 4,959 4,974 5,01 0 5,057 5,083 5,103 5,1 25 0 0 0 0 

ELECTRIC UTILITY 4,074 4,1 96 4,31 2 4,430 4,571 4,726 4,883 5,046 5,222 5,352 0 0 0 0 
TOTAL END USE DEMAND 1 9,987 20,345 20,655 21 ,008 21 ,287 21 ,595 21 ,936 22,21 7 22,468 22,682 0 0 0 0 

LEASE AND PLANT USE 1 , 1 55 1 ,1 75 1 , 1 96  1 ,218 1 ,234 1 ,244 1 ,248 1 ,253 1 ,253 1 , 253 0 0 0 0 
TRANSMISSION FUEL 752 765 777 790 800 " 81 2  825 835 845 853 0 0 0 0 
UAF + EXPORTS 5 1 6  484 452 420 388 341 293 282 282 1 97 0 0 . 0  0 
TOTAL DISPOSITION 22,409 22,768 23,079 23,436 23,71 0 23,991 24,302 24,587 24,848 24,985 0 0 0 0 

SUPPLY 
LOWER-48 PRODUCTION 1 9, 1 33 1 9,51 7 1 9,871 20,259 20,564 20,756 20,875 20,964 21 ,003 21 , 1 00 0 0 0 0 
PIPELINE IMPORTS 2,681 2,749 2,730 2,747 2,751 2,839 3,01 9 3,1 67 3,31 9 3,371 0 0 0 0 
OTHER SUPPLY 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
LNG + SNG + SUPPLEMENTALS 561 487 466 422 387 384 392 436 502 494 0 0 0 0 
TOTAL GAS SUPPLY 22,375 22,753 23,067 23,428 23,702 23,979 24,286 24,567 24,824 24,965 0 0 0 0 

• tNCLUDES NATURAL GAS VEHICLES 



NPCHRF3F: NPC HIGH REFERENCE CASE NO. 3 FINAL (#5) Run Date: 0811 6192 
Run Time: 02:04 PM 

ENERGY DEMAND FOR COMBUSTION USES 

(Triltion Btus) 

1 989 1 990 1 991 1 992 1 993 1 994 1 995 1 996 1 997 1 998 1 999 2000 

NATURAL GAS 17 ,41 7 1 7, 1 25 1 7,826 1 8,001 1 8,236 1 8,413 1 8,666 1 8,696 1 8,921 19 ,026 1 9, 188 1 9,555 
RESIDUAL FUEL OIL 2,287 1 ,961 1 ,835 1 ,957 1 ,867 1 ,891 1 ,923 2,068 2,065 2,1 21 2,209 2,1 82 
DISTILLATE FUEL OIL 2,988 2,640 2,556 2,588 2,612  2,623 2,624 2,61 8 2,622 2,625 2,628 2,618  
LPG (RES/COM SECTORS) 470 429 421 426 428 427 426 424 421 41 8 41 5 41 1 
COAL (EXCLUDES COKING COAL) 17 ,640 1 7,878 1 7,775 1 7,870 18,081 1 8 , 1 45 1 8,234 1 8,398 1 8,644 1 8,860 1 9,097 1 9,257 
HYDRO/RENEWABLES 2,908 3,085 3,030 3,085 3 ,1 33 3, 1 58 3,1 59 3,200 3,207 3,212  3,218 3,226 
NUCLEA R  POWER 5,597 6,1 59 6,543 6,61 4 6,677 6,8 1 5  6,877 6,962 6,972 7,060 7,070 7,1 57 
PRIMARY ENERGY CONSUMPTIOI' 49,308 49,276 49,986 50,54 1  51 ,034 51 ,472 51 ,909 52,365 52,851 53,322 53,825 54 ,406 
PLUS ELECTRICITY CONSUMED 8,941 ' 9,21 2 9,371  9,473 9,578 9,685 9,794 9,960 1 0, 1 28 1 0 ,299 10 ,473 1 0,651 
LESS ELEC UTIL ENERGY INPUT (1 9,7931 (20,1 69) (20,294) (20,439) (20,61 6) (20,790) (20,994) (21 ,223) (21 ,456\ (21 ,640) (21 ,833) (22,0 1 7) 
END USE ENERGY DEMAND 38,456 38,3 1 9  39,063 39,575 39,996 40,367 40,709 4 1 , 1 01 41 ,523 41 ,981 42,465 43,039 

2001 2002 2003 2004 2005 2006 2007 2008 2009 201 0 201 5 2020 2025 2030 

NATURAL GAS 19 ,987 20,345 20,655 21 ,008 21 ,287 21 ,595 21 ,936 22,21 7 22,468 22,682 0 0 0 0 
RESIDUAL FUEL OIL 1 ,978 1 ,862 1 ,81 5 1 ,774 1 ,798 1 ,8 17  1 ,807 1 ,863 1 ,91 1 1 ,872 0 0 0 0 
DISTILLATE FUEL OIL 2,624 2,630 2,629 2,631 2,629 2,629 2,634 2,634 2,631 2,628 0 0 0 0 

LPG (RES/COM SECTORS) 408 404 400 396 393 389 386 383 380 378 0 0 0 0 
COAL (EXCLUDES COKING COAL) 1 9,623 20,01 1 20,431 20,833 21 ,21 0 21 ,588 21 ,966 22,345 22,728 23 ,200 0 0 0 0 
HYDRO/RENEW ABLES 3,252 3,281 3,31 3 3,345 3,379 3,413 3,448 3,483 3,522 3,570 0 0 0 0 
NUCLEAR POWER 7,1 06  7,055 7,004 6,954 6,903 6,852 6,802 6,752 6,702 6,652 0 0 0 0 
PRIMARY ENERGY CONSUMPTION 54,978 55,587 56,247 56,941 57,599 58,282 58,978 59,676 60,342 60,982 0 0 0 0 

PLUS ELECTRICITY CONSUMED 10,838 1 1 ,029 1 1 ,224 1 1 ,422 1 1 ,624 1 1 ,831 1 2,042 1 2,257 1 2,476 1 2,699 0 0 0 0 
LESS ELEC UTIL ENERGY INPUT (22,251 ) (22,505) (22,780\ (23,073) {23,3611 (23,677) (23,997) (24,337) (24,683) (25,040) 0 0 0 0 
END USE ENERGY DEMAND 43,564 44,1 1 1  44,690 45,289 45,855 46,436 47,023 47,596 48, 1 35 48,641 0 0 0 0 



NPCHRF3F: NPC H IGH REFERENCE CASE NO. 3 FINAL (#5) Run Date: 0811 6/92 
Run Time: 02:04 PM 

LOWER 48 ENERGY DEMAND 
(Trillion Btus) 

1 989 1 990 1 991 1 992 1 993 1 994 1 995 1996 1 997 1 998 1 999 2000 

RESIDENTIAL END USES 
ELECTRICITY 3,051 3, 1 39 3,252 3,288 3,325 3,363 3,40 1 3,457 3,51 4 3,572 3,631 3,691 

DISTILLATE OIL 1 , 1 65 898 877 897 899 892 885 876 867 857 844 831 

LPG 400 364 358 361 363 363 362 360 358 355 352 348 

COAL 58 62 58 60 60 60 60 60 60 60 59 59 
NATURAL GAS 4,900 4,497 4,700 4,852 4,852 4,860 4,89 1 4,891 4,889 4,88 1 4,879 4,865 

RESIDUAL OIL 0 0 0 0 0 0 0 0 0 0 0 0 

TOTAL FUELS 9,572 8,960 9,245 9,459 9,498 9,537 9,598 9,644 9,688 9,724 9,765 9,794 

COMMERCIAL END USES 
ELECTRICITY 2,755 2,861 2,924 2,955 2,986 3,01 7 3,049 3,095 3, 1 42 3, 1 89 3,237 3,285 

DISTILLATE OIL 56 1  5 1 8  509 521 526 528 524 523 522 521 521 524 

LPG 70 65 63 65 64 65 64 64 64 63 63 63 

COAL 88 94 88 94 94 95 94 94 93 93 92 93 

NATURAL GAS 2,771 2,729 2,846 2,849 2,844 2,856 2,877 2,881 2,878 2,882 2,9 1 4  2,956 

RESIDUAL OIL 228 226 223· 220 214 21 0  20 7 203 1 99 1 95 1 93 1 91 

TOTAL FUELS 6,472 6,494 . 6,653 6,703 6,729 6,770 6,81 5 6,859 6,896 6,942 7,020 7, 1 1 3 

INDUSTRIAL END USES • 

NATURAL GAS 6,939 7,046 7,376 7,409 7,637 7,764 7,834 7,761 7, 787 7,797 7,800 7,867 

H IGH SULFUR RESID 31 1 288 249 270 253 250 236 275 256 295 323 347 

LOW SULFUR RESID 301 286 252 303 274 280 289 371 442 482 51 4 570 

DISTILLATE 1 , 1 33 1 , 1 67 1 , 1 03 1 ,096 1 , 1 09 1 , 1 1 7  1 , 1 2 1  1 , 1 1 6 1 , 1 21 1 , 1 1 8  1 , 1 1 5 1 , 1 1 3  

ELECTRIC ITY 3, 1 35 3,212 3, 1 95 3,231 3,268 3,305 3,344 3,407 3,472 3,538 3,606 3,674 

COAL 1 ,652 1 ,655 1 ;620 1 ,631 1 ,650 1 ,659 1 ,678 1 ,708 1 , 733 1 ,786 1 ,849 1 ,9 1 0  

TOTAL FUELS 1 3,471 1 3,653 1 3,794 1 3,940 1 4, 1 9 1  1 4,375 1 4,50 1  14,638 1 4,81 1 1 5,0 16  1 5,206 1 5,481 

ELECTRIC UTILITY ENERGY INPUT 
NATURAL GAS 2,808 2,852 2,905 2,892 2,903 2,933 3,064 3, 163 3,368 3,466 3,595 3,866 

HIGH SULFUR RESID 590 490 477 567 470 483 470 550 544 550 561 482 

LOW SULFUR RESID 858 671 634 597 656 668 722 669 624 600 6 1 9  592 

DISTILLATE 1 30 57 67 73 79 87 95 103 1 1 2  1 29 1 47 1 50  

COAL 1 5,842 1 6,067 1 6,009' 
1 6,085 1 6,276 1 6,332 1 6,402 16,536 16,758 1 6,922 1 7,097 1 7, 1 95 

NUCLEAR/HYDRO/OTHER 8,505 9,244 9,573 9,699 9,81 0 9,973 1 0,036 10,162 1 0, 1 79 1 0,272 1 0,288 1 0,383 

TOTAL FUELS 28,733 29,381 29,664 29,9 1 2  30, 1 94 30,475 30,788 31 , 1 83 3 1 , 584 31 ,939 32,306 32,668 

PRIMARY ENERGY CONSUMPTION 
NATURAL GAS 1 7,4 1 7  1 7, 1 25 1 7,826 1 8,00 1 1 8,236 1 8,41 3 1 8,666 1 8,696 1 8,921 19,026 1 9 , 1 88 1 9,555 

HIGH SULFUR AESID 901 778 726 837 723 733 705 826 800 845 883 829 

LOW SULFUR RESID 1 ,387 1 , 1 84  1 , 1 09 1 , 1 20  1 , 1 45 1 , 1 58 1 ,21 8 1 ,243 1 ,265 1 ,276 1 ,325 1 ,353 

DISTILLATE 2,988 2,640 2,556 2,588 2,6 1 2  2,623 2,624 2,61 8  2,622 2,625 2,628 2,61 8  

COAL 1 7,640 1 7,878 1 7, 775 1 7,870 1 8,081 1 8, 1 45 1 8,234 1 8,398 1 8,644 1 8,860 19,097 19,257 

ALL OTHER FUELS 8,975 9,672 9,993 1 0 , 1 25 1 0,237 1 0,400 1 0,462 1 0,585 1 0,600 1 0,690 1 0,703 1 0,794 

TOTAL FUELS 49,308 49,276 49,986 50,541 51 ,034 51 ,472 51 ,909 52,365 52,851 53,322 53,825 54,406 

• EXCLUDES COAL AND OIL FEEDSTOCKS, LPG/STILL GAS, AND M ISCELLANEOUS OIL FUELS. 
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NPCHRF3F: NPC HIGH REFERENCE CASE NO. 3 F INAL (#5) 

LOWER 48 ENERGY DEMAND 
(Trillion Btus) 

2001 2002 2003 2004 2005 2006 
RESIDENnAL END USES 

ELECTRICITY 3,752 3,8 1 5  3,878 3,942 4,008 4,074 
DISTILLATE OIL 81 7 804 790 776 764 751 
LPG 344 340 335 331 327 323 
COAL 59 58 58 58 58 57 
NATURAL GAS 4,855 4,856 4,864 4,878 4,885 4,891 
RESIDUAL OIL 0 0 0 0 0 0 

TOTAL FUELS 9,827 9,872 9,925 9,985 1 0,040 1 0,096 

COMMERCIAL END USES 
ELECTRICITY 3,335 3,385 3,435 3,487 3,539 3,593 
DISTILLATE OIL 530 533 537 539 544 546 
LPG 64 64 65 65 66 66 
COAL 94 94 95 96 97 97 
NATURAL GAS 3,01 3 3,073 3, 1 46 3,223 3,296 3,348 
RESIDUAL OIL 19 1  1 9 1  1 92 1 93 1 94 1 94 

TOTAL FUELS 7,227 7,341 7,470 7,603 7,736 7,843 

INDUSTRIAL END USES • 

NATURAL GAS 8,044 8,2 19  8,332 8,477 8,534 8,630 
HIGH SULFUR RESID 296 242 218 1 99 1 98 197 
LOW SULFUR RESID 520 472 457 426 41 9 4 15  
DISTILLATE 1 , 1 24 1 , 1 36 1 , 1 43 1 , 1 53 1 , 1 55 1 , 1 6 1  
ELECTRICITY 3,751 3,830 3,9 1 0  3,993 4,077 4, 1 64 
COAL . 1 ,937 1 ,970 2,0 1 2  2,032 2,072 2,099 

TOTAL FUELS 1 5,672 1 5,868 . 1 6,071 1 6,280 1 6,455 1 6,666 

ELECTRIC UTILITY ENERGY INPUT 
NATURAL GAS 4,074 4, 1 96 4,31 2 4,430 4,571 4,726 
HIGH SULFUR RESID 4 1 2  366 347 337 342 343 
LOW SULFUR RESID 559 59 1 601 619 645 668 
DISTILLATE 1 53 1 56 1 60 1 63 1 67 1 71 
COAL 1 7,534 1 7,888 1 8,267 1 8,647 1 8,984 1 9,335 
NUCLEARIHYDRO/OTHEF 1 0,358 1 0,337 1 0,31 7 1 0,299 1 0,282 1 0,265 

TOTAL FUELS 33,090 33,534 34,004 34,495 34,99 1 35,507 

PRIMARY ENERGY CONSUMPnON 
NATURAL GAS 1 9,987 20,345 20,655 21 ,008 21 ,287 21 ,595 
HIGH SULFUR RESID 708 607 565 536 540 541 
LOW SULFUR RESID 1 ,270 1 ,254 1,249 1 ,238 1 ,258 1 ,276 
DISTILLATE 2,624 2,630 2,629 2,631 2,629 2,629 
COAL 1 9,623 20,0 1 1  20,431 20,833 21 ,21 0 21 ,588 
ALL OTHER FUELS 10,765 1 0,741 1 0,71 7 1 0,695 1 0,674 1 0,654 

TOTAL FUELS 54,977 55,587 56,247 56,941 57,598 58,282 

Run Date: 08116192 
Run Time: 02:04 PM 

2007 2008 2009 201 0  201 5 2020 2025 2030 

4, 1 4 1  4,21 0 4,280 4,351 0 0 0 0 
740 729 720 7 1 0  0 0 0 0 
3 1 9  31 6 3 1 3  31 1 0 0 0 0 

57 57 57 56 0 0 0 0 
4,896 4,903 4,9 1 1  4,921 0 0 0 0 

0 0 0 0 0 0 0 0 
1 0, 1 53 1 0,21 5 1 0,280 1 0,349 0 0 0 0 

3,646 3,70 1 3,757 3,8 1 3  0 0 0 0 
550 553 554 553 0 0 0 0 

67 67 67 67 0 0 0 0 
98 99 99 98 0 0 0 0 

3,406 3,457 3,491 3,502 0 0 0 0 
1 94 1 94 1 93 1 92 0 0 0 0 

7,961 8,070 8, 1 6 1  8,225 0 0 0 0 

8, 751 8,81 1 8,844 8,908 0 0 0 0 
1 94 195  202 200 0 0 0 0 
381 397 41 5 396 0 0 0 0 

1 , 1 70 1 , 1 74 1 , 1 75 1 , 1 79 0 0 0 0 
4,254 4,345 4,439 4,535 0 0 0 0 
2, 1 1 7  2, 1 32 2, 1 43 2, 1 52 0 0 0 0 

1 6,868 1 7,054 1 7,21 8 1 7,369 0 0 0 0 

4,883 5,046 5,222 5,352 0 0 0 0 
347 348 350 350 0 0 0 0 
691 728 750 735 0 0 0 0 
1 74 1 78 1 82 1 86 0 0 0 0 

1 9,694 20,058 20,430 20,894 0 0 0 0 
1 0,250 1 0,235 1 0,223 1 0,222 0 0 0 0 
36,038 36,594 37, 1 58 37,738 0 0 0 0 

21 ,936 22,21 7 22,468 22,682 0 0 0 0 
541 544 553 550 0 0 0 0 

1 ,266 1 ,31 9 1 ,359 1 ,322 0 0 0 0 
2,634 2,634 2,631 2,628 0 0 0 0 

2 1 , 966 22,345 22,728 23,200 0 0 0 0 
1 0,636 10,61 8 1 0 ,604 1 0,600 0 0 0 0 
58,978 59,676 60,342 60,982 0 0 0 0 



(.Tl I NPCHRF3F: NPC HIGH REFE RENCE CASE NO. 3 FINAL (#5) TABLE 2: LOWER 48 WELLS AND RESERVES Run Date: 08/1 6/92 
00 Run Time: 02:04 PM 

1 989 1 990 1 991 1 992 1 993 1 994 1 995 1 996 1 997 1 998 1 999 2000 

EXPLORATORY WELLS 5,744 6,1 56 5,536 4,703 4,493 5,502 6,295 6,678 7,1 42 8,075 9 ,596 1 1 ,346 

DEVELOPMENT WELLS 22,582 27,1 58 26 ,372 21 ,929 21 ,013 26,736 30,763 30,993 29,928 30, 147 32 ,859 35,568 

TOTAL GAS WEllS 9,472 1 0,333 9,829 7,640 7,792 8,538 9,768 1 0,460 1 1 ,298 1 1 ,478 1 2,248 1 2,577 

TOTAL WELLS 28,326 33,3 14  31 ,907 26,632 25,505 32,238 37,058 37,671 37,070 38,222 42,454 46,91 3 

RESERVE ADDITIONS 
OIL (MMB) CONVENTIONAL 1 ,1 94 1 ,388 938 1 ,690 1 ,502 1 ,446 1 ,354 1 ,285 1 ,201 1 ,1 99 1 ,283 1 ,41 3 

ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 

ASSOCIATED GAS (BCF) 1 ,325 1 ,545 1 ,0 15  1 ,879 1 ,697 1 ,704 1 ,623 1 ,606 1 ,559 1 ,556 1 ,659 1 ,81 2 

HIGH PERMEABILITY (BCF) 9,905 1 2,223 7,433 7,956 8,864 9,275 9,731 1 0, 1 82 1 0,608 10,598 1 1 ,409 1 2,045 

LOW PERMEABILITY (BCF) 1 ,339 1 ,691 1 ,497 1 ,793 1 ,097 1 ,279 1 ,060 1 ,038 1 ,1 49 1 , 1 98 1 ,422 1 ,737 

DEVONIAN SHALE (BCF) 384 504 399 326 340 448 526 61 7 741 878 971 9 1 8  

COAL BED METHANE (BCF) 1 ,607 2,1 1 1  2,400 1 ,446 1 ,501 1 ,51 8 1 ,620 1 ,584 1 , 12 1  986 1 ,031 1 ,022 

ENHANCED RECOVERY GAS (BCF) 443 303 296 1 82 1 52 315  367 428 501 543 554 437 

ENHANCED RECOVERY TIGHT (BCF) 1 23 n 49 1 36 1 37 1 37 1 53 203 250 501 573 71 3 

TOTAL NON-ASSOC GAS (BCF) 13 ,801 1 6,909 1 2,073 1 1 ,839 1 2,092 1 2,972 1 3,457 1 4,052 1 4,369 1 4,703 1 5,960 16 ,872 

TOTAL OIL (MMB) 1 ,1 94 1 ,388 938 1 ,690 1 ,502 1 ,446 1 ,354 1 ,285 1 ,201 1 , 1 99 1 ,283 1 ,41 3 

TOTAL GAS (BCF) 1 5,1 27 1 8,454 1 3,088 1 3 ,71 8 1 3,789 1 4,676 1 5,080 1 5,658 1 5,928 1 6,259 1 7,61 9 18 ,684 

TOTAL NGL (MMB) 550 681 429 527 520 551 563 591 624 635 697 750 
PRODUCTION (W/ LEASE & PLANT GAS) 

OIL (MMB) CONVENTIONAL 1 ,871 1 ,782 1 ,751 1 ,723 1 ,71 2 1 ,683 1 ,666 1 ,672 1 ,669 1 ,659 1 ,652 1 ,653 

ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 

ASSOCIATED GAS (BCF) 2,730 2,720 2,598 2,483 2,376 2,240 2, 170 2, 1 4 1  2,1 30 2, 1 00 2,062 2,041 

HIGH PERMEABILITY (BCF) 1 2,037 1 2,432 1 2,374 1 2,369 1 2,506 1 2,478 1 2,488 1 2,305 1 2,377 1 2,249 12 , 175 1 2 ,296 

LOW PERMEABILITY (BCF) 1 ,664 1 ,673 1 ,696 1 ,847 1 ,828 1 ,770 1 ,764 1 ,683 1 ,626 1 ,622 1 ,657 1 ,747 

DEVONIAN SHALE (BCF) 1 52 1 80 21 1 226 240 263 294 31 4 359 398 446 488 

COAL BED METHANE (BCF) 1 03 1 78 286 423 552 687 797 904 1 ,01 2 1 ,067 1 ,1 08 1 ,1 20 
ENHANCED RECOVERY GAS (BCF) 83 1 1 4 1 37 1 62 1 66 1 77 203 21 3  235 266 314 359 
ENHANCED RECOVERY TIGHT (BCF) 47 48 47 51 64 72 81  87 1 03 1 32 1 74 222 
TOTAL NON-ASSOC GAS (BCF) 14 ,086 1 4,625 1 4,752 1 5,080 1 5,355 1 5,448 1 5,627 1 5,506 1 5,71 2 1 5,733 1 5,874 16 ,233 
TOTAL OIL (MMB) 1 ,871 1 ,782 1 ,751 1 ,723 1 ,71 2 1 ,683 1 ,666 1 ,672 1 ,669 1 ,659 1 ,652 1 ,653 
TOTAL GAS (BCF) 1 6,81 6  1 7,345 1 7,350 1 7,563 1 7,731 1 7,688 1 7,797 1 7,646 1 7,843 1 7,834 1 7,936 18 ,275 
TOTAL NGL (MMB) 740 752 747 758 762 750 750 744 753 755 757 768 

RESERVES 
OIL (MMB) CONVENTIONAL 20,063 1 9,670 1 8,857 1 8,823 1 8,61 4 1 8,377 1 8,064 1 7,677 1 7,209 1 6,750 1 6,381 16 , 141  

ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 

ASSOCIATED GAS (BCF) 25,041 23,866 22,305 21 ,701 21 ,023 20,487 1 9,940 1 9,405 1 8,834 1 8,289 1 7,887 1 7,658 

HIGH PERMEABILITY (BCF) 1 05,416  1 05,206 1 00,367 95,954 92,312 89,1 09 86,352 84,229 82,459 80,809 80,043 79,792 

LOW PERMEABILITY (BCF) 22,837 22,856 22,678 22,623 21 ,892 21 ,401 20,697 20,052 1 9,575 19 ,151  1 8,91 6  1 8,906 

DEVONIAN SHALE (BCF) 1 ,751 2,076 2,264 2,365 2,465 2,649 2,882 3, 1 84 3,567 4,047 4,572 5,001 

COAL BED METHANE (BCF) 2,798 4,731 6,845 7,867 8,81 6 9,647 1 0,470 1 1 , 1 50 1 1 ,260 1 1 , 179 1 1 , 101  1 1 ,003 

ENHANCED RECOVERY GAS (BCF) 963 1 ,1 52 1 ,31 1 1 ,331 1 ,3 17  1 ,454 1 ,61 8 1 ,833 2,098 2,375 2,61 5 2,694 

ENHANCED RECOVERY TIGHT (BCF) 506 535 536 621 694 760 832 948 1 ,095 1 ,463 1 ,862 2,353 

TOTAL NON-ASSOC GAS (BCF) 1 34,272 1 36,555 1 34,001 1 30,760 1 27,497 1 25,020 1 22,851 1 21 ,397 1 20,054 1 1 9,024 1 19,1 1 0  1 1 9,748 

TOTAL OIL (MMB) 20,083 1 9,670 1 8,857 1 8,823 1 8,61 4 1 8,377 1 8,064 1 7,677 1 7,209 1 6,750 16,381 1 6,141 

TOTAL GAS (BCF) 1 59 ,313  1 60,421 1 56,306 1 52,462 1 48,519 1 45,507 1 42,790 1 40,802 1 38,887 1 37,31 3 1 38,996 1 37,406 

TOTAL NGL (MMB) 7,499 7,428 7,1 1 1  6,879 6,637 6,438 6,251 6,098 5,969 5,849 5,789 5,771 

LEASE AND PLANT GAS (BCF) I 857 I 1 ,026 1 1 ,059 I 1 ,073 1 1 ,080 I 1 ,075 1 1 ,079 1 1 ,068 1 1 ,077 1 1 ,075 1 1 ,080 I 1 ,100 
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NPCHRF3F: NPC HIGH REFERENCE CASE NO. 3 FINAL (#5) 

2001 2002 2003 
EXPLORATORY WELLS 1 3,738 1 6,670 19 ,679 
DEVELOPMENT WELLS 38, 1 36 40,598 40,080 
TOTAL GAS WELLS 1 4,322 1 4, 1 95 14 ,282 
TOTAL WELLS 51 ,873 57,268 59,759 

RESERVE ADDITIONS 
OIL (MMB) CONVENTIONAL 1 ,459 1 ,51 8 1 ,569 
ENHANCED OIL RECOVERY (MMB) 0 0 0 
ASSOCIATED GAS (BCF) 1 ,868 1 ,991 2,1 07 
HIGH PERMEABILITY (BCF) 1 3,229 1 3,51 5 13 ,996 
LOW PERMEABILITY (BCF) 2,030 2,064 2,098 
DEVONIAN SHALE (BCF) 886 830 644 
COAL BED METHANE (BCF) 1 ,070 1 ,1 41 1 ,1 02 
ENHANCED RECOVERY GAS (BCF 423 444 482 
ENHANCED RECOVERY TIGHT (BC 929 1 ,1 08 1 ,330 
TOTAL NON-ASSOC GAS (BCF) 1 8,566 19 , 102 1 9 ,652 
TOTAL OIL (MMB) 1 ,459 1 ,51 8 1 ,569 
TOTAL GAS (BCF) 20,434 21 ,093 21 ,758 
TOTAL NGL (MMB) 822 842 859 

PRODUCTION (W/ LEASE & PLANT GAS) 
OIL (MMB) CONVENTIONAL 1 ,663 1 ,678 1 ,702 
ENHANCED OIL RECOVERY (MMB) 0 0 0 
ASSOCIATED GAS (BCF) 2,038 2 ,039 2,063 
HIGH PERMEABILITY (BCF) 1 2,507 1 2,726 12 ,848 
LOW PERMEABILITY (BCF) 1 ,788 1 ,825 1 ,91 1 
DEVONIAN SHALE (BCF) 51 7 534 528 
COAL BED METHANE (BCF) 1 ,1 30 1 ,1 38 1 ,1 48 
ENHANCED RECOVERY GAS (BCF 370 367 384 
ENHANCED RECOVERY TIGHT (BC 279 352 442 
TOTAL NON-ASSOC GAS (BCF) 1 6,590 1 6,943 17 ,261 
TOTAL OIL (MMB) 1 ,663 1 ,678 1 ,702 
TOTAL GAS (BCF) 1 8,628 1 8,981 1 9 ,324 
TOTAL NGL (MMB) 778 788 799 

RESERVES 
OIL (MMB) CONVENTIONAL 1 5,936 1 5,776 15 ,644 
ENHANCED OIL RECOVERY (MMB) 0 0 0 
ASSOCIATED GAS (BCF) 1 7,487 1 7,440 17,484 
HIGH PERMEABILITY (BCF) 80,51 4 81 ,303 82,452 
LOW PERMEABILITY (BCF) 19 , 147 1 9,387 1 9 ,573 
DEVONIAN SHALE (BCF) 5,370 5 ,666 5,782 
COAL BED METHANE (BCF) 1 0,943 10 ,946 10 ,899 
ENHANCED RECOVERY GAS (BCF 2,747 2,824 2,921 
ENHANCED RECOVERY TIGHT (BC 3,002 3,758 4,645 
TOTAL NON-ASSOC GAS (BCF) 1 21 ,724 1 23,883 1 26,273 
TOTAL OIL (MMB) . 1 5,936 1 5,776 1 5,644 
TOTAL GAS (BCF) 1 39,21 1 1 41 ,323 1 43,757 
TOTAL NGL (MMB) 5,81 5 5,868 5,929 

LEASE AND PLANT GAS (BCF) J 1 ,1 1 8  I 1 ,1 38 I 1 ,1 58 I 

2004 
21 ,794 
37,856 
14 ,500 
59,649 

1 ,565 
0 

2,084 
1 4 ,356 

2,078 
61 1 

1 ,0 1 6  
486 

1 ,609 
20, 155 

1 ,565 
22,239 

865 

1 ,723 
0 

2 ,085 
1 3,061 

1 ,944 
525 

1 , 1 44 
400 
536 

1 7,61 1 
1 ,723 

1 9 ,696 
806 

1 5,486 
0 

1 7,482 
83,746 
1 9 ,707 

5 ,868 
1 0 ,771 

3 ,007 
5,71 8 

1 28,81 7 
15 ,486 

1 46,299 
5 ,987 

1 ,1 80 I 

TABLE 2: LOWER 48 WELLS AND RESERVES Run Date: 0811 6/92 
Run Time: 02:04 PM 

2005 2006 2007 2008 2009 201 0  201 5  2020 2025 2030 
22,479 23,528 24,023 25.002 25,1 64 25,318 0 0 0 0 
37,662 39,560 35,957 36, 1 48 37,094 40,073 0 0 0 0 
14 ,384 14 ,388 1 5 ,280 1 6, 1 78 17,085 1 8,400 0 0 0 0 
60, 140 63,088 59 ,980 61 , 1 50 62,258 65,391 0 0 0 0 

1 ,6 19  1 ,630 1 ,376 1 ,308 1 ,221 1 ,1 65 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 

2 , 146 2,1 33 1 ,828 1 ,688 1 ,541 1 ,490 0 0 0 0 
14,024 1 2,885 1 1 ,939 1 1 , 1 60 10 ,943 1 1 ,035 0 0 0 0 

1 ,946 1 ,948 1 ,956 1 ,9 1 0  2 ,053 2,229 0 0 0 0 
51 8 492 470 451 467 507 0 0 0 0 

1 ,1 1 9 1 ,263 1 ,480 1 ,701 1 ,8 15  2,084 0 0 0 0 
486 409 232 204 1 09 21 0 0 0 0 

1 ,935 2,378 2 ,858 3,458 4,205 5,1 16  0 0 0 0 
20,029 1 9 ,376 1 8,935 18 ,884 19 ,592 20,992 0 0 0 0 

1 ,6 19  1 ,630 1 ,376 1 ,308 1 ,221 1 ,1 65 0 0 0 0 
22, 175 21 ,508 20,762 20,572 21 ,1 33 22,482 0 0 0 0 

847 797 735 694 700 709 0 0 0 0 

1 ,743 1 ,763 1 ,767 1",751 1 ,724 1 ,687 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 

2,1 1 4  2,1 39 2,1 48 2 , 1 31 2,087 2,033 0 0 0 0 
13 , 198 13 ,245 13 , 198 13 ,062 1 2,866 12 ,590 0 0 0 0 

1 ,938 1 ,9 1 1  1 ,879 1 ,884 1 ,902 1 ,920 0 0 0 0 
51 5 507 500 500 492 506 0 0 0 0 

1 , 1 55 1 , 1 68 1 , 1 98 1 ,237 1 ,285 1 ,349 0 0 0 0 
393 388 384 367 328 286 0 0 0 0 
663 806 970 1 , 1 82 1 ,444 1 ,767 0 0 0 0 

17 ,863 1 8,025 1 8,1 29 1 8,232 18,317  1 8 ,417  0 0 0 0 
1 ,743 1 ,763 1 ,767 1 ,751 1 ,724 1 ,687 0 0 0 0 

1 9 ,977 20,1 64 20,277 20,364 20,404 20,450 0 0 0 0 
81 1 81 1 804 800 793 784 0 0 0 0 

1 5,362 15 ,229 14 ,838 14 ,396 13 ,893 13 ,371 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 

17,51 5 17 ,508 17,1 87 16 ,744 16,1 97 15 ,654 0 0 0 0 
84,572 84,212 82,953 81 ,051 79,1 28 77,573 0 0 0 0 
19 ,71 5 1 9 ,753 19 ,830 1 9,856 20,006 20 ,316  0 0 0 0 
5,871 5,855 5,826 5,777 5,753 5,754 0 0 0 0 

10 ,735 10 ,830 1 1 ,1 1 2 1 1 ,576 12,1 06 12,841 0 0 0 0 
3,1 00 3,1 21 2,969 2,807 2,588 2,323 0 0 0 0 
6,990 8,562 10 ,450 12 ,726 15 ,486 18 ,835 0 0 0 0 

1 30 ,983 1 32,333 1 33,1 39 1 33,791 1 35,066 1 37,641 0 0 0 0 
15 ,362 15 ,229 14 ,838 14 ,396 13 ,893 1 3,371 0 0 0 0 

1 48,498 1 49 ,842 1 50 ,327 1 50 ,535 1 51 ,264 1 53,295 0 0 0 0 
6,023 6,009 5 ,940 5 ,834 5,741 5,666 0 0 0 0 

1 ,1 96 I 1 ,205 I 1 ,209 I 1 ,2 13  I 1 ,214  I 1 ,214 I O l  o I O l  0 
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NPCHRF3F: NPC HIGH REFERENCE CASE NO. 3 FINAL (#5) 

1 989 1 990 1 991 
LDC GAS TARIFF PRICES 

AVERAGE AOUISITION 1 .76 1 .73 1 .57 
AVERAGE CITYGATE 2.75 2.73 2.53 
RESIDENTIAL BURNERTIP 5.71 5.65 5.34 
COMMERCIAL BURNERTIP 4.82 4.72 4.45 
INDUSTRIAL BURNERTIP 3.07 3. 1 1  2.83 
ELEC UTIL BURNERTIP 2.87 2.87 2.67 

END USER CARRIAGE PRICES 
AVG SPOT ACQUISITION 1 .57 1 .49 1 .24 
AVG SPOT CITYGATE 1 .86 1 .78 1 .53 
AVG SPOT BURNERTIP 2. 1 9  2. 1 0  1 .84 
AVG FIRM BURNERTIP 2.93 2.91 2.70 

2001 2002 2003 
LDC GAS TARIFF PRICES 

AVERAGE AQUISITION 3 .04 2.96 2.95 
AVERAGE CITYGATE 4.03 3.93 3.90 
RESIDENTIAL BURNERTIP 6.79 6.67 6.62 
COMMERCIAL BURNERTIP 5.93 5.81 5.77 
INDUSTRIAL BURNERTIP 4.65 4.53 4.48 
ELEC UTIL BURNERTIP 4.40 4.28 4.23 

END USER CARRIAGE P RICES 
AVG SPOT ACQUISITION 2.80 2.76 2.76 
AVG SPOT CITYGATE 3.01 3.04 3.08 
AVG SPOT BURNERTIP 3.22 3.27 3.39 
AVG FIRM BURNERTIP 4.26 4. 1 6  4. 1 3  

Run Date: 08/1 6192 
Run Time: 02:04 PM 

AVERAG E  NATURAL GAS PRICES 
($1 990/MMBtu) 

1 992 1 993 1 994 1 995 1 996 1 997 1 998 1 999 2000 

1 .55 1 .71 1 .9 1  2. 1 2  2.34 2.43 2.59 2.79 3.04 
2.46 2.59 2.77 3.01 3.25 3.35 3.54 3.78 4.04 
5.22 5.35 5.53 5.76 6.02 6. 1 2  6.32 6.55 6.81 
4.34 4.48 4.65 4.88 5. 1 4  5.23 5.43 5.67 5.94 
2.74 2.92 3. 1 3  3.41 3.70 3.85 4.08 4.41  4 .68 
2.65 2.77 3.00 3.29 3.58 3.68 3.88 4. 1 4  4.42 

1 .33 1 .5 1  1 .69 1 .90 2. 1 1  2.23 2.38 2.56 2.79 
1 .59 1 .78 1 .97 2.21 2.41 2.52 2.61 2.78 3.01 
1 .89 2.09 2.29 2.53 2.68 2.74 2.82 2.99 3.22 
2.63 2.77 2.96 3.21 3.46 3.56 3.75 4.00 4.28 

2004 2005 2006 2007 2008 2009 201 0 201 5 2020 2025 2030 

2.93 2.89 2.86 2.95 3. 1 4  3.42 3.44 0.00 0.00 0.00 0.00 
3.86 3.79 3.74 3.83 4.03 4.34 4.34 0.00 0.00 0.00 0.00 
6.55 6.47 6.40 6.49 6.68 6.99 6.99 0.00 0.00 0.00 0.00 
5.71 5.63 5.57 5.66 5.86 6. 1 8  6. 1 7  0.00 0.00 0.00 0.00 
4.42 4.34 4.29 4 .40 4.63 4.98 5.00 0.00 0.00 0.00 0.00 
4. 1 8  4. 1 0  4.04 4. 1 3  4.33 4.65 4.64 0.00 0.00 0.00 0.00 

2.75 2.73 2.73 2.84 3.05 3.34 3.38 0.00 0.00 0.00 0.00 
3.07 3.04 3.02 3. 1 4  3.36 3.67 3.70 0.00 0.00 0.00 0.00 
3.42 3.38 3.37 3.48 3.71 4.02 4.06 0.00 0.00 0.00 0.00 
4.09 4.01 3.96 4.05 4.26 4.58 4.59 0.00 0.00 0.00 0.00 
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NPCLREF3: NPC LOW REFERENCE CASE NO. 3 FINAL (#5) 

ENERGY OVERVIEW MODEL SUMMARY 

Crude Oil & Natural Gas Prices Lower 48 Gas Suppl}t 
U.S. Crude Texas/Gulf Henry Hub Lower 48 Spot Whd Reserve Add. 

Oil Price Spot Whd Gas Price Avg Wellhead Gas Price Reserve Dry Gas Replacement 
Year (RACC) Gas Price (Delv'd to PPL) Gas Price to RACC Additions Production of Production 

($90/bbl) ($90/MMBtu) ($90/MMBtu) ($90/MMBtu) (Btu Percent) (Bcflyear) (Bcftyear) (Percent) 

1 989 1 8.70 1 .58 1 .77 1 .71 48.9 1 5 , 1 27 1 6,82 1 89.9 
1 990 22.32 1 .5 1  1 .69 1 .66 39.3 1 8,454 1 7,355 1 06.3 

1 991 1 8.38 1 .27 1 .45 1 .49 40. 1 1 3 ,088 1 7,366 75.4 
1 992 1 7.66 1 .28 1 .45 1 .44 42.2 1 3,403 1 7,552 76.4 
1 993 1 6.90 1.37 1 .54 1 .48 47. 1 1 2, 1 2 1  1 7,486 69.3 
1 994 1 6. 1 7  1 .49 1 .66 1 .57 53.3 1 1 ,96 1 1 7,246 69.4 
1995 1 5.50 1 .6 1  1 .78 1 .68 60.3 1 1 ,768 1 7,072 68.9 
1 996 1 5.77 1 .84 2.0 1  1 .89 67.8 1 2 ,433 1 6,628 74.8 
1 997 1 6.06 1 .93 2 . 1 0 1 .97 69.7 1 2,397 1 6,343 75.9 
1 998 1 6.36 2 . 1 0 2.26 2 . 1 4  74.4 1 2 ,776 1 6, 1 71  79.0 
1 999 1 6.67 2.21  2 .38 2.26 76.9 1 3 ,650 1 6,030 85.2 
2000 1 7.00 2.36 2 .53 2 .42 80.6 1 5 ,505 1 6,034 96.7 
2001 1 7.30 2.43 2.60 2.49 8 1 .5 1 6,498 1 6,248 1 0 1 .5 
2002 1 7.59 2 .44 2.60 2 .50 80.3 1 7,367 1 6,591 1 04.7 
2003 1 7.90 2 .43 2.60 2.50 78.9 1 8 , 1 35 1 6,880 1 07.4 
2004 1 8. 1 9  2 .4 1  2 .58 2 .48 77.0 1 8 , 1 35 1 7, 1 92 1 05.5 
2005 1 8.50 2 .45 2.6 1  2.51 76.7 1 7,888 1 7,378 1 02.9 

2006 1 8.79 2.5 1  2.68 2.57 77.5 1 7,476 1 7,354 1 00.7 
2007 1 9. 1 0  2 .59 2.76 2 .65 78.8 . 1 6 ,890 1 7,309 97.6 
2008 1 9.40 2 .69 2.86 2.74 80.4 1 7,350 1 7,225 1 00.7 
2009 1 9.69 2 .75 2.9 1  2 .80 80.9 1 7,737 1 7,280 1 02.7 
201 0 20.00 2.74 2.9 1  2 .78 79.6 1 8,320 1 7,369 1 05.5 
201 5  0.00 0 .00 0.00 0 .00 0.0 0 0 0.0 
2020 0.00 0 .00 0.00 0 .00 0.0 0 0 0.0 
2025 0.00 0 .00 0.00 0 .00 0.0 0 0 0.0 
2030 0.00 0 .00 0 .00 0 .00 0.0 0 0 0.0 

• Lower-48 spot wellhead gas price adjusted to reflect change In drilling costs from 1 988 levels. 

Run Date: 08/20192 
Run Time:  04:04 PM 

Drilling Costs 

Producer Producer E&D 
Deliverability Dril l ing Cost Incentive 

Utilization Index @ 1 988 Costs • 

(Percent) 1 988=1 .00 ($90/MMBtu) 

8 1 .4 1 .02 1 .55 
82.7 1 .03 1 .50 

83.0 1 .04 1 .25 
85.6 1 .00 1 .3 1  
88.0 0.99 1 .4 1  
9 1 . 1 0.98 1 .55 
94. 1 0.97 1 .68 
94.8 0 .99 1 .89 
95.3 0 .98 2.01  
95.6 0.97 2 .21  
95.8 0.97 2 .33 
95.8 0.96 2.51 
95.8 0.97 2.56 
95.9 0.98 2.54 
95.9 0.98 2.53 
95.9 0.97 2.54 
95.8 0.96 2.6 1 

95.7 0.95 2.70 
95.8 0.94 2.82 
95.8 0 .94 . 2.93 
95.7 0.91 3.07 
95.7 0 .90 3.09 

0.0 0.00 0 .00 

0.0 0.00 0.00 
0.0 0 .00 0.00 
0.0 0.00 0.00 



NPCLREF3: NPC LOW REFERENCE CASE NO. 3 FINAL (#5) Run Date: 08/20/92 
Run Time: 04:04 PM 

LOWER 48 NATURAL GAS BALANCE 
(Trillion Btus) 

1 989 1 990 1 991 1 992 1 993 1 994 1 995 1 996 1 997 1998 1999 2000 
DEMAND 
RESIDENTIAL 4,900 4,497 4,700 4,877 4,895 4,91 5 4,937 4,921 4,893 4,859 4,835 4,804 
COMMERCIAL • 2,771 2,729 2,847 2,859 2,848 2,861 2,865 2,854 2,827 2,81 4 2,832 2,866 
INDUSTRIAL 6,949 7,060 7,394 7,374 7,420 7,358 7,223 7,027 6,898 6,842 6,737 6,550 

BOILERS 2,791 2,831 2,985 2,903 2,910 2,885 2,822 2,707 2,61 3 2,577 2,51 0 2,391 
NONBOILERS 4,1 58 4,229 4,409 4,471 4,509 4,473 4,402 4,320 4,285 4,284 4,227 4, 1 59 

ELECTRIC UTILITY 2,808 2,852 2,905 2,888 2,860 2,886 2,972 2,974 3,045 2,986 2,973 3,232 
TOTAL END USE DEMAND 1 7,428 1 7,1 39 1 7,846 1 7,998 1 8,023 1 8,01 9 1 7,997 1 7,777 1 7,663 1 7,501 1 7,377 1 7,451 

LEASE AND PLANT USE 886 1 ,061 1 ,094 1 ,1 07 1 ,099 1 ,082 1 ,068 1 ,038 1 ,01 9 1 ,007 998 997 
TRANSMISSION FUEL 655 644 671 677 678 678 677 668 684 658 653 656 
UAF + EXPORTS 1 79 1 72 258 319 388 431 463 484 500 51 6 531 547 
TOTAL DISPOSITION 1 9,1 48 1 9,01 7 1 9,869 20,1 01 20,1 88 20,208 20,204 1 9,967 1 9,845 1 9,682 1 9,560 1 9,652 

SUPPLY 
LOWER-48 PRODUCTION 1 7,661 1 7,356 1 7,959 1 8,062 1 7,988 1 7,740 1 7,554 1 7,093 1 6,797 1 6,61 3 1 6,472 1 6,471 
PIPELINE IMPORTS 1 ,327 1 ,466 1 ,709 1 ,835 1 ,995 2,257 2,41 7 2,534 2,655 2,603 2,540 2,505 
OTHER SUPPLY 0 0 0 0 0 0 0 0 0 0 0 0 
LNG + SNG + SUPPLEMENTALS 1 53 1 91 1 97 1 99  1 99  1 99 21 6 31 7 367 436 51 5 641 
TOTAL GAS SUPPLY 1 9,1 41 1 9,01 3 1 9,864 20,095 20,1 82 20,1 96 20,187 1 9,944 1 9,81 8 1 9,651 1 9,527 1 9,61 6 

2001 2002 2003 2004 2005 2006 2007 2008 2009 201 0 201 5 2020 2025 2030 
DEMAND . 

RESIDENTIAL 4,775 4,755 4,744 4,739 4,732 4,721 4,703 4,685 4,674 4,670 0 0 0 0 
COMMERCIAL • 2,904 2,940 2,990 3,042 3,096 3,1 21 3,144 3,1 55 3,156 3, 142 0 0 0 0 
INDUSTRIAL 6,555 6,581 6,575 6,61 6 6,542 6,430 6,321 ' 6,231 6,149 6,082 0 0 0 0 

BOILERS 2,420 2,452 2,461 2,495 2,464 2,406 2,346 2,299 2,252 2,224 0 0 0 0 
NON BOILERS 4,1 35 4,1 28 4,1 1 5  4,1 21 4,078 4,024 3,974 3,932 3,897 3,858 0 0 0 0 

ELECTRIC UTILITY 3,431 3,687 3,866 4,070 4,226 4,382 4,51 6 4,648 4,776 4,936 0 0 0 0 
TOTAL END USE DEMAND 1 7,665 1 7,962 1 8,1 75 1 8,466 1 8,596 1 8,653 1 8,684 1 8,71 19 1 8,755 1 8,829 0 0 0 0 

LEASE AND PLANT USE 1 ,01 0 1 ,030 1 ,047 1 ,064 1 ,074 1 ,070 1 ,067 1 ,061 1 ,063 1 ,068 0 0 0 0 
TRANSMISSION FUEL 664 675 683 694 699 701 703 704 705 708 0 0 0 0 
UAF + EXPORTS 563 579 600 622 643 684 680 696 71 2 728 0 0 0 0 
TOTAL DISPOSITION 1 9,902 20,246 20,505 20,846 21 ,01 2 21 ,089 21 , 133 21 ,1 79 21 ,235 21 ,333 0 0 0 0 

SUPPLY 
LOWER-48 PRODUCTION 1 6,670 1 7,030 1 7,328 1 7,652 1 7,842 1 7,832 1 7,777 1 7,681 1 7,738 1 7,808 0 0 0 0 
PIPELINE IMPORTS 2,502 2,51 6 2,505 2,565 2,555 2,610 2,673 2,795 2,792 2,832 0 0 0 0 
OTHER SUPPLY 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
LNG + SNG + SUPPLEMENTALS 670 642 614 569 555 580 61 0 625 627 61 5 0 0 0 0 
TOTAL GAS SUPPLY 1 9,841 20 1 87 20,447 20,785 20,951 21 ,022 21 ,060 21 , 100 21 , 157 21 ,255 0 0 0 0 

• INCLUDES NATURAL GAS VEHICLES 



NPCLREF3: NPC LOW REFERENCE CASE NO. 3 FINAL (#5) Run Date: 08120192 
Run Time: 04:04 PM 

ENERGY DEMAND FOR COMBUSTION USES 

(Trilfion Btus) 

1 989 1 990 1 991 1 992 1 993 1 994 1 995 1 996 1 997 1 998 1 999 2000 

NATURAL GAS 1 7,428 1 7, 1 39 1 7,846 1 7 ,998 1 8,023 18,019 1 7,997 1 7,777 1 7,663 1 7 ,501 1 7,377 1 7,451 
RESIDUAL FUEL OIL 2,288 1 ,962 1 ,833 1 ,933 1 ,868 1 ,879 1 ,975 2,187 2,230 2,357 2,550 2,571 
DISTILLATE FUEL OIL 2,989 2,641 2,557 2,589 2,602 2,602 2,590 2,573 2,564 2,559 2,549 2,522 
LPG (RES/COM SECTORS) 470 429 420 428 432 433 432 430 427 423 419 414  
COAL (EXCLUDES COKING COAL) 1 7,628 1 7,864 1 7,757 1 7,787 1 7,936 17 ,900 1 7,904 1 8,003 1 8, 194 1 8,307 18,41 9 1 8,485 
HYDRO/RENEW ABLES 2,908 3,085 3,030 3,085 3,1 30 3,1 55 3,1 55 3 , 159 3 , 163 3, 1 67 3, 1 70 3,1 73 
NUCLEAR POWER 5,597 6,1 59 6,543 6,61 4 6,677 6,8 1 5  6,877 6,962 6,972 7,060 7,070 7,1 57 
PRIMARY ENERGY CONSUMPTIOI\ 49,308 49,278 49,986 50,434 50,667 50,801 50,931 51 ,091 51 ,21 4 51 ,374 51 ,553 51 ,773 

PLUS ELECTRICITY CONSUMED 8,941 9,2 1 2  9,371 9 ,440 9,51 2 9,584 9,659 9,786 9,91 6 1 0,047 10 ,180 1 0,31 6 
LESS ELEC UTIL ENERGY INPUT (1 9,793) (20,1 69) (20,294) (20,401 ) (20,541 )  (20,678) (20,844) (20,988) (21 , 1 22\ (21 ,21 8) (21 ,339) (21 ,460J 
END USE ENERGY DEMAND 38,456 38,321 39,063 39,473 39,637 39,708 39,746 39,889 40 ,008 40,202 40,395 40,629 

2001 2002 2003 2004 2005 2006 2007 2008 2009 201 0 201 5 2020 2025 2030 

NATURAL GAS 17,665 1 7,962 1 8, 1 75 1 8,466 1 8,596 18 ,653 1 8,684 1 8,71 9 1 8,755 1 8 ,829 0 0 0 0 

RESIDUAL FUEL OIL 2,399 2,1 49 2,006 1 ,759 1 ,720 1 ,782 1 ,822 1 ,831 1 ,848 1 ,804 0 0 0 0 

DISTILLATE FUEL OIL 2,5 1 2  2,501 2,489 2,528 2,512  2,443 2,424 2,405 2 ,387 2,368 0 0 0 0 

LPG (RES/COM SECTORS) 410  405 400 396 392 387 383 378 374 370 0 0 0 0 

COAL (EXCLUDES COKING COAL) 18,737 1 8,993 1 9,248 1 9,499 1 9,741 1 9,963 20, 1 96  20,457 20,71 6 20,986 0 0 0 0 

HYDRO/RENEW ABLES 3, 1 84  3,207 3,230 3,255 3,281 3,310 3,338 3,368 3,398 3,429 0 0 0 0 

NUCLEAR POWER 7,1 06  7,055 7,004 6,954 6,903 6,852 6,802 6,752 6,702 6,652 0 0 0 0 

PRIMARY ENERGY CONSUMPTIOI\ 52,01 3  52,271 52,552 52,856 53, 1 45 53,391 53,648 53,909 54,1 79 54,437 0 0 0 0 

PLUS ELECTRICITY CONSUMED 1 0,464 1 0,61 4  1 0,767 1 0,922 1 1 ,079 1 1 ,244 1 1 ,41 1 1 1 ,581 1 1 ,754 1 1 ,930 0 0 0 0 

LESS ELEC UTIL ENERGY INPUT _(21 ,630) (21 ,81 4) (21 ,992) (22,175) (22,381 )  (22,61 3) (22,847) (23,083) (23,324) (23,568) 0 0 0 0 

END USE ENERGY DEMAND 40,846 41 ,072 41 ,327 41 ,603 41 ,843 42,021 42,21 2  42,407 42,61 0 42,799 0 0 0 0 



NPCLREF3: NPC LOW REFERENCE CASE NO. 3 FINAL (#5) Run Date: 08120/92 
Run Time: 04:D4 PM 

LOWER 48 ENERGY DEMAND 
(Trillion Btus) 

1 989 1 990 1 991 1 992 1 993 1 994 1995 1996 1 997 1 998 1 999 2000 
RESIDENTIAL END USES 

ELECTRICITY 3,051 3, 1 39 3,252 3,266 3,280 3,295 3,31 0 3,346 3,381 3,41 7 3,454 3,49 1 
DISTILLATE OIL 1 , 1 65 898 877 901 907 905 90 1 894 885 873 859 845 
LPG 400 364 358 363 368 369 370 368 366 363 358 354 
COAL 58 62 58 6 1  61  60 60 60 59 59 58 58 
NATURAL GAS 4,900 4,497 4,700 4,877 4,895 4,91 5 4,937 4,921 4,893 4,859 4,835 4,804 
RESIDUAL OIL 0 0 0 0 0 0 0 0 0 0 0 0 

TOTAL FUELS 9,573 8,960 9,245 9,468 9,51 0 9,545 9,578 9,589 9,585 9,571 9,565 9,551 

COMMERCIAL END USES 
ELECTRICITY 2,755 2,861 2,924 2,949 2,975 3,000 3,027 • 3,061 3,097 3, 1 32 3,1 68 3,204 
DISTILLATE OIL 561 5 1 8  509 522 525 526 522 520 5 1 9  5 1 6  5 1 5  5 1 8  
LPG 70 65 63 65 64 63 62 62 61 61 60 61  
COAL 88 94 88 94 94 94 93 91 90 90 as 89 
NATURAL GAS 2,771 2,729 2,847 2,859 2,848 2,861 2,865 2,854 2,827 2,81 4 2,832 2,866 
RESIDUAL OIL 228 226 223 220 21 4 21 0 206 201 1 96 1 9 1  1 89 1 87 

TOTAL FUELS 6,472 6,494 6,654 6,709 6,720 6,754 6,774 6,790 6, 789 6,804 6,853 6,924 

INDUSTRIAL END USES • 

NATURAL GAS 6,949 7,060 7,394 7,374 7,420 7,358 7,223 7,027 6,898 6,842 6,737 6,550 
H IGH SULFUR RESID 31 1 289 248 26 7 256 249 263 343 326 363 41 1 474 
LOW SULFUR RESID 30 1 286 251 296 279 272 302 372 . 466 490 516 6 1 2  
DISTILLATE 1 , 1 34 1 , 1 68 1 , 104 1 ,094 1 ,091 1 ,085 1 ,073 1 ,057 1 , 049 1 ,042 1 ,030 1 ,0 1 2  
ELECTRICITY 3,1 35 3,21 2 3, 195 3,226 3,257 3,289 3,322 3,379 3,438 3,498 3,559 3,621 
COAL 1 ,640 1 ,641 1 ,601 1 ,600 1 ,593 1 , 572 1 ,552 1 ,546 1 ,541 1 ,545 1 ,544 1 ,570 

TOTAL FUELS 1 3,471 1 3,655 13,794 1 3,857 1 3,896 1 3,824 1 3,735 1 3,723 1 3,718 1 3,780 1 3,796 13,838 

ELECTRIC UTILITY ENERGY INPUT 
NATURAL GAS 2,808 2,852 2,905 2,888 2,860 2,886 2,972 2,974 3,045 2,986 2,973 3,232 
HIGH SULFUR RESID 590 490 477 548 482 489 528 575 573 580 6 1 0  5 1 0 
LOW SULFUR RESID 858 671 634 602 637 660 677 697 670 732 825 788 
DISTILLATE 1 30 57 67 73 79 86 94 1 02 1 1 1  1 28 1 45 1 48 
COAL 1 5,842 1 6,067 1 6,009 1 6,032 1 6, 1 88 1 6, 1 73 1 6,200 1 6 ,305 16,503 1 6,61 3 1 6,728 1 6,768 
NUCLEARIHYDRO/OTHEF 8,505 9,244 9,573 9,699 9,806 9,969 1 0,033 1 0, 1 21 1 0, 1 36  1 0,227 1 0,240 10,330 

TOTAL FUELS 28,733 29,381 29,664 29,841 30,053 30,262 30,502 30,774 31 ,037 31 ,265 31 ,519 31 ,776 

PRIMARY ENERGY CONSUMPTION 
NATURAL GAS 1 7,428 1 7, 1 39 1 7,846 1 7,998 1 8,023 1 8,019 1 7,997 1 7,777 1 7,663 1 7,501 1 7,377 1 7,451 
HIGH SULFUR RESID 90 1 778 725 81 5 738 737 79 1 9 1 8  899 943 1 ,021 984 
LOW SULFUR RESID 1 ,387 1 , 1 84 1 , 1 08 1 , 1 1 9  1 , 1 30  1 , 1 42 1 , 1 84 1 ,270 1 ,332 1 ,41 4 1 ,529 1 ,587 
DISTILLATE 2,989 2,641 2,557 2,589 2,602 2,602 2,590 2,573 2,564 2,559 2,548 2,522 

COAL 1 7,628 1 7,864 1 7, 757 1 7,787 1 7,936 1 7,900 1 7,904 1 8,003 1 8, 1 94 1 8,307 1 8,41 9  1 8,485 
ALL OTHER FUELS 8,975 9,672 9,993 1 0 , 1 27 1 0,238 1 0,402 1 0,465 1 0 ,551 1 0,563 1 0,650 1 0,658 1 0,744 

TOTAL FUELS 49,308 49,278 49,986 50,434 50,667 50,801 50,930 51 ,090 51 ,214 51 ,373 51 ,553 51 ,773 

' EXCLUDES COAL AND OIL FEEDSTOCKS, LPG/STILL GAS, A N D  MISCELLANEOUS 00. FUELS. 



NPCLAEF3: NPC LOW REFERENCE CASE NO. 3 FINAL (#5) Run Date: 08120192 

Run Time: 04:04 PM 

LOWER 48 ENERGY DEMAND 
(Trillion Btus) 

2001 2002 2003 2004 2005 2006 2007 2008 2009 201 0  201 5  2020 2025 2030 
RESIDENTIAL END USES 

ELECTRICITY 3,529 3,567 3,606 3,645 3,685 3,725 3,766 3,807 3,849 3,891 0 0 0 0 

DISTILLATE OIL 830 8 1 6  802 789 776 763 750 738 727 7 1 7  0 0 0 0 

LPG 349 344 340 335 331 327 323 31 8 315 3 1 2  0 0 0 0 

COAL 58 57 57 56 56 55 55 54 54 53 0 0 0 0 

NATURAL GAS 4,775 4,755 4,744 4,739 4,732 4,721 4, 703 4,685 4,674 4,670 0 0 0 0 

RESIDUAL OIL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TOTAL FUELS 9,541 9,539 9,549 9,565 9,580 9,591 9,596 9,603 9,618 9,642 0 0 0 0 

COMMERCIAL END USES 
ELECTRICITY 3,249 3,294 3,340 3,387 3,434 3,486 3,540 3,594 3,649 3, 705 0 0 0 0 

DISTILLATE OIL 522 524 526 527 530 529 529 528 526 520 0 0 0 0 

LPG 61 6 1  61  61 61  60 60 60 59 59 0 0 0 0 
COAL 90 90 90 90 90 90 90 89 89 87 0 0 0 0 
NATURAL GAS 2,904 2,940 2,990 3,042 3,096 3, 121 3, 1 44 3,1 55 3,1 56  3, 1 42 0 0 0 0 
RESIDUAL OIL 1 86 1 85 1 85 1 85 1 85 1 84 1 83 1 82 1 80 1 77 0 0 0 0 

TOTAL FUELS 7,01 1 7,093 7, 1 9 1  7,291 7,396 7,470 7,546 7,608 7,658 7,689 0 0 0 0 

INDUSTRIAL END USES • 
NATURAL GAS 6,555 6,581 6,575 6,61 6 6,542 6,430 6,321 6,231 6 ,149 6,082 0 0 0 0 

HIGH SULFUR RESID 454 41 1 376 329 31 6 3 1 8  327 320 3 1 9  299 0 0 0 0 

LOW SULFUR RESID 556 507 478 427 406 398 396 389 381 363 0 0 0 0 
DISTILLATE 1 ,009 1 ,009 1 ,006 1 , 007 999 988 978 969 961 954 0 0 0 0 

ELECTRICITY 3,686 3,753 3,821 3,890 3,960 4,032 4, 1 06 4, 1 80 4,257 4,334 0 0 0 0 
COAL 1 ,570 1 ,565 1 ,564 1 , 557 1 ,564 1 ,550 1 , 533 1 ,526 1 ,514 1 ,506 0 0 0 0 

TOTAL FUELS 1 3,831 1 3,825 1 3,820 1 3,825 1 3,787 1 3,71 6 1 3,659 1 3,61 5 1 3,580 1 3, 538 0 0 0 0 

ELECTRIC UTILITY ENERGY INPUT 
NATURAL GAS 3,431 3,687 3,866 4,070 4,226 4,382 4,51 6 4,648 4,776 4,936 0 0 0 0 

HIGH SULFUR RESID 497 466 435 336 327 375 400 409 41 5 406 0 0 0 0 

LOW SULFUR RESID 705 580 532 482 486 507 5 1 6  532 554 560 0 0 0 0 

DISTILLATE 1 5 1  1 52 1 55 204 207 1 63 1 67 1 70 1 73 1 77 0 0 0 0 

COAL 1 7,020 1 7,282 1 7,537 1 7, 797 1 8,031 1 8,269 1 8,519 1 8,787 1 9 ,060 1 9,339 0 0 0 0 

NUCLEARIHYDROIOTHEF 1 0,291 1 0,262 1 0,235 1 0,208 1 0, 1 84 1 0, 1 62 1 0, 1 40 1 0, 1 20 1 0 , 1 00 1 0,080 0 · o  0 0 

TOTAL FUELS 32,094 32,428 32,759 33,097 33,460 33,857 34,258 34,664 35,078 35,498 0 0 0 0 

PRIMARY ENERGY CONSUMPTION 
NATURAL GAS 1 7,665 1 7,962 1 8,1 75 1 8,466 1 8,596 1 8,653 1 8,684 1 8,71 9 1 8,755 1 8,829 0 0 0 0 

HIGH SULFUR RESID 951 877 81 1 665 642 693 727 728 734 704 0 0 0 0 

LOW SULFUR RESID 1 ,448 1 ,272 1 , 1 95 1 ,094 1 ,077 1 ,089 1 ,095 1 , 1 02 1 , 1 1 4  1 , 1 00 0 0 0 0 

DISTILLATE 2,51 2 2,501 2,489 2,528 2,51 2  2,443 2,424 2,405 2,387 2,368 0 0 0 0 
COAL 1 8,737 1 8,993 1 9,248 1 9,499 1 9,741 1 9,963 20, 1 96 20,457 20,716 20,986 0 0 0 0 
ALL OTHER FUELS 1 0, 700 1 0,667 1 0,635 1 0,604 1 0,576 1 0,549 1 0,523 1 0,498 10,474 1 0,450 0 0 0 0 

TOTAL FUELS 52,013 52,271 52,551 52,856 53,1 44 53,390 53,648 53,908 54,1 79 54,437 0 0 0 0 



NPCLREF3: NPC LOW REFERENCE CASE NO. 3 F INAL (#5) TABLE 2: LOWER 48 WELLS AND RESERVES Run Date: 08/20192 
Run Time: 04:04 PM 

1 989 1 990 1 991 1992 1993 1 994 1 995 1 996 1 997 1 998 1 999 2000 
EXPLORATORY WELLS 5,744 6,1 56 5,536 4,564 3,961 3,699 3,788 4, 1 26 4,41 7 4,874 6,088 7,630 
DEVELOPMENT WELLS 22,582 27,1 58 26,372 21 ,033 1 8,281 1 7, 1 63 1 7,728 1 8,361 1 7,303 1 7,298 21 ,674 26,21 8 
TOTAL GAS WELLS 9,472 1 0,333 9,829 7,426 6,677 6,881 6,71 4 7,439 7,432 7,788 7,71 4 9,145 
TOTAL WELLS 28,326 33,314 31 ,907 25,618 22,243 20,882 21 ,51 7 22,487 21 ,720 22, 172 27,763 33,849 

RESERVE ADDITIONS 
OIL (MMB) CONVENTIONAL 1 , 1 94 1 ,388 938 1 ,847 1 ,392 1 , 1 07 976 974 905 9 15  1 ,074 1 ,164 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 1 ,325 1 ,545 1 ,015 1 ,838 1 ,562 1 ,250 1 , 135 1 , 1 50 1 , 163 1 , 181  1 ,384 1 ,470 
HIGH PERMEABILITY (BCF) 9,905 1 2,223 7,433 7,71 9 7,454 7,876 7,836 8,568 8,954 9,086 9,228 10 ,61 9 
LOW PERMEABILITY (BCF) 1 ,339 1 ,691 1 ,497 1 ,74(1 1 ,022 817 681 696 723 926 1 ,238 1 ,405 
DEVONIAN SHALE (BCF) 384 504 399 326 340 363 395 422 488 638 71 2 678 
COAL BED METHANE (BCF) 1 ,607 . 2,1 1 1  2,400 1 ,446 1 ,449 1 ,41 6 1 ,472 1 ,339 n4 581 620 599 
ENHANCED RECOVERY GAS (BCF) 443 303 296 1 82 1 52 143 145 154 178 21 4 264 466 
ENHANCED RECOVERY TIGHT (BCF) 1 23 n 49 1 51 1 40 97 104 1 03 1 1 6  149 203 267 
TOTAL NON-ASSOC GAS (BCF) 13 ,801 1 6,909 1 2,073 1 1 ,564 1 0,559 1 0,71 1 1 0,632 1 1 ,263 1 1 ,234 1 1 ,594 12,266 14,035 
TOTAL OIL (MMB) 1 ,1 94 1 ,388 938 1 ,647 1 ,392 1 , 107 976 974 905 915 1 ,074 1 ,164 
TOTAL GAS (BCF) 15,1 27 1 8,454 1 3,088 1 3,403 1 2, 121 1 1 ,961 1 1 ,768 1 2,433 1 2,397 1 2,776 1 3,650 15,505 
TOTAL NGL (MMB) 550 681 429 512 458 442 41 8 466 490 509 549 640 

PRODUCTION (W/ LEASE & PLANT GAS) 
OIL (MMB) CONVENTIONAL 1 ,871 1 ,782 1 ,751 1 ,721 1 ,702 1 ,647 1 ,589 1 ,559 1 ,531 1 ,502 1 ,484 1 ,4n 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 2,730 2,720 2,598 2,481 2,365 2, 1 99 2,080 2,005 1 ,959 1 ,903 1 ,848 1 ,813 
HIGH PERMEABILITY (BCF) 12 ,041 1 2,440 1 2,388 1 2,362 1 2,313 1 2, 164 1 2,049 1 1 ,673 1 1 ,443 1 1 ,270 1 1 ,067 1 1 ,006 
LOW PERMEABILITY (BCF) 1 ,666 1 ,675 1 ,699 1 ,845 1 ,790 1 ,71 3 1 ,643 1 ,558 1 ,455 1 ,448 1 ,494 1 ,529 
DEVONIAN SHALE (BCF) 1 52 1 80 2 1 1  226 239 256 278 286 304 327 355 386 
COAL BED METHANE (BCF) 1 03 1 78 285 423 550 681 785 881 970 1 ,003 1 ,017 1 ,000 
ENHANCED RECOVERY GAS (BCF) 83 1 14 138 1 62 1 63 163 163 1 50 134 138 1 60 195 

· ENHANCED RECOVERY TIGHT (BCF) 47 48 48 52 65 71 74 74 78 82 89 1 04 
TOTAL NON·ASSOC GAS (BCF) 14 ,091 1 4,634 1 4,768 1 5,071 1 5, 121 1 5,047 1 4,991 1 4,622 1 4,383 1 4,268 14,182 14,221 
TOTAL OIL (MMB) 1 ,871 1 ,782 1 ,751 1 ,721 1 ,702 1 ,647 1 ,589 1 ,559 1 ,531 1 ,502 1 ,484 1 ,4n 
TOTAL GAS (BCF) 16 ,821 1 7,355 1 7,386 1 7,552 1 7,486 1 7,246 1 7,072 1 6,628 1 6,343 16,171 16,030 16,034 
TOTAL NGL IMMBI 740 752 748 757 752 734 723 701 691 686 681 678 

RESERVES 
OIL (MMB) CONVENTIONAL 20,063 1 9,670 1 8,857 1 8,782 1 8,472 1 7,932 1 7,31 9 1 6,734 1 6, 108 1 5,521 15,1 1 1  14,797 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 25,041 23,866 22,305 21 ,662 20,880 1 9,91 0  1 8,965 1 8, 1 1 0  1 7,31 4 16,592 16,129 15,786 
HIGH PERMEABILITY (BCF) 1 05,413 105,1 96 100,343 95,701 90,842 86,554 82,342 79,236 76,748 74,563 72,724 72,337 
LOW PERMEABILITY (BCF) 22,835 22,851 22,671 22,566 21 ,798 20,902 1 9,939 1 9,on 1 6,346 17,825 17,569 17,445 
DEVONIAN SHALE (BCF) 1 ,751 2,076 2,264 2,364 2,485 2,572 2,689 2,826 3,010  3,320 3,677 3,970 
COAL BED METHANE (BCF) 2,798 4,731 6,845 7,868 8,767 9,502 1 0, 188 1 0,647 1 0,451 10,030 9,632 9,231 
ENHANCED RECOVERY GAS (BCF) 963 1 ,1 52 1 ,310 1 ,330 1 ,319 1 ,298 1 ,280 1 ,285 1 ,329 1 ,405 1 ,509 1 ,780 
ENHANCED RECOVERY TIGHT (BCF) 506 535 538 635 710 738 786 795 834 901 1 ,01 5 1 ,178 
TOTAL NON·ASSOC GAS (BCF) 134,266 136,540 133,969 130,463 1 25,901 1 2 1 ,564 1 1 7,205 1 13,866 1 1 0,71 6 108,043 1 06,1 26 105,941 
TOTAL OIL (MMB) 20,083 1 9,870 1 8,857 1 8,782 1 8,472 1 7,932 1 7,31 9  1 6,734 1 6,108 15,521 15,1 1 1  14,797 
TOTAL GAS (BCF) 159,307 180,406 156,275 1 52,1 25 146,760 141 ,475 136,171 131 ,976 126,031 124,835 1 22,255 1 21 ,726 
TOTAL NGL (MMBl 7,499 7,429 7,1 1 1  6,865 6,570 6,279 5,974 5,739 5,538 5,361 5,229 5,191 

LEASE AND PLANT GAS (BCF) I 857 I 1 ,027 1 1 ,060 I 1 ,072 1 1 ,065 1 1 ,048 1 1 ,035 1 1 ,006 1 967 1 976 1 967 1 966 



NPCLREF3: NPC LOW REFERENCE CASE NO. 3 FINAL (#5) TABLE 2: LOWER 48 WELLS AND RESERVES Run Date: 08120192 
Run Time: 04:04 PM 

2001 2002 2003 2004 2005 2006 2007 2008 2009 201 0  201 5  2020 2025 2030 

EXPLORATORY WELLS 9,242 10,930 1 1 ,339 1 2, 158 1 2,921 13,1 93 14,1 36 1 4,41 0  1 5,665 1 6, 182 0 0 0 0 

DEVELOPMENT WELLS 28,972 30,539 31 ,298 32,009 34,275 33,240 33,225 27,578 29,1 1 2  30,545 0 0 0 0 

TOTAL GAS WELLS 1 0,291 1 1 ,535 12,595 12 ,479 12 ,456 1 2,281 1 2,1 65 1 1 ,902 1 1 ,986 12 ,209 0 0 0 0 
TOTAL WELLS 38,214  41 ,469 42,637 44,�67 47,1 97 46,434 47,361 41 ,988 44,778 46,727 0 0 0 0 

RESERVE ADDITIONS 
OIL (MMB) CONVENTIONAL 1 ,231 1 ,280 1 ,31 7 1 ,291 1 ,305 1 ,271 1 ,294 1 ,037 1 ,053 1 ,041 0 0 0 0 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 1 ,564 1 ,642 1 ,699 1 ,716 1 ,701 1 ,6 15  1 ,627 1 ,337 1 ,373 1 ,371 0 0 0 0 

HIGH PERMEABILITY (BCF) 1 1 ,353 1 1 ,826 12 ,094 1 1 ,875 1 1 ,549 1 1 ,243 10,871 1 1 ,059 1 1 ,051 1 1  '1 18  0 0 0 0 

LOW PERMEABILITY (BCF) 1 ,51 2 1 ,609 1 ,546 1 ,438 1 ,4 15  1 ,439 1 ,554 1 ,854 1 ,851 1 ,985 0 0 0 0 

DEVONIAN SHALE (BCF) 680 797 921 934 824 728 453 254 201 1 33  0 0 0 0 
COAL BED METHANE (BCF) 482 461 480 584 667 695 763 922 1 ,080 1 ,1 41 0 0 0 0 

ENHANCED RECOVERY GAS (BCF 570 626 71 7 792 800 643 260 1 86  88 6 0 0 0 0 
ENHANCED RECOVERY TIGHT (BC 338 405 679 795 933 1 ' 1 1 3  1 ,363 1 ,738 2,092 2,566 0 0 0 0 
TOTAL NON·ASSOC GAS (BCF) 14 ,934 15,724 16 ,436 1 6,41 8 16, 187 1 5,861 15,264 16,0 13  16,364 16 ,949 0 0 0 0 
TOTAL OIL (MMB) 1 ,231 1 ,280 1 ,31 7 1 ,291 1 ,305 1 ,271 1 ,294 1 ,037 1 ,053 1 ,041 0 0 0 0 
TOTAL GAS (BCF) 1 6,498 1 7,367 18 , 135 1 8, 135 1 7,888 1 7,476 16 ,890 1 7,350 1 7,737 1 8,320 0 0 0 0 

TOTAL NGL (MMB) 698 731 745 737 71 3 688 651 641 630 634 0 0 0 0 
PRODUCTION (W/ LEASE & PLANT GAS) 

OIL (MMB) CONVENTIONAL 1 ,477 1 ,482 1 ,492 1 ,501 1 ,509 1 ,5 12  1 ,51 1 1 ,502 1 ,481 1 ,461 0 0 0 0 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 1 ,798 1 ,784 1 ,791 1 ,798 1 ,8 1 2  1 ,809 1 ,806 1 ,790 1 ,755 1 ,724 0 0 0 0 
HIGH PERMEABILITY (BCF) 1 1  ' 1 36 1 1 ,331 1 1 ,489 1 1 ,650 1 1 ,71 6 1 1 ,641 1 1 ,560 1 1 ,467 1 1 ,438 1 1 ,4 14  0 0 0 0 
LOW PERMEABILITY (BCF) 1 ,568 1 ,635 1 ,664 1 ,676 1 ,664 1 ,631 1 ,607 1 ,6 16  1 ,652 1 ,692 0 0 0 0 
DEVONIAN SHALE (BCF) 409 435 468 509 535 545 536 492 457 426 0 0 0 0 
COAL BED METHANE (BCF) 975 943 9 1 2  889 871 840 840 834 860 887 0 0 0 0 
ENHANCED RECOVERY GAS (BCF 235 31 0 361 4 13  462 500 487 445 403 350 0 0 0 0 
ENHANCED RECOVERY TIGHT (BC 1 26 153 1 95 256 31 9 387 473 581 715  876 0 0 0 0 
TOTAL NON·ASSOC GAS (BCF) 1 4,450 14,808 1 5,090 15 ,394 1 5,566 1 5,544 15,503 1 5,434 15 ,525 15 ,645 0 0 0 0 
TOTAL OIL (MMB) 1 ,477 1 ,482 1 ,492 1 ,501 1 ,509 1 ,5 12  1 ,51 1 1 ,502 1 ,481 1 ,461 0 0 0 0 
TOTAL GAS (BCF) 16,248 16,591 16 ,880 1 7,1 92 1 7,378 17 ,354 17 ,309 1 7,225 1 7,280 17 ,369 0 0 0 0 
TOTAL NGL (MMB) 686 700 71 0 71 9 725 720 715 704 698 693 0 0 0 0 

RESERVES 
OIL (MMB) CONVENTIONAL 1 4,551 14,349 14 , 173 13 ,963 13,759 1 3,51 8  1 3,301 1 2,836 12 ,408 1 1 ,989 0 0 0 0 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 1 5,551 1 5,41 0 15 ,31 9 15 ,237 1 5, 126 14,932 14,752 1 4,299 13,9 1 7  1 3,564 0 0 0 0 
HIGH PERMEABILITY (BCF) 72,554 73,049 73,654 73,878 73,71 1 73,3 13  72,625 72,217 71 ,830 71 ,534 0 0 0 0 
LOW PERMEABILITY (BCF) 1 7,389 1 7,362 17,244 1 7,005 16,757 16,565 16,51 2  16 ,750 16,950 1 7,243 0 0 0 0 

DEVONIAN SHALE (BCF) 4,241 4,603 5,056 5,482 5,771 5,954 5,870 5,632 5,376 5,083 0 0 0 0 

COAL BED METHANE (BCF) 8,737 8,255 7,823 7,518 7,3 13  7,1 69 7,Q92 7,1 80 7,401 7,655 0 0 0 0 

ENHANCED RECOVERY GAS (BCF 2,1 1 5  2,430 2,786 3,1 65 3,503 3,646 3,418 3,1 59 2,845 2,501 0 0 0 0 

ENHANCED RECOVERY TIGHT (BC 1 ,390 1 ,642 2,1 26 2,664 3,278 4,004 4,893 6,050 7,427 9,1 1 7  0 0 0 0 
TOTAL NON·ASSOC GAS (BCF) 1 06,425 1 07,342 1 08,688 1 09,71 3 1 10,334 1 1 0,650 1 1 0,41 0  1 1 0,989 1 1 1 ,828 1 1 3, 132 0 0 0 0 

TOTAL OIL (MMB) 1 4,551 1 4,349 14 , 173 13 ,963 13,759 1 3,51 8  13,301 1 2,836 1 2,408 1 1 ,989 0 0 0 0 
TOTAL GAS (BCF) 1 21 ,977 1 22,752 1 24,007 1 24,949 1 25,460 1 25,582 1 25,1 62 1 25,288 1 25,745 126,696 0 0 0 0 

TOTAL NGL (MMB) 5,203 5,233 5,267 5,285 5,274 5,242 5,1 77 5,1 1 5  5,047 4,988 0 0 0 0 

LEASE AND PLANT GAS (BCF) I 978 I 997 I 1 ,01 4 1 1 ,030 I 1 ,040 I 1 ,037 1 1 ,033 1 1 ,028 1 1 ,030 I 1 ,035 I o I O l  O l  0 



NPCLREF3: NPC LOW REFERENCE CASE NO. 3 FINAL (#5) Run Date: 08/20192 
Run Time: 04:04 PM 

AVERAGE NATURAL GAS PRICES 
($1 990/MMBtu) 

1 989 1 990 1 991 1 992 1 993 1 994 1 995 1 996 1 997 1 998 1 999 2000 
LDC GAS TARIFF P RICES 

AVERAGE AQUISITION 1 .76 1 .73 1 .57 1 .5 1  1 .55 1 .65 1 .74 1 .98 2.06 2.23 2.37 2.55 
AVERAGE CITYGATE 2.75 2.73 2.53 2.42 2.44 2.53 2.64 2.91 3.04 3.24 3.40 3.59 
RESIDENTIAL BURNERTIP 5.71  5.65 5.34 5. 1 7  5. 1 9  5.29 5.41 5.72 5.86 6.09 6.27 6.48 
COMMERCIAL BURNERTIP 4.82 4.72 4.45 4.29 4.31 4.41 4.52 4.82 4.95 5. 1 8  5.35 5.56 
INDUSTRIAL BURNERTIP 3.07 3. 1 1  2.83 2.70 2.75 2.88 3.03 3.36 3.60 3.86 4.02 4.20 
ELEC UTIL BURNERTIP 2.87 2.87 2.67 2.59 2.61 2.76 2.94 3.24 3.37 3.59 3.76 3.94 

END USER CARRIAGE PRICES 
AVG SPOT ACQUISITION 1 .57 1 .49 1 .24 1 .28 1 .35 1 .45 1 .54 1 .76 1 .83 1 .99 2. 1 0  2.28 
AVG SPOT CITYGATE 1 .86 1 .78 1 .53 1 .55 1 .62 1 .74 1 .83 1 .98 2.05 2.20 2.32 2.47 
AVG SPOT BURNERTIP 2. 1 9  2. 1 0  1 .84 1 .85 1 .92 2.04 2.04 2. 1 6  2 .23 2.39 2.51 2.65 
AVG FIRM BURNERTIP 2.93 2.91 2.70 2.59 2.61 2.70 2.82 3. 1 0  3.23 3.44 3.61 3.80 

2001 2002 2003 2004 2005 2006 2007 2008 2009 201 0 201 5 2020 2025 2030 
LDC GAS TARIFF P RICES 

AVERAGE AQUISITION 2.63 2.64 2.64 2.60 2.63 2.69 2.77 2.87 2.92 2.92 0.00 0.00 0.00 0.00 
AVERAGE CITYGATE 3.68 3.68 3.67 3.61 3.63 3.69 3.77 3.87 3.92 3.91 0.00 0.00 0.00 0.00 
RESIDENTIAL BURNERTIP 6.57 6.58 6.56 6.49 6.51 6.58 6.67 6.78 6.84 6.83 0.00 0.00 0.00 0.00 
COMMERCIAL BURNERTIP 5.66 5.66 5.65 5.59 5.60 5.67 5.76 5.86 5.92 5.92 0.00 0.00 0.00 0.00 
INDUSTRIAL BURNERTIP 4.29 4.27 4.24 4. 1 8  4. 1 9  4.26 4.36 4.47 4.53 4.53 0.00 0.00 0.00 0.00 
ELEC UTIL BURNERTIP 4.03 4.04 4.01 3.94 3.95 4.01 4. 1 0  4.20 4.25 4.23 0.00 0.00 0.00 0.00 

END USER CARRIAGE PRICES 
AVG SPOT ACQUISITION 2.33 2.34 2.35 2.33 2.36 2.43 2.51 2.60 2.66 2.66 0.00 0.00 0.00 0.00 
AVG SPOT CITYGATE 2.54 2.55 2.56 2.54 2.58 2.64 2.72 2.81 2.86 2.87 0.00 0.00 0.00 0.00 
AVG SPOT BURNERTIP 2.71  2.73 2.74 2.72 2.76 2.83 2.91 3.00 3.06 3.06 0.00 . 0.00 0.00 0.00 
AVG FIRM BURNERTIP 3.90 3.90 3.89 3.83 3.84 3.91 3.99 4. 1 0  4. 1 5  4. 1 4  0.00 0.00 0.00 0.00 
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NPCHOPPA: NPC UPSIDE OPTION CASE VS HIGH REFERENCE CASE (#4) Run Date: 09/06192 
Run Time:  0 1 :32 PM 

EN ERGY OVERVIEW MODEL SUMMARY 

Crude 011 a. Natural Gas Prices Lower 48 Gas Supply Drill ing Costs 
U.S. Crude Texas/Gulf Henry Hub Lower 48 Spot Whd Reserve Add. Producer Producer E&D 

Oil Price Spot Whd Gas Price Avg Wellhead Gas Price Reserve Dry Gas Replacement Deliverability Dril l ing Cost Incentive 
Year (RACC) Gas Price I (Delv'd to PPL) Gas Price to RACC Additions Production of Production Utilization Index @ 1 988 Costs • 

($90/bbl) ($90/MM8tu) ($90/MMBtu) ($90/MMBtu) (Btu Percent) (Bcftyear) (Bcftyear) (Percent) (Percent) 1 988=1 .00 ($90/MMBIU) 

1 989 1 8.70 1 .58 1 .77 1 .7 1  48.9 1 5, 1 27 1 6,81 4  . 90.0 8 1 .4 1 .02 1 .55 
1 990 22.32 1 .5 1  1 .69 1 .66 39.3 1 8,454 1 7,34 1 1 06.4 82.6 1 .03 1 .50 
1 991 1 8.38 1.27 1 .45 1 .49 40. 1 1 3 ,21 1 1 7,345 76.2 82.8 1 .02 1 .27 
1 992 1 8.46 1 .32 1 .49 1 .47 4 1 .5 1 3 ,790 1 7,572 78.5 85.5 0 .99 1 .36 
1 993 1 8.60 1 .52  1 .69 1 .63 47.3 1 3,898 1 7,746 78.3 88.4 0.98 1 .58 
1 994 1 8.76 1 .7 1  1 .88 1 .79 52.9 1 5 , 1 94 1 7,708 85.8 9 1 .0 0.98 1 .78 
1 995 1 9.0 1 1 .9 1  2 .07 1 .97 58.2 1 5 ,585 1 7,826 87.4 93.1 1 .00 1 .96 
1 996 1 9.25 2. 1 5 2 .32 2 . 1 9  64.7 1 5 ,91 6 1 7,777 89.5 93.8 1 .02 2 . 1 4  
1 997 1 9.56 2.26 2 .43 2 .29 66.9 1 6,023 1 7,935 89.3 94.4 1 .Q2 2.25 
1 998 1 9.91  2.44 2 .6 1  2 .47 7 1 .2 1 6 ,754 1 8,071 92.7 95. 1 1 .0 1  2 .46 
1 999 20.5 1 2.62 2 .79 2.66 74.2 1 8 ,236 1 8,208 1 00.2 95.4 1 .0 1  2.64 
2000 21 . 1 0  2.84 3 .00 2 .88 78.0 1 9 ,926 1 8,602 1 07. 1 95.7 1 .0 1  2.86 
2001 2 1 .75 2.77 2 .94 2 .82 73.8 2 1 ,557 1 9,074 1 1 3.0 95.4 1 .0 1  2.79 
2002 22.55 2.78 2 .94 2 .82 7 1 .4 2 1 ,71 3 1 9,56 1 1 1 1 .0 95.1 1 .00 2.83 
2003 23.45 2.70 2 .87 2.74 66.8 23, 1 75 1 9,899 1 1 6.5 94.3 0 .99 2.78 
2004 24.25 2.62 2 .79 2.65 62.6 23,476 20,28 1 1 1 5.8 93.5 0.99 2.70 
2005 25. 1 4  2 .63 2 .80 2.65 60.6 23,69 1 20,679 1 1 4.6 93.1 0 .98 2.74 

2006 25.74 2.48 2 .65 2.50 56.0 23,026 20,733 1 1 1 . 1 9 1 .7 0.97 2.61 
2007 26.25 2 .67 2.84 2.68 58.9 22, 1 72 2 1 ,025 1 05.5 92.4 0.96 2.84 
2008 26.75 2.73 2 .90 2.72 59.3 22,492 2 1 , 1 26 1 06.5 92.5 0.95 2.94 
2009 27.35 2.90 3 .07 2.87 6 1 .5 22,798 2 1 ,3 1 5  1 07.0 93. 1 0.94 3 . 1 6  
201 0 27.85 2.99 3 . 1 6 2.96 62.3 23,357 2 1 ,403 1 09.1  93.1  0.93 3.29 
201 5 0.00 0.00 0 .00 0.00 0.0 0 0 0.0 0.0 0.00 0.00 
2020 0.00 0.00 0 .00 0 .00 0.0 0 0 0.0 0.0 0.00 0.00 
2025 0.00 0.00 0 .00 0 .00 0.0 0 0 0.0 0.0 0 .00 0.00 
2030 0.00 0.00 0 .00 0 .00 0.0 0 0 0.0 0.0 0.00 0.00 

• Lower-48 spot wellhead gas price adjusted to reflect change in drilling costs from 1 988 levels. 



NPCHOPPA: NPC UPSIDE OPTION CASE VS HIGH REFERENCE CASE (#4) Run Date: 09106192 
Run Time: 01 :32 PM 

LOWER 48 NATURAL GAS BALANCE 
(Trillion Btus) 

' 

1 989 1 990 1 991 1 992 1 993 1 994  1 995 1 996 1 997 1998 1 999 2000 
DEMAND 
RESIDENTIAL 4,900 4,498 4,700 4,853 4,854 4,861 4,894 4,901 4,902 4,898 4,894 4,884 
COMMERCIAL • 2,772 2,730 2,846 2,851 2,851 2,867 2,899 2,937 2,972 3,022 3,1 03 3,207 
INDUSTRIAL 6,939 7,046 7,376 7,415 7,643 7,771 7,848 7,827 7,853 7,91 6 7,91 0 7,989 

BOILERS 2,792 2,831 2,983 2,925 3,009 3,079 3,1 28 3,1 36 3,1 37 3, 166 3,1 70 3,1 72 
NON BOILERS 4,1 48 4,21 5 4,393 4,490 4,634 4,692 4,720 4,891 4,71 6 4,750 4,741 4,797 

ELECTRIC UTILITY 2,808 2,852 2,905 2,897 2,902 2,926 3,055 3,1 54 3,349 3,464 3,609 3,880 
TOTAL END USE DEMAND 1 7.41 9 1 7,1 26 1 7,827 1 8,01 5 1 8,250 1 8.426 1 8,695 1 8,81 9 1 9,076 1 9,300 1 9,51 7 1 9,940 

LEASE AND PLANT USE 886 1 ,060 1 ,093 1 ,1 08  1 ,1 1 6  1 ,1 1 1  1 ,1 1 7  1 ,1 1 1  1 ,1 1 9  1 , 1 26 1 , 1 32 1 , 1 55 
TRANSMISSION FUEL 655 644 670 677 686 693 703 708 71 7 726 734 750 
UAF + EXPORTS 1 79 1 72 258 319 388 431 463 484 500 51 6 531 547 
TOTAL DISPOSITION 1 9, 1 38 1 9,002 1 9,848 20,1 20 20,440 20,660 20,977 21 ,1 21 21 ,41 1 21 ,887 21 ,91 4 22,392 

SUPPLY 
LOWER-48 PRODUCTION 1 7,652 1 7,342 1 7,938 1 8,080 1 8,258 1 8,21 1 1 8,331 1 8,279 1 8,444 1 8,579 1 8,735 1 9,1 46 
PIPELINE IMPORTS 1 ,327 1 ,465 1 ,709 1 ,838 1 ,965 2,204 2,389 2,506 2,587 2,600 2,634 2,643 
OTHER SUPPLY 0 0 0 0 0 0 0 0 0 0 0 0 
LNG + SNG + SUPPLEMENTALS 1 53 1 91 1 97 1 99 21 2 235 243 31 8 360 466 521 577 
TOTAL GAS SUPPLY 1 9,131  1 8,998 1 9,844 20,1 14 20,434 20,649 20,962 2 1 , 1 03 21 ,391 21 ,645 21 ,889 22,368 

2001 2002 2003 2004 2005 2006 2007 2008 2009 201 0 201 5 2020 2025 2030 
DEMAND 
RESIDENTIAL 4,879 4,898 4,901 4,920 4,938 4,945 4,981 4,985 4,991 5,021 0 0 0 0 
COMMERCIAL • 3,347 3,501 3,652 3,81 2 3,974 4,1 05 4,253 4,380 4,51 0 4,61 9 0 0 0 0 
INDUSTRIAL 8,2 1 4  8,382 8,454 8,589 8,714 8,845 8,970 9,009 9,1 71 9,291 0 0 0 0 

BOILERS 3,329 3,432 3,498 3,582 3,655 3,733 3,798 3,832 3,920 3,988 0 0 0 0 
NON BOILERS 4,885 4,950 4,957 5,006 5,059 5,1 1 3  5,1 73 5,1 77 5,252 5,303 0 0 0 0 

ELECTRIC UTILITY 4,045 4,1 76 4,273 4,379 4,530 4,652 4,839 4,982 5,141 5,309 0 0 0 0 
TOTAL END USE DEMAND 20,485 20,957 21 ,280 21 ,700 22, 1 56  22,547 23,023 23,336 23,81 3 24,241 0 0 0 0 

· LEASE AND PLANT USE 1 ,1 83 1 ,21 2 1 ,232 1 ,258 1 ,280 1 ,281 1 ,298 1 ,302 1 ,31 2 1 ,31 5 0 0 0 0 
TRANSMISSION FUEL 770 788 800 816 833 848 886 877 895 91 2 0 0 0 0 
UAF + EXPORTS 51 6 484 452 420 388 341 293 282 282 1 97 0 0 0 0 
TOTAL DISPOSITION 22,954 23,441 23,764 24,1 92 24,657 25,01 6 25,479 25,798 28,303 28,885 0 0 0 0 

SUPPLY 
LOWER-48 PRODUCTION 1 9,852 20,1 31 20,476 20,886 21 ,323 21 ,379 21 ,696 21 ,806 21 ,999 22,078 0 0 0 0 
PIPELINE IMPORTS 2,745 2,829 2,865 2,91 1 2,942 3,246 3,391 3,599 3,905 4,187 0 0 0 0 
OTHER SUPPLY 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
LNG + SNG + SUPPLEMENT ALS 533 466 416 388 384 383 383 382 383 383 0 0 0 0 
TOTAL GAS SUPPLY 22,930 23.426 23,757 24,1 84 24,649 25,008 25,470 25,787 26,287 26,847 0 0 0 0 

• tNCLUDES NATURAL GAS VEHICLES 



NPCHOPPA: NPC UPSIDE OPTION CASE VS HIGH REFERENCE CASE (#4) Run Date: 09/06/92 
Run Time: 01 :32 PM 

ENERGY DEMAND FOR COMBUSTION USES 

(Trillion Btus) 

1 989 1 990 1 991 1 992 1 993 1 994 1 995 1 996 1 997 1 998 1 999 2000 

NATURAL GAS 1 7,419 1 7, 1 26 1 7,827 1 8,01 5 1 8,250 1 8,426 1 8,695 1 8,81 9  1 9,076 1 9,300 19 ,51 7 1 9,940 
RESIDUAL FUEL OIL 2,287 1 ,961 1 ,835 1 ,945 1 ,865 1 ,898 1 ,925 2,054 2,038 2,041 2,1 03 2,1 01 
DISTILLATE FUEL OIL 2,988 2,640 2,556 2 ,588 2,612 2,624 2,626 2,622 2,624 2,630 2,630 2,6 1 7  
LPG (RES/COM SECTORS) 470 429 420 426 428 427 426 424 421 41 8 41 4 4 10  
COAL (EXCLUDES COKING COAL) 1 7,640 1 7,878 1 7,775 1 7,869 1 8,077 1 8, 1 36 1 8,21 8  1 8,359 1 8,604 1 8,792 19 ,002 1 9, 1 51 
HYDRO/RENEW ABLES 2,908 3,085 3,030 3,085 3 , 133 3,1 58 3,1 59 3,200 3,207 3,212  3,217  3,223 
NUCLEAR POWER 5,597 6, 1 59 6,543 6,61 4 6,677 6,8 1 5  6,877 6,962 6,972 7,060 7,070 7,1 57 
PRIMARY EN ERGY CONSUM PTIOI' 49,308 49,277 49,986 50,542 51 ,041 51 ,483 51 ,926 52,440 52,942 53,452 53,952 54,600 
PLUS ELECTRIC ITY CONSUMED 8,941 9,21 2 9,371 9,472 9,575 9,679 9,784 9,940 1 0, 104 10 ,267 10 ,429 1 0,602 
LESS ELEC UTIL ENERGY INPUT (28,733) (29,381)  (29,664) (29,91 01 (30,1 87) (30,461 )  (30,764) (31 , 1 32) (31 ,522) (31 ,856) (32,1 94) (32,548) 
END USE ENERGY DEMAND 29,51 6  29, 1 08 29,693 30, 1 03 30,430 30,701 30,946 31 ,247 31 ,524 31 ,863 32, 1 87 32,653 

2001 2002 2003 2004 2005 2006 2007 2008 2009 201 0 201 5 2020 2025 2030 

NATURAL GAS 20,485 20,957 21 ,280 21 ,700 22, 1 56 22,547 23,023 23,336 23,81 3 24,241 0 0 0 0 

RESIDUAL FUEL OIL 1 ,839 1 ,809 1 ,753 1 ,733 1 ,730 1 ,722 1 ,778 1 ,783 1 ,821 1 ,844 0 0 0 0 

DISTILLATE FUEL OIL 2,628 2,634 2,627 2,630 2,635 2,638 2,645 2,642 2,649 2,651 0 0 0 0 

LPG (RES/COM SECTORS) 406 403 398 395 393 389 387 384 382 381 0 0 0 0 

COAL (EXCLUDES COKING COAL) 19 ,441 1 9,845 20,2 1 3  20,595 20 ,921 21 ,281 21 ,595 21 ,921 22,255 22,622 0 0 0 0 

HYDRO/RENEW ABLES 3,242 3,270 3,300 3,331 3,361 .3,392 3,424 3,457 3,489 3,523 0 0 0 0 

NUCLEAR POWER 7,1 06  7,055 7,004 6,954 6,903 6,852 6,802 6,752 6,702 6,652 0 0 0 0 

PRIMARY ENERGY CONSUMPTIOI\o 55, 1 47 55,974 56,575 57,338 58,099 58,821 59,654 60,275 61 ,1 1 1  61 ,91 4 0 0 0 0 

PLUS ELECTRICITY CONSUMED 1 0,752 1 0,950 1 1 , 1 21 1 1 ,292 1 1 ,468 1 1 ,649 1 1 ,850 1 2,036 1 2,234 12 ,445 0 0 0 0 

LESS ELEC UTIL ENERGY INPUT (32,870) (33,342) (33,736) (34,1 57) (34,584) (35,039) (35,537) (35,996) (36,505) (37,053) 0 0 0 0 

END USE ENERGY DEMAND 33,029 33,581 33,960 34,472 34,982 35,431 35,968 36,3 1 4  36,840 37,306 0 0 0 0 



NPCHOPPA: NPC UPSIDE OPTION CASE VS HIGH REFERENCE CASE (#4) Run Date: 09/06/92 
Run Time: 01 :32 PM 

LOWER 48 ENERGY DEMAND 
(Trillion Btus) 

1 989 1 990 1 991 1 992 1 993 1 994 1 995 1 996 1 997 1 998 1 999 2000 

RESIDENTIAL END USES 
ELECTRICITY 3,051 3, 1 39 3,252 3,288 3,325 3,362 3,400 3,454 3,512 3,569 3,628 3,689 

DISTILLATE OIL 1 , 1 65 898 877 897 899 892 885 877 867 856 843 830 

LPG 400 364 358 36 1  363 363 362 360 358 355 351 347 

COAL 58 62 58 60 60 60 60 60 60 60 59 59 

NATURAL GAS 4,900 4,498 4,700 4,853 4,854 4,861 4,894 4,901 4,902 4,898 4,894 4,884 

RESIDUAL OIL 0 0 0 0 0 0 0 0 0 0 0 0 

TOTAL FUELS 9,573 8,961 9,245 9,459 9,500 9, 538 9,60 1 9,652 9,698 9,738 9,775 9,809 

COMMERCIAL END USES 
ELECTRICITY 2,755 2,061 2,924 2,954 2,983 3,0 1 3  3,042 3,081 3, 121 3, 1 58 3,194 3,228 

DISTILLATE OIL 56 1  51 8 509 521 526 527 524 523 521 519 518 521 

LPG 70 65 63 65 64 65 64 64 63 63 63 63 

COAL 88 94 88 94 94 95 94 94 93 92 92 92 

NATURAL GAS 2,772 2,730 2,846 2,851 2,851 2,867 2,899 2,937 2,972 3,022 3,103 3,207 

RESIDUAL OIL 228 226 223 220 214 210 207 203 1 99 1 95 1 93 1 92 

TOTAL FUELS 6,472 6,494 6,653 6,704 6,734 6, 776 6,830 6,902 6, 970 7,050 7, 1 62 7,302 

INDUSTRIAL END USES • 

NATURAL GAS 6,939 7,046 7,376 7,4 1 5  7,643 7,771 7,848 7,827 7,853 7,9 1 6  7,9 1 0  7,969 

HIGH SULFUR RESID 31 1 288 249 268 253 252 238 275 253 272 295 322 

LOW SULFUR RESID 30 1 286 252 299 273 283 288 359 424 449 478 540 

DISTILLATE 1 , 1 33 1 , 1 67 1 , 1 03 1 ,097 1 , 1 09 1 , 1 1 8  1 , 1 22 1 , 1 1 9  1 , 1 24 1 , 1 25 1 , 1 22 1 , 1 1 8  

ELECTRICITY 3, 1 35 3,21 2 3, 1 95 3,231 3,267 3,304 3,342 3,404 3,471 3,540 3,607 3,685 

COAL 1 ,652 1 ,655 1 ,620 1 ,631 1 ,650 1 ,659 1 ,678 1 ,708 1 , 731 1 , 773 1 ,837 1 , 908 

TOTAL FUELS 1 3,471 1 3,653 1 3,794 1 3,940 1 4, 1 95 1 4,386 14,51 5 14 ,693 1 4,855 1 5,075 1 5,249 1 5,543 

ELECTRIC UTILITY ENERGY INPUT 
NATURAL GAS 2,808 2,852 2,905 2,897 2,902 2,926 3,055 3, 1 54 3,349 3,464 3,609 3,880 

H IGH SULFUR RESID 590 490 477 557 468 490 477 550 544 546 553 486 

LOW SULFUR RESID 858 671 634 603 656 663 71 6 666 6 1 8  579 584 562 

DISTILLATE 1 30 57 67 73 79 87 95 1 03 1 1 2 1 29  1 46 1 49 

COAL 1 5,842 1 6,067 1 6,009 1 6,084 1 6,272 1 6,323 1 6,386 16,497 16,721 1 6,867 1 7,01 5  1 7,091 

NUCLEARIHYDRO/OTHEf 8,505 9,244 9,573 9,699 9,81 0 9,973 1 0,036 1 0 , 1 62 1 0, 1 79 1 0,272 1 0,287 10,381 

TOTAL FUELS 28,733 29,381 29,664 29,9 1 0  30, 1 87 30,461 30,764 31 , 1 32 31 ,522 31 ,856 32, 1 94 32,548 

PRIMARY ENERGY CONSUMPTION 
NATURAL GAS 1 7,4 1 9  1 7, 1 26  1 7,827 1 8,01 5 1 8,250 1 8,426 1 8,695 1 8,81 9 1 9,076 1 9,300 1 9,51 7 1 9,940 

HIGH SULFUR RESID 901 778 726 824 721 742 71 5 826 797' 8 1 8  848 809 

LOW SULFUR RESID 1 ,386 1 , 1 83  1 , 1 09 1 , 1 21 1 ,1 44 1 , 1 56  1 ,21 1 1 ,229 1 ,241 1 ,223 1 ,255 1 ,292 

DISTILLATE 2,988 2,640 2,556 2,588 2,6 1 2  2,624 2,626 2,622 2,624 2,630 2,630 2,61 7 

COAL 1 7,640 1 7,878 1 7,775 1 7,869 1 8,077 1 8, 1 36  1 8,21 8 1 8,359 1 8,604 1 8,792 1 9 ,002 1 9, 1 51 

ALL OTHER FUELS 8,975 9,672 9,993 1 0, 1 25 1 0,237 1 0,400 1 0,462 1 0,586 1 0,601 1 0,690 1 0,700 1 0,791 

TOTAL FUELS 49,308 49,277 49,986 50,541 51 ,041 51 ,483 51 ,926 52,439 52,942 53,452 53,952 54,600 

' EXCLUDES COAL AND OIL FEEDSTOCKS, LPG/STILL GAS, AND M ISCELLANEOUS OIL FUELS. 



NPCHOPPA: NPC UPSIDE OPTION CASE VS HIGH REFERENCE CASE (#4) Run Date: 09/06192 
Run Time: 01 :32 PM 

LOWER 48 ENERGY DEMAND 
(TriUion Btus) 

2001 2002 2003 2004 2005 2006 2007 2008 2009 201 0  201 5 2020 2025 2030 
RESIDENnAL END USES 

ELECTRIC frY 3,747 3,809 3,873 3,935 3,997 4,061 4, 1 26  4,1 93 4,258 4,325 0 0 0 0 
DISTILLATE OIL 816 803 788 775 764 752 742 731 723 715  0 0 0 0 
LPG 343 340 334 331 327 324 321 31 7 315 314 0 0 0 0 
COAL 59 58 58 58 58 57 57 57 57 57 0 0 0 0 
NATURAL GAS 4,879 4,898 4,901 4,920 4,938 4,945 4,961 4,965 4,991 5,021 0 0 0 0 
RESIDUAL OIL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TOTAL FUELS 9,843 9,908 9,954 10,019 1 0,084 1 0, 140 1 0,208 1 0,263 10,343 1 0,431 0 0 0 0 

COMMERCIAL END USES 
ELECTRIC frY 3,258 3,292 3,328 3,361 3,394 3,429 3,464 3,501  3,536 3,573 0 0 0 0 
DISTILLATE OIL 525 529 530 534 541 543 548 550 552 551 0 0 0 0 
LPG 63 64 64 64 65 66 66 67 67 67 0 0 0 0 
COAL 93 94 95 96 97 97 98 98 99 99 0 0 0 0 
NATURAL GAS 3,347 3,501 3,652 3,81 2 3,974 4, 1 05 4,253 4,380 4,510 4,619 0 0 0 0 
RESIDUAL OIL 1 92 1 92 1 93 193 195 194 1 95 1 94 1 94 1 93 0 0 0 0 

TOTAL FUELS 7,478 7,671 7,860 8,059 8,265 8,433 8,624 8,790 8,958 9, 1 03 0 0 0 0 

INDUSTRIAL END USES • 
NATURAL GAS 8,21 4 8,382 8,454 8,589 8,7 1 4  8,845 8,970 9,009 9 , 1 71 9,291  0 0 0 0 
I:IIGH SULFUR RESID 230 220 203 202 202 1 98 202 1 99 1 99 1 97 0 0 0 0 
LOW SULFUR RESID 458 440 414 403 395 383 404 394 392 383 0 0 0 0 
DISTILLATE 1 , 1 37 1 , 1 46 1 , 1 51 1 , 1 59 1 , 1 66 1 , 1 75 1 , 1 83 1 , 1 85 1 , 1 95 1 , 201 0 0 0 0 
ELECTRIC frY 3,747 3,849 3,921 3,997 4,077 4, 1 59 4,260 4,342 4,440 4,547 0 0 0 0 
COAL 1 ,923 1 ,964 2,004 2,046 2,079 2,098 2, 1 1 7  2, 132 2, 1 42 2, 1 51 0 0 0 0 

TOTAL FUELS 1 5, 708 1 6,003 1 6, 1 47 1 6,394 1 6,633 1 6,858 1 7, 1 36  1 7,262 1 7,539 1 7,771 0 0 0 0 

ELECTRIC UTIUTY ENERGY INPUT 
NATURAL GAS 4,045 4, 1 76 4,273 4,379 4,530 4,652 4,839 4,982 5, 141  5,309 0 0 0 0 
HIGH SULFUR RESID 364 353 339 336 338 338 340 340 345 349 0 0 0 0 
LOW SULFUR RESID 595 604 604 600 602 609 638 655 691 722 0 0 0 0 
DISTILLATE 1 52 1 55 1 59 1 62 1 65 1 68 1 72 1 76 1 80 1 84 0 0 0 0 
COAL 1 7,367 1 7,729 1 8,057 1 8,397 1 8,687 1 9,028 1 9,323 1 9,634 19,957 20,316 0 0 0 0 
NUCLEA�YDRCMOTHEF 1 0,348 1 0,326 1 0,304 1 0,284 1 0,264 1 0,244 1 0,226 1 0,209 10 , 191 1 0, 1 74 0 0 0 0 

TOTAL FUELS 32,870 33,342 33,736 34, 1 57 34,584 35,039 35,537 35,996 36,505 37,053 0 0 0 0 

PRIMARY ENERGY CONSUMPnON 
NATURAL GAS 20,485 20,957 21 ,280 21 ,700 22, 1 56 22,547 23,023 23,336 23,813 24,241 0 0 0 0 
HIGH SULFUR RESID 594 574 542 537 539 536 541 539 544 546 0 0 0 0 
LOW SULFUR RESID 1 ,245 1 ,236 1 ,21 1 1 , 1 96 1 ,1 91 1 , 1 86 1 ,237 1 ,244 1 ,277 1 ,298 0 0 0 0 
DISTILLATE 2,628 2,634 2,627 2,630 2,635 2,638 2,645 2,642 2,649 2,651 0 0 0 0 
COAL 1 9,441 1 9,845 20,21 3 20,595 20,921 21 ,281 21 ,595 21 ,921 22,255 22,622 0 0 0 0 
ALL OTHER FUELS 1 0, 754 1 0,729 1 0,702 1 0,679 1 0,656 1 0,633 1 0,613 1 0,593 10,574 1 0,555 0 0 0 0 

TOTAL FUELS 55, 1 46 55,974 56,575 57,337 58,099 58,821 59,654 60,274 61 , 1 1 1  61 ,913 0 0 0 0 



NPCHOPPA: NPC UPSIDE OPTION CASE VS HIGH REFERENCE CASE (#4) TABLE 2: LOWER 48 WELLS AND RESERVES Run Date: 09/06/92 
Run Time: 0 1 :32 PM 

1 989 1 990 1 991 1 992 1 993 1 994 1 995 1 996 1 997 1 998 1 999 2000 
EXPLORATORY WELLS 5,744 6,1 56 5,578 4,838 4,745 5,723 6,388 6,726 7,947 8,850 1 0,085 1 2,270 
DEVELOPMENT WELLS 22,582 27,1 56 26,428 22,540 22,987 27,384 30,595 30,564 33,031 32,538 35,067 38,791 
TOTAL GAS WELLS 9,472 1 0,333 9,905 7,648 7,621 8,722 9,804 1 0,274 1 0,741 1 1 ,438 1 2,21 9 13,040 
TOTAL WELLS 28,326 33,314  32,005 27,378 27,732 33,1 07 36;983 37,290 40,978 41 ,388 45, 1 52 51 ,061 

RESERVE ADDITIONS 
OIL (MMB) CONVENTIONAL 1 ,1 94 1 ,388 937 1 ,709 1 ,603 1 ,468 1 ,354 1 ,306 1 ,302 1 ,262 1 ,41 4 1 ,502 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 1 ,325 1 ,545 1 ,0 14  1 ,9 16  1 ,835 1 ,737 1 ,633 1 ,621 1 ,690 1 ,647 1 ,826 1 ,938 
HIGH PERMEABILITY (BCF) 9,905 1 2,223 7,503 7,956 8,788 9,840 1 0,326 1 0,528 1 0,730 1 1 ,247 1 1 ,762 1 2,745 
LOW PERMEABILITY (BCF) 1 ,339 1 ,691 1 ,535 1 ,790 1 ,098 1 ,308 1 , 1 1 4 1 ,056 1 , 1 86 1 ,227 1 ,465 1 ,960 
DEVONIAN SHALE (BCF) 384 504 401 329 345 460 541 632 761 91 0 1 ,0 1 4  968 
COAL BED METHANE (BCF) 1 ,607 2,1 1 1  2,413 1 ,462 1 ,526 1 ,555 1 ,655 1 ,561 1 ,031 908 997 965 
ENHANCED RECOVERY GAS (BCF) 443 303 296 1 82 1 53 1 43 1 56 325 387 495 593 663 
ENHANCED RECOVERY TIGHT (BCF) . 1 23 77 49 1 52 1 54 1 50 1 62 1 92 237 320 560 688 
TOTAL NON·ASSOC GAS (BCF) 13 ,801 1 6,909 1 2,1 97 1 1 ,873 1 2,064 1 3,457 1 3,952 1 4,295 1 4,332 15 , 107 1 6,41 0 17 ,988 
TOTAL OIL (MMB) 1 ,1 94 1 ,388 937 1 ,709 1 ,603 1 ,468 1 ,354 1 ,306 1 ,302 1 ,262 1 ,41 4 1 ,502 
TOTAL GAS (BCF) 1 5,1 27 1 8,454 1 3,21 1 1 3,790 1 3,898 1 5, 1 94 1 5,565 1 5,91 6 1 6,023 1 6,754 1 8,236 19 ,926 
TOTAL NGL (MMB) 550 681 435 528 526 571 582 603 634 665 728 799 

PRODUCTION (W/ LEASE & PLANT GAS) 
OIL (MMB) CONVENTIONAL 1 ,871 1 ,782 1 ,751 1 ,725 1 ,721 1 ,700 1 ,683 1 ,688 1 ,690 1 ,689 1 ,691 1 ,702 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 2,730 2,720 2,598 2,485 2,387 2,261 2 , 192 2,16 1  2, 1 57 2 , 137 2,1 1 0  2,099 
HIGH PERMEABILITY (BCF) 1 2,035 1 2,429 1 2,369 1 2,371 1 2,505 1 2,475 1 2,526 1 2,450 1 2,489 1 2,483 1 2,438 1 2,560 
LOW PERMEABILITY (BCF) 1 ,665 1 ,673 1 ,698 1 ,851 1 ,828 1 ,777 1 ,760 1 ,684 1 ,628 1 ,650 1 ,685 1 ,772 
DEVONIAN SHALE (BCF) 1 52 1 80 21 1 226 241 264 295 321 365 405 454 499 
COAL BED METHANE (BCF) 1 03 1 78 286 424 553 691 803 91 0 1 ,01 7 1 ,069 1 ,105  1 ,1 1 3  
ENHANCED RECOVERY GAS (BCF) 83 1 1 4 1 37 1 62 1 65 1 66 1 65 1 59 1 76 206 261 334 
ENHANCED RECOVERY TIGHT (BCF) 47 48 47 52 67 76 85 91  1 04 1 2 1  1 54 206 
TOTAL NON·ASSOC GAS (BCF) 14 ,085 1 4,621 1 4,747 1 5 ,087 1 5,359 1 5,447 1 5,634 1 5,61 6 1 5,778 1 5,934 1 6,098 16,503 
TOTAL OIL (MMB) 1 ,871 1 ,782 1 ,751 1 ,725 1 ,721 1 ,700 1 ,683 1 ,688 1 ,690 1 ,689 1 ,69 1 1 ,702 
TOTAL GAS (BCF) 1 6,81 4  1 7,341 1 7,345 1 7,572 1 7,746 1 7,708 1 7,826 1 7,777 1 7,935 1 8,071 1 8,208 1 8 ,602 
TOTAL NGL (MMBl 739 751 747 758 762 752 751 748 755 765 770 782 

RESERVES 
OIL (MMB) CONVENTIONAL 20,063 1 9,670 1 8,855 1 8,839 1 8,721 1 8,489 1 8, 1 60 1 7,779 1 7,391 1 6,965 1 6,687 1 6,488 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 25,041 23,866 22,305 21 ,736 2 1 , 1 83 20,660 20, 1 02 1 9,562 1 9,095 1 8,605 18,321 18 , 160 
HIGH PERMEABILITY (BCF) 1 05,428 1 05,222 1 00,458 96,045 92,328 89,694 87,493 85,571 83,81 3 82,577 81 ,900 82,065 
LOW PERMEABILITY (BCF) 22,837 22,855 22,7 15  22,653 2 1 ,923 21 ,455 20,809 20, 181  1 9,739 1 9,31 6 19 ,095 1 9 ,284 
DEVONIAN SHALE (BCF) 1 ,751 2,076 2,266 2,369 2,474 2,670 2,91 6 3,227 3,624 4, 1 29 4,688 5,157 
COAL BED METHANE (BCF) 2,798 4,731 6,858 7,896 8,868 9,733 1 0,584 1 1 ,235 1 1 ,249 1 1 ,088 1 0,979 10 ,831 
ENHANCED RECOVERY GAS (BCF) 963 1 ,1 52 1 ,31 1 1 ,331 1 ,31 8 1 ,296 1 ,286 1 ,452 1 ,664 1 ,952 2,285 2,61 3 
ENHANCED RECOVERY TIGHT (BCF) 506 535 537 636 724 798 876 976 1 , 1 09 1 ,308 1 ,734 2,21 6 
TOTAL NON-ASSOC GAS (BCF) 1 34,283 1 36,571 134,1 45 1 30,931 1 27,636 1 25,646 1 23,964 1 22,643 1 2 1 , 1 97 1 20,370 1 20,682 1 22, 166 
TOTAL OIL (MMB) 20,063 1 9,670 1 8,855 1 8,839 1 8,721 1 8,489 1 8:1 60 1 7,779 1 7,391 1 6,965 1 6,687 16 ,488 
TOTAL GAS (BCF) 1 59,324 1 60,437 156,450 1 52,667 148,81 9 1 46,306 1 44,066 1 42,205 1 40,292 1 38,975 1 39,003 1 40,327 
TOTAL NGL (MMB) 7,500 7,430 7, 1 1 8  6,888 6,651 6,471 6,302 6, 1 57 6,035 5,935 5,893 5,91 1 

LEASE AND PLANT GAS (BCF) I 857 I 1 ,026 I 1 ,058 1 1 ,073 I 1 ,081 I 1 ,076 I 1 ,082 1 1 ,076 1 1 ,084 1 1 ,090 I 1 ,097 1 1 ,1 1 9  



NPCHOPPA: NPC UPSIDE OPTION CASE VS HIGH REFERENCE CASE (#4) TABLE 2: LOWER 48 WELLS AND RESERVES Run Date: 09/06192 
Run Time: 0 1 :32 PM 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2015 2020 2025 2030 

EXPLORATORY WELLS 14,71 7 1 6,958 20 ,902 23,223 24,231 24,957 26,504 28,452 29,1 1 7  27,0 15  0 0 0 0 
DEVELOPMENT WELLS 41 ,20 1 38,578 43,903 41 ,441 40,504 38,498 37,1 53 37,727 39,449 39,845 0 0 0 0 
TOTAL GAS WELLS 1 4,61 6 . 1 4,347 1 4 ,477 1 4 ,622 1 4 ,662 14 ,774 15 ,545 16 ,684 1 7 ,71 5 1 8,615  0 0 0 0 
TOTAL WELLS 55,9 18  55,536 64,805 64,664 64,735 63,455 63,657 66,1 80 68,566 66,860 0 0 0 0 

RESERVE ADDITIONS 
OIL (MMB) CONVENTIONAL 1 ,532 1 ,526 1 ,71 2 1 ,751 1 ,8 1 8  1 ,688 1 ,524 1 ,457 1 ,362 1 ,1 90 0 0 0 0 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 2,01 1 2,032 2,252 2,313  2,407 2,241 2,029 1 ,896 1 ,745 1 ,540 0 0 0 0 
HIGH PERMEABILITY (BCF) 1 3,91 0 1 4,035 14 ,979 1 5, 139 14 ,967 13 ,949 12 ,791 1 2,447 1 1 ,841 1 1 ,240 0 0 0 0 
LOW PERMEABILITY (BCF) 2,222 2,252 2,508 2,359 2 ,217 2,278 2,272 2,291 2,364 2,452 0 0 0 0 
DEVONIAN SHALE (BCF) 933 888 696 660 565 538 517  500 519  556 0 0 0 0 
COAL BED METHANE (BCF) 932 953 940 901 1 ,1 03 1 ,259 1 ,387 1 ,553 1 ,842 2,1 1 7  0 0 0 0 

ENHANCED RECOVERY GAS (BCF 695 520 472 474 476 400 227 202 1 05 21 0 0 0 0 
ENHANCED RECOVERY TIGHT (BC 854 1 ,032 1 ,327 1 ,631 1 ,957 2,361 2 ,949 3,603 4,382 5,431 0 0 0 0 
TOTAL NON-ASSOC GAS (BCF) 19,546 1 9,682 20,923 21 , 164 21 ,285 20,786 20 ,1 44 20,596 21 ,054 21 ,81 7  0 0 0 0 
TOTAL OIL (MMB) 1 ,532 1 ,526 1 ,71 2 1 ,751 1 ,8 18  1 ,688 1 ,524 1 ,457 1 ,362 1 ,1 90 0 0 0 0 
TOTAL GAS (BCF) 21 ,557 21 ,71 3 23, 175 23,476 23,691 23,026 22,1 72 22,492 22,798 23,357 0 0 0 0 
TOTAL NGL (MMB) 868 868 920 91 8 907 853 785 776 760 727 0 0 0 0 

PRODUCTION (W/ LEASE & PLANT GAS) 
OIL (MMB) CONVENTIONAL 1 ,71 7 1 ,732 1 ,758 1 ,792 1 ,828 1 ,855 1 ,862 1,853 1 ,831 1 ,791 0 0 0 0 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 2 , 106 2,1 1 2  2 , 137 2,1 78 2 ,220 2,257 2 ,267 2,260 2,230 2,1 72 0 0 0 0 
HIGH PERMEABILITY (BCF) 1 2,840 13 , 132 13 ,302 13 ,471 13 ,695 13 ,648 13 ,732 13 ,636 1 3 ,51 4 1 3,254 0 0 0 0 
LOW PERMEABILITY (BCF) 1 ,843 1 ,9 1 8  1 ,981 2 ,047 2 ,068 2,030 2 ,034 2,020 2,055 2,092 0 0 0 0 
DEVONIAN SHALE (BCF) 530 553 551 542 538 51 6 521 5 18  527 526 0 0 0 0 
COAL BED METHANE (BCF) 1 , 1 1 4  1 ,1 1 5  1 ,1 1 1  1 , 1 09 1 , 1 00 1 , 1 1 0 1 ,1 38 1 , 1 74 1 ,205 1 ,271 0 0 0 0 
ENHANCED RECOVERY GAS (BCF 377 399 403 41 3  41 7 398 374 348 342 309 0 0 0 0 
ENHANCED RECOVERY TIGHT (BC 263 333 41 2 521 641 773 959 1 , 1 71 1 ,442 1 ,779 0 0 0 0 
TOTAL NON-ASSOC GAS (BCF) 1 6,968 1 7,450 17 ,761 1 8 ,103 18 ,459 18 ,476 1 8 ,758 18 ,867 1 9 ,085 19 ,231 0 0 0 0 
TOTAL OIL (MMB) 1 ,71 7 1 ,732 1 ,758 1 ,792 1 ,828 1 ,855 1 ,862 1 ,853 1 ,831 1 ,791 0 0 0 0 
TOTAL GAS (BCF) 1 9,074 1 9,561 19 ,899 20,281 20,679 20,733 21 ,025 21 ,1 26 21 ,31 5  21 ,403 0 0 0 0 
TOTAL NGL (MMB} 797 81 3 821 831 839 834 835 828 824 816 0 0 0 0 

RESERVES 
OIL (MMB} CONVENTIONAL 1 6,303 1 6,097 16 ,051 1 6,01 0 16 ,000 15 ,832 15 ,494 1 5,098 14 ,629 1 4,028 0 0 0 0 
ENHANCED OIL RECOVERY (MMB} 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF} . 1 8,066 1 7,986 18 , 101  18 ,235 1 8,422 18 ,405 18 , 166 17 ,803 1 7 ,31 8  16 ,685 0 0 0 0 
HIGH PERMEABILITY (BCF} 83,1 35 84,038 85,71 5 87,383 88,654 88,955 88,0 1 4 86,825 85,1 51 83,1 37 0 0 0 0 
LOW PERMEABILITY (BCF) 19,663 1 9,997 20,525 20,837 20,987 21 ,235 21 ,473 21 ,745 22,054 22,4 14  0 0 0 0 
DEVONIAN SHALE (BCF} 5,559 5,895 6,040 6 , 158 6,1 85 6,206 6,202 6,1 84 6 , 1 76 6,206 0 0 0 0 
COAL BED METHANE (BCF} 1 0,649 10 ,488 1 0 ,31 6  10 ,1 09 1 0 ,1 1 1  10 ,260 1 0 ,509 1 0,888 1 1 ,525 1 2,371 0 0 0 0 

ENHANCED RECOVERY GAS (BCF 2,931 3,051 3,1 20 3 , 180 3,239 3,241 3,094 2,949 2,7 12  2,424 0 0 0 0 

ENHANCED RECOVERY TIGHT (BC 2,808 3 ,507 4 ,421 5,532 6 ,847 8,435 1 0 ,425 12 ,858 1 5 ,798 19 ,450 0 0 0 0 
TOTAL NON-ASSOC GAS (BCF} 1 24,744 1 26,976 1 30, 1 37 1 33,198 1 36,023 1 38,333 1 39 ,7 18  1 41 ,447 1 43 ,4 1 5  1 46,002 0 0 0 0 
TOTAL OIL (MMB} 1 6,303 1 6,097 16 ,051 1 6,01 0 16 ,000 15 ,832 1 5,494 15 ,098 1 4 ,629 14 ,028 0 0 0 0 
TOTAL GAS (BCF} 1 42,81 0 1 44,961 1 48,238 1 51 ,433 1 54,445 1 56,738 1 57,885 1 59,250 1 60 ,733 1 62,687 0 0 0 0 
TOTAL NGL (MMB) 5,981 6,036 6 , 135 6 ,223 6,290 6,309 6,259 6,207 6,1 42 6,053 0 0 0 0 

LEASE AND PLANT GAS (BCF} I 1 , 1 46 1 1 ,1 74 I 1 , 1 94 I 1 ,2 16 1 1 ,239 1 1 ,241 J 1 ,257 1 1 ,261 I 1 .211 I 1 ,274 1 OJ O l  O l  0 
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NPCHOPPA: NPC UPSIDE OPTION CASE VS HIGH REFERENCE CASE (#4) 

AVERAGE NATURAL GAS PRICES 
($1 990/MMBtu) 

1 989 1 990 1 991 1 992 1 993 1 994 1 995 

LDC GAS TARIFF PRICES 
AVERAGE AQUISITION 1 .76 1 .73 1 .57 1 .55 1 .70 1 .88 2.03 
AVERAGE CITYGATE 2.75 2.73 2.53 2.45 2.58 2.74 2.89 
RESIDENTIAL BURNERTIP 5.71 5.65 5.34 5.22 5.34 5.49 5.63 
COMMERCIAL BURNERTIP 4.82 4.72 4.45 4.34 4.46 4.61 4.75 
INDUSTRIAL BURNE�TIP 3.07 3. 1 1  2 .83 2.74 2.91 3. 1 0  3.30 
ELEC UTIL BURNERTIP 2.87 2.87 2.67 2.64 2.76 2.98 3. 1 8  

END USER CARRIAGE PRICES 
AVG SPOT ACQUISITION 1 .57 1 .49 1 .24 1 .32 1 .50 1 .68 1 .84 
AVG SPOT CITYGATE 1 .86 1 .78 1 .53 1 .59 1 .77 1 .96 2. 1 4  
AVG SPOT BURNERTIP 2. 1 9  2. 1 0  1 .84 1 .89 2.08 2.28 2.45 
AVG FIRM BURNERTIP 2.93 2.91 2.70 2.62 2.76 2.92 3.08 

2001 2002 2003 2004 2005 2006 2007 

LDC GAS TARIFF PRICES 
AVERAGE AQUISITION 2.89 2.89 2.8 1 2.72 2.73 2.59 2.75 
AVERAGE CITYGATE 3.72 3.69 3.56 3.42 3.39 3.21 3.36 
RESIDENTIAL BURNERTIP 6.38 6.31 6. 1 5  5.98 5.91 5.68 5.77 
COMMERCIAL BURNERTIP 5.54 5.49 5.34 5. 1 7  5. 1 2  4.89 5.00 
INDUSTRIAL BURNERTIP 4.30 4.24 4.09 3.94 3.90 3.74 3.89 
ELEC UTIL BURNERTIP 4.05 4.01 3.87 3.73 3.70 3.53 3.68 

END USER CARRIAGE PRICES 
AVG SPOT ACQUISITION 2.69 2.71 2.65 2.58 2.60 2.47 2.65 
AVG SPOT CITYGATE 2.92 2.99 2.91 2.82 2.81 2.66 2.83 
AVG SPOT BURNERTIP 3. 1 4  3.24 3.25 3. 1 5  3. 1 4  2.98 3.20 
AVG FIRM BURNERTIP 3.94 3.91 3.78 3.63 3.60 3.41 3.57 

Run Date: 09/06192 
Run Time: 01 :32 PM 

' 

1 996 1 997 1 998 1 999 2000 

2.27 2.36 2.56 2.75 2.96 
3. 1 3  3.21 3.41 3.62 3.82 
�.87 5.94 6. 1 4  6.34 6.53 . 
5.00 5.07 5.27 5.48 5.67 
3.59 3.70 3.92 4.20 4.44 
3.46 3.53 3.73 3.96 4. 1 7  

2.07 2. 1 6  2.34 2.51 2.75 
2.36 2.45 2.59 2.75 2.95 
2.65 2.70 2.80 2.96 3. 1 7  
3.33 3.41 3.62 3.83 4.04 

2008 2009 201 0 201 5 2020 2025 2030 

2.80 2.91 2.98 0.00 0.00 0.00 0.00 
3.39 3.49 3.54 0.00 0.00 0.00 0.00 
5.77 5.84 5.87 0.00 0.00 0.00 0.00 
5.01 5. 1 0  5. 1 3  0.00 0.00 0.00 0.00 
3.93 4.06 4. 1 2  0.00 0.00 0.00 0.00 
3.70 3.80 3.84 0.00 0.00 0.00 0.00 

2.71 2.87 2.95 0.00 0.00 0.00 0.00 
2.89 3.03 3. 1 1  0.00 0.00 0.00 0.00 
3.25 3.40 3.48 0.00 0.00 0.00 0.00 
3.59 3.70 3.76 0.00 0.00 0.00 0.00 
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NPCHOPMA: NPC DOWNSIDE OPTION CASE VS HIGH REFE�ENCE CASE (#4) Run Date: 09/04192 
Run Time: 03:48 PM 

ENERGY OVERVIEW MO D E L  S UMMARY 

Crude 011 & Natural Gas Prices Lower 48 Gas Supply Drilling Costs 

U.S. Crude Texas/Gulf Henry Hub Lower 48 Spot Whd Reserve Add. Producer Producer E&D 
Oil Price Spot Whd Gas Price Avg Wellhead Gas Price Reserve Dry Gas Replacement Deliverability Drilling Cost Incentive 

Year (RACC) Gas Price (Delv'd to PPL) Gas Price to RACC Additions Production of Production Utilization Index @ 1 988 Costs • 

($90/bbl) ($90/MMBtu) ($90/MMBtu) ($90/MMBtu) (Btu Percent) (Bcftyear) (Bcftyear) (Percent) (Percent) 1 988=1 .00 ($90/MMBtu) 

1 989 1 8.70 1 .58 1 .77 1 .71 48.9 1 5 , 1 27 1 6,81 4  90.0 8 1 .4 1 .02 1 .55 
1 990 22.32 1 .5 1  1 .69 1 .66 39.3 1 8 ,454 1 7,34 1 1 06.4 82.6 1 .03 1 .50 

1 991 1 8.38 1 .27 1 .45 1 .49 40. 1  1 3 , 1 05 1 7,347 75.6 82.9 1 .03 1 .26 
1 992 1 8.46 1 .32 1 .49 1 .47 4 1 .5 1 3,667 1 7,554 77.9 85.5 1 .03 1 .30 
1 993 , 1 8.60 1 .53 1 .70 1 .64 47.7 1 3 ,753 1 7,74 1 77.5 88.5 1 .07 1 .46 
1 994 1 8.76 1 .75 1 .92 1 .83 54.2 1 3,732 1 7,642 77.8 9 1 .4 1 . 1 1  1 .6 1  
1 995 1 9.0 1 2 .0 1  2. 1 8  2 .06 6 1 .3 1 4 ,45 1 1 7,6 1 5  82.0 93.7 1 . 1 7  1 .75 
1996 1 9 .25 2.23 2.40 2 .26 67.2 1 4 , 1 96 1 7,430 8 1 .4 94.3 1 .24 1 .84 
1 997 1 9.56 2.27 2.44 2 .29 67.2 1 5 ,70 1 1 7,382 90.3 94.4 1 .24 1 .87 
1 998 1 9.9 1 2 .49 2.66 2.51  72.5 1 5 ,280 1 7,562 87.0 95.2 1 .25 2.04 
1 999 20.5 1 2.68 2.85 2 .71  75.9 1 6,672 1 7,548 95.0 95.3 1 .26 2 . 1 8  
2000 21 . 1 0  2.84 3.0 1  2 .87 78. 1 1 7,6 1 9  1 7,652 99.8 95.5 1 .28 2.26 
2001 21 .75 2.97 3. 1 4 3.00 79.2 1 8 , 1 80 1 7,983 1 0 1 . 1  95.7 1 .29 2.35 
2002 22.55 2.93 3 . 1 0 2 .96 75.4 1 9 ,31 0 1 8, 1 65 1 06.3 95.4 1 .32 2.27 
2003 23.45 3.00 3.1 7 3 .02 74.2 1 9,522 1 8,448 1 05.8 95.2 1 .33 2.31 
2004 24.25 3.04 3.20 3 .04 72.6 1 9,651 1 8,653 1 05.4 95.0 1 .34 2.32 
2005 25. 1 4  3 . 1 0 3.27 3.09 71 .5 1 9 ,443 1 8,81 4 1 03.3 94.8 1 .33 2.37 

2006 25.74 3.22 3.39 3.20 72.6 1 8 ,41 8  1 8,865 97.6 94.9 1 .33 2.47 
2007 26.25 3 .35 3.5 1 3.33 73.9 1 7,463 1 8,644 93.7 95. 1 1 .34 2.55 
2008 26.75 3.50 3.67 3 .49 76.0 1 7,246 1 8,506 93.2 95.3 1 .34 2.67 
2009 27.35 3.79 3.96 3 .77 80.3 1 7,573 1 8,300 96.0 95.4 1 .33 2.90 
201 0 27.85 3.92 4.09 3.91 8 1 .7 1 8 ,038 1 8,208 99. 1 95.4 1 .32 3.04 
201 5 0.00 0 .00 0.00 0 .00 0.0 0 0 0.0 0.0 0 .00 0.00 

2020 0.00 0 .00 0.00 0 .00 0.0 0 · o  0.0 0.0 0 .00 0.00 
2025 0.00 0 .00 0.00 0 .00 0.0 0 0 0.0 0.0 0 .00 0.00 

2030 0.00 0 .00 0.00 0 .00 0.0 0 0 0.0 0.0 0.00 0 .00 

• Lower-48 spot wellhead gas price adjusted to reflect change in drilling costs from 1 988 levels. 



NPCHOPMA: NPC DOWNSIDE OPTION CASE VS HIGH REFERENCE CASE (#4) Run Date: 09104192 
Run Time: 03:48 PM 

LOWER 48 NATURAL GAS BALANCE 
(Trillion Btus) 

1 989 1 990 1 991 1 992 1 993 1 994 1 995 1 996 1 997 1998 1999 2000 
DEMAND 
RESIDENTIAL 4,900 4,498 4,700 4,852 4,853 4,859 4,888 4,886 4,882 4,882 4,871 4,857 
COMMERCIAL • 2,772 2,730 2,846 2,849 2,846 2,856 2,873 2,874 2,868 2,873 2,891 2,924 
INDUSTRIAL 8,939 7,046 7,376 7,408 7,640 7,759 7,769 7,737 7,741 7,806 7,781 7,81 0 

BOILERS 2,792 2,831 2,983 2,921 3,008 3,073 3,085 3,092 3,081 3, 1 08 3,1 00 3,079 
NON BOILERS 4,148 4,21 5 4,393 4,487 4,632 4,686 4,684 4,645 4,860 4,698 4,681 4,731 

ELECTRIC UTILITY 2,808 2,852 2,905 2,890 2,903 2,91 2 2,988 3,072 3,202 3,273 3,31 3 3,450 
TOTAL END USE DEMAND 1 7,41 9  1 7,1 26 1 7,827 1 7,999 1 8,241 1 8,385 1 8,51 9 1 8,569 1 8,693 1 8,834 1 8,857 1 9,040 

LEASE AND PLANT USE 886 1 ,060 1 ,093 1 ,1 07 1 ,1 1 6  1 ,1 07 1 ,1 04 1 ,090 1 ,085 1 ,095 1 ,092 1 ,097 
TRANSMISSION FUEL 655 644 670 677 686 691 696 698 703 708 709 71 6 
UAF + EXPORTS 1 79 1 72 258 319 388 431 463 464 500 51 6 531 547 
TOTAL DISPOSITION 1 9, 1 38 1 9,002 1 9,848 20,1 02 20,431 20,61 5 20,782 20,841 20,981 21 , 153 21 ,1 89 21 ,400 

SUPPLY 
LOWER-48 PRODUCTION 1 7,652 1 7,342 1 7,938 1 8,061 1 8,249 1 8, 1 44  1 8,1 1 5  1 7,922 1 7,875 1 8,064 1 8,042 1 8, 147 
PIPELINE IMPORTS 1 ,327 1 ,465 1 ,709 1 ,837 1 ,984 2,225 2 ;397 2,533 2,645 2,554 2,566 2,838 
OTHER SUPPLY 0 0 0 0 0 0 0 0 0 . o  0 0 
LNG + SNG + SUPPLEMENTALS 1 53 1 91 1 97 1 99 21 2 235 254 386 439 51 0 553 585 
TOTAL GAS SUPPLY 1 9, 1 31 1 8,998 1 9,844 20,098 20,425 20,604 20,766 20,822 20,958 21 ,1 28 21 ,1 62 21 ,370 

2001 2002 2003 2004 2005 2006 2007 2008 2009 201 0 201 5 2020 2025 2030 
DEMAND 
RESIDENTIAL 4,850 4,843 4,842 4,845 4,854 4,856 4,847 4,847 4,854 4,863 0 0 0 0 
COMMERCIAL • 2,975 3,022 3,083 3,1 44  3,214 3,257 3,297 3,336 3,364 3,370 0 0 0 0 
INDUSTRIAL 7,970 8,087 8,1 93 8,299 8,347 8,421 8,406 8,472 8,441 8,479 0 0 0 0 

BOILERS 3,1 90 3,281 3,351 3,424 3,459 3,508 3,503 3,541 3,468 3,473 0 0 0 0 
NONBOILERS 4, 780 4,806 4,841 4,874 4,888 4,91 3 4,903 4,931 4,974 5,006 0 0 0 0 

ELECTRIC UTILITY 3,587 3,677 3,776 3,857 3,934 4,043 4,158 4,243 4,297 4,326 0 0 0 0 
TOTAL END USE DEMAND 1 9,382 1 9,629 1 9,894 20,1 44  20,348 20,576 20,708 20,898 20,855 21 ,038 0 0 0 0 

LEASE AND PLANT USE 1 ,1 1 7  1 ,1 26 1 ,1 42 1 ,1 53 1 ,1 61 1 ,1 62 1 ,1 46 1 ,1 36 1 ,1 22 1 , 1 1 3  0 0 0 0 
TRANSMISSION FUEL 729 738 748 757 785 774 779 786 788 791 0 0 0 0 
UAF + EXPORTS 51 6 484 452 420 388 341 293 282 282 1 97 0 0 0 0 
TOTAL DISPOSITION 21 ,742 21 ,976 22,238 22,475 22,662 22,853 22,925 23,101 23,147 23,1 39 0 0 0 0 

SUPPLY 
LOWER-48 PRODUCTION 1 6,508 1 8,676 1 8,975 1 9,1 91 1 9,359 1 9,41 2 1 9,21 8 1 9,070 1 8,856 1 8,779 0 0 0 0 
PIPELINE IMPORTS 2,644 2,748 2,728 . 2,771 2,797 2,91 9 3,108 3,303 3,456 3,505 0 0 0 0 
OTHER SUPPLY 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
LNG + SNG + SUPPLEMENTALS 568 538 515 498 490 499 580 71 1 81 8 847 0 0 0 0 
TOTAL GAS SUPPLY 21 ,71 7 21 ,980 22,21 8 22,460 22,646 22,830 22,906 23,085 23 1 30 23,1 31 0 0 0 0 

* INCLUDES NATURAL GAB VEHICLES 



NPCHOPMA: N PC DOWNSIDE OPTION CASE VS HIGH REFERENCE CASE (1#4) Run Dale: 09�2 
Run Time: 03 :48 PM 

ENERGY DEMAND FOR COMBUSTION USES 

(Tril6on Btus) 

1 989 1 990 1 991 1 992 1 993 1 994 1 995 1 996 1 997 1 998 1 999 2000 

NATURAL GAS 1 7,41 9  1 7, 1 26 1 7,827 1 7,999 18 ,241 1 8,385 1 8,51 9  1 8,569 1 8,693 1 8,834 18 ,857 1 9,040 
RESIDUAL FUEL OIL 2,287 1 ,961 1 ,835 1 ,960 1 ,869 1 ,902 2,000 2,081  2 , 120 2 , 137 2,241 2,260 
DISTILLATE FUEL OIL 2,988 2,640 2,556 2,588 2,6 13  2,624 2,623 2,61 8 2,622 2,628 2,628 2,615  
LPG (RES/COM SECTORS) 470 429 420 426 428 427 427 424 422 41 9 41 5 41 1 
COAL (EXCLUDES COKING COAL) 1 7,640 1 7,878 1 7,775 1 7,870 1 8,082 18 , 1 53 1 8,268 1 8,449 1 8,785 19 ,038 19 ,338 1 9,624 
HYDRO/RENEW ABLES 2,908 3,085 3,030 3,085 3,1 33 3,1 58 3,1 59 3,200 3,207 3,212 3,218  3,225 
NUCLEAR POWER 5,597 6,1 59 6,543 6,61 4 6,677 6,81 5 6,877 6,962 6,972 7,060 7,070 7, 1 57 
PRIMARY EN ERGY CONSUM PTIOI'I 49,308 49,277 49,986 50,541 51 ,043 51 ,464 51 ,873 52,304 52,820 53,328 53,768 54,332 
PLUS ELECTR ICITY CONSUMED 8,941 9,21 2 9,371 9,473 9,578 9,684 9,795 9 ,960 1 0, 1 37 1 0,303 10,474 1 0,652 
LESS ELEC UTIL ENERGY INPUT (28,733) (29,381 ) (29,664) (29,91 2) (30,1 94) (30,465) (30,768) (31 ,1 49) (31 ,578\ (31 ,925) (32,284) (32,655) 
END USE ENERGY DEMAND 29,516 29, 1 08 29,693 30, 1 02 30,426 30,683 30,900 3 1 , 1 1 5  31 ,378 31 ,706 31 ,957 32,329 

2001 2002 2003 2004 '2005 2006 2007 2008 2009 201 0 201 5 2020 2025 2030 

NATURAL GAS 19 ,382 1 9,629 1 9,894 20, 1 44 20 ,348 20,576 20,708 20,898 20,955 21 ,038 0 0 0 0 
RESIDUAL FUEL OIL 2,081 1 ,885 1 ,821 1 ,822 1 ,828 1 ,837 1 ,875 1 ,91 2 2,1 1 7  2, 1 67 0 0 0 0 
DISTILLATE FUEL OIL 2,621 2,670 2,670 2,623 2,622 2,620 2,61 4 2,61 5 2,607 2,605 0 0 0 0 

LPG (RES/COM SECTORS) 409 405 401 397 394 390 386 383 382 381 0 0 0 0 
COAL (EXCLUDES COKING COAL) 20,088 20,552 20,989 21 ,398 . 21 ,807 22,238 22,682 23, 1 1 7  23,625 24, 1 74 0 0 0 0 
HYDRO/RENEW ABLES 3,252 3,282 3,31 4 3,346 3,379 3,413  3,449 3,484 3,523 3,573 0 0 0 0 
NUCLEAR POWER 7, 1 06  7,055 7,004 6,954 6,903 6,852 6,802 6,752 6,702 6,652 0 0 0 0 
PRIMARY ENERGY CONSUMPTIOI'I 54,937 55,477 56,094 56,684 57,282 57,926 58,51 5  59, 1 60 59,91 1 60,589 0 0 0 0 

PLUS ELECTRICITY CONSUMED 1 0,837 1 1 ,0 1 8  1 1 ,21 3 1 1 ,398 1 1 ,590 1 1 ,800 1 2,01 6  1 2,21 6 1 2,429 1 2,641 0 0 0 0 
LESS ELEC UTIL ENERGY INPUT (33,091)  (33,51 5) (33,990) (34,450) (34,924) (35,458) . (36,01 2) (36,536) (37, 102) (37,664) 0 0 0 0 
END USE ENERGY DEMAND 32,683 32,980 33,31 7 33,633 33,948 34,269 34,51 9 34,840 35,238 35,566 0 0 0 0 



NPCHOPMA: NPC DOWNSIDE OPTION CASE VS H IGH REFERENCE CASE (#4) Run Date: 09104/92 
Run Time: 03:48 PM 

LOWER 48 ENERGY DEMAND' 
(Trillion ·Btus) 

1 989 1 990 1 991 1 992 1 993 1 994 1 995 1 996 1 997 1 998 1 999 2000 
RESIDENTIAL END USES 

ELECTRICITY 3,051 3, 1 39 3,252 3,288 3,325 3,362 3,401 3,457 3,516 3,571 3,631 3,691 
DISTILLATE OIL 1 , 1 65 898 877 898 899 892 886 877 868 858 845 831 
LPG 400 364 358 361 363 363 362 360 358 356 352 348 
COAL 58 62 58 60 60 60 60 60 60 60 59 59 
NATURAL GAS 4,900 4,498 4;700 4,852 4,853 4,859 4,888 4,886 4,882 4,882 4,871 4,857 
RESIDUAL OIL 0 0 0 0 0 0 0 0 0 0 0 0 

TOTAL FUELS 9,573 8,961 9,245 9,459 9,500 9,537 9,598 9,640 9,683 9,727 9,758 9,786 

COMMERCIAL END USES 
ELECTRICITY 2,755 2,861 2,924 2,955 2,986 3,0 17  3,050 3,095 3,1 43 3,1 88 3,237 3,286 
DISTILLATE OIL 56 1  518 509 521 526 528 526 525 524 523 522 526 
LPG 70 65 63 65 65 65 64 64 64 63 63 64 
COAL 88 94 88 94 94 95 94 94 93 93 93 93 
NATURAL GAS 2,772 2,730 2,846 2,849 2,846 2,856 2,873 2,874 2,868 2,873 2,891 2,924 
RESIDUAL OIL 228 226 223 220 214 210 207 202 1 98 1 95 192 1 91 

TOTAL FUELS 6,472 6,494 6,653 6,703 6,731 6,770 6,81 4 6,853 6,890 6,934 6,998 7,082 

INDUSTRIAL END USES * 

NATURAL GAS 6,939 7,046 7,376 7,408 7,640 7,759 7,769 7,737 7,741 7,806 7,781 7,810 
H IGH SULFUR RESID 31 1 288 249 270 254 252 258 281 272 302 329 363 
LOW SULFUR RESID 30 1 286 252 304 275 285 31 9 373 460 488 521 592 
DISTILLATE 1 , 1 33 1 , 1 67 1 , 1 03 1 ,096 1 , 1 09 1 , 1 1 7  1 , 1 1 7  1 , 1 1 4  1 , 1 1 8  1 , 1 1 8  1 , 1 14 1 , 1 08 
ELECTRICITY 3, 1 35 3,21 2 3, 1 95 3,231 3,268 3,305 3,344 3,408 3,478 3,543 3,607 3,675 
COAL 1 ,652 1 ,655 1 ,620 1 ,631 1 ,650 1 ,659 1 ,681 1 ,709 1 , 737 1 ,788 1 ,849 1 ,913 

TOTAL FUELS 1 3,471 1 3,653 1 3, 794 1 3,94 1 1 4, 1 95 1 4,376 1 4,488 1 4,621 1 4,805 1 5,044 1 5,201 1 5,461 

ELECTRIC UTILITY ENERGY INPUT 
NATURAL GAS 2,808 2,852 2,905 2,890 2,903 2,9 12  2,988 3,072 3,202 3,273 3,313 3,450 
H IGH SULFUR RESID 590 490 477 570 471 492 525 554 553 552 564 485 
LOW SULFUR RESID 858 671 634 596 656 662 692 672 638 601 634 628 
DISTILLATE 1 30 57 67 73 79 87 95 1 03 1 12 1 29  1 47 1 50  
COAL 1 5,842 1 6,067 1 6,009 16,085 1 6,277 16,340 16,432 16,586 16,894 1 7,098 17,337 1 7,559 
NUCLEARIHYDRO/OTHEF 8,505 9,244 9,573 9,699 9,81 0 9,973 1 0,036 1 0, 162 1 0, 1 79 10,272 1 0,288 1 0,383 

TOTAL FUELS 28,733 29,381 29,664 29,9 12  30, 194 30,465 30,768 31 , 149 31 ,578 31 ,925 32,284 32,655 

PRIMARY ENERGY CONSUMPTION 
NATURAL GAS 1 7,41 9  1 7, 126 1 7,827 1 7,999 1 8,241 18,385 1 8,51 9 1 8,569 1 8,693 18,834 18,857 1 9,040 
H IGH SULFUR RESID 901 778 726 840 724 744 783 834 824 854 893 848 
LOW SULFUR RESID 1 ,386 1 , 183 1 , 1 09 1 , 1 19  1 , 1 45 1 , 1 58  1 ,21 7 1 ,247 1 ,295 1 ,283 1 ,348 1 ,41 1 
DISTILLATE 2,988 2,640 2,556 2,588 2,613 2,624 2,623 2,618 2,622 2,628 2,628 2,615 
COAL 1 7,640 1 7,878 1 7,775 1 7,870 1 8,082 1 8, 1 53  1 8,268 1 8,449 18,785 1 9,038 19,338 1 9,624 
ALL OTHER FUELS 8,975 9,672 9,993 1 0, 125 1 0,238 1 0,400 1 0,463 1 0,586 1 0,601 1 0,691 10,703 1 0,794 

TOTAL FUELS 49,308 49,277 49,986 50,541 51 ,042 51,464 51 ,872 52,304 52,820 53,327 53,767 54,332 

• EXCLUDES COAL AND OIL FEEDSTOCKS, LPG/STILL GAS, AND MISCELLANEOUS OIL FUELS. 



NPCHOPMA: NPC DOWNSIDE OPTION CASE VS H IGH REFERENCE CASE (#4) Run Date: 09104192 
Run Time: 03:48 PM 

LOWER 48 ENERGY DEMAND 
(Trillion Btus) 

2001 2002 2003 2004 2005 2006 2007 2008 2009 201 0  2015 2020 2025 2030 
RESIDENTIAL END USES 

ELECTRICITY 3,751 3,8 1 2  3,877 3,939 4,004 4,070 4, 141  4,208 4,278 4,348 0 0 0 0 
DISTILLATE OIL 8 1 8  805 791 777 764 752 739 729 721 7 13  0 0 0 0 
LPG 344 340 336 331 327 323 319  31 6 31 4 3 1 2  0 0 0 0 
COAL 59 58 58 58 58 57 57 57 56 56 0 0 0 0 
NATURAL GAS 4,850 4,843 4,842 4,845 4,854 4,856 4,847 4,847 4,854 4,863 0 0 0 0 
RESIDUAL OIL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TOTAL FUELS 9,822 9,858 9,903 9,949 1 0,006 1 0,058 1 0, 1 02 10 , 155 1 0,223 1 0,293 0 0 0 0 

COMMERCIAL END USES 
ELECTRICITY 3,333 3,382 3,435 3,484 3,537 3,590 3,648 3,701 3,757 3,81 1 0 0 0 0 
DISTILLATE OIL 532 537 541 544 550 551 555 559 564 565 0 0 0 0 
LPG 64 65 65 66 67 67 67 68 69 69 0 0 0 0 
COAL 94 95 96 96 98 98 98 99 1 00 1 00 0 0 0 0 
NATURAL GAS 2,975 3,022 3,083 3, 1 44 3,21 4  3,257 3,297 3,336 3,364 3,370 0 0 0 0 
RESIDUAL OIL 1 9 1  1 9 1  1 9 1  1 92 1 93 1 92 1 92 1 92 1 9 1  1 90 0 0 0 0 

TOTAL FUELS 7, 1 90 7,291 7,41 1 7,527 7,657 7,755 7,857 7,954 8,044 8, 1 04 0 0 0 0 

INDUSTRIAL END USES • 

NATURAL GAS 7,970 8,087 8, 1 93 8,299 8,347 8,421 8,406 8,472 8,441 8,479 0 0 0 0 
HIGH SULFUR RESID 335 285 253 220 21 0 204 2 1 2  21 6 328 361 0 0 0 0 
LOW SULFUR RESID 552 520 493 467 454 444 448 452 51 5 534 0 0 0 0 
DISTILLATE 1 , 1 1 7  1 , 1 25 1 , 1 32 1 , 1 40 1 , 1 43 1 , 1 48 1 , 1 47 1 , 1 50 1 , 1 4 1  1 , 1 42 0 0 0 0 
ELECTRICITY 3,753 3,824 3,902 3,975 4,050 4, 1 40 4,228 4,307 4,395 4,482 0 0 0 0 
COAL 1 ,946 1 ,990 2,031 2,057 2,081 2,099 2, 1 1 9  2, 1 33 2, 1 52 2, 1 72 0 0 0 0 

TOTAL FUELS 1 5,672 1 5,832 1 6,003 1 6, 1 57 1 6,285 1 6,456 1 6,560 1 6,732 1 6,971 1 7, 1 68 0 0 0 0 

ELECTRIC UTILITY ENERGY INPUT 
NATURAL GAS 3,587 3,677 3,776 3,857 3,934 4,043 4, 1 58 4,243 4,297 4,326 0 0 0 0 
HIGH SULFUR RESID 442 350 331 340 337 338 340 343 394 406 0 0 0 0 
LOW SULFUR RESID 562 539 553 604 635 658 683 708 689 678 0 0 0 0 
DISTILLATE 1 53 204 207 163 1 66 1 70 1 74 1 77 1 81 1 85 0 0 0 0 
COAL 1 7,990 1 8,408 1 8,805 1 9, 1 87 1 9,571 1 9,984 20,408 20,829 21 ,31 7 21 ,846 0 0 0 0 
NUCLEARIHYDRO/OTHEF 1 0,358 1 0,338 1 0,31 9 1 0,300 1 0,282 1 0,265 1 0,251 1 0,236 1 0,225 1 0,224 0 0 0 0 

TOTAL FUELS 33,091 33,51 5  33,990 34,450 34,924 35,458 36,012 36,536 37, 1 02 37,664 0 0 0 0 

PRIMARY ENERGY CONSUMPTION 
NATURAL GAS 1 9,382 1 9,629 1 9,894 20, 1 44 20,348 20,576 20,708 20,898 20,955 21 ,038 0 0 0 0 
HIGH SULFUR RESID 777 635 584 560 547 543 552 559 722 766 0 0 0 0 
LOW SULFUR RESID 1 ,304 1 ,250 1 ,237 1 ,263 1 ,281 1 ,294 1 ,323 1 ,352 1 ,395 1 ,401 0 0 0 0 
DISTILLATE 2,621 2,670 2,670 2,623 2,622 2,620 2,614 2,6 1 5  2,607 2,605 0 0 0 0 
COAL 20,088 20,552 20,989 21 ,398 21 ,807 22,238 22,682 23,1 1 7  23,625 24, 1 74 0 0 0 0 
ALL OTHER FUELS 10 ,766 1 0,742 1 0,71 9 1 0,697 1 0,676 1 0,655 1 0,637 1 0,620 10,607 1 0,605 0 0 0 0 

TOTAL FUELS 54,937 55,477 56,094 56,684 57,281 57,926 58,51 5 59,1 60 59,91 0  60,589 0 0 0 0 



(Jl I w co 
NPCHOPMA: NPC DOWNSIDE OPTION CASE VS H IGH REFE RENCE CASE ( TABLE 2: LOWER 48 WELLS AND RESERVES 

1 989 1 990 1 991 1 992 1 993 1 994 1 995 1 996 
EXPLORATORY WELLS 5,744 6, 1 56 5,567 4,448 4,325 4,924 5,533 5,377 
DEVELOPMENT WELLS 22,582 27, 158 26,4 14  20,364 20,818 23,805 26,948 25,021 
TOTAL GAS WELLS 9,472 1 0,333 9,899 7,532 7,434 8,0 13  9,325 9 , 176 
TOTAL WELLS 28,326 33,314 31 ,981 24,81 2 25, 1 43 28,729 32,481 30,398 

RESERVE ADDITIONS 
OIL (MMB) CONVENTIONAL 1 ,1 94 1 ,388 936 1 ,657 1 ,5 19  1 ,354 1 ,208 1 ,1 1 6  
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 1 ,325 1 ,545 1 ,0 12  1 ,844 1 ,728 1 ,599 1 ,456 1 ,385 
HIGH PERMEABILITY (BCF) 9 ,905 1 2,223 7,432 7,986 8,9 1 8  8,833 9,533 9,395 
LOW PERMEABILITY (BCF) 1 ,339 1 ,691 1 ,532 1 ,798 1 ,059 1 ,248 1 ,035 966 
DEVONIAN SHALE (BCF) 384 504 397 3 15  3 19  342 387 41 5 
COAL BED METHANE (BCF) 1 ,607 2,1 1 1  2,386 1 ,41 1 1 ,449 1 ,445 1 ,595 1 ,529 
ENHANCED RECOVERY GAS (BCF) 443 303 296 1 79 1 47 1 36  302 342 
ENHANCED RECOVERY TIGHT (BCF) 1 23 77 49 1 33 1 32 1 29  144 1 65 
TOTAL NON-ASSOC GAS (BCF) 13 ,801 1 6,909 1 2,093 1 1 ,823 1 2,026 1 2, 133 1 2,995 1 2,81 1 
TOTAL OIL (MMB) 1 ,1 94 1 ,388 • 936 1 ,657 1 ,51 9 1 ,354 1 ,208 1 , 1 1 6  
TOTAL GAS (BCF) 1 5,1 27 1 8,454 13, 1 05 1 3,667 1 3,753 1 3,732 1 4,451 1 4, 196 
TOTAL NGL (MMB) 550 681 432 526 5 1 6  526 547 553 

PRODUCTION (W/ LEASE & PLANT GAS) 
OIL (MMB) CONVENTIONAL 1 ,871 1 ,782 1 ,751 1 ,722 1 ,71 0 1 ,678 1 ,648 1 ,636 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 2,730 2,720 2,598 2,481 2,374 2,235 2,151 2, 102 
HIGH PERMEABILITY (BCF) 1 2 ,035 1 2,429 1 2,368 1 2,360 1 2,520 1 2,455 1 2,402 1 2,21 8 
LOW PERMEABILITY (BCF) 1 ,665 1 ,673 1 ,700 1 ,853 1 ,835 1 ,782 1 ,754 1 ,680 
DEVONIAN SHALE (BCF) 1 52 1 80 2 10  225 237 254 269 275 
COAL BED METHANE (BCF) 1 03 1 78 285 422 547 679 786 890 
ENHANCED RECOVERY GAS (BCF) 83 1 1 4 1 38 1 62 1 65 166 1 75 182 
ENHANCED RECOVERY TIGHT (BCF) 47 48 47 51 63 71 78 83 
TOTAL NON-ASSOC GAS (BCF) 14 ,085 1 4,621 1 4,749 1 5,073 1 5,368 1 5,407 1 5,464 1 5,328 
TOTAL OIL (MMB) 1 ,871 1 ,782 1 ,751 1 ,722 1 ,71 0 1 ,678 1 ,648 1 ,636 
TOTAL GAS (BCFj 1 6,81 4 1 7,341 1 7,347 1 7,554 1 7,741 1 7,642 1 7,61 5 1 7,430 
TOTAL NGL (MMB) 739 751 747 758 763 750 744 738 

RESERVES 
OIL (MMB) CONVENTIONAL 20 ,063 1 9,670 1 8,854 1 8,7.89 1 8,598 1 8,274 1 7,835 1 7,31 5 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 25,o41 23,866 22,303 21 ,666 21 ,020 20,384 1 9,688 1 8,971 
HIGH PERMEABILITY (BCF) 1 05,428 1 05,222 1 00,388 96,0 15  92,413  88,791 85,922 83,098 
LOW PERMEABILITY (BCF) 22,837 22,855 22,709 22,654 21 ,879 21 ,345 20,626 1 9,91 3  
DEVONIAN SHALE (BCF) 1 ,751 2,076 2,263 2,353 2,435 2,523 2,641 2,781 
COAL BED METHANE (BCF) 2,798 4,731 6,833 7,822 8,724 9,489 1 0,299 1 0,937 
ENHANCED RECOVERY GAS (BCF) 963 1 ,1 52 1 ,31 1 1 ,328 1 ,31 0 1 ,280 1 ,407 1 ,566 
ENHANCED RECOVERY TIGHT (BCFl 506 535 536 618  687 745 81 0 893 
TOTAL NON·ASSOC GAS (BCF) 1 34,283 1 36,571 1 34,039 1 30,790 1 27,448 1 24, 1 74 1 21 ,705 1 1 9, 187 
TOTAL OIL (MMB) 20,063 19 ,670 1 8,854 1 8,789 1 8,598 1 8,274 1 7,835 1 7,31 5 
TOTAL GAS (BCF) 1 59 ,324 1 60,437 1 56,342 1 52,456 148,467 1 44,558 141 ,393 1 38, 1 59 
TOTAL NGL (MMB) 7,500 7,430 7, 1 1 5  6,883 6,637 6,412 6,21 5 6,029 

LEASE AND PLANT GAS (BCF) I 857 I 1 ,026 1 1 ,059 I 1 .012 I 1 ,081 I 1 ,073 1 1 ,069 I 1 ,056 1 

Run Date: 09/04/92 
Run Time: 03:48 PM 

1 997 1 998 1 999 2000 
5,71 0 · 6,405 7,335 8,477 

23,955 24,733 27,277 28,157 
1 0, 1 76 9,675 10,631 1 1 ,259 
29,665 31 , 137 34,61 1 36,634 

1 ,038 1 ,083 1 ,156 1 ,166 
0 0 0 0 

1 ,337 1 ,397 1 ,482 1 ,485 
1 0,823 1 0,264 10 ,922 1 1 ,494 

1 , 1 08 1 , 1 28 1 ,498 1 ,752 
522 599 689 675 

1 , 1 31 958 1 ,024 1 ,003 
405 51 5 568 61 3 
376 420 491 597 

1 4,364 1 3,883 15 , 191  16 , 134 
1 ,038 1 ,083 1 ,156 1 ,166 

1 5,701 1 5,280 16,672 17,61 9 
622 61 2 669 706 

1 ,61 5 1 ,593 1 ,579 1 ,566 
0 0 0 0 

2,072 2,026 1 ,975 1 ,935 
1 2, 1 1 7  1 2, 1 9 1 1 2,070 1 2,01 8  

1 ,603 1 ,609 1 ,626 1 ,690 
296 322 352 379 
994 1 ,049 1 ,089 1 ,1 0 1  
1 96 229 271 330 
1 03 1 37 165 1 99 

1 5,31 0 15,536 15,572 15,71 8 
1 ,61 5 1 ,593 1 ,579 1 ,566 

1 7,382 17,562 17,548 1 7,652 
738 748 747 747 

1 6,739 1 6,228 15,805 15 ,405 
0 0 0 0 

1 8,236 1 7,608 17,1 1 4  16,664 
81 ,804 79,876 78,728 78,204 
1 9,41 7 18,936 18,808 18,870 

3,006 3,284 3,621 3,91 7 
1 1 ,074 1 0,983 10,91 8 10 ,820 

1 ,775 2,062 2,359 2,641 
1 , 1 65 1 ,447 1 ,774 2,172 

1 1 8,242 1 1 6,588 1 1 6,207 1 1 6,623 
1 6,739 16,228 1 5,805 15,405 

1 36,478 1 34,196 1 33,321 1 33,287 
5,9 1 3  5,777 5,698 5,657 

1 ,051 I 1 ,060 I 1 ,057 1 1 ,062 



C1l I (,.) co 

NPCHOPMA: NPC DOWNSIDE OPTION CASE VS HIGH REFERENCE CASE ( #.TABLE 2: LOWER 48 WELLS AND RESERVES 

2001 2002 2003 2004 2005 2006 2007 2008 2009 

EXPLORATORY WELLS 1 0,01 5 1 1 ,884 1 2 ,309 1 2 ,499 1 2 ,935 1 3,21 0  1 3,301 1 3 ,258 1 2 , 1 97 

DEVELOPMENT WELLS 29,757 30,650 30 ,386 28,538 30 , 1 07 29 ,621 26,238 24,943 25,300 

TOTAL GAS WELLS 1 1 ,655 1 2,586 1 2,720 1 2,566 1 2,381 1 2,583 1 2 ,063 1 2 ,031 1 2,51 9  

TOTAL WELLS 39,n2 42,534 42,696 41 ,037 43,043 42,832 39,539 38,201 37,497 

RESERVE ADDITIONS 
OIL (MMB) CONVENTIONAL 1 ,230 1 ,247 1 ,259 1 ,282 1 ,326 1 ,234 1 ,028 951 861 

ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 

ASSOCIATED GAS (BCF) 1 ,566 1 ,625 1 ,650 1 ,689 1 ,722 1 ,600 1 ,346 1 ,2 1 5  1 ,089 

HIGH PERMEABILITY (BCF) 1 1 ,894 1 2,497 1 2 ,640 1 2 ,555 1 2,253 1 1 ,200 1 0 ,402 9 ,939 9,758 

LOW PERMEABILITY (BCF) 1 ,833 2,050 1 ,883 1 ,837 1 ,655 1 ,556 1 ,487 1 ,569 1 ,636 

DEVONIAN SHALE (BCF) 645 742 825 81 7 730 61 8 395 276 21 1 

COAL BED METHANE (BCF) 988 1 ,069 990 946 1 ,0 1 4  1 ,096 1 ,221 1 ,232 1 ,3 1 5  

ENHANCED RECOVERY GAS (BCF 51 9 421 450 478 482 452 302 2 1 5  1 96 

ENHANCED RECOVERY TIGHT (BC 735 906 1 ,084 1 ,329 1 ,588 1 ,896 2,309 2,801 3,366 

TOTAL NON·ASSOC GAS (BCF) 1 6,61 3 1 7,685 1 7 ,872 1 7 ,963 1 7 ,721 1 6 ,81 8  1 6, 1 1 7  1 6 ,031 1 6,483 

TOTAL OIL (MMB) 1 ,230 1 ,247 1 ,259 1 ,282 1 ,326 1 ,234 1 ,028 951 861 

TOTAL GAS (BCF) 1 8, 1 80 1 9,31 0 1 9 ,522 1 9 ,651 1 9 ,443 1 8,4 1 8  1 7,463 1 7,246 1 7,573 

TOTAL NGL (MMB) 729 772 783 774 752 694 634 6 1 0  603 

PRODUCTION (W/ LEASE & PLANT GAS) 
OIL (MMB) CONVENTIONAL 1 ,555 1 ,549 1 ,548 1 ,548 1 ,551 1 ,550 1 ,533 1 ,500 1 ,460 

ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 

ASSOCIATED GAS (BCF) 1 ,907 1 ,881 1 ,874 1 ,871 1 ,876 1 ,870 1 ,841 1 ,808 1 ,746 

HIGH PERMEABILITY (BCF) 1 2, 1 6 1  1 2,24 1  .1 2 ,374 12 ,457 1 2 ,482 1 2 ,4 1 3  1 2 , 1 66 1 1 ,965 1 1 ,684 
LOW PE RMEABILITY (BCF) 1 ,78 1 1 ,822 1 ,873 1 ,876 1 ,867 1 ,843 1 ,789 1 ,745 1 ,720 

DEVONIAN SHALE (BCF) 401 42 1 448 487 506 51 1 485 453 427 

COAL BED METHANE (BCF) 1 , 1 09 1 , 1 1 6  1 , 1 22 1 , 1 1 3 1 , 1 1 9 1 , 1 23 1 , 1 40 1 , 1 61 1 , 1 82 

ENHANCED RECOVERY GAS (BCF 376 380 377 394 409 427 423 386 338 

ENHANCED RECOVERY TIGHT (BC 248 · 304 381 455 554 677 800 988 1 ,202 

TOTAL NON-ASSOC GAS (BCF) 1 6,076 1 6,284 1 6 ,574 1 6 ,783 1 6 ,938 1 6 ,995 1 6 ,803 1 6 ,698 1 6 ,554 

TOTAL OIL (MMB) 1 ,555 1 ,549 1 ,548 1 ,548 1 ,551 1 ,550 1 ,533 1 ,500 1 ,460 

TOTAL GAS (BCF) 1 7,983 1 8 , 1 65 1 8 ,448 1 8 ,653 1 8 ,81 4 1 8 ,865 1 8 ,644 1 8 ,506 1 8 ,300 

TOTAL NGL (MMBl 758 760 768 769 769 766 754 741 726 

RESERVES 
OIL (MMB) CONVENTIONAL 1 5,081 1 4,779 1 4 ,489 1 4 ,223 1 3 ,998 1 3 ,682 1 3,1 77 1 2 ,629 1 2 ,031 

ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 

ASSOCIATED GAS (BCF) 1 6,324 1 6,067 1 5 ,843 1 5,661 1 5,506 1 5 ,236 1 4 ,741 1 4 , 1 49 1 3 ,491 

HIGH PERMEABILITY (BCF) n,937 78, 1 93 78,459 78,557 78,328 77,1 1 5  75,351 73,325 71 ,398 

LOW PERMEABILITY (BCF) 1 8,922 1 9 , 1 49 1 9 , 1 59 1 9 , 1 2 1  1 8,91 0 1 8 ,623 1 8 ,321 1 8 , 1 44 1 8,060 

DEVONIAN SHALE (BCF) 4 , 1 6 1  4,482 4 ,858 5,1 88 5,4 1 1 5,51 8 5,429 5,252 5,037 

COAL BED METHANE (BCF) 1 0 ,699 1 0,653 1 0 ,521 1 0 ,353 1 0 ,248 1 0 ,221 1 0 ,302 1 0 ,373 1 0,506 

ENHANCED RECOVERY GAS (BCF 2,783 2,824 2 ,898 2,982 3,055 3,080 2,959 2,787 2,645 

ENHANCED RECOVERY TIGHT (BC 2,658 3,260 3,963 4,837 5,870 7,089 8,598 1 0 ,4 1 0  1 2,575 

TOTAL NON·ASSOC GAS (BCF) 1 1 7, 1 60 1 1 8,561 1 1 9 ,859 1 21 ,039 1 21 ,823 1 21 ,645 1 20 ,959 1 20 ,291 1 20 ,220 

TOTAL OIL (MMB) 1 5,081 1 4,779 1 4 ,489 1 4 ,223 1 3 ,998 1 3 ,682 1 3, 1 n 1 2 ,629 1 2 ,031 

TOTAL GAS (BCF) 1 33,484 1 34,628 1 35,702 1 36,700 1 37,329 1 36,881 1 35,700 1 34,439 1 33,7 1 2  

TOTAL NGL (MMB) 5,629 5,641 5 ,655 5,660 5,643 5,570 5,450 5,3 1 9  5 , 1 96 

LEASE AND PLANT GAS (BCF) I 1 ,081 I 1 ,090 I 1 ,1 06 1 1 ,1 1 6_1 1 ,1 24 1 1 ,1 25 I 1 ,1 1 o I 1 ,1 oo I 1 ,086 1 

Run Date: 09/04192 

Run Time: 03:48 PM 
201 0  201 5 2020 2025 2030 

1 1 ,703 0 0 0 0 

26,897 0 0 0 0 

1 2,51 5  0 0 0 0 

38,600 0 0 0 0 

821 0 0 0 0 

0 0 0 0 0 

1 ,046 0 0 0 0 

9,526 0 0 0 0 

1 ,571 0 0 0 0 

1 74 0 0 0 0 

1 ,547 0 0 0 0 

95 0 0 0 0 

4,080 0 0 0 0 

1 6 ,992 0 0 0 0 

821 0 0 0 0 

1 8 ,038 0 0 0 0 

580 0 0 0 0 

1 ,4 1 3  0 0 0 0 

0 0 0 0 0 

1 ,677 0 0 0 0 

1 1 ,475 0 0 0 0 

1 ,692 0 0 0 0 

408 0 0 0 0 

1 ,2 1 5  0 0 0 0 

302 0 0 0 0 

1 ,438 0 0 0 0 

1 6 ,531 0 0 0 0 

1 ,4 1 3  0 0 0 0 

1 8 ,208 0 0 0 0 

7 1 1 0 0 0 0 

1 1 ,439 0 0 0 0 

0 0 0 0 0 

1 2 ,861 0 0 0 0 

69,448 0 0 0 0 

1 7 ,939 0 0 0 0 

4,802 0 0 0 0 

1 0 ,838 0 0 0 0 

2,438 0 0 0 0 

1 5,2 1 6  0 0 0 0 

1 20 ,681 0 0 0 0 

1 1 ,439 0 0 0 0 

1 33,542 0 0 0 0 

5,066 0 0 0 0 

1 ,078 1 o I O L o I 0 



NPCHOPMA: NPC DOWNSIDE OPTION CASE VS HIGH REFERENCE CASE (#4) Run Date: 09/04/92 
Run Time: 03:48 PM 

AVERAGE NATURAL GAS PRICES 
($1 990/MMBtu) 

1 989 1 990 1 991 1 992 1 993 1 994 1 995 1 996 1 997 1 998 1 999 2000 

LDC GAS TARIFF PRICES 
AVERAGE AQUISITION 1 .76 1 .73 1 .57 1 .55 1 .71 1 .9 1  2. 1 2  2.37 2.39 2.60 2.80 2.97 
AVERAGE CITYGATE 2.75 2.73 2.53 2.46 2.59 2.77 3.01 3.29 3.32 3.56 3.81 3.99 
RESIDENTIAL BURNERTIP 5.71  5.65 5.34 5.22 5.36 5.53 5.77 6.07 6.09 6.35 6.60 6.79 
COMMERCIAL BURNERTIP 4.82 4.72 4.45 4.34 4.48 4.65 4.89 5. 1 8  5.20 5.46 5.72 5.91 
INDUSTRIAL BURNERTIP 3.07 3 . 1 1 2.83 2.74 2.92 3. 1 4  3.43 3.76 3.82 4.09 4.45 4.64 
ELEC UTIL BURNERTIP 2.87 2.87 2.67 2.65 2.77 3.02 3.32 3.62 3.64 3.89 4. 1 7  4.36 

END USER CARRIAGE PRICES 
-

AVG SPOT ACQUISITION 1 .57 1 .49 1 .24 1 .32 1 .51  1 .71  1 .94 2. 1 5  2. 1 8  2.39 2.58 2.75 
AVG SPOT CITYGATE 1 .86 1 .78 1 .53 1 .59 1 .78 2.00 2.24 2.44 2.47 2.61 2.79 2.95 
AVG SPOT BURNERTIP 2. 1 9  2. 1 0  1 .84 1 .89 2.09 2.32 2 .56 2.68 2.72 2.82 3.00 3. 1 7  
AVG FIRM BURNERTI P 2.93 2.91 2.70 2.63 2.77 2.96 3.21 3.50 3.52 3.77 4.04 4.23 

2001 2002 2003 2004 2005 2006 2007 2008 2009 201 0 201 5 2020 2025 2030 

LDC GAS TARIFF PRICES 
AVERAGE AQUISITION 3. 1 0  3.09 3.1 5  3. 1 5  3.20 3.29 3.43 3.62 3.91 4.03 0.00 0.00 0.00 0.00 
AVERAGE CITYGATE 4. 1 2  4. 1 1  4. 1 6  4. 1 5  4. 1 8  4.28 4.43 4.62 4.94 5.06 0.00 0.00 0.00 0.00 
RESIDENTIAL BURNERTIP 6.91 6.87 6.91 6.88 6.90 7.00 7. 1 5  7.35 7.67 7.�0 0.00 0.00 0.00 0.00 
COMMERCIAL BURNERTIP 6.04 6.01 6.05 6.03 6.05 6. 1 5  6.31 6.51 6.83 6.96 0.00 0.00 0.00 0.00 
INDUSTRIAL BURNERTIP 4.78 4.73 4.79 4.78 4.82 4.93 5.09 5.30 5.64 5.80 0.00 0.00 0.00 0.00 
ELEC UTIL BURNERTIP 4.49 4.46 4.50 4.48 4.50 4.59 4.75 4.94 5.27 5.39 0.00 0.00 0.00 0.00 

END USER CARRIAGE PRICES 
AVG SPOT ACQUISITION 2.85 2.86 2.93 2.96 3.02 3. 1 3  3.26 3.42 3.71 3.84 0.00 0.00 0.00 0.00 
AVG SPOT CITYGATE 3.08 3.07 3. 1 9  3.28 3.36 3.47 3.60 3.73 3.90 4.03 0.00 0.00 0.00 0.00 
AVG SPOT BURNERTIP 3.29 3.29 3.42 3.54 3.66 3.77 3.87 3.98 4. 1 6  4.28 0.00 0.00 0.00 0.00 
AVG FIRM BURNERTIP 4.36 4.34 4.40 4.39 4.42 4.52 4.68 4.88 5.21 5.34 0.00 0.00 0.00 0.00 
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NPCLOPPA: NPC UPSIDE OPTION CASE VS LOW REFERENCE CASE (#3) Run Date: 09/1 8192 
Run Time:  03:1 3 PM 

EN ERGY OVERVIEW MODEL SUMMARY 

· Crude Oil & Natural Gas Prices Lower 48 Gas Supply Drill ing Costs 
U.S. Crude Texas/Gulf Henry Hub Lower 48 Spot Whd Reserve Add. Producer Producer E&D 

Oil Price Spot Whd Gas Price Avg Wellhead Gas Price Reserve Dry Gas Replacement Deliverability Dril l ing Cost Incentive 
Year (RACC) Gas Price I (Delv'd to PPL) Gas Price to RACC Additions Production of Production Utilization Index @ 1 988 Costs * 

($90/bbl) ($90/MMBtu) ($90/MMBtu) ($90/MMBtu) (Btu Percent) (Bel/year) (Bel/year) (Percent) (Percent) 1 9Ss=1 .00 ($90/MMBtu) 

1 989 1 8.70 1 .58 1 .77 1 .71 48.9 1 5 , 1 27 1 6,82 1 89.9 8 1 .4 1 .02 1 .55 
1 990 22.32 1 .5 1  1 .69 1 .66 39.3 1 8 ,454 1 7,355 1 06.3 82.7 1 .03 1 .50 
1 991 1 8.38 1 .27 1 .45 1 .49 40.1  1 3 ,21 1 1 7,366 76. 1  82.9 1 .02 1 .27 
1 992 1 7.66 1 .32 1 .49 1 .47 43.4 1 3 ,803 1 7,542 78.7 85.4 0.99 1 .36 
1 993 1 6.90 1 .35 1 .52 1 .46 46.3 1 2 ,639 1 7,509 72.2 87.6 0 .98 1 .40 
1 994 1 6 . 1 7 1 .46 1 .63 1 .55 52.4 1 2 ,248 1 7,31 6 70.7 90.7 0.97 1 .54 
1 995 1 5.50 1 .5 1  1 .68 1 .58 56.4 1 2 ,064 1 7,308 69.7 94.0 0 .96 1 .60 
1 996 1 5.77 1 .77 1 .94 1 .82 65.2 1 2 ,495 1 6,736 74.7 94.4 0 .97 1 .86 
1 997 1 6.06 1 .9 1  2 .07 1 .94 68.8 1 3 ,036 1 6,624 78.4 95. 1 0 .96 2 .03 
1 998 1 6 .36 2 .09 2 .25 2 . 1 2  74.0 1 3 ,520 1 6,488 82.0 95.5 0 .95 2 .25 
1 999 1 6.67 2.21 2 .38 2 .26 76.9 1 5 ,629 1 6,453 95.0 95.8 0 .95 2 .38 
2000 1 7.00 2.3 1  2 .48 2 .37 78.7 1 7,747 1 6,756 1 05.9 95.8 0.94 2.52 
2001 1 7.30 2.3 1  2 .48 2.38 77.5 1 8 ,41 1 1 7, 1 73 1 07.2 95.9 0.94 2.52 
2002 1 7.59 2.33 2.50 2.40 76.9 1 8 ,9 1 8 1 7,582 1 07.6 95.9 0 .94 2.54 
2003 1 7.90 2.33 2.50 2.40 75.6 1 9 ,69 1 1 8,004 1 09.4 95.8 0 .93 2.57 
2004 1 8. 1 9 2.25 2.42 2.32 7 1 .9 20,671 1 8,309 1 1 2.9 95.5 0.91  2.51 
2005 1 8.50 2.26 2.43 2.33 7 1 .0 20,375 1 8,694 1 09.0 95.4 0.90 2.55 

2006 1 8.79 2.29 2.46 2.35 70.6 1 9 ,788 1 8,792 1 05.3 95.2 0.90 2.58 
2007 1 9. 1 0  2.34 2.5 1 2 .39 7 1 .0 1 9 ,41 2 1 8,790 1 03.3 95.2 0.89 2.67 
2008 1 9.40 2.32 2.49 2.36 69.3 1 9 ,22 1 1 8,827 1 02. 1  94.7 0.87 2.72 
2009 1 9.69 2.46 2.62 2.49 72.3 1 9 ,283 1 8,939 1 0 1 .8 94.9 0.86 2.92 
201 0  20.00 2.50 2 .67 2.52 72.6 1 9 ,486 1 8,926 1 03.0 94.8 0 .84 3.04 
201 5  0.00 0.00 0.00 0.00 0.0 0 0 0.0 0.0 0 .00 0.00 
2020 0.00 0.00 0.00 0.00 0.0 0 0 0.0 0.0 0 .00 0.00 
2025 0.00 0.00 0.00 0.00 0.0 0 0 0.0 0.0 0 .00 0.00 
2030 0.00 0.00 0.00 0.00 0.0 0 0 0.0 0.0 0.00 0.00 

• Lower-48 spot wellhead gas price adjusted to reflect change in drilling costs from 1 988 1evels. 



NPCLOPPA: NPC UPSIDE OPTION CASE VS LOW REFERENCE CASE (#3) Run Date: 0911 8/92 
Run Time: 03:1 3 PM 

LOWER 48 NATURAL GAS BALANCE 
(Trillion Btus) 

1989 1 990 1 991 1 992 1 993 1 994 1 995 1 996 1 997 1 998 1999 2000 
DEMAND 
RESIDENTIAL 4,900 4,497 4,700 4,877 4,893 4,914 4,944 4,935 4,91 3 4,877 4,853 4,826 
COMMERCIAL • 2,771 2,729 2,847 2,861 2,851 2,868 2,892 2,91 4 2,928 2,952 3,022 3,1 1 7  
INDUSTRIAL 6,949 7,060 7,394 7,370 7,432 7,374 7,305 7,064 6,997 6,953 6,865 6,771 

BOILERS 2,791 2,831 2,985 2,900 2,91 8 2,893 2,865 2,71 8 2,661 2,627 2,572 2,51 2 
NONBOILERS 4,1 58 4,229 4,409 4,470 4,514 4,480 4,440 4,346 4,337 4,325 4,294 4,259 

ELECTRIC UTILITY 2,806 2,852 2,905 2,884 2,870 2,885 2,994 2,928 3,039 2,975 2,994 3,31 7 
TOTAL END USE DEMAND 1 7,428 1 7,1 39 1 7,846 1 7,991 1 8,046 1 8,041 1 8, 135 1 7,841 1 7,878 17,756 1 7,734 1 8,031 

LEASE AND PLANT USE 886 1 ,061 1 ,094 1 ,1 06  1 ,1 01 1 ,086 1 ,082 1 ,045 1 ,036 1 ,027 1 ,024 1 ,043 
TRANSMISSION FUEL 655 644 671 677 679 678 682 671 672 668 667 678 
UAF + EXPORTS 1 79 1 72 258 319 388 431 463 484 500 51 6 531 547 
TOTAL DISPOSITION 1 9, 148 1 9,01 7 1 9,869 20,093 20,213 20,235 20,362 20,041 20,085 1 9,966 1 9,956 20,299 

SUPPLY 
LOWER-48 PRODUCTION 1 7,661 1 7,356 1 7,959 1 8,049 1 8,01 8 1 7,816 1 7,869 1 7,257 1 7, 1 58 1 7,01 8 1 6,990 1 7,306 
PIPELINE IMPORTS 1 ,327 1 ,466 1 ,709 1 ,840 1 ,991 2,208 2,382 2,567 2,678 2,61 5 2,585 2,557 
OTHER SUPPLY 0 0 0 0 0 0 0 0 0 0 0 0 
LNG + SNG + SUPPLEMENTALS 1 53 1 91 1 97 1 99 1 99 1 99 21 2 31 0 343 426 475 531 
TOTAL GAS SUPPLY 1 9, 141 1 9,01 3 1 9,864 20,086 20,207 20,223 20,463 20,1 35 20,1 79 20,059 20,049 20,394 

2001 2002 2003 2004 2005 2006 2007 2008 2009 201 0 201 5 2020 2025 2030 
DEMAND 

RESIDENTIAL 4,809 4,801 4,795 4,795 4,803 4,795 4,786 4,771 4,771 4,767 0 0 0 0 
COMMERCIAL • 3,245 3,370 3,504 3,639 3,787 3,896 4,004 4,098 4,187 4,252 0 0 0 0 
INDUSTRIAL 6,81 9 6,831 6,853 6,895 6,91 9 6,835 6,624 6,643 6,606 6,432 0 0 0 0 

BOILERS 2,557 2,568 2,593 2,632 2,659 2,622 2,505 2,528 2,509 2,41 1 0 0 0 0 
NONBOILERS 4,262 4,263 4,259 4,263 4,259 4,213 4,1 1 9  4,1 1 6  4,097 4,021 0 0 0 0 

ELECTRIC UTILITY 3,51 0 3,706 3,921 4,035 4,1 72 4,354 4,668 4,699 4,897 5, 1 62 0 0 0 0 
TOTAL END USE DEMAND 1 8,383 1 8,707 1 9,073 1 9,363 1 9,681 19 ,880 20,082 20,21 1 20,462 20,61 1 0 0 0 0 

LEASE AND PLANT USE 1 ,068 1 ,092 1 ,1 1 7  1 ,1 34  1 ,1 56  1 ,1 61 1 ,1 59 1 ,161 1 ,1 68 1 , 1 67 0 0 0 0 
TRANSMISSION FUEL 691 703 71 7 728 740 748 755 760 769 775 0 0 0 0 
UAF + EXPORTS 563 579 600 622 643 664 680 696 71 2 728 0 0 0 0 
TOTAL DISPOSITION 20,705 21 ,082 21 ,507 21 ,847 22,220 22,452 22,676 22,828 23,1 1 1  23,281 0 0 0 0 

SUPPLY 
LOWER-46 PRODUCTION 1 7,706 1 8, 1 39 1 8,576 1 8,896 1 9,309 1 9,428 1 9,41 1 1 9,449 1 9,551 1 9,500 0 0 0 0 
PIPELINE IMPORTS 2,525 2,521 2,566 2,653 2,668 2,732 2,867 2,991 3,1 21 3,298 0 0 0 0 
OTHER SUPPLY 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
LNG + SNG + SUPPLEMENTALS 545 497 435 367 314 357 453 438 481 521 0 0 0 0 
TOTAL GAS SUPPLY 20,776 21 , 1 57 21 ,577 21 ,916 22,292 22,51 6  22,732 22,878 23,1 54 23,31 9 0 0 0 0 

• tNCLUDES NATURAL GAS VEHICLES 



NPCLOPPA: NPC UPSIDE OPTION CASE VS LOW REFERENCE CASE (#3) Run Dale: 09118192 
Run Time: 03 :1 3 PM 

ENERGY DEMAND FOR COMBUSTION USES 

(Trilfion Btus) 

1 989 1 990 1 991 1 992 1 993 1 994 1 995 1 996 1 997 1 998 1 999 2000 

NATURAL GAS 1 7,428 1 7,1 39 1 7,846 1 7,991 18 ,046 1 8,041 1 8, 1 35 1 7,841 1 7,878 17 ,756 1 7,734 1 8,031 
RESIDUAL FUEL OIL 2,288 1 ,962 1 ,833 1 ,941 1 ,849 1 ,874 1 ,883 2,201 2 , 157 2,292 2,381 2,240 
DISTILLATE FUEL OIL 2,989 2,641 2,557 2,589 2,601 2,603 2,472 2,453 2,449 2,445 2,432 2,408 
LPG (RES/COM SECTORS) 470 429 420 428 431 432 431 429 427 423 41 7 4 12  
COAL (EXCLUDES COKING COAL) 1 7,628 1 7,864 1 7,757 1 7,786 1 7,935 17 ,893 1 7,888 1 7,951 1 8 , 1 37 1 8,233 1 8,347 1 8,378 
HYDRO/RENEW ABLES 2,908 3,085 3,030 3,085 3 , 1 21 3, 1 45 3, 1 46 � . 1 59 3 , 163 3 , 1 67 3,1 69 3, 1 71 
NUCLEAR POWER 5,597 6,1 59 6,543 6,61 4 6,677 6,81 5 6,877 6,962 6,972 7,060 7,070 7, 1 57 
PRIMARY ENERGY CONSUMPTIQJI 49,308 49,278 49,986 50,434 50,660 50,802 50,832 50,997 51 , 1 82 51 ,375 51 ,549 51 ,798 
PLUS ELECTRICITY CONSUMED 8,941 9,2 12  9,371  9,439 9,509 9,578 9,647 9,754 9,882 1 0,004 10 , 125 1 0,249 
LESS ELEC UTIL ENERGY INPUT (28,733) (29,381)  (29,664) (29,840) (30,048) (30,245) (30,473) (30,691 \ (30,948) (31  ' 1 53) (31 ,377) (31 ,608) 
EN D USE ENERGY DEMAND 29,515  29,1 09 29,693 30,034 30, 122 30,1 35 30,006 30,061 30,1 1 6  30,227 30,297 30,438 

2001 2002 2003 2004 2005 2006 2007 2008 2009 201 0 201 5 2020 2025 2030 

NATURAL GAS 18 ,383 1 8,707 1 9,073 1 9,363 19 ,681 19 ,880 20,082 20,21 1 20,462 20,61 1 0 0 0 0 
RESIDUAL FUEL OIL 2,038 1 ,920 1 ,786 1 ,661 1 ,520 1 ,528 1 ,675 1 ,548 1 ,51 8 1 ,595 0 0 0 0 
DISTILLATE FUEL OIL 2,400 2,392 2,382 2,374 2,4 1 5  2,342 2,31 6 2,306 2,295 2,262 0 0 0 0 

LPG (RES/COM SECTORS) 407 403 398 393 389 382 378 374 370 365 0 0 0 0 

COAL (EXCLUDES COKING COAL) 18 ,608 1 8,808 1 9,049 1 9,242 19 ,426 1 9,662 20,029 20,077 20,273 20,660 0 0 0 0 
HYDRO/RENEW ABLES 3, 1 76 3,1 92 3,21 5 3 ,237 3,260 . 3,288 3,31 5 3 ,342 3,369 3,399 0 0 0 0 
NUCLEAR POWER 7, 1 06  7,055 7,004 6 ,954 6,903 6,852 6,802 6,752 6,702 6 ,652 0 0 0 0 
PRIMARY ENERGY CONSUMPTION 52, 1 1 8  52,478 52,907 53,224 53,592 53,934 54,597 54,608 54,988 55,543 0 0 0 0 

PLUS ELECTRICITY CONSUMED 10,378 1 0,509 1 0,676 1 0,802 1 0,937 1 1 , 1 1 0 1 1 ,370 1 1 ,41 8 1 1 ,583 1 1 ,839 0 0 0 0 
LESS ELEC UTIL ENERGY INPUT (31 ,882) (32,1 69) (32,549) (32,805) (33,096) (33,522) (34,205) (34,256) (34,648) (35,31 1 ) 0 0 .0 0 

END USE ENERGY DEMAND 30,61 4 30,8 1 7  31 ,034 . 3 1 ,221 31 ,434 31 ,523 31 ,762 31 ,770 31 ,923 32,071 0 0 0 0 



NPCLOPPA: NPC UPSIDE OPTION CASE VS LOW REFERENCE CASE (#3) TABLE 2: LOWER 48 WELLS AND RESERVES Run Date: 0911 8/92 
Run Time: 03: 13 PM 

1 989 1 990 1 991 1 992 1 993 1 994 1 995 1 996 1 997 1 998 1 999 2000 
EXPLORATORY WELLS 5,744 6,1 56 5,578 4,845 4 , 166 3,81 4 3,906 4, 1 45 4,593 5,432 6,836 8,347 
DEVELOPMENT WELLS 22,582 27,1 58 26,428 22,580 1 9,509 1 7,864 1 8,604 1 8,658 1 8,441 21 ,545 26,049 30 ,073 
TOTAL GAS WELLS 9,472 1 0,333 9,905 7,679 7,324 6,957 6,898 7,422 7,771 7,502 8,785 10 ,686 
TOTAL WELLS 28,326 33,3 14  32,005 27,425 23,675 21 ,678 22,51 1 22,802 23,034 26,978 32,885 38,41 9 

RESERVE ADDITIONS 
OIL (MMB) CONVENTIONAL 1 ,1 94 1 ,388 937 1 ,709 1 ,421 1 , 1 69 1 ,053 1 ,037 1 ,002 1 , 1 1 4  1 ,1 93 1 ,298 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 1 ,325 1 ,545 1 ,0 14  1 ,916  1 ,592 1 ,31 8 . 1 ,2 13  1 ,259 1 ,278 1 ,445 1 ,531 1 ,641 
HIGH PERMEABILITY (BCF) 9,905 1 2,223 7,503 7,958 7,882 8,0 1 9  7,991 8,41 9 9,379 9,454 1 0,848 12 ,421 
LOW PERMEABILITY (BCF) 1 ,339 1 ,691 1 ,535 1 ,803 1 ,052 850 728 762 796 1 ,023 1 ,41 0 1 ,602 
DEVONIAN SHALE (BCF) 384 504 401 329 345 370 406 435 505 665 751 722 
COAL BED METHANE (BCF) 1 ,607 2,1 1 1  2,413 1 ,462 1 ,474 1 ,448 1 ,478 1 ,364 787 574 61 8 607 
ENHANCED RECOVERY GAS (BCF) 443 303 296 1 82 1 53 143 145 1 54 1 77 21 3 263 464 
ENHANCED RECOVERY TIGHT (BCF) 1 23 77 49 1 52 1 42 1 00 104 1 02 1 1 4  1 47 209 289 
TOTAL NON-ASSOC GAS (BCF) 13 ,801 1 6,909 1 2,1 97 1 1 ,886 1 1 ,047 1 0,929 1 0,851 1 1 ,236 1 1 ,757 1 2,076 1 4,098 16 , 106 
TOTAL OIL (MMB) 1 ,1 94 1 ,388 937 1 ,709 1 ,421 1 , 1 69 1 ,053 1 ,037 1 ,002 1 , 1 1 4  1 ,1 93 1 ,298 
TOTAL GAS (BCF) 1 5,1 27 1 8,454 1 3,211 1 3,803 1 2,639 1 2,248 1 �064 1 2,495 1 3,036 1 3,520 1 5,629 17 ,747 
TOTAL NGL (MMB) 550 681 435 528 480 451 434 473 520 538 632 736 

PRODUCTION (W/ LEASE & PLANT GAS) 
OIL (MMB) CONVENTIONAL 1 ,871 1 ,782 1 ,751 1 ,725 1 ,71 0 1 ,658 1 ,607 1 ,584 1 ,563 1 ,548 1 ,544 1 ,543 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 2,730 2,720 2,598 2,485 2,374 2,21 3 2, 10 1  2,032 1 ,996 1 ,956 1 ,920 1 ,896 
HIGH PERMEABILITY (BCF) 1 2,041 1 2,440 1 2,386 1 2,345 1 2,329 1 2,223 1 2,259 1 1 ,74 1  1 1 ,650 1 1 ,490 1 1 ,381 1 1 ,549 
LOW PERMEABILITY (BCF) 1 ,666 1 ,675 1 ,700 1 ,848 1 ,787 1 ,706 1 ,642 1 ,566 1 ,480 1 ,480 1 ,524 1 ,603 
DEVONIAN SHALE (BCF) 1 52 1 80 21 1 226 239 256 282 286 31 0 333 365 398 
COAL BED METHANE (BCF) 1 03 1 78 286 424 552 685 790 887 978 1 ,01 1 1 ,025 1 ,009 
ENHANCED RECOVERY GAS (BCF) 83 1 1 4 1 37 1 62 1 62 161 160 1 49 1 33 1 36 150 1 95 
ENHANCED RECOVE RY TIGHT (BCF) 47 48 48 52 65 71 75 74 78 82 89 106 
TOTAL NON-ASSOC GAS (BCF) 1 4,091 1 4,634 1 4,768 1 5,057 1 5, 135 1 5, 102 1 5,207 1 4,703 1 4,628 1 4,532 1 4,534 14 ,860 
TOTAL OIL (MMB) 1 ,871 1 ,782 1 ,751 1 ,725 1 ,71 0 1 ,658 1 ,607 1 ,584 1 ,563 1 ,548 1 ,544 1 ,543 
TOTAL GAS (BCF) 1 6,821 1 7,355 1 7,366 1 7,542 1 7,509 1 7,31 6 1 7,308 1 6,736 1 6,624 1 6,488 1 6,453 16 ,756 
TOTAL NGL_(MMBI 740 752 748 757 752 737 732 704 703 700 700 71 0 

RESERVES 
OIL (MMB) CONVENTIONAL 20,063 1 9,670 1 8,855 1 8,839 1 8,551 1 8,061 1 7,508 1 6,961 1 6,399 1 5,966 1 5,61 6 15 ,370 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 25,041 23,866 22,305 21 ,736 20,954 20,059 1 9, 171  1 8,398 1 7,680 1 7, 169 1 6,780 16 ,525 
HIGH PERMEABILITY (BCF) 1 05,4 13  1 05,1 96 1 00,4 15  96,028 9 1 ,581 87,376 83, 109 79,787 77,51 6 75,479 74,947 75,81 9 
LOW PERMEABILITY (BCF) 22,835 22,851 22,708 22,663 21 ,928 21 ,072 20, 158 1 9,354 1 8,669 1 8,21 2 1 8,098 18 ,097 
DEVONIAN SHALE (BCF) 1 ,751 2,076 2,265 2,369 2,475 2,589 2,71 3 .2,862 3,057 3,390 3,775 4,100 
COAL BED METHANE (BCF) 2,798 4,731 6,858 7,896 8,81 7 9,579 1 0,267 1 0,744 1 0,553 1 0, 1 1 6  9,709 9 ,307 
ENHANCED RECOVERY GAS (BCF) 963 1 ,1 52 1 ,31 1 1 ,331 1 ,321 1 ,303 1 ,289 1 ,293 1 ,338 1 ,41 5 1 ,527 1 ,796 
ENHANCED RECOVERY TIGHT (BCF) 506 535 536 636 713  743 772 800 836 901 1 ,021 1 ,204 
TOTAL NON-ASSOC GAS (BCF) 134,266 136,540 1 34,093 130,923 1 26,835 1 22,663 1 1 8,307 1 1 4,840 1 1 1 ,969 1 09,51 3 1 09,077 1 10 ,323 
TOTAL OIL (MMB) 20,063 1 9,670 1 8,855 1 8,839 1 8,551 1 8,061 1 7,508 1 6,961 1 6,399 1 5,966 1 5,61 6 15 ,370 
TOTAL GAS (BCF) 1 59 ,307 1 60,406 1 56,398 152,659 1 47,789 1 42,722 137,478 1 33,237 1 29,649 1 26,682 1 25,857 1 26,848 
TOTAL NGL (MMB) 7,499 7,429 7,1 1 6  6,887 6,61 5 6,329 6,030 5,800 5,61 7 5,455 5,387 5,41 3 

LEASE AND PLANT GAS (BCF) I 857 I 1 ,027 1 1 ,060 I 1 .011 I 1 ,066 1 1 .os1 I 1 ,048 I 1 ,0 12 1 1 ,003 1 995 I 992 1 1 ,0 1 0  



NPCLOPPA: NPC UPSIDE OPTION CASE VS LOW REFERENCE CASE (#3) TABLE 2: LOWER 48 WELLS AND RESERVES Run Date: 09/1 8/92 
Run Time: 03: 13 PM 

2001 2002 2003 2004 2005 2006 2007 2008 2009 201 0  2015 2020 2025 2030 

EXPLORATORY WELLS 9,81 7 1 1 ,347 1 3,249 14 , 135 14 ,655 14 ,685 15 ,561 16 ,558 1 6,237 14 ,767 0 0 0 0 
DEVELOPMENT WELLS 31 ,826 31 ,623 35,796 36,723 38,387 34,361 30,885 33,1 71 32,480 31 ,946 0 0 0 0 
TOTAL GAS WELLS 1 1 ,674 1 2,286 1 2,51 6  1 3,290 1 3, 146 12 ,980 13,1 68 12 ,685 1 2,939 1 2,699 0 0 0 0 
TOTAL WELLS 41 ,643 42,970 49 ,045 50,859 53,042 49,046 46,446 49,729 48,717 46,7 13  0 0 0 0 

RESERVE ADDITIONS 
OIL (MMB) CONVENTIONAL 1 ,323 1 ,342 1 ,436 1 ,481 1 ,593 1 ,4 16  1 ,1 90 1 , 1 98 1 ,1 26 1 ,070 0 0 0 0 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 1 ,684 1 ,731 1 ,889 1 ,962 2,073 1 ,837 1 ,574 1 ,565 1 ,485 1 ,427 0 0 0 0 
HIGH PERMEABILITY (BCF) 1 2,837 1 3,0 1 8  13 ,362 13 ,802 1 3, 168 12 ,690 12 ,685 1 2,230 1 1 ,935 1 1 ,792 0 0 0 0 
LOW PERMEABILITY (BCF) 1 ,71 8 1 ,797 1 ,753 1 ,762 1 ,779 1 ,740 1 ,898 2,1 22 2,062 2,075 0 0 0 0 
DEVONIAN SHALE (BCF) 725 854 1 ,0 1 0  1 ,003 905 782 490 304 263 1 96 0 0 0 0 
COAL BED METHANE (BCF) 532 496 51 5 643 756 869 905 1 ,0 1 7  1 ,230 1 ,279 0 0 0 0 
ENHANCED RECOVERY GAS (BCF 565 603 660 684 740 720 436 1 85 86 3 0 0 0 0 
ENHANCED RECOVERY TIGHT (BC 349 41 9 502 81 4 955 1 ,1 50 1 ,424 1 ,797 2,222 2,7 13  0 0 0 0 
TOTAL NON-ASSOC GAS (BCF) 1 6,727 1 7, 1 87 1 7,802 1 8,709 1 8,302 1 7,951 1 7,838 17 ,656 1 7,798 1 8,059 0 0 0 0 
TOTAL OIL (MMB) 1 ,323 1 ,342 1 ,436 1 ,481 1 ,593 1 ,4 1 6  1 ,1 90 1 ,1 98 1 ,1 26  1 ,070 0 0 0 0 
TOTAL GAS (BCF) 1 8,41 1 1 8,9 1 8  1 9 ,69 1 20 ,671 20,375 1 9 ,788 1 9 ,41 2  1 9 ,221 1 9 ,283 19 ,486 0 0 0 0 
TOTAL NGL IMMB) 775 793 8 16  840 81 0 767 734 704 682 681 0 0 0 0 

PRODUCTION (W/ LEASE & PLANT GAS) 
OIL (MMB) CONVENTIONAL 1 ,548 1 ,555 1 ,571 1 ,593 1 ,622 1 ,642 1 ,636 1 ,6 1 9  1 ,599 1 ,571 0 0 0 0 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 .  0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 1 ,887 1 ,876 1 ,890 1 ,9 1 4  1 ,948 1 ,968 1 ,960 1 ,941 1 ,900 1 ,854 0 0 0 0 
HIGH PERMEABILITY (BCF) 1 1 ,835 1 2, 1 33 1 2 ,403 12 ,527 1 2 ,740 1 2,7 1 7  1 2 ,644 12 ,624 1 2,620 1 2,488 0 0 0 0 
LOW PERMEABILITY (BCF) 1 ,666 1 ,71 3 1 ,763 1 ,797 1 ,807 1 ,794 1 ,781 1 ,794 1 ,843 1 ,882 0 0 0 0 
DEVONIAN SHALE (BCF) 423 453 494 533 566 580 566 534 503 472 0 0 0 0 
COAL BED METHANE (BCF) 986 954 924 905 888 868 874 878 9 13  947 0 0 0 0 
ENHANCED RECOVE RY GAS (BCF 245 296 342 395 436 480 491 469 424 380 0 0 0 0 
ENHANCED RECOVERY TIGHT (BC 1 3 1  1 57 1 89 238 309 385 473 588 737 903 0 0 0 0 
TOTAL NON-ASSOC GAS (BCF) 1 5,286 1 5,705 1 6 ,1 1 4  16 ,395 16 ,746 1 6 ,824 16 ,830 16 ,886 17 ,040 17 ,072 0 0 0 0 
TOTAL OIL (MMB) 1 ,548 1 ,555 1 ,571 1 ,593 1 ,622 1 ,642 1 ,636 1 ,6 1 9  1 ,599 1 ,571 0 0 0 0 
TOTAL GAS (BCF) 1 7, 1 73 1 7,582 18 ,004 1 8,309 18 ,694 1 8,792 1 8,790 18 ,827 18 ,939 1 8,926 0 0 0 0 
TOTAL NGL IMMBl 725 742 758 768 779 779 773 765 760 752 0 0 0 0 

RESERVES 
OIL (MMB) CONVENTIONAL 1 5, 145 1 4,932 14 ,797 14 ,685 14 ,656 14 ,431 1 3,985 13 ,563 1 3,089 1 2,589 0 0 0 0 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 1 6,322 16 , 176 16 , 175 16 ,224 16 ,348 16 ,2 1 7  15,831 15 ,455 1 5,041 1 4,61 4  0 0 0 0 
HIGH PERMEABILITY (BCF) 76,821 77,706 78,665 79 ,941 80,368 80,342 80,382 79 ,989 79,303 78,607 0 0 0 0 
LOW PERMEABILITY (BCF) 1 8, 1 50 1 8,234 18 ,224 18 , 189 1 8, 161  1 8,1 07 18 ,224 1 8,551 1 8,770 18 ,963 0 0 0 0 
DEVONIAN SHALE (BCF) 4 ,401 4 ,803 5,31 8 5,789 6,1 28 6,330 6,255 6,025 5,786 5,51 1 0 0 0 0 
COAL BED METHANE (BCF) 8,853 8,395 7,986 7,724 7,592 7,593 7,624 7,764 8,081 8,4 13  0 0 0 0 
ENHANCED RECOVERY GAS (BCF 2,1 1 6  2,423 2 ,741 3,029 3,333 3,572 3,5 17  3,233 2,895 2,5 18  0 0 0 0 
ENHANCED RECOVERY TIGHT (BC 1 ,423 1 ,685 1 ,998 2,574 3,220 3,984 4,935 6,1 44 7,629 9,439 0 0 0 0 
TOTAL NON-ASSOC GAS (BCF) 1 1 1 ,763 1 13,245 1 1 4,932 1 1 7,245 1 1 8 ,801 1 1 9 ,929 1 20 ,937 1 21 ,706 1 22,464 1 23,452 0 0 0 0 
TOTAL OIL (MMB) 1 5, 1 45 1 4,932 1 4 ,797 14 ,685 1 4 ,656 14 ,431 1 3,985 1 3,563 13 ,089 12 ,589 0 0 0 0 
TOTAL GAS (BCF) 1 28,085 1 29,421 1 31 , 1 07 1 33,469 1 35 , 150 1 36, 1 46 1 36,768 1 37,1 61 1 37,505 138,065 0 0 0 0 
TOTAL NGL (MMBl 5,463 5,51 3 5,571 5,643 5,673 5,662 5,623 5,561 5,484 5,4 1 2  0 0 0 0 

LEASE AND PLANT GAS (BCF) I 1 ,034 1 1 ,058 1 1 ,082 1 1 ,099 I 1 .1 20 I 1 , 1 24 I 1 , 1 23 I 1 , 1 25T 1 ,1 32 T 1 , 1 31 I 0 l O l o l 0 
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NPCLOPPA: NPC UPSIDE OPTION CASE VS LOW REFERENCE CASE (#3) Run Date: 09/1 8/92 

Run Time: 03:1 3 PM 
. LOWER 48 ENERGY DEMAND 

(Trillion Btus) 

1 989 1 990 1 991 1 992 1 993 1 994 1 995 1 996 1 997 1 998 1 999 2000 
RESIDENTIAL END USES 

ELECTRICITY 3,051 3, 1 39 3,252 3,266 3,280 3,295 3,309 3,343 3,377 3,41 3 3,448 3,485 
DISTILLATE OIL 1 , 1 65 898 877 901 906 905 900 894 885 873 858 843 
LPG 400 364 358 363 367 369 369 368 366 362 357 352 
COAL 58 62 58 6 1  61  60 60 60 59 59 58 58 
NATURAL GAS 4,900 4,497 4,700 4,877 4,893 4,914  4,944 4,935 4,91 3  4,877 4,853 4,826 
RESIDUAL OIL 0 0 0 0 0 0 0 0 0 0 0 0 

TOTAL FUELS 9,573 8,960 9,245 9,468 9,507 9,543 9,582 9,599 9,600 9,583 9,576 9,564 

COMMERCIAL END USES 
ELECTRICITY 2,755 2,861 2,924 2,948 2,972 2,996 3,01 9 3,048 3,074 3, 1 00 3,123 3, 1 44 
DISTILLATE OIL 561 51 8 509 522 524 525 51 8 51 7 5 1 5  51 3 51 1 5 1 2  
LPG 70 65 63 65 64 63 62 61  61 60 60 60 
COAL 88 94 88 94 94 93 92 91  90 89 89 89 
NATURAL GAS 2,771 2,729 2,847 2,861 2,851 2,868 2,892 2,914 2,928 2,952 3,022 3, 1 1 7 
RESIDUAL OIL 228 226 223 220 214 21 0 207 202 1 97 1 92 1 89 1 88 

TOTAL FUELS 6,472 6,494 6,654 6,7 1 0  6,71 9 6,756 6,790 6,833 6,865 6,907 6,993 7, 1 08 

INDUSTRIAL END USES • 
NATURAL GAS 6,949 7,060 7,394 7,370 7,432 7,374 7,305 7,064 6,997 6,953 6,865 6,771 
HIGH SULFUR RESID 31 1  289 248 269 252 248 236 352 309 347 374 400 
LOW SULFUR RESID 301 286 251 299 269 268 262 361 434 469 472 509 
DISTILLATE 1 , 1 34 1 , 1 68 1 , 1 04 1 ,093 1 ,092 1 ,087 960 941 939 933 920 909 
ELECTRICITY 3, 1 35 3,21 2 3, 1 95 3,226 3,257 3,287 3,31 9 3,364 3,430 3,492 3,554 3,620 
COAL 1 ,640 1 ,641 1 ,601 1 ,600 1 ,593 1 ,572 1 ,552 1 ,546 1 ,541 1 ,545 1 ,543 1 ,558 

TOTAL FUELS 1 3,471 1 3,655 1 3,794 . 1 3,857 1 3,896 1 3,836 1 3,633 13 ,628 1 3,651 1 3,737 1 3,728 1 3,766 

ELECTRIC UTILITY ENERGY INPUT 
NATURAL GAS 2,808 2,852 2,905 2,884 2,870 2,885 2,994 2,928 3,039 2,975 2,994 3,31 7 
HIGH SULFUR RESID 590 490 477 555 465 483 469 581 566 576 589 497 
LOW SULFUR RESID 858 671 634 598 650 664 709 706 650 709 757 646 
DISTILLATE 1 30 57 67 73 79 86 94 1 02 1 10 1 26 143 1 45 
COAL 1 5,842 1 6,067 1 6,009 1 6,031 1 6, 1 88 16 , 167 16 , 183 1 6,254 1 6,447 1 6,540 16 ,657 1 6,674 
NUCLEAR/HYDRO/OTHER 8,505 9,244 9,573 9,699 9,797 9,960 1 0,024 10 , 121 1 0, 1 35 1 0,226 1 0,239 1 0,329 

TOTAL FUELS 28,733 29,381 29,664 29,840 30,048 30,245 30,473 30,691 30,948 31 , 1 53 31 ,377 31 ,608 

PRIMARY ENERGY CONSUMPTION 
NATURAL GAS 1 7,428 1 7, 1 39 1 7,846 1 7,991 1 8,046 1 8,041 1 8, 135 1 7,841 1 7,878 1 7,756 1 7,734 1 8,031 
HIGH SULFUR RESID 901 778 725 824 71 7 731 705 932 876 922 962 897 
LOW SULFUR RESID 1 ,387 1 , 1 84 1 , 1 08 1 , 1 1 7  1 , 1 33 1 , 1 43 1 , 1 77 1 ,269 1 ,281 1 ,370 1 ,418 1 ,343 
DISTILLATE 2,989 2,641 2,557 2,589 2,601 2,603 2,472 2,453 2,449 2,445 2,432 2,408 
COAL 1 7,628 1 7,864 1 7,757 1 7,786 1 7,935 1 7,893 1 7,888 1 7,951 1 8, 1 37 1 8,233 1 8,347 1 8,378 
ALL OTHER FUELS 8,975 9,672 9,993 1 0, 1 27 1 0,228 1 0,392 1 0,454 1 0,550 1 0,562 1 0,649 1 0,656 1 0,741 

TOTAL FUELS 49,308 49,278 49,986 50,434 50,660 50,802 50,831 50,997 51 , 1 82 51 ,375 51 ,549 51 ,797 

' EXCLUDES COAL AND OIL FEEDSTOC:<S, LPG/STILL GAS, AND MISCELLANEOUS OIL FUELS. 



NPCLOPPA: NPC UPSIDE OPTION CASE VS LOW REFERENCE CASE (#3) Run Date: 09/1 8192 
Run Time: 03 :1 3 PM 

LOWER 48 ENERGY DEMAND 
(Trillion Btus) 

2001 2002 2003 2004 2005 2006 2007 2008 2009 201 0  201 5 2020 2025 2030 
RESIDENTIAL END USES 

ELECTRICITY 3,521 3,557 3,598 3,637 3,674 3,7 18  3,759 3,798 3,836 3,880 0 0 0 0 
DISTILLATE OIL 828 81 5 801 787 773 758 746 734 724 7 1 2  0 0 0 0 
LPG 348 343 339 334 330 324 320 31 6 313 309 0 0 0 0 
COAL 57 57 57 56 56 55 55 54 54 53 0 0 0 0 
NATURAL GAS 4,809 4,801 4,795 4,795 4,803 4,795 4,786 4,771 4,771 4,767 0 0 0 0 
RESIDUAL OIL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TOTAL FUELS 9,564 9,573 9,589 9,608 9,635 9,650 9,666 9,673 9,698 9 ,721  0 0 0 0 

COMMERCIAL END USES 
ELECTRICITY 3,1 70 3, 1 97 3,229 3,259 3,288 3,330 3,368 3,403 3,440 3,483 0 0 0 0 
DISTILLATE OIL 514  51 5 516  516 51 6 5 10  51 1 508 506 498 0 0 0 0 
LPG 60 60 59 59 59 58 58 57 57 56 0 0 0 0 
COAL 89 89 89 89 89 88 88 87 87 85 0 0 0 0 
NATURAL GAS 3,245 3,370 3,504 3,639 3,787 3,896 4,004 4,098 4, 1 87 4,252 0 0 0 0 
RESIDUAL OIL 1 87 1 e6 1 86 1 86 1 87 1 86 1 86 1 84 1 82 1 78 0 0 0 0 

TOTAL FUELS 7,264 7,4 1 7  7,584 7, 749 7,927 8,068 8,214  8,338 8,459 8,552 0 0 0 0 

INDUSTRIAL END. USES • 

NATURAL GAS 6,819 6,831 6,853 6,895 6,9 1 9  6,835 6,624 6,643 6,606 6,432 0 0 0 0 
HIGH SULFUR RESID 357 344 299 250 21 1 1 96 259 205 1 95 223 0 0 0 0 
LOW SULFUR RESID 457 432 398 360 321 291 337 293 271 296 0 0 0 0 
DISTILLATE 9 1 1 9 1 2  9 12  9 16  920 9 1 1  892 895 893 875 0 0 0 0 
ELECTR ICITY 3,687 3,755 3,849 3,906 3,975 4,062 4,243 4,21 7 4,307 4,475 0 0 0 0 
COAL 1 ,556 1 ,554 1 ,550 1 , 538 1 ,527 1 ,509 1 , 527 1 ,506 1 ,494 1 ,498 0 0 0 0 

TOTAL FUELS 1 3, 787 1 3,827 1 3,861 1 3,864 1 3,871 1 3,805 1 3,882 1 3,759 1 3,766 1 3, 798 0 0 0 0 

ELECTRIC UTILITY ENERGY INPUT 
NATURAL GAS 3,51 0 3,706 3,921 4,035 4, 1 72 4,354 4,668 4,699 4,897 5, 1 62 0 0 0 0 
HIGH SULFUR RESID 467 431 381 330 273 306 358 31 8 31 5 352 0 0 0 0 
LOW SULFUR RESID 570 528 522 535 528 549 535 548 554 546 0 0 0 0 
DISTILLATE 1 47 1 50 1 53 1 56 206 1 62 1 68 1 69 1 72 1 78 0 0 0 0 
COAL 1 6,906 1 7, 1 07 1 7,354 1 7,559 1 7,754 1 8,01 0 1 8,359 1 8,429 1 8,639 1 9,023 0 0 0 0 
NUCLEAR/HYDRO/OTHER 1 0,282 1 0,248 1 0,21 9 1 0, 1 9 1  1 0, 1 63 1 0, 14 1  1 0, 1 1 7  1 0,093 10 ,070 1 0,050 0 0 0 0 

TOTAL FUELS 31 ,882 32, 1 69 32,549 32,805 33,096 33,522 34,205 34,256 34,648 35,31 1 0 0 0 0 

PRIMARY ENERGY CONSUMPTION 
NATURAL GAS 1 8,383 1 8,707 1 9,073 1 9,363 1 9,681 1 9,880 20,082 20,21 1 20,462 20,6 1 1 0 0 0 0 
HIGH SULFUR RESID 824 775 679 580 483 502 6 1 7  523 51 1 575 0 0 0 0 
LOW SULFUR RESID 1 ,2 14  1 , 1 46 1 , 1 07 1 ,081 1 ,036 1 ,026 1 ,058 1 ,025 1 ,007 1 ,020 0 0 0 0 
DISTILLATE 2,400 2,392 2,382 2,374 2,4 1 5  2,342 2,31 6 2,306 2,295 2,262 0 0 0 0 
COAL 1 8,608 1 8,808 1 9,049 1 9,242 1 9,426 1 9,662 20,029 20,077 20,273 20,660 0 0 0 0 
ALL OTHER FUELS 1 0,689 1 0,651 1 0,618 1 0,584 1 0,552 1 0,523 1 0,496 1 0,467 1 0,440 1 0,41 5 0 0 0 0 

TOTAL FUELS 52, 1 1 8  52,477 52,907 53,224 53,592 53,934 54,597 54,608 54,988 55,543 0 0 0 0 
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NPCLOPPA: NPC UPSIDE OPTION CASE VS LOW REFERENCE CASE (#3) 

AVERAGE NATURAL GAS PRICES 
($1 990/MMBtu) 

1 989 1 990 1 991 1 992 1 993 1 994 1 995 
LDC GAS TARIFF PRICES 

AVERAGE AQUISITION 1 .76 1 .73 1 .57 1 .54 1 .52 1 .63 1 .63 
AVERAGE CITYGATE 2.75 2.73 2.53 2.45 2.41 2.50 2.49 
RESIDENTIAL BURNERTIP 5.71 5.65 5.34 5.21 5. 1 6  5.26 5.25 
COMMERCIAL BURNERTIP 4.82 4.72 4.45 4.33 4.28 4.37 4.36 
INDUSTRIAL BURNERTIP 3.07 3 . 1 1 2.83 2.73 2.72 2.84 2.90 
ELEC UTIL BURNERTIP 2.87 2.87 2.67 2.64 2.58 2.72 2.76 

END USER CARRIAGE PRICES 
AVG SPOT ACQUISITION 1 .57 1 .49 1 .24 1 .32 1 .33 1 .42 1 .44 
AVG SPOT CITYGATE 1 .86 1 .78 1 .53 1 .59 1 .60 1 .71 1 .74 
AVG SPOT BURNERTIP 2. 1 9  2. 1 0  1 .84 1 .89 1 .90 2.01 2.01 
AVG FIRM BURNERTIP 2.93 2.9 1 2 .70 2.62 2.58 2.67 2.66 

. 

2001 2002 2003 2004 2005 2006 2007 
LDC GAS TARIFF P RICES 

AVERAGE AQUISITION 2.47 2.49 2.47 2.39 2.38 2.39 2.46 
AVERAGE CITYGATE 3.33 3.32 3.27 3. 1 5  3. 1 2  3. 1 1  3. 1 5  
RESIDENTIAL BURNERTIP 6. 1 1  6.09 6.01 5.88 5.81 5.79 5.82 
COMMERCIAL BURNERTIP 5.23 5.22 5. 1 5  5.02 4.96 4.94 4.97 
INDUSTRIAL BURNERTIP 3.9 1 3.88 3.80 3.65 3.59 3 .58 . 3.63 
ELEC UTIL BURNERTIP 3.67 3 .65 3 .58 3.45 3.40 3.38 3.43 

END USER CARRIAGE PRICES 
AVG SPOT ACQUISITION 2.23 2.27 2.27 2. 1 8  2.20 2.22 2.29 
AVG SPOT CITYGATE 2.43 2.46 2.46 2.40 2.43 2.47 2.51 
AVG SPOT BURNERTIP 2.60 2.64 2.64 2.58 2.62 2.66 2.70 
AVG FIRM BURNERTIP 3.53 3.53 3.47 3.35 3.31 3.30 3.35 

Run Date: 09/1 8192 
Run Time: 03 : 13 PM 

1 996 1 997 1 998 1 999 2000 

1 .90 2.01 2. 1 9  2.33 2.46 
2.77 2.89 3. 1 0  3.24 3.35 
5.56 5.68 5.91 6.05 6. 1 6  
4.67 4.79 5.02 5. 1 6  5.27 
3.25 3.42 3 .72 3 .86 3.95 
3.09 3.2 1  3.44 3.59 3.70 

1 .70 1 .80 1 .98 2. 1 1  2.22 
1 .95 2.02 2. 1 9  2.32 2.42 
2. 1 3  2 .2 1 2.37 2.50 2.61  
2.96 3.08 3.30 3.44 3.56 

2008 2009 201 0 201 5 2020 2025 2030 

2.41 2.52 2.56 0.00 0.00 0.00 0.00 
3.08 3. 1 8  3 .2 1 0.00 0.00 0.00 0.00 
5.74 5.83 5.84 0.00 0.00 0.00 0 .00 
4.90 4.99 5.01 0.00 0.00 0.00 0.00 
3.56 3.68 3.71 0.00 0.00 0.00 0.00 
3.35 3.45 3.49 0.00 0.00 0.00 0.00 

2.26 2.38 2.43 0.00 0.00 0.00 0.00 
2.49 2.61 2.65 0.00 0.00 0.00 0.00 
2.73 2.82 2.86 0.00 0.00 0.00 0.00 
3.28 3.38 3.41 0.00 0.00 0.00 0.00 
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NPCLOPMA: NPC DOWNSIDE OPTION CASE VS LOW REFERENCE CASE (#3) Run Date: 09/1 8192 
Run Time:  03:07 PM 

EN ERGY OVERVIEW MODEL SUMMARY 

Crude 011 & Natural Gas Prices Lower 48 Gas Supply Drilling Costs 

U.S. Crude Texas/Gulf Henry Hub Lower 48 Spot Whd Reserve Add. Producer Producer E&D 
Oil Price Spot Whd Gas Price Avg Wellhead Gas Price Reserve Dry Gas Replacement Deliverability Drill ing Cost Incentive 

Year (RACC) Gas Price (Delv'd to PPL) Gas Price to RACC Additions Production of Production Utilization Index @ 1 988 Costs • 

($90/bbl) ($90/MMBtu) ($90/MMBtu) ($90/MMBtu) (Btu Percent) (Bcftyear) (Bcftyear) (Percent) (Percent) 1 988=1 .00 ($90/MMBtu) 

1 989 1 8.70 1 .58 1 .77 1 .7 1  48.9 1 5, 1 27 1 6,82 1 89.9 8 1 .4 1 .02 1 .55 
1 990 22.32 1 .5 1  1 .69 1 .66 39.3 1 8,454 1 7,355 1 06.3 82.7 1 .03 1 .50 

1 991 1 8.38 1 .27 1 .45 1 .49 40. 1 1 3 , 1 05 1 7,367 75.5 82.9 1 .03 1 .26 
1 992 1 7.66 1 .32 1 .49 1 .47 43.4 1 3 ,667 1 7,540 77.9 85.4 1 .03 1 .30 
1 993 1 6.90 1 .36 1 .53 1 .48 46.8 1 1 ,965 1 7,498 68.4 87.9 1 .07 1 .30 
1 994 1 6. 1 7  1 .50 1 .66 1 .58 53.6 1 0 ,949 1 7,237 63.5 9 1 .3 1 .08 1 .4 1  
1 995 1 5.50 1 .64 1 .8 1  1 .71 6 1 .4 

.
1 0,945 1 6,986 64.4 94. 1  1 . 1 1  1 .5 1  

1 996 1 5.77 1 .85 2 .02 1 .90 68.2 1 1 ,2 1 6 1 6,389 68.4 94.8 1 . 1 6  1 .63 
1 997 1 6.06 1 .95 2 . 1 2 1 .99 70.5 1 2 ,402 1 6, 1 52 76.8 95.4 1 . 1 6  1 .72 
1 998 1 6.36 2 . 1 0 2 .27 2 . 1 4  74.5 1 2 ,783 1 5,977 80.0 95.5 1 . 1 7  1 .83 
1 999 1 6.67 2 .23 2 .39 2 .27 77.5 1 3 , 1 56 1 5,773 83.4 95.8 1 . 1 7  1 .95 
2000 1 7.00 2 .37 2 .54 2 .43 8 1 .0 1 4 ,073 1 5,71 0 89.6 95.8 1 . 1 7  2 .06 
2001 1 7.30 2.47 2 .63 2 .53 82.7 1 4,790 1 5,769 93.8 95.8 1 .20 2 . 1 0 
2002 1 7.59 2 .5 1  2.67 2 .57 82.6 1 5 , 1 1 0  1 5,877 95.2 95.9 1 .2 1  2 . 1 2 
2003 1 7.90 2 .55 2 .72 2.62 82.8 1 5, 1 83 1 5,909 95.4 95.9 1 .22 2 . 1 3  
2004 1 8. 1 9  2 .60 2 .76 2 .66 82.8 1 5,61 7 1 6,008 97.6 95.9 1 .2 1  2 . 18  
2005 1 8.50 2.66 2.83 2 .72 83.5 1 5,49 1 1 6,052 96.5 95.8 1 .2 1  2.24 

2006 1 8.79 2 .73 2 .90 2.78 84.4 1 5 , 1 1 8  1 5,952 94.8 95.8 1 .2 1  2.31 
2007 1 9. 1 0  2.8 1  2.98 2.86 85.4 1 4 ,892 1 5,81 1 94.2 95.8 1 .20 2 .38 
2ooa 1 9.40 2.89 3.06 2.93 86.4 1 5 ,071 1 5,705 96.0 95.8 1 .2 1  2 .43 
2009 1 9.69 2 .95 3.1 2 3 .00 87.0 1 4 ,876 1 5,583 95.5 95.8 1 .2 1  2.49 
201 0  20.00 3.00 3 . 1 7 3.03 87.0 1 5 ,036 1 5,54 1 96.8 95.8 1 .20 2.55 

201 5  0.00 0 .00 0.00 0 .00 0.0 0 0 0.0 0.0 0.00 0 .00 

2020 0.00 0 .00 0.00 0 .00 0.0 0 0 0.0 0.0 0.00 0 .00 
2025 0.00 0 .00 0.00 0.00 0.0 0 0 0.0 0.0 0 .00 0 .00 
2030 0.00 0 .00 0.00 0 .00 0.0 0 0 0.0 0.0 0 .00 0 .00 

• Lower-48 spot wellhead gas price adjusted to reflect change in drilling costs from 1 988 1evels. 



NPCLOPMA: NPC DOWNSIDE OPTION CASE VS LOW REFERENCE CASE (#3) Run Date: 09/1 8192 
Run Time: 03:07 PM 

LOWER 48 NATURAL GAS BALANCE 
(Trillion Btus) 

1 989 1 990 1 991 1 992 1 993 1 994 1 995 1 996 1 997 1 998 1999 2000 
DEMAND 
RESIDENTIAL 4,900 4,497 4,700 4,8n 4,893 4,91 2 4,938 4,91 3 4,891 4,851 4,830 4,796 
COMMERCIAL • 2,771 2,729 2,847 2,859 2,846 2,858 2,665 2,846 2,822 2,797 2,809 2,832 
INDUSTRIAL 6,949 7,060 7,394 7,370 7,432 7,361 7,1 98 6,981 6,891 6,843 6,731 6,529 

BOILERS 2,791 2,831 2,985 2,901 2,91 8 2,887 2,805 2,675 2,602 2,570 2,494 2,361 
NONBOILERS 4,1 58 4,229 4,409 4,470 4,51 4 4,474 4,393 4,307 4,290 4,273 4,237 4,1 68 

ELECTRIC UTILITY 2,808 2,852 2,905 2,884 2,868 2,868 2,905 2,840 2,890 2,81 7 2,764 3,004 
TOTAL END USE DEMAND 1 7,428 1 7,1 39 1 7,846 1 7,990 1 8,039 1 7,998 1 7,906 1 7,580 1 7,495 1 7,307 1 7,1 34 1 7, 1 61 

LEASE AND PLANT USE 886 1 ,061 1 ,094 1 ,1 06  1 ,1 00  1 ,081 1 ,064 1 ,025 1 ,009 998 984 980 
TRANSMISSION FUEL 655 644 671 676 678 677 673 661 658 651 644 645 
UAF + EXPORTS 1 79 1 72 258 319  388 431 463 484 500 51 6 531 547 
TOTAL DISPOSITION 1 9,1 48 1 9,01 7 1 9,869 20,092 20,206 20,1 87 20,1 05 1 9,749 1 9,661 1 9,471 1 9,294 1 9,334 

SUPPLY 
LOWER-48 PRODUCTION 1 7,661 1 7,356 1 7,959 . 1 8,047 1 8,004 1 7,727 1 7;534 1 6,923 1 6,675 1 6,489 1 6,296 1 6,230 
PIPELINE IMPORTS 1 ,327 1 ,466 1 ,709 1 ,841 1 ,996 2,249 2,448 2,590 2,693 2,632 2,576 2,559 
OTHER SUPPLY 0 0 0 0 0 0 0 0 0 0 0 0 
LNG + SNG + SUPPLEMENTAL& 1 53 1 91 1 97 1 99  1 99  1 99 223 327 381 438 51 0 628 
TOTAL GAS SUPPLY 1 9,141  1 9,01 3 1 9,865 20,066 20,1 99  20,1 75 20,205 1 9,839 1 9,749 1 9,558 1 9,382 1 9,41 7 

2001 2002 2003 2004 2005 2006 2007 2008 2009 201 0 201 5 2020 2025 2030 
DEMAND 
RESIDENTIAL 4,767 4,743 4,727 4,71 3 4,705 4,684 4,670 4,652 4,639 4,634 0 0 0 0 
COMMERCIAL • 2,862 2,889 2,929 2,967 3,01 5 3,027 3,048 3,055 3,051 3,032 0 0 0 0 
INDUSTRIAL 6,478 6,430 6,375 6,326 6,243 6,1 21 6,001 5,902 5,81 6 5,749 0 0 0 0 

BOILERS 2,351 2,335 2,31 2 2,290 2,249 2,1 66 2,108 2,048 1 ,996 1 ,963 0 0 0 0 
NON BOILERS 4,1 27 4,095 4,063 4,036 3,994 3,935 3,893 3,854 3,820 3,786 0 0 0 0 

ELECTRIC UTILITY 3,1 1 5  3,230 3,31 3 3,424 3,51 1 3,581 3,621 3,673 3,762 3,660 0 0 0 0 
TOTAL END USE DEMAND 1 7,222 1 7,291 1 7,343 1 7,431 1 7,475 1 7,41 4  1 7,340 1 7,282 1 7,268 1 7,275 0 0 0 0 

LEASE AND PLANT USE 983 989 991 996 997 990 980 972 962 958 0 0 0 0 
TRANSMISSION FUEL 648 650 652 655 657 655 652 650 649 650 0 0 0 0 
UAF + EXPORTS 563 579 600 622 643 664 680 696 71 2 728 0 0 0 0 
TOTAL DISPOSITION 1 9,41 5 1 9,51 0 1 9,588 1 9,704 1 9,772 1 9,722 1 9,651 1 9,600 1 9,592 1 9,61 0 0 0 0 0 

SUPPLY 
LOWER-48 PRODUCTION 1 6,243 1 6,374 1 6,403 1 6,502 1 6,545 1 6,434 1 6,280 1 6, 163 1 6,029 1 5,976 0 0 0 0 
PIPELINE IMPORTS 2,535 2,496 2,538 2,557 2,5n 2,622 2,692 2,748 2,875 2,947 0 0 0 0 
OTHER SUPPLY 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
LNG + SNG + SUPPLEMENTALS 681 683 666 683 690 697 703 704 702 697 0 0 0 0 
TOTAL GAS SUPPLY 1 9,459 1 9,553 1 9,626 1 9,742 1 9,81 1 1 9,754 1 9,675 1 9,61 5 1 9,606 1 9,620 0 0 0 0 

• INCWDES NATURAL GAS VEHICLES 



NPCLOPMA: NPC DOWNSIDE OPTION CASE VS LOW REFERENCE CASE (1#3) Run Date: 09/18192 
Run Time: 03:07 PM 

ENERGY DEMAND FOR COMBUSTION USES 

(Trilfion Btus) 

1 989 1 990 1 991 1 992 1 993 1 994 1 995 1 996 1 997 1 998 1 999 2000 

NATURAL GAS 1 7,428 1 7, 1 39 1 7,846 1 7,990 1 8,039 1 7,998 1 7,906 1 7,580 1 7,495 1 7,307 1 7, 134 1 7, 1 61 
RESIDUAL FUEL OIL 2,288 1 ,962 1 ,833 1 ,941 1 ,847 1 ,874 2,0 1 2  2,244 2,279 2,399 2,623 2,620 
DISTILLATE FUEL OIL 2,989 2,641 2,557 2,589 2,601 2,601 2,468 2,447 2,446 2,440 2,430 2,401 
LPG (RES/COM SECTORS) 470 429 420 428 431 432 432 430 428 423 41 9 414  
COAL (EXCLUDES COKING COAL) 1 7,628 1 7,864 1 7,757 1 7,788 1 7,937 1 7,907 1 7,929 1 8,024 1 8,277 18 ,41 9 1 8,543 1 8,661 
HYDRO/RENEW ABLES 2,908 3,085 3,030 3,085 3 , 130 3,1 55 3,1 55 3 , 159 3 , 163 3 , 167 3, 1 70 3,1 73 
NUCLEAR POWER 5,597 6,1 59 6,543 6,61 4 6,6n 6,81 5 6,877 6,962 6,972 7,060 7,070 7, 1 57 
PRIMARY ENERGY CONSUM PTIOII 49,308 49,278 49,986 50,434 50,661 50,781 50,780 50,846 51 ,061 51 ,21 5 51 ,389 51 ,587 
PLUS ELECTRICITY CONSUM ED 8,941 9,21 2 9 ,371 9,440 9,5 12  9,583 9,657 9,772 9,91 8 10 ,051 1 0 , 1 82 1 0,31 9 
LESS ELEC UTIL ENERGY INPUT (28,733) (29,381 ) (29,664) (29,841 \ (30,054) (30,251 )  (30,474) (30,696) (31 ,005) (31 ,241 )  (31 ,485) (31 ,745) 
END USE ENERGY DEMAND 29,51 5 29,1 09 29,693 30,033 30,1 1 9  30, 1 1 3  29,963 29,922 29,974 30,024 30,087 30, 1 61 

2001 2002 2003 2004 2005 2006 2007 2008 2009 201 0 201 5 2020 2025 2030 

NATURAL GAS 1 7,222 1 7,291 1 7,343 1 7,431 1 7,475 1 7,414 1 7,340 1 7,282 1 7,268 17,275 0 0 0 0 

RESIDUAL FUEL OIL 2,572 2,470 2,379 2,323 2,298 2,355 2,449 2,496 2,508 2,478 0 0 0 0 

DISTILLATE FUEL OIL 2,390 2,373 2,406 2,390 2,373 2,299 2,280 2,262 2,242 2,223 0 0 0 0 

LPG (RES/COM SECTORS) 410  406 401 397 393 388 384 380 376 372 0 0 0 0 

COAL (EXCLUDES COKING COAL) 18,945 1 9,259 1 9,556 1 9,822 20,094 20,373 20,646 20,927 21 ,226 21 ,61 9 0 0 0 0 

HYDRO/RENEWABLES 3, 1 85 3,207 3,231 3,255 3,281 3,310 3,338 3,366 3,396 3,427 0 0 0 0 
NUCLEAR POWER 7,1 06  7,055 7,004 6,954 6,903 6,852 6,802 6,752 6,702 6,652 0 0 0 0 

PRIMARY ENERGY CONSUMPTIOII 51 ,830 52,062 52,321 52,572 52,81 7 52,990 53,239 53,465 53,71 8 54,046 0 0 0 0 

PLUS ELECTRICITY CONSUM ED 1 0,467 1 0,61 1 1 0,761 1 0,91 1 1 1 ,055 1 1 ,212 1 1 ,368 1 1 ,51 8 1 1 ,684 1 1 ,878 0 0 0 0 

LESS ELEC UTIL ENERGY INPUT (32,073) (32,392) (32,720) (33,047) (33,379) (33,764) (34, 1 40) (34,494) (34,894) (35,383) 0 0 0 0 

END USE ENERGY DEMAND 30,224 30,281 30,363 30,436 30,492 30,438 30,468 30,490 30,508 30,541 0 0 0 0 



NPCLOPMA: NPC DOWNSIDE OPTION CASE VS LOW REFERENCE CASE (#3) Run Date: 09/1 8/92 
Run Time: 03:07 PM 

LOWER 48 ENERGY DEMAND 
(Trillion Btus) 

1 989 1 990 1 991 1 992 1 993 1 994 1 995 1 996 1997 1 998 1 999 2000 
RESIDENTIAL END USES 

ELECTRICITY 3,051 3, 1 39 3,252 3,266 3,280 3,295 3,31 0 3,345 3,382 3,41 8 3,454 3,491 
DISTILLATE OIL 1 , 1 65 898 877 90 1  906 905 902 894 886 873 860 845 
LPG 400 364 358 363 367 369 370 368 367 363 359 354 
COAL 58 62 58 6 1  60 60 60 60 59 59 59 58 
NATURAL GAS 4,900 4,497 4,700 4,877 4,893 4,912  4,938 4,913  4,891 4,851 4,830 4, 796 
RESIDUAL OIL 0 0 0 0 0 0 0 0 0 0 0 0 

TOTAL FUELS 9,573 8,960 9,245 9,468 9,507 9,541 9,579 9,579 9,586 9,564 9,561 9,544 

COMMERCIAL END USES 
ELECTRICITY 2,755 2,861 2,924 2,949 2,975 3,000 3,027 3,060 3,097 3, 1 32 3, 1 68 3,205 
DISTILLATE OIL 56 1  5 1 8  509 522 524 525 522 520 520 51.7 516 519 
LPG 70 65 63 65 64 63 62 62 61 61 61 6 1  
COAL 88 94 88 94 94 93 93 91 91 90 89 89 
NATURAL GAS 2,771 2,729 2,847 2,859 2,846 2,858 2,865 2,846 2,822 2,797 2,809 2,832 
RESIDUAL OIL 228 226 223 220 214 210 206 201 1 96 191  1 89 1 87 

TOTAL FUELS 6,472 6,494 6,654 6,709 6,716 6, 749 6,774 6,779 6,787 6,787 6,831 6,892 

INDUSTRIAL END USES • 

NATURAL GAS 6,949 7,060 7,394 7,370 7,432 7,361 7, 1 98 6,981 6,891 6,843 6,731 6,529 
HIGH SULFUR RESID 31 1 289 248 268 252 247 277 363 335 372 428 492 
LOW SULFUR RESID 30 1 286 251 299 269 269 31 1 374 466' 491 522 621 
DISTILLATE 1 , 1 34 1 , 1 68 1 , 1 04 1 ,093 1 ,092 1 ,085 951 931 929 922 909 889 
ELECTRICITY 3, 1 35 3,2 12  3, 195 3,226 3,257 3,288 3,321 3,368 3,440 3,501 3,561 3,623 
COAL 1 ,640 1 ,641 1 ,601 1 ,600 1 ,593 1 , 572 1 ,552 1 ,547 1 ,541 1 ,545 1 ,544 1 ,572 

TOTAL FUELS 1 3,471 1 3,655 1 3,794 13,857 1 3,896 1 3,822 1 3,6 10  1 3,563 1 3,602 1 3,674 1 3,694 1 3,724 

ELECTRIC UTILITY ENERGY INPUT 
NATURAL GAS 2,808 2,852 2,905 2,884 2,868 2,868 2,905 2,840 2,890 2,81 7 2,764 3,004 
H IGH SULFUR RESID 590 490 477 555 463 483 547 585 581 584 627 509 
LOW SULFUR RESID 858 671 634 599 649 665 672 723 702 761 859 8 1 2  
DISTILLATE 1 30 57 67 73 79 86 94 1 02 1 1 1  1 28 1 45 1 48 
COAL 1 5,842 1 6,067 1 6,009 1 6,032 1 6, 1 89 1 6, 1 81 1 6,225 1 6,326 1 6,586 1 6,725 1 6,852 1 6,942 
NUCLEARIHYDRO/OTHEF 8,505 9,244 9,573 9,699 9,806 9,969 1 0,033 10 , 121 1 0, 1 36 1 0,227 1 0,240 1 0,330 

TOTAL FUELS 28,733 29,381 29,664 29,841 30,054 30,251 30,474 30,696 31 ,005 31 ,241 31 ,485 31 ,745 

PRIMARY ENERGY CONSUMPTION 
NATURAL GAS 1 7,428 1 7, 1 39 1 7,846 1 7,990 1 8,039 1 7,998 1 7,906 1 7,580 1 7,495 1 7,307 1 7, 1 34 1 7, 1 61 
H IGH SULFUR RESID 90 1 778 725 823 71 5 730 823 947 9 1 6  956 1 ,055 1 ,000 
LOW SULFUR AESID 1 ,387 1 , 1 84 1 , 1 08 1 ,1 1 8  1 , 1 32 1 , 1 44 1 , 1 89 1 ,297 1 ,363 1 ,443 1 ,569 1 ,620 
DISTILLATE 2,989 2,641 2,557 2,589 2,601 2,601 2,468 2,447 2,446 2,440 2,430 2,401 
COAL 1 7,628 1 7,864 1 7,757 1 7,788 1 7,937 1 7,907 1 7,929 1 8,024 1 8,277 1 8,41 9 1 8,543 1 8,661 
ALL OTHER FUELS 8,975 9,672 9,993 10 , 127 1 0,237 1 0,401 1 0,465 1 0,551 1 0,564 1 0,650 1 0,659 1 0,744 

TOTAL FUELS 49,308 49,278 49,986 50,434 50,661 50,780 50,780 50,846 51 ,061 51 ,21 4 51 ,389 51 ,586 

' EXCLUDES COAL AND OIL FEEDSTOCKS, LPG/STILL GAS, AND MISCELLANEOUS OIL FUELS. 



NPCLOPMA: NPC DOWNSIDE OPTION CASE VS LOW REFERENCE CASE (#3) Run Date: 09/18/92 
Run Time: 03:07 PM 

LOWER 48 ENERGY DEMAND 
(Trillion Btus) 

2001 2002 2003 2004 2005 2006 2007 2008 2009 201 0  201 5 2020 2025 2030 
RESIDENTIAL END USES 

ELECTRICITY 3,529 3,567 3,605 3,645 3,682 3,722 3,763 3,802 3,843 3,885 0 0 0 0 
DISTILLATE OIL 831 81 7 804 790 778 764 752 740 728 718 0 0 0 0 
LPG 349 345 340 336 332 327 323 31 9 316 313 0 0 0 0 
COAL · 58 57 57 56 56 55 55 54 54 53 0 0 0 0 
NATURAL GAS 4,767 4,743 4,727 4, 713 4,705 4,684 4,670 4,652 4,639 4,634 0 0 0 0 
RESIDUAL OIL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TOTAL FUELS 9,533 9,528 9,533 9,540 9,552 9,552 9,562 9,567 9,580 9,603 0 0 0 0 

COMMERCIAL END USES 
ELECTRICITY 3,250 3,294 3,340 3,386 3,431 3,483 3,537 3,588 3,643 3,698 0 0 0 0 
DISTILLATE OIL 523 526 529 532 536 535 536 535 533 528 0 0 0 0 
LPG 61 61 61 61 61  61  61  61  60 60 0 0 0 0 
COAL 90 90 90 90 9 1  90 90 90 89 88 0 0 0 0 
NATURAL GAS 2,862 2,889 2,929 2,967 3,01 5  3,027 3,048 3,055 3,051 3,032 0 0 0 0 
RESIDUAL OIL 1 86 1 85 1 85 1 84 184 1 83 1 82 1 80 1 78 1 76 0 0 0 0 

TOTAL FUELS 6,971 7,044 7, 133 7,221 7,31 8  7,379 7,454 7,51 0 7,555 7,582 0 0 0 0 

INDUSTRIAL END USES • 
NATURAL GAS 6,478 6,430 6,375 6,326 6,243 6, 121 6,001 5,902 5,816  5,749 0 0 0 0 
HIGH SULFUR RESID 498 492 468 462 449 437 455 456 454 431 0 0 0 0 
LOW SULFUR RESID 596 585 593 576 566 553 567 578 577 558 0 0 0 0 
DISTILLATE 883 876 869 861 852 837 827 81 8 809 801 0 0 0 0 
ELECTRICITY 3,688 3,750 3,81 6 3,880 3,942 4,007 4,069 4, 1 28 4, 1 97 4,295 0 0 0 0 
COAL 1 ,575 1 ,575 1 ,575 1 , 569 1 ,570 1 ,551 1 , 533 1 ,531 1 ,520 1 ,522 0 0 0 0 

TOTAL FUELS 13,7 19  1 3,708 1 3,696 13,674 13,621 1 3,506 1 3,453 1 3,41 3 13,373 1 3,356 0 0 0 0 

ELECTRIC UTILITY ENERGY INPUT 
NATURAL GAS 3,1 1 5  3,230 3,313 3,424 3,51 1 3,581 3,621 3,673 3,762 3,860 0 0 0 0 
HIGH SULFUR RESID 504 474 430 419 416  456 469 470 475 476 0 0 0 0 
LOW SULFUR RESID 787 734 704 682 684 726 776 81 2 824 837 0 0 0 0 
D ISTILLATE 1 53 1 54 205 207 207 163 166 169 1 72 1 76 0 0 0 0 
COAL 1 7,222 1 7,537 1 7,834 18, 107 1 8,378 1 8,676 1 8,968 1 9,252 1 9,563 1 9,955 0 0 0 0 
NUCLEAR/HYDRO/OTHER 10,291 1 0,262 1 0,235 10,209 10 , 184 1 0;162 10 , 140 1 0, 1 1 8  10,098 1 0,079 0 0 0 0 

TOTAL FUELS 32,073 32,392 32,720 33,047 33,379 33,764 34, 140 34,494 34,894 35,383 0 0 0 0 

PRIMARY ENERGY CONSUMPTION 
NATURAL GAS 1 7,222 1 7,291 1 7,343 1 7,431 1 7,475 1 7,41 4 1 7,340 1 7,282 1 7,268 1 7,275 0 0 0 0 
HIGH SULFUR RESID 1 ,003 966 898 881 865 893 924 927 929 907 0 0 0 0 
LOW SULFUR RESID 1 ,570 1 ,505 1 ,481 1 ,442 1 ,433 1 ,461 1 ,525 1 ,570 1 ,579 1 ,571 0 0 0 0 
DISTILLATE 2,390 2,373 2,406 2,390 2,373 2,299 2,280 2,262 2,242 2,223 0 0 0 0 
COAL 1 8,945 1 9,259 1 9,556 1 9,822 20,094 20,373 20,646 20,927 21 ,226 21,619 0 0 0 0 
ALL OTHER FUELS 1 0, 701 1 0,668 1 0,636 10,606 1 0,577 1 0,550 1 0,524 1 0,498 10 ,474 1 0,451 0 0 0 0 

TOTAL FUELS 51 ,830 52,061 52,321 52,572 52,81 7 52,990 53,239 53,465 53,718 54,046 0 0 0 0 



NPCLOPMA: NPC DOWNSIDE OPTION CASE VS LOW REFERENCE CASE (# TABLE 2: LOWER 48 WELLS AND RESERVES Run Date: 09/18192 
Run Time: 03:07 PM 

1 989 1 990 1 991 1 992 1 993 1 994 1 995 1 996 1 997 1 998 1 999 2000 
EXPLORATORY WELLS 5,744 6,1 56 5,567 4,448 3,629 3,255 3,256 3,471 3,660 4,070 4,990 5,976 
DEVELOPMENT WELLS 22,582 27,1 56 26,4 14  20,364 1 6,805 1 4,875 1 5,553 1 5,736 1 5, 1 58 1 6,061 1 9,707 22,208 
TOTAL GAS WELLS 9,472 1 0,333 9,899 7,532 6,529 6,582 6,507 7,389 7,265 7,71 9 7 , 152 7,962 
TOTAL WELLS 28,326 33,3 14  31 ,981 24,81 2 20,435 1 8, 130 1 8,809 1 9,207 1 8,81 8 20, 131  24,697 28, 185 

RESERVE ADDITIONS 
OIL (MMB) CONVENTIONAL 1 , 1 94 1 ,388 936 1 ,657 1 ,355 1 ,045 875 828 798 846 981 995 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 1 ,325 1 ,545 1 ,0 12  1 ,844 1 ,500 1 , 1 9 1  1 ,01 5 1 ,020 1 ,0 1 7  1 ,058 1 ,240 1 ,255 
HIGH PERMEABILITY (BCF) 9,905 1 2,223 7;432 7,986 7,449 7,089 7,41 5 7,621 9 , 1 58 9,41 8 9 ,290 10 , 1 52 
LOW PERMEABILITY (BCF) 1 ,339 1 ,691 1 ,532 1 ,798 1 ,030 809 574 734 802 1 ,006 1 ,1 95 1 ,1 97 
DEVONIAN SHALE (BCF) 384 504 397 3 1 5  3 18  327 358 377 421 473 532 483 
COAL BED METHANE (BCF) 1 ,607 2,1 1 1  2,386 1 ,41 1 1 ,399 1 ,31 5 1 ,358 1 ,236 742 51 8 51 0 492 
ENHANCED RECOVERY GAS (BCF) 443 303 296 1 79 1 47 1 38  1 35 1 42 1 63 194 237 296 
ENHANCED RECOVERY TIGHT (BCF) 1 23 77 49 1 33 1 21 81 92 87 99 1 1 6  1 52 198 
TOTAL NON-ASSOC GAS (BCF) 13 ,801 1 6,909 1 2,093 1 1 ,823 1 0,465 9,758 9,931 1 0, 1 97 1 1 ,385 1 1 ,725 1 1 ,9 1 6  1 2,81 8 
TOTAL OIL (MMB) 1 ,1 94 1 ,388 938 1 ,657 1 ,355 1 ,045 875 828 798 846 981 995 
TOTAL GAS (BCF) 1 5, 1 27 1 8,454 1 3,1 05 1 3,667 1 1 ,965 1 0�949 1 0,945 1 1 ,21 6 1 2,402 1 2,783 1 3, 158 14 ,073 
TOTAL NGL (MMB) 550 681 432 526 456 415  406 433 494 525 546 598 

PRODUCTION (W/ LEASE & PLANT GAS) 
OIL (MMB) CONVENTIONAL 1 ,871 1 ,782 1 ,751 1 ,722 1 ,700 1 ,639 1 ,573 1 ,531 1 ,490 . 1 .452 1 ,428 1 ,41 0 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 2,730 2,720 2,598 2,481 2,361 2, 1 89 2,062 1 ,976 1 ,91 7 1 ,848 1 ,782 1 ,734 
HIGH PERMEABILITY (BCF} 1 2,041 1 2,440 1 2,386 1 2,349 1 2,331 1 2, 1 74 1 1 ,991 1 1 ,500 1 1 ,326 1 1 , 1 78 10 ,977 1 0 ,905 
LOW PERMEABILITY (BCF) 1 ,666 1 ,675 1 ,701 1 ,850 1 ,798 1 ,722 1 ,659 1 ,565 1 ,473 1 ,472 1 ,498 1 ,529 
DEVONIAN SHALE (BCF) 1 52 1 80 21 1 225 238 251 271 271 288 299 31 1. 326 
COAL BED METHANE (BCF) 1 03 1 78 285 422 546 673 no 859 943 970 979 956 
ENHANCED RECOVERY GAS (BCF) 83 1 1 4 1 38 1 62 1 63 1 62 1 63 1 50 1 34 137 1 50 1 74 
ENHANCED RECOVERY TIGHT (BCF) 47 48 47 51 62 66 69 68 71 73 76 86 
TOTAL NON-ASSOC GAS (BCF) 1 4 ,091 1 4,634 1 4,768 1 5,059 1 5, 1 36 1 5,048 1 4,924 . 1 4,41 3 1 4 ,235 14 , 129 1 3,990 13 ,976 
TOTAL OIL (MMB) 1 ,871 1 ,782 1 ,751 1 ,722 1 ,700 1 ,639 1 ,573 1 ,531 1 ,490 1 ,452 1 ,428 1 ,41 0 
TOTAL GAS (BCF) 1 6,821 1 7,355 1 7,367 1 7,540 1 7,498 1 7,237 1 6,986 1 6,389 1 6, 152 1 5,977 1 5,773 1 5,71 0 
TOTAL NGL (MMB) 740 752 748 757 753 735 721 696 689 684 677 674 

RESERVES 
OIL (MMB) CONVENTIONAL 20,063 1 9,670 1 8,854 1 8,789 1 8,445 1 7,851 1 7, 1 53 1 6,450 1 5,759 1 5, 152 1 4,705 1 4,291 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 25,041 23,866 22,303 21 ,666 20,804 1 9,806 1 8,758 1 7,802 1 6,903 1 6,1 1 2  1 5,570 15 ,091 
HIGH PERMEABILITY (BCF) 105,4 13  1 05,1 96 1 00,344 95,981 9 1 ,099 86,01 5  81 ,438 77,559 75,392 73,632 71 ,945 71 ,192 
LOW PERMEABILITY (BCF) 22,835 22,851 22,704 22,65;! 21 ,884 20,971 1 9,886 1 9,054 1 8,383 1 7,91 7 1 7,61 4 17,283 
DEVONIAN SHALE (BCF) 1 ,751 2,076 2,262 2,353 2,434 2,51 1 2,598 2,703 2,836 3,01 0 3,230 3,387 
COAL BED METHANE (BCF) 2,798 4,731 6,833 7,822 8,675 9,31 7 9,905 1 0,282 1 0,080 9,628 9,1 60 8,695 
ENHANCED RECOVERY GAS (BCF) 963 1 ,1 52 1 ,31 0 1 ,328 1 ,31 3 1 ,286 1 ,258 1 ,251 1 ,280 1 ,337 1 ,424 1 ,546 
ENHANCED RECOVERY TIGHT (BCF) 508 535 538 618  676 691 71 4 733 762 805 880 992 
TOTAL NON-ASSOC GAS (BCF) 134,266 1 36,540 1 33,989 1 30,753 1 26,082 1 20,792 1 1 5,799 1 1 1 ,582 1 08,732 1 06,328 1 04;254 1 03,095 
TOTAL OIL (MMB) 20,063 1 9,670 1 8,854 1 8,789 1 8,445 1 7,851 1 7, 1 53 1 6,450 1 5,759 1 5, 152 14,705 1 4,291 
TOTAL GAS (BCF) 1 59,307 1 60,406 1 56,292 1 52,4 19  148,888 140,598 1 34,557 1 29,384 1 25,635 1 22,440 1 19,823 1 18, 186 
TOTAL NGL (MMBl 7,499 7,429 7,1 1 3  6,882 6,585 6,264 5,949 5,686 5,49.1 5,333 5,202 5,126 

LEASE AND PLANT GAS (_B� I 857 1 1 ,027 1 1 ,060 I 1 ,011 1 1 ,066 1 1 ,047 1 1 ,030 I 993 1 977 1 966 1 953 1 949 



NPCLOPMA: NPC DOWNSIDE OPTION CASE VS LOW REFERENCE CASE (# TABLE 2: LOWER 48 WELLS AND RESERVES Run Date: 09/1 8192 
Run Time: 03:07 PM 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 201 5  2020 2025 2030 

EXPLORATORY WELLS 6,866 6,874 6,661 6,638 6,848 7,1 48 7,388 7,499 7,1 30 6,721 0 0 0 0 
DEVELOPMENT WELLS 24,334 24,570 22,306 22,227 22,047 22,1 25 20,979 21 ,396 .20 .394 1 9 ,602 0 0 0 0 
TOTAL GAS WELLS 8,668 9 ,390 9 ,382 9,432 9 ,335 9 ,497 9,255 9 ,490 9 ,487 10 ,034 0 0 0 0 
TOTAL WELLS 31 ,20 1 31 ,445 28,966 28,865 28,895 29,273 28,366 28,894 27,524 26,323 0 0 0 0 

RESERVE ADDITIONS 
OIL (MMB) CONVENTIONAL 1 ,077 1 ,Q46 985 976 977 898 800 852 784 679 0 0 0 0 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 1 ,349 1 ,336 1 ,286 1 ,258 1 ,239 1 ,1 39 1 ,045 1 ,047 970 872 0 0 0 0 
HIGH PERMEABILITY (BCF) 1 0,675 1 0,851 1 0 ,957 1 0 ,777 10 ,507 9 ,986 9,865 9 ,927 9 ,444 9,244 0 0 0 0 
LOW PERMEABILITY (BCF) 1 ,264 1 ,347 1 ,296 1 ,449 1 ,474 1 ,532 1 ,4 13  1 ,334 1 ,331 1 ,466 0 0 0 0 
DEVONIAN SHALE (BCF) 41 2 453 488 527 445 392 362 341 291 263 0 0 0 0 
COAL BED METHANE (BCF) 464 406 355 41 6 526 642 702 748 869 954 0 0 0 0 
ENHANCED RECOVERY GAS (BCF 370 4 14  440 553 563 549 433 386 401 362 0 0 0 0 
ENHANCED RECOVERY TIGHT (BC 255 304 362 637 738 878 1 ,072 1 ,288 1 ,570 1 ,874 0 0 0 0 
TOTAL NON-ASSOC GAS (BCF) 1 3,441 1 3,774 1 3,897 14 ,359 14 ,253 1 3,979 13 ,848 14 ,024 13 ,907 1 4,1 64 0 0 0 0 
TOTAL OIL (MMB) 1 ,077 1 ,046 985 976 977 898 800 852 784 679 0 0 0 0 
TOTAL GAS (BCF) 1 4,790 1 5, 1 1 0  15 , 183 1 5,61 7 1 5,49 1 1 5,1 1 8  14 ,892 15 ,071 14 ,876 15 ,036 0 0 0 0 
TOTAL NGL CMMB) 640 647 639 634 620 587 569 578 552 535 0 0 0 0 

PRODUCTION (W/ LEASE Be PLANT GAS) 
OIL (MMB) CONVENTIONAL 1 ,397 1 ,389 1 ,380 1 ,365 1 ,349 1 ,330 1 ,306 1 ,281 1 ,255 1 ,219 0 0 0 0 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 1 ,703 1 ,674 1 ,652 1 ,626 1 ,605 1 ,569 1 ,536 1 ,494 1 ,451 1 ,400 0 0 0 0 
HIGH PERMEABILITY (BCF) 1 0,943 1 1 ,032 1 1 ,060 1 1 , 1 1 8  1 1 , 1 08 1 1 ,003 10 ,853 10 ,771 10 ,593 10 ,474 0 0 0 0 
LOW PERMEABILITY (BCF) 1 ,550 1 ,575 1 ,584 1 ,587 1 ,603 1 ,588 1 ,564 1 ,522 1 ,503 1 ,500 0 0 0 0 
DEVONIAN SHALE (BCF) 333 334 337 350 360 359 358 352 347 341 0 0 0 0 
COAL BED METHANE (BCF) 930 894 859 833 793 772 768 758 771 791 0 0 0 0 
ENHANCED RECOVERY GAS .(BCF 206 246 274 31 0 346 364 366 361 371 371 0 0 0 0 
ENHANCED RECOVERY TIGHT (BC 1 03 12 1  1 43 1 83 238 297 366 448 547 665 0 0 0 0 
TOTAL NON-ASSOC GAS (BCF) 1 4,066 1 4,202 14 ,258 14 ,381 14 ,447 14 ,383 14 ,275 14 ,21 1 1 4 ,1 32 14,1 41 0 0 0 0 
TOTAL OIL (MMB) 1 ,397 1 ,389 1 ,380 1 ,365 1 ,349 1 ,330 1 ,306 1 ,281 1 ,255 1 ,219 0 0 0 0 
TOTAL GAS (BCF) 1 5,769 1 5,877 15 ,909 16 ,008 16 ,052 1 5,952 1 5,81 1 15 ,705 15 ,583 15 ,541 0 0 0 0 
TOTAL NGL CMMBl 676 681 681 679 677 669 658 647 639 632 0 0 0 0 

RESERVES 
OIL (MMB) CONVENTIONAL 1 3,970 1 3,627 13 ,232 1 2,843 1 2,471 12 ,039 1 1 ,533 1 1 ,1 03 10 ,632 10 ,092 0 0 0 0 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 1 4,737 1 4,398 14 ,033 13 ,664 13 ,298 1 2,868 1 2,377 1 1 ,929 1 1 ,448 10 ,921 0 0 0 0 
HIGH PERMEABILITY (BCF) 70,925 70,743 70,840 70,300 69 ,699 68,682 67,694 66,850 65,702 64,472 0 0 0 0 
LOW PERMEABILITY (BCF) 1 6,997 1 6,768 16 ,480 16,341 1 6,21 2 1 6,1 57 16 ,006 1 5,81 9  15 ,647 1 5 ,61 3  0 0 0 0 
DEVONIAN SHALE (BCF) 3,466 3,584 3,735 3,9 1 1 3,997 4 ,029 4,033 4,023 3,967 3,888 0 0 0 0 
COAL BED METHANE (BCF) 8,229 7,741  7,236 6,8 19  6,553 6,423 6,357 6,347 6,444 6,608 0 0 0 0 
ENHANCED RECOVERY GAS (BCF 1 ,71 0 1 ,878 2,044 2,287 2,504 2,689 2,756 2,781 2,8 1 1 2,803 0 0 0 0 
ENHANCED RECOVERY TIGHT (BC 1 ,1 45 1 ,327 1 ,545 2,000 2,499 3,080 3,786 4,626 5,649 6,858 0 0 0 0 
TOTAL NON-ASSOC GAS (BCF) 1 02,470 1 02,042 1 01 ,681 1 01 ,659 1 01 ,464 1 01 ,060 1 00,632 1 00 ,445 1 00,220 1 00 ,242 0 0 0 0 
TOTAL OIL (MMB) 1 3,970 1 3,627 1 3,232 12 ,843 1 2,471 12 ,039 1 1 ,533 1 1 , 1 03 1 0 ,632 10 ,092 0 0 0 0 
TOTAL GAS (BCF) 1 1 7,207 1 1 6,440 1 1 5,71 4 1 1 5,323 1 1 4,762 1 13 ,928 1 1 3,009 1 12,375 1 1 1 ,668 1 1 1 , 1 63 0 0 0 0 
TOTAL NGL (MMB) 5,090 5,056 5,01 4 4,969 4,9 1 2  4 ,831 4,741 4,673 4,586 4,490 0 0 0 0 

LEASE AND PLANT GAS (BCF) I 952 1 958 I 959 1 964 1 966 1 958 1 949 I 941 I 932 I 927 I ol o l  o l  0 



NPCLOPMA: NPC DOWNSIDE OPTION CASE VS LOW REFERENCE CASE (#3) Run Date: 09/1 8192 
Run Time: 03 :07 PM 

AVE RAGE NATURAL GAS PRICES 
($1 990/MMBtu) 

1 989 1 990 1 991 1 992 1 993 1 994 1 995 1 996 1 997 1 998 1 999 2000 

LDC GAS TARIFF PRICES 
AVERAGE AQUISITION 1 .76 1 .73 1 .57 1 .54 1 .54 1 .66 1 .76 1 .99 2. 1 0  2.23 2.38 2.57 

AVERAGE CITYGATE 2 . 75 2 . 73 2.53 2.45 2.43 2.53 2.66 2.93 3.07 3.24 3.42 3.62 
RESIDENTIAL BURNERTIP 5.71 5.65 5.34 5.21  5. 1 8  5.30 5.43 5.75 5.91 6. 1 1  6.30 6.54 

COMMERCIAL BURNERTIP 4.82 4 .72 4.45 4.33 4.30 4.41 4.54 4.85 5.01 5 .20 5.39 5.62 

INDUSTRIAL BURNERTIP 3.07 3 . 1 1 2.83 2 .73 2.75 2.89 3 .09 3.42 3.66 3.88 4.06 4.25 

ELEC UTIL BURNERTIP 2.87 2.87 2 .67 2 .64 2 .60 2. 76 2.95 3.24 3.40 3.59 3.77 3.97 

END USER CARRIAGE PRICES 
AVG SPOT ACQUISITION 1 .57 1 .49 1 . 24 1 .32 1 .34 1 .45 1 .57 1 .76 1 .85 1 .99 2. 1 1  2 .27 

AVG SPOT CITYGATE 1 .86 1 .78 1 .53 1 .59 1 .61  1 . 74 1 .85 1 .99 2 .07 2.20 2 .33 2 .49 

AVG SPOT BURNERTIP 2. 1 9  2. 1 0 1 .84 1 .89 1 .92 2.05 2.04 2. 1 7  2.25 2.39 2.52 2.67 

AVG FIRM BURNERTIP 2.93 2.9 1 2.70 2.62 2.60 2.71 2.84 3. 1 2  3.27 3.44 3.63 3.84 

2001 2002 2003 2004 2005 2006 2007 2008 2009 201 0 201 5 2020 2025 2030 

LDC GAS TARIFF PRICES 

AVERAGE AQUISITION 2.66 2.72 2.78 2.81 2 .87 2.93 3.00 3.07 3. 1 4  3. 1 8  0.00 0.00 0.00 0.00 

AVERAGE CITYGATE 3.72 3.79 3.84 3.87 3.92 3.99 4.06 4. 1 4  4.22 4.26 0.00 0.00 0.00 0.00 

RESIDENTIAL BURNERTIP 6.65 6.72 6.78 6.80 6.85 6.93 7.0 1 7. 1 0  7. 1 8  7.24 0.00 0.00 0.00 0.00 

COMMERCIAL BURNERTIP 5.73 5.80 5.86 5.88 5.93 6.00 6.08 6. 1 7  6.26 6.31 0.00 0.00 0.00 0.00 

INDUSTRIAL BURNERTIP 4.36 4.42 4.47 4.50 4.56 4.64 4.73 4.82 4 .9 1 4.96 0.00 0.00 0.00 0.00 

ELEC UTIL BURNERTIP 4.06 4. 1 3  4. 1 9  4.21  4.28 4.35 4.42 4.50 4.58 4.62 0.00 0.00 0.00 0.00 

END USER CARRIAGE PRICES 
AVG SPOT ACQUISITION 2.36 2.41 2.47 2.51 2.57 2.64 2.72 2.79 2.86 2.90 0 .00 0.00 0.00 0.00 

AVG SPOT CITYGATE 2.56 2.61 2.67 2.71 2.77 2.84 2.9 1 2.98 3.05 3.09 0.00 0.00 0.00 0.00 

AVG SPOT BURNERTIP 2.74 2.79 2.85 2.89 2.96 ' 3.02 3. 1 0  3. 1 8 3.25 3.29 0.00 0.00 0.00 0.00 

AVG FIRM BURNERTIP 3.95 4.01 4.07 4. 1 0  4. 1 5  4.22 4.30 4.38 4.46 4.50 0.00 0.00 0.00 0.00 
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N PCSP258: NPC SUPPLY CONFIDENCE POSITIVE CASE REVISED #2 

EN ERGY OVERVIEW MODEL SUMMARY 

Crude Oil & Natural Gas Prices Lower 48 Gas Supply 
U.S. Crude Texas/Gulf Henry Hub Lower 48 Spot Whd Reserve Add. 

Oil Price Spot Whd Gas Price Avg Wellhead Gas Price Reserve Dry Gas Replacement 
Year (RACC) Gas Price I (Delv'd to PPL) Gas Price to RACC Additions Production of Production 

($90/bbl) ($90/MMBtu) ($90/MMBtu) ($90/MMBtu) (Btu Percent) (Bcftyear) (Bel/year) (Percent) 

1 989 1 8.70 1 .58 1 .77 1 .71  48.9 1 5 , 1 27 1 6,8 1 1 90.0 
1 990 22.32 1 .5 1  1 .69 1 .66 39.3 18 ,454 1 7,340 1 06.4 
1 991 1 8.38 1 .27 1 .45 1 .49 40. 1 1 3,21 1 1 7,345 76.2 
1 992 1 8.46 1 .32 1 .49 1 .47 4 1 .5 1 3,847 1 7,573 78.8 
1 993 1 8.60 1 .5 1  1 .68 1 .62 47.2 1 3 ,959 1 7,744 78.7 
1 994 1 8.76 1 .69 1 .86 1 .78 52.4 1 4 , 1 63 1 7,64 1 80.3 
1995 1 9.0 1 1 .96 2 . 1 3 2 .02 59.8 1 4 ,772 1 7,71 5 83.4 
1 996 1 9.25 2 . 1 8 2.35 2.23 65.8 1 5,598 1 7,608 88.6 
1 997 1 9.56 2.27 2.44 2 .32 67.3 1 6 ,290 1 7,74 1 9 1 .8 
1 998 1 9.9 1 2 .39 2 .56 2.43 69.6 1 6 ,907 1 7,91 5 94.4 
1 999 20.5 1 2.52 2 .69 2.57 7 1 .2 1 9 ,023 1 8, 1 77 1 04.7 
2000 21 . 1 0  2 .60 2 .77 2 .65 71 .4 20,69 1 1 8,61 6 1 1 1 . 1 
2001 2 1 .75 2 .56 2 .73 2.62 68.3 2 1 ,31 1 1 9, 1 27 1 1 1 .4 
2002 22.55 2.42 2 .59 2.49 62.3 22,795 1 9,530 1 1 6.7 
2003 23.45 2.26 2.43 2 .33 55.8 23,298 1 9,842 1 1 7.4 
2004 24.25 2.28 2 .45 2.36 54.6 22,839 20,30 1 1 1 2.5 
2005 25. 1 4  2.28 2 .45 2.35 52.6 23,377 20,564 1 1 3.7 

2006 25.74 2.20 2 .37 2.26 49.5 22,925 20,635 1 1 1 . 1 
2007 26.25 2.21  2 .38 2.25 48.8 2 1 ,96 1 20,766 1 05.8 
2008 26.75 2 .39 2 .56 2.41  5 1 .9 22, 1 29 2 1 ,060 1 05.1  
2009 27.35 2 .58 2 .75 2.58 54.7 2 1 ,928 2 1 ,364 1 02.6 
201 0  27.85 2 .74 2 .9 1  2.74 57. 1 22,583 2 1 ,554 1 04.8 
201 5  0.00 0 .00 0.00 0 .00 0.0 0 0 0.0 
2020 0.00 0.00 0 .00 0 .00 0.0 0 0 0.0 
2025 0.00 0 .00 0 .00 0.00 0.0 0 0 0.0 
2030 0.00 0 .00 0 .00 0 .00 0.0 0 0 0.0 

• Lower-48 spot wellhead gas price adjusted to reflect change in drilling costs from 1 988 levels. 

Run Date: 09/1 7/92 
Run Time: 1 1 :30 AM 

Drilling Costs 

Producer Producer E&D 
Deliverability Drill ing Cost Incentive 

Utilization Index @ 1 988 Costs • 

(Percent) 1 988=1 .00 ($90/MMBtu) 

8 1 .4 1 .02 1 .55 
82.6 1 .03 1 .50 

82.8 1 .02 1 .27 
85.5 0 .99 1 .36 
88.3 0 .98 1 .57 
90.8 0 .98 1 .76 
93.4 1 .00 2.01 
94.0 1 .02 2. 1 7  
94.5 1 .0 1  2.29 
94.9 1 .00 2.43 
95.1  1 .00 2.57 
95. 1 1 .00 2 .65 
94.6 0 .99 2.63 
93.6 0 .98 2 .52 
92.1  0 .98 2.35 
9 1 .6 0 .96 2.43 
9 1 . 1  0 .96 2.43 

90.0 0 .95 2.37 
89.8 0 .94 2 .4 1  
90.8 0 .94 2 .60 
9 1 .8 0 .93 2.84 
92.3 0.91 3.06 

0.0 0 .00 0.00 
0.0 0 .00 0.00 
0.0 0 .00 0.00 
0.0 0 .00 0.00 



NPCSP25B: NPC SUPPLY CONFIDENCE POSITIVE CASE REVISED #2 Run Date: 0911 7/92 
Run Time: 1 1 :30 AM 

LOWER 48 NATURAL GAS BALANCE 
(Trillion Btus) 

1989 1 990 1 991 1 992 1 993 1 994 1 995 1 996 1 997 1998 1 999 2000 
DEMAND 
RESIDENTIAL 4,900 4,497 4,700 4,853 4,854 4,863 4,894 4,890 4,887 4,882 4,885 4,881 
COMMERCIAL • 2,771 2,729 2,846 2,849 2,847 2,859 2,880 2,879 2,875 2,882 2,91 9 2,971 
INDUSTRIAL 6,939 7,046 7,376 7,416 7,643 7,71 9 7,774 7,702 7,725 7,81 0 7,893 8,034 

BOILERS 2,791 2,831 2,983 2,925 3,009 3,1 00  3,1 29 3,1 08 3,1 00 3, 140 3,1 90 3,241 
NON BOILERS 4,1 48 4,21 5 4,393 4,490 4,634 4,61 9 4,645 4,594 4,625 4,670 4,703 4,792 

ELECTRIC UTILITY 2,808 2,852 2,905 2,898 2,904 2,942 3,058 3,162 3,355 3,497 3,691 4,003 
TOTAL END USE DEMAND 1 7,41 7 1 7,1 25 1 7,827 1 8,01 6 1 8,247 1 8,383 1 8,606 1 8,632 1 8,842 1 9,071 1 9,387 1 9,888 

LEASE AND PLANT USE 885 1 ,060 1 ,093 1 , 1 08 1 ,1 1 6  1 ,1 07 1 ,1 1 0  1 ,1 00 1 ,1 07 1 , 1 1 7  1 , 1 33 1 ,1 59 
TRANSMISSION FUEL 655 644 670 677 686 691 700 701 708 71 7 729 748 
UAF + EXPORTS 1 79 1 72 258 3 1 9  388 431 463 484 500 51 6 531 547 
TOTAL DISPOSITION 1 9,1 37 1 9,001 1 9,848 20,1 20 20,437 20,61 2 20,878 20,917 21 ,157 21 ,420 21 ,780 22,342 

SUPPLY 
LOWER-48 PRODUCTION 1 7,651 1 7,341 1 7,938 1 8,080 1 8,256 1 8, 1 44  1 8,21 8 1 8, 106 1 8,240 1 8,423 1 8,709 1 9,1 99 
PIPELINE IMPORTS 1 ,326 1 ,465 1 ,709 1 ,836 1 ,963 2,222 2,401 2,471 2,522 2,529 2,565 2,636 
OTHER SUPPLY 0 0 0 0 0 0 0 0 0 0 0 0 
LNG + SNG + SUPPLEMENTAL$ 1 53 1 91 1 97 1 99  21 2 235 243 322 374 446 481 482 
TOTAL GAS SUPPLY 1 9, 130 1 8,997 1 9,843 20,1 1 5  20,431 20,601 20,863 20,898 21 , 136 21 ,397 21 ,755 22,31 6 

2001 2002 2003 2004 2005 2006 2007 2008 2009 201 0 201 5 2020 2025 2030 
DEMAND 
RESIDENTIAL 4,885 4,897 4,909 4,929 4,933 4,937 4,946 4,964 4,981 5,009 0 0 0 0 
COMMERCIAL • 3,039 3,1 09 3,1 87 3,269 3,341 3,391 3,453 3,51 5 3,560 3,591 0 0 0 0 
INDUSTRIAL 8,254 8,406 8,492 8,700 8,706 8,808 8,901 9,024 9,148 9,298 0 0 0 0 

BOILERS 3,371 3,467 3,534 3,659 3,680 3,744 3,803 3,877 3,949 . 4,042 0 0 0 0 
NON BOILERS 4,883 4,939 4,958 5,041 5,026 5,064 5,099 5,147 5,1 99 5,257 0 0 0 0 

ELECTRIC UTILITY 4,1 56 4,240 4,394 4,504 4,659 4,791 4,955 5,1 1 8  5,309 5,548 0 0 0 0 
TOTAL END USE DEMAND 20,334 20,652 20,981 21 ,401 21 ,639 21 ,927 22,255 22,621 22,997 23,447 0 0 0 0 

LEASE AND PLANT USE 1 , 1 89 1 ,21 2 1 ,230 1 ,257 1 ,273 1 ,276 1 ,283 1 ,300 1 ,31 8 1 ,328 0 0 0 0 
TRANSMISSION FUEL 765 777 789 805 814 824 837 851 865 882 0 0 0 0 
UAF + EXPORTS 51 6 484 452 420 386 341 293 282 282 1 97 0 0 0 0 
TOTAL DISPOSITION 22,803 23,1 25 23,452 23,883 24,1 1 3  24,368 24,667 25,053 25,462 25,854 0 0 0 0 

SUPPLY 
LOWER-48 PRODUCTION 1 9,721 20,1 05 20,428 20,91 1 21 ,210 21 ,284 21 ,423 21 ,729 22,022 22,205 0 0 0 0 
PIPELINE IMPORTS 2,599 2,621 2,657 2,660 2,61 8 2,772 2,861 2,934 3,037 3,240 0 0 0 0 
OTHER SUPPLY 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
LNG + SNG + SUPPLEMENT ALS 464 386 359 304 277 303 356 383 382 381 0 0 0 0 
TOTAL GAS SUPPLY 22,784 23,1 1 2  23,444 23,875 24,105 24,360 24,859 25,045 25,442 25,826 0 0 0 0 

• tNCWDES NATURAL GAS VEHICLES 



NPCSP25B: NPC SUPPLY CONFIDENCE POSITIVE CASE REVISED #2 Run Date: 09/17/92 
Run Time: 1 1 :30 AM 

ENERGY DEMAND FOR COMBUSTION USES 

(Trillion Btus) 

1 989 1 990 1 991 1 992 1 993 1 994 1 995 1 996 1 997 1 998 1 999 2000 

NATURAL GAS 17 ,417  1 7, 1 25 17 ,827 1 8,01 6 1 8,247 1 8,383 1 8,606 1 8,632 1 8,842 1 9,071 1 9 ,387 1 9,888 
RESIDUAL FUEL OIL 2,287 1 ,961 1 ,835 1 ,943 1 ,866 1 ,855 1 ,934 2,072 2,095 2,057 2,035 1 ,945 
DISTILLATE FUEL OIL 2,988 2,640 2,556 2,588 2,613 2,595 2,599 2,593 2,603 2,613 2,622 2,6 19  
LPG (RES/COM SECTORS) 470 429 421 426 428 427 425 423 422 41 9 41 5 41 1 
COAL (EXCLUDES COKING COAL) 1 7 ,640 1 7,878 1 7,775 1 7,870 18 ,079 1 8 , 14 1  1 8,227 1 8,396 1 8,647 1 8,852 1 9,080 1 9,248 
HYDRO/RENEW ABLES 2,908 3,085 3,030 3,085 3, 1 33 3, 1 58 3 , 159 3,200 3,207 3,2 12  3,21 8 3,226 
NUCLEAR POWER 5,597 6 , 159 6,543 6,61 4 6,677 6,815 6,877 6,962 6,972 7,060 7,070 7, 1 57 
PRIMARY EN ERGY CONSUMPTION 49,308 49,276 49,986 50,541 51 ,043 51 ,374 51 ,828 52,279 52,787 53,283 53,827 54,494 
PLUS ELECTRICITY CONSUMED 8,941 9,2 1 2  9,371 9,473 9,577 9,683 9,792 9,958 1 0, 1 27 10,299 10,478 1 0,665 
LESS ELEC UTIL ENERGY INPUT (28,733) (29,381) (29,664) (29,91 2) (30,192) (30,468) (30,779) (31 ,1 78) (31 ,582) (31 ,940) (32,322) (32,71 1) 
END USE ENERGY DEMAND 29,515 29, 1 07 29,692 30, 1 02 30,428 30,588 30,840 31 ,058 31 ,332 31 ,642 31 ,983 32,448 

2001 2002 2003 2004 2005 2006 2007 2008 2009 201 0 201 5 2020 2025 2030 

NATURAL GAS 20,334 20,652 20,981 21 ,401 21 ,639 21 ,927 22,255 22,621 22,997 23,447 0 0 0 0 
RESIDUAL FUEL OIL 1 ,846 1 ,787 1 ,788 1 ,770 1 ,8 19  1 ,833 1 ,859 1 ,890 1 ,893 1 ,841 0 0 0 0 
DISTILLATE FUEL OIL 2,632 2,635 2,633 2,648 2,644 2,645 2,649 2,659 2,665 2,673 0 0 0 0 

LPG (RES/COM SECTORS) 407 403 400 398 395 392 390 388 385 382 0 0 0 0 
COAL (EXCLUDES COKING COAL) 19 ,608 1 9,976 20,382 20,737 21 , 1 34 21 ,471 21 ,835 22, 18 1  22,553 23,036 0 0 0 0 
HYDRO/RENEW ABLES 3,249 3,280 3,31 1 3,343 3,376 3,409 3,443 3,477 3,51 2 3,559 0 0 0 0 
NUCLEAR POWER 7,1 06 7,055 7 ,004 6,954 6,903 . 6,852 6,802 6,752 6,702 6,652 0 0 0 0 
PRIMARY ENERGY CONSUMPTIOI\ 55,1 82 55,789 56,499 57,249 57,909 58,528 59,233 59,967 60,707 61 ,589 0 0 0 0 

PLUS ELECTRICITY CONSUMED 1 0,868 1 1 ,043 1 1 ,246 1 1 ,420 1 1 ,628 1 1  ,81 0  1 2,01 6 1 2,21 8 1 2,439 1 2,71 5 0 0 0 0 
LESS ELEC UTIL ENERGY INPUT (33 , 177) (33,573) (34,063) (34,489) (34,999) {35,443) {35,961)  (36,479\ (37,051 ) {37,773) 0 0 0 0 
END USE ENERGY DEMAND 32,873 33,258 33,682 34, 1 8 1  34,538 34,895 35,288 35,706 36,095 36,531 0 0 0 0 



NPCSP25B: NPC SUPPLY CONF IDENCE POSITIVE CASE REVISED #2 TABLE 2: LOWER 48 WELLS AND RESERVES Run Date: 09/1 7/92 
Run Time: 1 1 :30 AM 

1989 1990 1 991 1 992 1 993 1 994 1 995 1 996 1 997 1 998 1 999 2000 
EXPLORATORY WELLS 5,744 6,1 56 5,578 4,838 4,582 5,478 6,1 1 1  6,500 7,535 8,603 9,770 1 1 ,748 
DEVELOPMENT WELLS 22,582 27,1 58 26,428 22,542 22,507 26, 1 22 29,589 29,81 0 32,488 33,526 34,564 38,050 
TOTAL GAS WELLS 9,472 1 0,333 9,905 7,650 7,613  7,606 8,809 9,523 9,861 1 0,782 1 1 ,788 1 2,778 
TOTAL WELLS 28,326 33,3 14  32,005 27,380 27,090 31 ,601 35,700 36,31 0 40,023 42, 1 29 44,335 49,798 

RESERVE ADDITIONS 
OIL (MMB) CONVENTIONAL 1 ,1 94 1 ,388 937 1 ,7 17  1 ,602 1 ,50 1  1 ,397 1 ,364 1 ,371 1 ,423 1 ,51 9 1 ,600 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 1 ,325 1 ,545 1 ,0 14  1 ,931 1 ,842 1 ,799 1 ,71 1 1 ,71 9 1 ,809 1 ,888 2,009 2,123 
HIGH PERMEABILITY (BCF) 9,905 1 2,223 7,503 8,001 8,846 9 , 181  9,847 1 0,573 1 1 0 1 45 1 1 ,558 1 3,066 1 3,969 
LOW PERMEABILITY (BCF) 1 ,339 1 ,691 1 ,535 1 ,790 1 ,093 1 ,039 852 967 1 ,234 1 ,297 1 ,41 9 1 ,672 
DEVONIAN SHALE (BCF) 384 504 401 329 345 372 51 0 572 664 800 945 954 
COAL BED METHANE (BCF) 1 ,607 2,1 1 1  2,413 1 ,462 1 ,526 1 ,497 1 ,571 1 ,454 885 701 722 691 
ENHANCED RECOVERY GAS (BCF) 443 303 296 1 82 1 53 1 43 1 45 1 55 342 404 51 4 660 
ENHANCED RECOVERY TIGHT (BCF}_ 1 23 77 49 1 52 1 54 132 1 35 1 60 21 0 259 348 622 
TOTAL NON-ASSOC GAS (BCF) 1 3,801 1 6,909 1 2,1 97 1 1 ,9 1 6  1 2, 1 1 7  1 2,364 1 3,061 1 3,880 1 4,481 1 5,01 9 1 7,01 4 18 ,567 
TOTAL OIL (MMB) 1 ,1 94 1 ,388 937 1 ,7 17  1 ,602 1 ,50 1  1 ,397 1 ,364 1 ,371 1 ,423 1 ,51 9 1 ,600 
TOTAL GAS (BCF) 1 5,1 27 1 8,454 1 3,21 1 1 3,847 1 3,959 1 4, 1 63 1 4,772 1 5,598 1 6,290 1 6,907 1 9,023 20,691 
TOTAL NGL (MMB) 550 681 435 530 525 533 547 599 658 688 779 855 

PRODUCTION (W/ LEASE & PLANT GAS) 
OIL (MMB) CONVENTIONAL 1 ,871 1 ,782 1 ,751 1 ,725 1 ,723 1 ,704 1 ,692 1 ,704 1 ,71 5 1 ,728 1 ,747 1 ,767 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 2,730 2,720 2,598 2,486 2,389 2,266 2,205 2, 1 83 2, 1 89 2, 1 85 2,1 79 2,182 
HIGH PERMEABILITY (BCF) 1 2,033 1 2,428 1 2,368 1 2,371 1 2,504 1 2,434 1 2,460 1 2,362 1 2,394 1 2,423 1 2,506 1 2,733 
LOW PERMEABILITY (BCF) 1 ,664 1 ,673 1 ,697 1 ,851 1 ,825 1 ,754 1 ,725 1 ,628 1 ,579 1 ,608 1 ,661 1 ,723 
DEVONIAN SHALE (BCF) 1 52 1 80 2 1 1 226 240 258 281 304 338 375 420 465 
COAL BED METHANE (BCF) 1 03 1 78 286 424 553 689 798 901 999 1 ,039 1 ,061 1 ,054 
ENHANCED RECOVERY GAS (BCF) 83 1 1 4 1 37 1 62 1 65 1 65 1 66 1 47 1 49 1 77 225 297 
ENHANCED RECOVERY TIGHT (BCF) 47 48 47 52 67 75 80 84 95 108 1 25 1 64 
TOTAL NON-ASSOC GAS (BCF) 14 ,082 . 1 4,620 1 4,747 1 5,087 1 5,355 1 5,375 1 5,51 1 1 5,426 1 5,553 1 5,730 1 5,998 16 ,434 
TOTAL OIL (MMB) 1 ,871 1 ,782 1 ,751 1 ,725 1 ,723 1 ,704 1 ,692 1 ,704 1 ,71 5 1 ,728 1 ,747 1 ,767 
TOTAL GAS (BCF) 1 6,8 1 1 1 7,340 1 7,345 1 7,573 1 7,744 1 7,641 1 7,71 5 1 7,608 1 7,741 1 7,9 1 5  1 8, 177 1 8,61 6 
TOTAL NGL (MMB) 739 751 747 758 762 748 747 742 750 761 772 786 

RESERVES 
OIL (MMB) CONVENTIONAL 20,063 1 9,670 1 8,855 1 8,847 1 8,727 1 8,524 1 8,229 1 7,888 1 7,544 1 7,239 1 7,01 0 1 6,843 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 25,041 23,866 22,305 21 ,750 21 ,203 20,735 20,241 1 9,777 1 9,398 19 , 10 1  1 8,931 18 ,872 
HIGH PERMEABILITY (BCF) 1 05,432 1 05,226 1 00,463 96,093 92,435 89, 183 86,569 84,781 83,532 82,667 83,227 84,463 
LOW PERMEABILITY (BCF) 22,837 22,856 22,7 16  22,655 21 ,922 21 ,207 20,335 1 9,673 1 9,329 1 9,01 7 18,775 1 8,725 
DEVONIAN SHALE (BCF) 1 ,751 2,076 2,266 2,369 2,474 2,588 2,81 7 3,085 3,41 2 3,837 4,361 4,850 
COAL BED METHANE (BCF) 2,798 4,731 6,858 7,896 8,868 9,676 1 0,449 1 1 ,003 1 0,889 10 ,551 1 0,21 2 9 ,849 
ENHANCED RECOVERY GAS (BCF) 963 1 ,1 52 1 ,31 1 1 ,331 1 ,31 9 1 ,296 1 ,275 1 ,283 1 ,476 1 ,703 1 ,992 2,355 
ENHANCED RECOVERY TIGHT (BCF) 506 535 537 637 724 781 836 91 1 1 ,027 1 , 177 1 ,400 1 ,859 
TOTAL NON-ASSOC GAS (BCF) 134,288 1 36,576 1 34,1 50 1 30,980 1 27,742 1 24,732 1 22,282 1 20,736 1 1 9,664 1 1 8,952 1 1 9,967 1 22,100 
TOTAL OIL (MMB) 20,063 1 9,670 1 8,855 1 8,847 1 8,727 1 8,524 1 8,229 1 7,888 1 7,544 1 7,239 1 7,01 0 1 6,843 
TOTAL GAS (BCF) 1 59,329 1 60,442 1 56,455 1 52,730 1 48,945 1 45,467 1 42,523 1 40,51 3 139,061 1 38,053 1 38,898 1 40,972 
TOTAL NGL (MMB) 7,500 7,430 7,1 19  6,891 6,654 6,439 6,240 6,097 6,005 5,933 5,939 6,008 

LEASE AND PLANT GAS (BCF) I 857 I 1 ,026 1 1 ,058 J 1 ,073 1 1 ,081 I 1 ,072 1 1 ,075 1 1 ,066 1 1 ,072 1 1 ,082 1 1 ,097 1 1 ,1 22 



NPCSP25B: NPC SUPPLY CONFIDENCE POSITIVE CASE REVISED #2 TABLE 2: LOWER 48 WELLS AND RESERVES Run Date: 09/1 7/92 
Run Time: 1 1 :30 AM 

2001 2002 2003 2004 2005 2006 2007 2008 2009 201 0  2015 2020 2025 2030 

EXPLORATORY WELLS 13,609 1 5,959 19 ,400 21 ,747 23,791 24,1 27 24,932 25,725 27,698 26,1 78 0 0 0 0 
DEVELOPMENT WELLS 38,575 39,269 42, 164 39,327 39,776 38, 161 36,9 19  36,099 37,4 1 7  38,260 0 0 0 0 
TOTAL GAS WELLS 1 3,024 1 3,766 14 ,454 13 ,263 1 4 ,739 14 ,842 14 ,848 15 , 161 1 6,353 16 ,663 0 0 0 0 
TOTAL WELLS 52, 1 84 55,228 61 ,563 61 ,074 63,567 62,288 61 ,851 61 ,824 65,1 1 5  64,437 0 0 0 0 

RESERVE ADDITIONS 
OIL (MMB) CONVENTIONAL 1 ,677 1 ,723 1 ,786 1 ,836 1 ,848 1 ,684 1 ,530 1 ,443 1 ,353 1 ,245 0 0 0 0 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 2,247 2,298 2,408 2,488 2,486 2,278 2,057 1 ,902 1 ,760 1 ,637 0 0 0 0 
HIGH PERMEABILITY (BCF) 14 , 179 1 5, 13 1  15 ,352 15 , 10 1  15 ,255 14 ,558 13 ,494 13 , 130 1 2,361 12 ,266 0 0 0 0 
LOW PERMEABILITY (BCF) 1 ,824 2,1 00 2,242 2,093 2 ,269 2,343 2,203 2,294 2,378 2,450 0 0 0 0 
DEVONIAN SHALE (BCF) 91 5 996 970 709 524 482 444 407 368 364 0 0 0 0 
COAL BED METHANE (BCF) 651 660 682 706 837 1 ,023 1 ,223 1 ,348 1 ,423 1 ,543 0 0 0 0 
ENHANCED RECOVERY GAS (BCF 747 736 592 470 471 395 2 19  194 98 1 8  0 0 0 0 
ENHANCED RECOVERY TIGHT (BC 748 874 1 ,053 1 ,273 1 ,534 1 ,847 2,321 2,855 3,539 4,306 0 0 0 0 
TOTAL NON-ASSOC GAS (BCF) 19 ,064 20,497 20,890 20 ,351 20,890 20,647 19 ,904 20,227 20, 1 67 20,946 0 0 0 0 
TOTAL OIL (MMB) 1 ,677 1 ,723 1 ,786 1 ,836 1 ,848 1 ,684 1 ,530 1 ,443 1 ,353 1 ,245 0 0 0 0 
TOTAL GAS (BCF) 21 ,31 1 22,795 23,298 22,839 23,377 22,925 21 ,961 22, 129 21 ,928 22,583 0 0 0 0 
TOTAL NGL (MMB) 892 950 952 9 1 3  927 880 803 772 727 727 0 0 0 0 

PRODUCTION (W/ LEASE & PLANT GAS) 
OIL (MMB) CONVENTIONAL 1 ,794 1 ,824 1 ,858 1 ,893 1 ,926 1 ,943 1 ,939 1 ,9 1 9  1 ,887 1 ,842 0 0 0 0 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 2,202 2,225 2,264 2,308 2 ,357 2,379 2,380 2,364 2,3 10  2,266 0 0 0 0 
HIGH PERMEABILITY (BCF) 13,065 1 3,283 1 3 ,41 8 1 3,704 1 3 ,841 13 ,831 13 ,839 1 3,952 14 ,007 13 ,902 0 0 0 0 
LOW PERMEABILITY (BCF) 1 ,752 1 ,81 0 1 ,858 1 ,905 1 ,925 1 ,936 1 ,930 1 ,951 2,0 1 7  2,095 0 0 0 0 
DEVONIAN SHALE (BCF) 498 520 540 554 539 51 5 509 507 497 471 0 0 0 0 
COAL BED METHANE (BCF) 1 ,036 1 ,01 2 989 974 963 946 968 985 1 ,024 1 ,079 0 0 0 0 
ENHANCED RECOVERY GAS (BCF 353 404 435 441 431 41 5 391 364 342 315 0 0 0 0 
ENHANCED RECOVERY TIGHT (BC 222 277 338 41 5 508 61 3 749 936 1 , 1 68 1 ,426 0 0 0 0 
TOTAL NON-ASSOC GAS (BCF) 1 6,925 1 7,306 17 ,578 17 ,993 1 8 ,208 18 ,256 18 ,386 18 ,696 1 9 ,054 1 9 ,288 0 0 0 0 
TOTAL OIL (MMB) 1 ,794 1 ,824 1 ,858 1 ,893 1 ,926 1 ,943 1 ,939 1 ,9 19  1 ,887 1 ,842 0 0 0 0 
TOTAL GAS (BCF) 19 , 127 1 9,530 19 ,842 20,301 20,564 20,635 20 ,766 21 ,060 21 ,364 21 ,554 0 0 0 0 
TOTAL NGL (MMB) 807 824 834 849 853 850 846 846 849 843 0 0 0 0 

RESERVES 
OIL (MMB) CONVENTIONAL 1 6,726 1 6,626 1 6,553 . 16 ,497 1 6,41 9 16 , 1 59 15 ,750 1 5,275 1 4,742 1 4, 145 0 0 0 0 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 18,9 1 7  1 8,990 19 , 133 19 ,31 3 19 ,442 1 9 ,341 19 ,0 1 9  18 ,556 18 ,006 1 7,378 0 0 0 0 
HIGH PERMEABILITY (BCF) 85,577 87,426 89 ,360 90,757 92,1 71  92,898 92,553 91 ,731 90 ,084 88,448 0 0 0 0 
LOW PERMEABILITY (BCF) 1 8,797 19 ,086 19 ,470 1 9 ,658 20,003 20,409 20,682 21 ,024 21 ,385 21 ,740 0 0 0 0 
DEVONIAN SHALE (BCF) 5,268 5,744 6 , 174 6,329 6,3 14  6,281 6,21 7  6,1 1 6  5,987 5,881 0 0 0 0 
COAL BED METHANE (BCF) 9 ,464 9 , 1 1 2  8,804 8,536 8,409 8,486 8,740 9 , 103 9 ,502 9,966 0 0 0 0 
ENHANCED RECOVERY GAS (BCF 2,749 3,081 3,238 3,267 3,307 3,286 3,1 1 4  2,944 2,700 2,403 0 0 0 0 
ENHANCED RECOVERY TIGHT (BC 2,385 2,982 3 ,696 4 ,554 5,580 6,81 4 8,386 1 0 ,304 1 2 ,676 15 ,555 0 0 0 0 
TOTAL NON-ASSOC GAS (BCF) 1 24,239 1 27,430 1 30,743 1 33,10 1  1 35,784 1 38,1 74 1 39,691 1 41 ,222 1 42,335 1 43,993 0 0 0 0 
TOTAL OIL (MMB) 1 6,726 1 6,626 1 6,553 16 ,497 1 6,41 9 1 6,1 59 15 ,750 1 5,275 14 ,742 1 4, 1 45 0 0 0 0 
TOTAL GAS (BCF) 1 43,1 56 1 46,420 1 49,876 1 52,41 4 1 55 ,226 1 57,5 16  1 58,7 10  1 59 ,778 1 60 ,341 1 61 ,371 0 0 0 0 
TOTAL NGL (MMB) 6,093 6,21 8 6 ,336 6,401 6,474 6,505 6,461 6,388 6,267 6,1 50 0 0 0 0 

LEASE AND PLANT GAS (BCF) I 1 ,1 5 1  I 1 ,1 74 I 1 , 1 9 1  I 1 ,2 1 8  I 1 ,233 I 1 ,236 I 1 ,243 I 1 ,259 I 1 ,277 I 1 ,286 I O l  O l  O l  0 



NPCSP25B: NPC SUPPLY CONFIDENCE POSITIVE CASE REVISED #2 Run Date: 09/1 7/92 
Run Time: 1 1 :30 AM 

LOWER 48 ENERGY DEMAND 
(Trillion Btus) 

1 989 1 990 1 991 1992 1 993 1 994 1 995 1996 1 997 1 998 1 999 2000 
RESIDENTIAL END USES 

ELECTRICITY 3,051 3,1 39 3,252 3,288 3,325 3,362 3,400 3,457 3,51 4 3,572 3,631 3,691 
DISTILLATE OIL 1 , 1 65 898 877 897 899 891 884 875 867 857 844 831 
LPG 400 364 358 361 363 362 362 360 358 355 352 348 
COAL 58 62 58 60 60 60 60 60 60 60 59 59 
NATURAL GAS 4,900 4,497 4,700 4,853 4,854 4,863 4,894 4,890 4,887 4,882 4,885 4,881 
RESIDUAL OIL 0 0 0 0 0 0 0 0 0 0 0 0 

TOTAL FUELS 9,572 8,960 9,245 9,459 9,501  9,539 9,60 1 9,641 9,686 9,725 9,771 9,809 

COMMERCIAL END USES 
ELECTRICITY 2,755 2,861 2,924 2,955 2,986 3,0 1 7  3,049 3,095 3, 1 41 3, 1 88 3,236 3,285 
DISTILLATE OIL 56 1  5 1 8  509 521 526 526 523 522 523 521 520 522 
LPG 70 65 63 65 64 64 64 64 64 63 63 63 
COAL 88 94 88 94 94 94 94 93 93 93 92 93 
NATURAL GAS 2,771 2,729 2,846 2,849 2,847 2,859 2,880 2,879 2,875 2,882 2,91 9  2,971 
RESIDUAL OIL 228 226 223 220 214 210  207 203 1 98 1 95 1 93 1 92 

TOTAL FUELS 6,472 6,494 6,653 6,703 6,731 6,771 6,81 7 6,856 6,893 6,941 7,023 7, 1 24 

INDUSTRIAL END USES * 

NATURAL GAS 6,939 7,046 7,376 7,41 6  7,643 7,719 7,774 7,702 7,725 7,81 0 7,893 8,034 
HIGH SULFUR RESID 31 1 288 249 267 253 243 239 279 268 278 276 275 
LOW SULFUR RESID 301 286 252 299 273 262 293 371 450 463 467 500 
DISTILLATE 1 , 1 33 1 , 1 67 1 , 1 03 1 ,097 1 , 1 1 0  1 ,091 1 ,097 1 ,093 1 , 1 0 1  1 , 1 06 1 , 1 1 1  1 , 1 1 7  
ELECTRICITY 3,1 35 3,21 2 3, 1 95 3,231 3,267 3,304 3,342 3,406 3,472 3,539 3,6 1 1 3,689 
COAL 1 ,652 1 ,655 1 ,620 1 ,631 1 ,650 1 ,658 1 ,678 1 ,7 10  1 , 737 1 ,780 1 ,831 1 ,899 

TOTAL FUELS 1 3,47 1 1 3,653 1 3, 794 1 3,940 1 4, 1 96 1 4,278 1 4,423 1 4,561 1 4, 753 1 4,976 15 , 189 1 5,51 5 

ELECTRIC UTILITY ENERGY INPUT 
NATURAL GAS 2,808 2,852 2,905 2,898 2,904 2,942 3,058 3, 1 62 3,355 3,497 3,691 4,003 
HIGH SULFUR RESID 590 490 477 554 468 452 476 550 548 541 535 424 
LOW SULFUR RESID 858 671 634 604 657 688 720 669 631 580 564 555 
DISTILLATE 1 30 57 67 73 79 87 95 1 03 1 1 2 1 29 1 47 1 50 
COAL 1 5,842 1 6,067 1 6,009 1 6,085 1 6,275 1 6,328 1 6,395 1 6,t;33 1 6,757 1 6,920 1 7,098 1 7, 1 98 
NUCLEARIHYDRO/OTHEF 8,505 9,244 9,573 9,699 9,81 0 9,973 1 0,036 10 , 162 1 0, 1 79 1 0,272 1 0,288 1 0,383 

TOTAL FUELS 28,733 29,381 29,664 29,9 12  30, 1 92 30,468 30,779 31 , 1 78 31 ,5.82 31 ,940 32,322 32,71 1  

PRIMARY ENERGY CONSUMPTION 
NATURAL GAS 1 7,41 7 1 7, 125 1 7,827 1 8,01 6 1 8,247 1 8,383 1 8,606 1 8,632 1 8,842 1 9,071 1 9 ,387 1 9,888 
HIGH SULFUR RESID 90 1 778 726 822 721 695 71 5 829 8 16  81 9 81 1 699 
LOW SULFUR RESID 1 ,387 1 , 1 84  1 , 1 09 1 , 1 22 1 , 1 45 1 , 16 1  1 ,21 9 1 ,243 1 ,279 1 ,238 1 ,224 1 ,246 
DISTILLATE 2,988 2,640 2,556 2,588 2,6 13  2,595 2,599 2,593 2,603 2,6 1 3  2,622 2,6 19  
COAL 1 7,640 1 7,878 1 7,775 1 7,870 1 8,079 1 8, 1 41 1 8,227 1 8,396 1 8,647 1 8,852 1 9,080 1 9,248 
ALL OTHER FUELS 8,975 9,672 9,993 1 0, 1 25 1 0,237 1 0,399 1 0,462 1 0,585 1 0,601 1 0,690 1 0,703 1 0,794 

TOTAL FUELS 49,308 49,276 49,986 50,541 51 ,042 51 ,374 51 ,827 52,278 52,787 53,283 53,827 54,494 

• EXCLUDES COAL AND OIL FEEDSTOCKS, LPG/STILL GAS, AND MISCELLANEOUS OIL FUELS. 



NPCSP25B: NPC SUPPLY CONFIDENCE POSITIVE CASE REVISED #2 Run Date: 09/17192 
Run Time: 1 1 :30 AM 

LOWER 48 ENERGY DEMAND 
(Trillion Btus) 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2015 2020 2025 2030 
RESIDENTIAL END USES 

ELECTRICITY 3,749 3,81 2  3,875 3,934 4,002 4,064 4, 1 30 4, 1 95 4,263 4,333 0 0 0 0 
DISTILLATE OIL 817  804 791 779 767 756 746 736 726 71 7 0 0 0 0 
LPG 344 340 336 333 329 326 323 320 31 7 315  0 0 0 0 
COAL 59 58 58 58 58 58 57 57 57 57 0 0 0 0 
NATURAL GAS 4,885 4,897 4,909 4,929 4,933 4,937 4,946 4,964 4,981 5,009 0 0 0 0 
RESIDUAL OIL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TOTAL FUELS 9,854 9,9 1 1  9,968 1 0,032 1 0,089 1 0, 141 1 0,201 1 0,272 10 ,344 1 0,431 0 0 0 0 

COMMERCIAL END USES 
ELECTRICITY 3,332 3,382 3,433 3,477 3,533 3,581 3,633 3,683 3,736 3,793 0 0 0 0 
DISTILLATE OIL 526 529 533 538 546 549 555 559 559 556 0 0 0 0 
LPG 63 64 64 65 66 67 67 68 68 68 0 0 0 0 
COAL 93 94 95 96 98 98 99 100 100 99 0 0 0 0 
NATURAL GAS 3,039 3, 1 09 3,1 87 3,269 3,341 3,391 3,453 3,51 5 3,560 3,591 0 0 0 0 
RESIDUAL OIL 1 92 1 93 1 94 1 95 1 96 195 1 96 1 96 1 96 1 95 0 0 0 0 

TOTAL FUELS 7,245 7,370 7,506 7,641 7,779 7,880 8,003 8, 120 8,219 8,301 0 0 0 0 

INDUSTRIAL END USES • 
NATURAL GAS 8,254 8,406 8,492 8,700 8,706 8,808 8,901 9,024 9,148 9,298 0 0 0 0 
HIGH SULFUR RESID 222 208 207 205 206 205 204 202 200 1 93 0 0 0 0 
LOW SULFUR RESID 458 424 432 41 1 427 428 432 429 404 355 0 0 0 0 
DISTILLATE 1 , 135 1 , 1 46 1 , 1 50 1 , 167 1 , 1 64 1 , 1 70 1 , 1 75 1 , 186 1 , 199 1 ,215 0 0 0 0 
ELECTRICITY 3,787 3,849 3,937 4,009 4,094 4, 165 4,254 4,341 4,440 4,589 0 0 0 0 
COAL 1 ,9 17  1 ,944 1 ,989 2,016 2,074 2,099 2, 1 1 8  2, 132 2, 142 2, 1 50 0 0 0 0 

TOTAL FUELS 1 5,774 1 5,977 1 6,207 16,508 16,671 1 6,874 1 7,084 1 7,31 4 1 7,533 1 7,799 0 0 0 0 

ELECTRIC UTILITY ENERGY INPUT 
NATURAL GAS 4,156 4,240 4,394 4,504 4,659 4,791  4,955 5, 1 1 8  5,309 5,548 0 0 0 0 
HIGH SULFUR RESID 359 348 343 341 344 343 344 346 351 357 0 0 0 0 
LOW SULFUR RESID 615 61 4 6 12  6 19  646 662 684 71 6 742 742 0 0 0 0 
DISTILLATE 1 53 1 56 160 1 63 167 1 70 1 74 1 78 1 82 1 86 0 0 0 0 
COAL 1 7,539 1 7,880 1 8,239 1 8,567 1 8,905 1 9,216 1 9,560 1 9,892 20,254 20,729 0 0 0 0 
NUCLEARIHYDRO/OTHEF 1 0,355 1 0,335 1 0,31 6 1 0,296 1 0,279 1 0,261 1 0,245 1 0,228 10,21 3 10,21 0 0 0 0 0 

TOTAL FUELS 33, 1 77 33,573 34,063 34,489 34,999 35;443 35,961 36,479 37,051 37,773 0 0 0 0 

PRIMARY ENERGY CONSUMPTION 
NATURAL GAS 20,334 20,652 20,981 21 ,401 21 ,639 21 ,927 22,255 22,621 22,997 23,447 0 0 0 0 
HIGH SULFUR RESID 581 557 550 546 550 548 548 548 551 549 0 0 0 0 
LOW SULFUR RESID 1 ,265 1 ,230 1 ,238 .  1 ,224 1 ,269 1 ,285 1 ,31 1 1 ,342 1 ,342 1 ,292 0 0 0 0 
DISTILLATE 2,632 . 2,635 2,633 2,648 2,644 2,645 2,649 2,659 2,665 2,673 0 0 0 0 
COAL 1 9,608 1 9,976 20,382 20,737 21 , 134 21 ,471 21 ,835 22,181 22,553 23,036 0 0 0 0 
ALL OTHER FUELS 1 0,762 1 0,738 1 0,716 1 0,694 1 0,674 1 0,653 1 0,635 1 0,61 6 1 0,599 1 0,593 0 0 0 0 

TOTAL FUELS 55, 1 81 55,788 56,499 57,249 57,909 58,528 59,232 59,967 60,707 61 ,589 0 0 0 0 



NPCSP25B: NPC SUPPLY CONFI DENCE POSITIVE CASE REVISED #2 Run Date: 09/1 7192 
Run Time: 1 1  :30 AM 

AVERAGE NATURAL GAS PRICES 
($1 990/MMBtu) 

1 989 1 990 1 991 1 992 1 993 1 994 1 995 1 996 1 997 1 998 1 999 2000 
LDC GAS TARIFF PRICES 

AVERAGE AQUISITION 1 .76 1 .73 1 .57 1 .55 1 .69 1 .88 2 . 1 1 2.34 2.41 2 .52 2.66 2.75 
AVERAGE CITYGATE 2.75 2.73 2.53 2.45 2.58 2.74 3.01 3.26 3.33 3.45 3.61 3.71 
RESIDENTIAL BURNERTIP 5.71 5.65 5.34 5.22 5.33 5.50 5.76 6.02 6. 1 0  6.22 6.37 6.45 
COMMERCIAL BURNERTIP 4.82 4.72 4.45 4.34 4.46 4.62 4.88 5. 1 4  5 .22 5.34 5.49 5.59 
INDUSTRIAL BURNERTIP 3.07 3. 1 1  2.83 2.74 2.90 3. 1 0  3.40 3.70 3.81 3.97 4. 1 6  4.32 
ELEC UTIL BURNERTIP 2.87 2.87 2.67 2.64 2.75 2.96 3.28 3.58 3.66 3.78 3.95 4.06 

END USER CARRIAGE PRICES 
AVG SPOT ACQUISITION 1 .57 1 .49 1 .24 1 .32 1 .49 1 .65 1 .89 2. 1 1  2. 1 9  2.30 2.41 2 .51 
AVG SPOT CITYGATE 1 .86 1 .78 1 .53 1 .59 1 .76 1 .94 2.20 2.41 2.49 2.59 2.70 2.80 
AVG SPOT BURNERTIP 2. 1 9  2. 1 0  1 .84 1 .89 2.07 2.26 2.52 2.68 2.73 2.80 2.91 3.02 
AVG FIRM BURNERTIP 2.93 2.91 2.70 2.62 2.75 2.92 3.20 3.46 3.54 3.66 3.83 3.93 

2001 2002 2003 2004 2005 2006 2007 2008 2009 201 0 201 5 2020 2025 2030 
LDC GAS TARIFF PRICES 

AVERAGE AQUISITION 2.73 2.60 2.46 2.48 2.47 2.39 2.38 2.52 2.67 2.82 0.00 0.00 0.00 0.00 
AVERAGE CITYGATE 3.67 3.51 3 .33 3.33 3.29 3. 1 8  3. 1 6  3.30 3.45 3.62 0.00 0.00 0.00 0.00 
RESIDENTIAL BURNERTIP 6.37 6. 1 9  5.98 5.96 5.91 5.77 5.68 5.79 5.93 6.08 0.00 0.00 0.00 0.00 
COMMERCIAL BURNERTIP 5.52 5.34 5. 1 4  5. 1 3  5.08 4.95 4.88 5.00 5. 1 5  5.31 0.00 0.00 0.00 0.00 
INDUSTRIAL BURNERTIP 4.24 4.04 3.83 3.81 3.78 3.71 3.70 3.86 4.04 4.21 0.00 0.00 0.00 0.00 
ELEC UTIL BURNERTIP 4.00 3.83 3.64 3.63 3.59 3.52 3.48 3.62 3.77 3.94 0.00 0.00 0.00 0.00 

END USER CARRIAGE P RICES 
AVG SPOT ACQUISITION 2.51 2.39 2.26 2.29 2.30 2.23 2.24 2.40 2.56 2.72 0.00 0.00 0.00 0.00 
AVG SPOT CITYGATE 2.83 2.70 2.54 2.56 2.56 2.46 2.46 2.63 2.81 2.97 0.00 0.00 0.00 0.00 
AVG SPOT BURNERTIP 3. 1 0  3.04 2.87 2.89 2.88 2.79 2.82 2.99 3. 1 7  3.34 0.00 0.00 0.00 0.00 
AVG FIRM BURNERTIP 3.89 3.72 3.53 3.53 3.49 3.38 3.36 3.50 3.66 3.84 0.00 0.00 0.00 0.00 
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NPCSM25B: NPC SUPPLY CONFIDENCE NEGATIVE CASE REVISED #2 Run Date: 09/1 7192 
Run Time:  1 1 :29 AM 

ENERGY OVERVIEW MODEL S UMMARY 

Crude 011 a. Natural Gas Prices Lower 48 Gas Supply Drilling Costs 
U.S. Crude Texas/Gulf Henry Hub Lower 48 Spot Whd Reserve Add. Producer Producer E&D 

Oil Price Spot Whd Gas Price Avg Wellhead Gas Price Reserve Dry Gas Replacement Deliverability Drilling Cost Incentive 
Year CRACC) Gas Price I CDelv'd to PPL) Gas Price to RACC Additions Production of Production Utilization Index @ 1 988 Costs • 

($90/bbl) ($90/MMBtu) ($90/MMBtu) ($90/MMBtu) (Btu Percent) (Bcflyear) (Bcftyear) (Percent) (Percent) 1 988=1 .00 ($90/MMBtu) 

1 989 1 8.70 1 .58 1 .77 1 .71  48.9 1 5 , 1 27 1 6,81 1 90.0 8 1 .4 1 .02 1 .55 
1 990 22.32 1 .5 1  1 .69 1 .66 39.3 1 8 ,454 1 7,340 1 06.4 82.6 1 .03 1 .50 
1 991 1 8.38 1 .27 1 .45 1 .49 40. 1 1 3 , 1 05 1 7,347 75.6 82.9 1 .03 1 .26 
1 992 1 8.46 1 .32 1 .49 1 .47 4 1 .5 1 3 ,605 1 7,555 77.5 85.5 1 .00 1 .35 
1 993 1 8.60 1 .53 1 .70 1 .64 47.8 1 3 ,655 1 7,742 77.0 88.5 0.99 1 .57 
1 994 1 8.76 1 .73 1 .89 1 .80 53.4 1 4 ,568 1 7,627 82.7 9 1 . 1  1 .00 1 .76 
1995 1 9.0 1  1 .94 2 . 1 1 2 .00 59.2 1 5 ,232 1 7,702 86.1 93.4 1 .03 1 .92 
1 996 1 9.25 2 . 1 7 2 .33 2 .20 65.3 1 5 ,868 1 7,594 90.2 93.9 1 .07 2 .07 
1 997 1 9.56 2 .22 2.39 2 .25 65.9 1 6 ,072 1 7,722 90.7 94.3 1 .07 2 . 1 2  
1 998 1 9.9 1 2 .48 2.65 2 ;5 1  72.3 1 6 ,464 1 7,847 92.3 95.2 1 .07 2 .37 
1 999 20.5 1 2 .64 2 .8 1  2 .68 74.8 1 7,604 1 7,952 98. 1 95.4 1 .07 2 .52 
2000 2 1 . 1 0  2 .83 3 .00 2 .86 77.7 1 8 ,994 1 8, 1 53 1 04.6 95.4 1 .08 2 .68 
2001 2 1 .75 2.97 3.1 4 3 .00 79. 1 1 9 ,209 1 8,620 1 03.2 95.7 1 .08 2.81 
2002 22.55 2.92 3 .09 2 .95 75.2 1 9 ,846 1 8,764 1 05.8 95.4 1 .09 2.73 
2003 23.45 3.04 3.2 1  3 .05 75. 1 20 ,068 1 9,08 1 1 05.2 95.4 1 . 1 0  2 .82 
2004 24.25 3 . 1 2 3.28 3 . 1 2 74.5 20,063 1 9,244 1 04.3 95.3 1 . 1 1  2 .87 
2005 25. 1 4  3.22 3.38 3.21  74.2 20,478 1 9,380 1 05.7 95.2 1 . 1 1  2 .96 

2006 25.74 3 .2 1  3.38 3 . 1 9  72.3 20, 1 28 1 9,42 1 1 03.6 95.0 1 . 1 0  2 .98 
2007 26.25 3.29 3.46 3.27 72.7 1 9 ,23 1 1 9,368 99.3 95.0 1 .09 3 .08 
2008 26.75 3.50 3.67 3.47 75.9 1 9 ,809 1 9,357 1 02.3 95.3 1 .08 3.31 
2009 27.35 3 .80 3 .97 3 .75 80.6 20,265 1 9,244 1 05.3 95.3 1 .08 3 .60 
2010 27.85 3 .88 4 .05 3 .84 80.9 2 1 ,092 1 9,399 1 08.7 95.5 1 .07 3.71 
201 5  0.00 0 .00 0 .00 0 .00 0.0 0 0 0.0 0.0 0 .00 0 .00 
2020 0.00 0 .00 0 .00 0 .00 0.0 0 0 0.0 0.0 0 .00 0 .00 
2025 0.00 0 .00 0 .00 0 .00 0.0 0 0 0.0 0.0 0 .00 0 .00 
2030 0.00 0 .00 0 .00 0 .00 0.0 0 0 0.0 0.0 0 .00 0 .00 

• lower-48 spot wellhead gas price adjusted to renect change in drilling costs from 1 988 1evels. 



NPCSM25B: NPC SUPPLY CONFIDENCE NEGATIVE CASE REVISED #2 Run Date: 09/1 7/92 
Run Time: 1 1 :29 AM 

LOWER 48 NATURAL GAS BALANCE 
(Trillion Btus) 

1 989 1 990 1 991 1 992 1 993 1 994 1 995 1 996 1 997 1 998 1 999 2000 
DEMAND 
RESIDENT IAL 4,900 . 4,497 4,700 4,852 4,853 4,859 4,889 4,891 4,891 4,889 4,874 4,864 
COMMERCIAL • 2,771 2,729 2,846 2,849 2,846 2,855 2,875 2,880 2,878 2,887 2,91 0 2,955 
INDUSTRIAL 6,939 7,046 7,376 7,408 7,641 7,676 7,755 7,726 7,766 7,778 7,764 7,830 

BOILERS 2,791 2,831 2,983 2,921 3,008 3,074 3,1 21 3,1 21 3,1 22 3, 1 21 3,1 1 8  3,1 1 9  
NON BOILERS 4,148 4,21 5 4,393 4,487 4,633 4,602 4,635 4,606 4,644 4,658 4,646 4,71 2 

ELECTRIC UTILITY 2,808 2,852 2,905 2,891 2,903 2,930 3,063 3,1 66 3,372 3,458 3,601 3,843 
TOTAL END USE DEMAND 1 7,41 7 1 7,1 25 1 7,827 1 8,000 1 8,242 1 8,320 18,582 1 8,663 1 8,907 1 9,01 2 1 9,149 1 9,492 

LEASE AND PLANT USE 885 1 ,060 1 ,093 1 ,1 07 1 ,1 1 6  1 ,1 06  1 ,1 09 1 ,099 1 ,1 05 1 , 1 1 0  1 ,1 1 5  1 , 1 27 
TRANSMISSION FUEL 655 644 670 677 686 689 699 702 71 1 71 5 720 733 
UAF + EXPORTS 1 79 1 72 258 31 9 388 431 463 484 500 51 6 531 547 
TOTAL DISPOSITION 1 9,1 37 1 9,001 1 9,848 20, 1 03  20,432 20,546 20,852 20,947 21 ,222 21 ,353 21 ,51 6 21 ,899 

SUPPLY 
LOWER-48 PRODUCTION 1 7,651 1 7,341 1 7,938 1 8,063 1 8,250 1 8,1 30 1 8,204 1 8,090 1 8, 196 1 8,344 1 8,463 1 8,694 
PIPELINE IMPORTS 1 ,326 1 ,465 1 , 709 1 ,837 1 ,965 2,1 70 2,389 2,51 8 2,655 2,51 8 2,488 2,591 
OTHER SUPPLY 0 0 0 0 0 0 0 0 0 0 0 0 
LNG + SNG + SUPPLEMENTALS 1 53 1 91 1 97 1 99 21 2 235 243 320 349 468 540 587 
TOTAL GAS SUPPLY 1 9,1 30· 1 8,997 1 9,844 20,098 20,427 20,535 20,837 20,928 21 ,201 21 ,330 21 ,490 21 ,871 

2001 2002 2003 2004 2005 2006 2007 2008 2009 201 0 201 5 2020 2025 2030 
DEMAND 
RESIDENTIAL 4,856 4,850 4,854 4,852 4,853 4,852 4,856 4,861 4,866 4,877 0 0 0 0 
COMMERCIAL • 3,01 3 3,066 3,1 37 3,200 3,267 3,31 1 3,368 3,41 4 3,444 3,456 0 0 0 0 
INDUSTRIAL 7,989 8,094 8,207 8,240 8,272 8,348 8,400 8,435 8,402 8,523 0 0 0 0 

BOILERS 3,228 3,31 0 3,387 3,41 9 3,444 3,504 3,542 3,545 3,467 3,542 0 0 0 0 
NONBOILERS 4,761 4,784 4,820 4,822 4,828 4,844 4,858 4,890 4,935 4,981 0 0 0 0 

ELECTRIC UTILITY 4,063 4,1 83 4,296 4,403 4,51 3 4,651 4,809 4,966 5,040 5, 1 65 0 0 0 0 
TOTAL END USE DEMAND 1 9,921 20, 1 93 20,492 20,696 20,904 21 ,1 62 21 ,432 21 ,676 21 ,753 22,020 0 0 0 0 

LEASE AND PLANT USE 1 , 1 56 1 , 1 62 1 , 1 81 1 ,1 90  1 ,1 97 1 ,1 97 1 , 192 1 ,1 88 1 ,1 78 1 , 184 0 0 0 0 
TRANSMISSION FUEL 749 759 771 778 788 796 806 81 5 81 8 828 0 0 0 0 
UAF + EXPORTS 51 6 484 452 420 388 341 293 282 282 1 97 0 0 0 0 
TOTAL DISPOSITION 22,341 22,598 22,896 23,084 23,275 23,495 23,723 23,961 24,031 24,230 0 0 0 0 

SUPPLY 
LOWER-48 PRODUCTION 1 9,1 71 1 9,309 1 9,635 1 9,81 6 1 9,975 20,022 19,979 1 9,970 1 9,872 20,007 0 0 0 0 
PIPELINE IMPORTS 2,583 2,751 2,743 2,753 2,786 2,920 3,076 3,222 3,306 3,373 0 0 0 0 
OTHER SUPPLY 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
LNG + SNG + SUPPLEMENT ALS 556 524 509 507 507 545 660 761 844 841 0 0 0 0 
TOTAL GAS SUPPLY 22,31 0 22,583 22,886 23,077 23,268 23,487 23,71 5 23,953 24,022 24,220 0 0 0 0 

• INCLUDES NATURAL GAS VEHICLES 



NPCSM25B: NPC SUPPLY CONFIDENCE NEGATIVE CASE REVISED #2 Run Dale: 09117192 
Run Time: 1 1 :29 AM 

ENERGY DEMAND FOR COMBUSTION USES 

(Trillion Btus) 

1 989 1 990 1 991 1 992 1 993 1 994 1 995 1 996 1 997 1 998 1 999 2000 

NATURAL GAS 1 7,417 1 7, 1 25 1 7,827 1 8,000 1 8,242 1 8,320 1 8,582 1 8,663 1 8,907 1 9,01 2 19 , 149 1 9,492 
RESIDUAL FUEL OIL 2,287 1 ,961 1 ,835 1 ,959 1 ,868 1 ,899 1 ,928 2,061 2,054 2,1 54 2,1 97 2,213 
DISTILLATE FUEL OIL 2,988 2,640 2,556 2,588 2,6 1 3  2,594 2,597 2,599 2,606 2,615  2,61 1 2,603 
LPG (RES/COM SECTORS) 470 429 421 426 428 427 426 424 422 41 9 41 5 41 1 
COAL (EXCLUDES COKING COAL) 1 7,640 1 7,878 1 7,775 1 7,870 1 8,082 1 8, 1 44 1 8,234 1 8,396 1 8,639 1 8,860 19,094 1 9,258 
HYDRO/RENEWABLES 2,908 3,085 3,030 3,085 3, 1 33 3,1 58 3,1 59 3,200 3,207 3,212 3,21 8 3,226 
NUCLEAR POWER 5,597 6,1 59 6,543 6,61 4 6 ,677 6,8 1 5  6,877 6,962 6,972 7,060 7,070 7, 1 57 
PRIMARY ENERGY CONSUMPTIOt- 49,308 49,276 49,986 50,541 51 ,043 51 ,357 51 ,803 52,305 52,807 53,332 53,754 54,360 
PLUS ELECTRICITY CONSUMED 8,941 9,21 2 9,371  9,473 9,578 9,684 9,794 9,959 1 0, 127 1 0,300 10,471 1 0,652 
LESS ELEC UTIL ENERGY INPUT (28,733) (29,381 )  (29,664) (29,91 2) (30,1 94) (30,473) (30,788) (31 , 1 81 )  131 ,5821 131 ,9421 132,300) (32,670) 
END USE ENERGY DEMAND 29,51 5 29, 1 07 29,692 30, 1 02 30,427 30,568 30,809 31 ,082 31 ,351 31 ,690 31 ,925 32,341 

2001 2002 2003 2004 2005 2006 2007 2008 2009 201 0 201 5 2020 2025 2030 

NATURAL GAS 19 ,921 20, 1 93 20,492 20,696 20,904 21 , 1 62 21 ,432 21 ,676 21 ,752 22,020 0 0 0 0 
RESIDUAL FUEL OIL 2,025 1 ,923 1 ,848 1 ,841 1 ,845 1 ,828 1 ,843 1 ,945 2 , 170 2,1 06 0 0 0 0 
DISTILLATE FUEL OIL 2,6 10  2,607 2,604 2,591 2,583 2,577 2,571 2,568 2,567 2,578 0 0 0 0 
LPG (RES/COM SECTORS) 408 404 401 396 393 389 385 383 381 380 0 0 0 0 
COAL (EXCLUDES COKING COAL) 1 9,61 8 20,0 18  20,439 20,853 21 ,21 7 21 ,61 0 22,0 15  22,370 22,768 23,256 0 0 0 0 
HYDRO/RENEW ABLES 3,249 3,281 3,31 3 3,346 3,379 3,4 1 4  3,450 3,486 3,522 3,571 0 0 0 0 
NUCLEAR POWER 7,1 06 7,055 7,004 6,954 6,903 6,852 6,802 6,752 6,702 6,652 0 0 0 0 
PRIMARY ENERGY CONSUMPTIOt- 54,938 55,481 56, 1 00 56,676 57,225 57,831 58,498 59,1 78 59,862 60,562 0 0 0 0 

PLUS ELECTRICITY CONSUMED 10,835 1 1 ,021 1 1 ,2 14  1 1 ,406 1 1 ,598 1 1 ,807 1 2,031 1 2,234 1 2,429 12,643 0 0 0 0 
LESS ELEC UTIL ENERGY INPUT (33,081 ) (33,51 1 )  (33,977) (34,449) (34,91 8) (35,445) (36,01 1 ) (36,532) (37,035) (37,597) 0 0 0 0 
END USE ENERGY DEMAND 32,692 32,991 33,337 33,633 33,904 34,1 93 34,51 8  34,880 35,256 35,608 0 0 0 0 



NPCSM25B: NPC SUPPLY CONFIDENCE NEGATIVE CASE REVISED #2 Run Date: 0911 7/92 
Run Time: 1 1 :29 AM 

LOWER 48 ENERGY DEMAND 
(Trillion Btus) 

1 989 1 990 1 991 1 992 1 993 1 994 1995 1 996 1 997 1 998 1999 2000 
RESIDENTIAL END USES 

ELECTRICITY 3,051 3, 1 39 3,252 3,288 3,325 3,362 3,401 3,457 3,51 4 3,571 3,631 3,691 
DISTILLATE OIL 1 , 1 65 898 877 898 899 892 885 876 867 858 844 831 
LPG 400 364 358 361 363 363 362 360 358 356 352 348 
COAL 58 62 58 60 60 60 60 60 60 60 59 59 
NATURAL GAS 4,900 4,497 4,700 4,852 4,853 4,859 4,889 4,891 4,891 4,889 4,874 4,864 
RESIDUAL OIL 0 0 0 0 0 0 0 0 0 0 0 0 

TOTAL FUELS 9,572 8,960 9,245 9,459 9,500 9,537 9,597 9,645 9,689 9,734 9,759 9, 793 

COMMERCIAL END USES 
ELECTRICITY 2,755 2,861 2,924 2,955 2,986 3,0 1 7  3,050 3,095 3, 1 41 3, 1 87 3,236 3,286 
DISTILLATE OIL 561 5 1 8  509 521 526 528 524 524 522 522 521 525 
LPG 70 65 63 65 65 65 64 64 64 63 63 63 
COAL 88 94 88 94 94 95 94 94 93 93 92 93 
NATURAL GAS 2,771 2,729 2,846 2,849 2,846 2,855 2,875 2,880 2,878 2,887 2,910 2,955 
RESIDUAL OIL 228 226 223 220 214 21 0 207 203 1 99 1 95 1 92 1 91 

TOTAL FUELS 6,472 6,494 6,653 6,703 6,731 6,769 6,81 3 6,858 6,896 6,947 7,0 1 5  7, 1 1 2  

INDUSTRIAL END USES • 

NATURAL GAS 6,939 7,046 7,376 7,408 7,641 7,676 7,755 7,726 7,766 7,778 7,764 7,830 
HIGH SULFUR RESID 31 1 288 249 270 254 252 238 274 254 305 323 351 
LOW SULFUR RESID 30 1 286 252 304 275 283 291 368 438 489 512 572 
DISTILLATE 1 , 1 33 1 , 167 1 , 1 03 1 ,096 1 , 1 09 1 ,087 1 ,094 1 ,096 1 , 1 05 1 , 1 06 1 ,1 00 1 , 098 
ELECTRICITY 3, 1 35 3,21 2 3, 1 95 3,231 3,268 3,305 3,344 3,407 3,472 3,542 3,604 3,675 
COAL 1 ,652 1 ,655 1 ,620 1 ,631 1 ,650 1 ,659 1 ,678 1 ,708 1 , 731 1 ,789 1 ,848 1 ,9 1 1 

TOTAL FUELS 1 3,471 1 3,653 1 3, 794 13,940 1 4, 1 96 1 4,262 1 4,399 14,580 1 4, 767 1 5,009 1 5, 151 1 5,437 

ELECTRIC UTILITY ENERGY INPUT 
NATURAL GAS 2,808 2,852 2,905 2,891 2,903 2,930 3,063 3, 1 66 3,372 3,458 3,601 3,843 
HIGH SULFUR RESID 590 490 477 569 470 490 472 549 542 556 559 486 
LOW SULFUR RESID 858 671 634 596' 656 663 720 667 621 609 61 1 6 1 3  
DISTILLATE 1 30 57 67 73 79 87 95 1 03 1 1 2 1 29  1 47 1 50  
COAL 1 5,842 1 6,067 1 6,009 1 6,085 1 6,277 1 6,330 1 6,402 16,535 1 6, 755 1 6,9 1 9  1 7,094 1 7, 1 96 
NUCLEARIHYDROIOTHEF 8,505 9,244 9,573 9,699 9,81 0 9,973 10,036 10 , 162 1 0, 1 79 10,272 10,288 1 0,383 

TOTAL FUELS 28,733 29,381 29,664 29,9 1 2  30, 1 94 30,473 30,788 31 , 1 81 31 ,582 31 ,942 32,300 32,670 

PRIMARY ENERGY CONSUMPTION 
NATURAL GAS 1 7,41 7 1 7, 1 25 1 7,827 1 8,000 1 8,242 1 8,320 1 8,582 18,663 1 8,907 1 9,0 1 2  19 , 149 1 9,492 
H IGH SULFUR RESID 90 1 778 726 839 724 743 710  823 796 862 882 837 
LOW SULFUR RESID 1 ,387 1 , 1 84 1 , 1 09 1 , 1 20  1 , 1 45 1 , 1 56  1 ,21 8 1 ,238 1 , 258 1 ,293 1 ,315 1 , 376 
DISTILLATE 2,988 2.640 2,556 2,588 2.613  2,594 2,597 2,599 2,606 2,61 5 2,61 1 2,603 
COAL 1 7,640 1 7,878 1 7, 775 1 7,870 1 8,082 1 8, 1 44 1 8,234 1 8,396 1 8,639 1 8,860 19 ,094 1 9,258 
ALL OTHER FUELS 8,975 9,672 9,993 10 , 125 1 0,238 1 0,400 1 0,462 1 0,586 1 0,601 1 0,691 10,703 1 0,794 

TOTAL FUELS 49,308 49,276 49,986 50,541 51 ,043 51 ,356 51 ,803 52,305 52,806 53,332 53,754 54,360 

• EXCLUDES COAL AND OIL FEEDSTOCKS, LPG/STILL GAS, AND MISCELLANEOUS OIL FUELS. 



NPCSM25B: NPC SUPPLY CONFIDENCE NEGATIVE CASE REVISED #2 Run Date: 09/1 7192 
Run Time: 1 1 :29 AM 

LOWER 48 ENERGY DEMAND 
(Trillion Btus) 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2015 2020 2025 2030 
RESIDENTIAL END USES 

ELECTRICITY 3,751 3,8 14  3,878 3,943 4,009 4,075 4, 1 45 4,21 4 4,279 4,350 0 0 0 0 
DISTILLATE OIL 81 8 804 790 776 763 750 738 728 720 712 0 0 0 0 
LPG 344 340 335 331 327 322 318  31 5 313 312 0 0 0 0 
COAL 59 58 58 58 57 57 57 57 56 56 0 0 0 0 
NATURAL GAS 4,856 4,850 4,854 4,852 4,853 4,852 4,856 4,861 4,866 4,877 0 0 0 0 
RESIDUAL OIL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TOTAL FUELS 9,828 9,866 9,9 1 5  9,960 1 0,009 1 0,057 1 0, 1 1 5  10 , 175 1 0,234 1 0,307 0 0 0 0 

COMMERCIAL END USES 
ELECTRICITY 3,334 3,384 3,436 3,488 3,540 3,594 3,652 3,706 3,755 3,81 1 0 0 0 0 
DISTILLATE OIL 531 534 539 542 547 548 551 555 560 562 0 0 0 0 
LPG 64 65 65 66 66 66 67 67 68 68 0 0 0 0 
COAL 94 94 95 96 97 97 98 99 99 99 0 0 0 0 
NATURAL GAS 3,013 3,066 3, 137 3,200 3,267 3,31 1 3,368 3,4 14  3,444 3,456 0 0 0 0 
RESIDUAL OIL 19 1  19 1  1 9 1  1 92 1 92 1 92 1 92 1 92 19 1  1 90 0 0 0 0 

TOTAL FUELS 7,226 7,335 7,463 7,583 7,71 0  7,809 7,927 8,034 8,1 1 8  8, 186 0 0 0 0 

INDUSTRIAL END USES • 

NATURAL GAS 7,989 8,094 8,207 8,240 8,272 8,348 8,400 8,435 8,402 8,523 0 0 0 0 
HIGH SULFUR RESID 31 5 270 238 234 221 1 99 1 93 228 344 329 0 0 0 0 
LOW SULFUR RESID 533 504 473 467 455 436 424 455 506 496 0 0 0 0 
DISTILLATE 1 , 1 08 1 , 1 1 2  1 , 1 1 5 1 , 1 1 0 1 , 1 07 1 , 1 08 1 , 1 08 1 , 1 07 1 , 1 05 1 , 1 1 9 0 0 0 0 
ELECTRICITY 3,751 3,823 3,901 3,975 4,049 4, 1 38 4,234 4,31 3  4,394 4,483 0 0 0 0 
COAL 1 ,942 1 ,987 2,027 2,065 2,082 2,099 2, 1 1 8 2, 1 33 2, 1 52 2, 166 0 0 0 0 

TOTAL FUELS 1 5,638 1 5,790 1 5,959 1 6,090 1 6 , 1 86 1 6,328 1 6,476 1 6,671 1 6 ,903 1 7, 1 1 5 0 0 0 0 

ELECTRIC UTILITY ENERGY INPUT 
NATURAL GAS 4,063 4, 1 83 4,296 4,403 4,5 13  4,651 4,809 4,966 5,040 5, 165 0 0 0 0 
HIGH SULFUR RESID 434 387 361 354 348 340 343 357 406 397 0 0 0 0 
LOW SULFUR RESID 552 571 585 595 628 661 691 71 2 723 694 0 0 0 0 
DISTILLATE 1 53 1 56 1 60 1 63 1 66 1 70 1 74 1 78 182 1 85 0 0 0 0 
COAL 1 7,524 1 7,878 1 8,259 1 8,635 1 8,981 1 9,357 1 9,743 20,082 20,460 20,934 0 0 0 0 
NUCLEAR/HYDRO/OTHER 1 0,356 10 ,336 1 0,31 7 1 0,300 1 0,282 1 0,266 1 0,252 1 0,237 1 0,223 1 0,222 0 0 0 0 

TOTAL FUELS 33,081 33,51 1  33,977 34,449 34,91 8  35,445 36,01 1 36,532 37,035 37,597 0 0 0 0 

PRIMARY ENERGY CONSUMPTION 
NATURAL GAS 1 9,921 20, 1 93 20,492 20,696 20,904 21 , 1 62 21 ,432 21 ,676 21 ,752 22,020 0 0 0 0 
HIGH SULFUR RESID 748 658 598 588 570 539 536 585 750 726 0 0 0 0 
LOW SULFUR RESID 1 ,277 1 ,266 1 ,249 1 ,253 1 ,276 1 ,289 1 ,307 1 ,360 1 ,420 1,380 0 0 0 0 
DISTILLATE 2,6 10  2,607 2,604 2,591 2,583 2,577 2,571 2,568 2,567 2,578 0 0 0 0 
COAL 1 9,61 8 20,01 8  20,439 20,853 21 ,21 7 2 1 ,6 10  22,01 5  22,370 22,768 23,256 0 0 0 0 
ALL OTHER FUELS 1 0,764 10,741 1 0,718 1 0,696 1 0,675 1 0,655 1 0,637 1 0,620 1 0,605 1 0,602 0 0 0 0 

TOTAL FUELS 54,938 55,481 56, 1 00 56,676 57,224 57,831 58,498 59, 1 78 59,861 60,562 0 0 0 0 



NPCSM25B: NPC SUPPLY CONFIDENCE NEGATIVE CASE REVISED #2 TABLE 2: LOWER 48 WELLS AND RESERVES Run Dale: 09/1 7/92 
Run Time: 1 1 :29 AM 

1 989 1990 1991 1 992 1 993 1 994 1 995 1 996 1 997 1 998 1 999 2000 
EXPLORATORY WELLS 5,744 6,1 56 5,567 4,696 4,551 5,488 6,31 9 6,766 7,266 7,82f 9 ,658 1 1 ,71 5 
DEVELOPMENT WELLS 22,582 27, 158 26,4 14  2 1 ,951 22,076 26,681 30,820 31 , 14 1  30,336 27,923 33,096 36, 104 
TOTAL GAS WELLS 9 ,472 1 0,333 9,899 7,632 7,781 8,61 8 1 0 , 1 02 1 0,927 1 1 ,9 1 5  1 2,054 1 2,572 14 , 190 
TOTAL WELLS 28,326 33,3 14 . 31 ,981 26,647 26,627 32, 1 70 37,1 39 37,907 37,602 35,744 42,754 47,81 9 

RESERVE ADDITIONS 
OIL (MMB) CONVENTIONAL 1 , 1 94 1 ,388 936 1 ,686 1 ,538 1 ,427 1 ,320 1 ,239 1 , 1 57 1 , 1 03 1 ,227 1 ,280 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 1 ,325 1 ,545 1 ,0 12  1 ,876 1 ,733 1 ,678 1 ,583 1 ,548 1 ,497 1 ,41 8 1 ,584 1 ,637 
HIGH PERMEABILITY (BCF) 9,905 1 2,223 7,432 7,874 8,729 9 , 182 9,71 6 1 0,098 1 0,544 10 ,734 1 1 ,095 12 , 103 
LOW PERMEABILITY (BCF) 1 ,339 1 ,691 1 ,532 1 ,784 1 ,095 1 ,270 1 , 1 39 1 ,093 1 , 1 1 6  1 ,234 1 ,581 1 ,899 
DEVONIAN SHALE (BCF) 384 504 397 324 336 435 526 61 6 740 861 935 877 
COAL BED METHANE (BCF) 1 ,607 2,1 1 1  2,386 1 ,429 1 ,475 1 ,548 1 ,707 1 ,657 1 ,222 1 , 1 48 1 ,221 1 ,220 
ENHANCED RECOVERY GAS (BCF) 443 303 296 1 82 1 52 315  381 466 50 1  543 535 408 
ENHANCED RECOVERY TIGHT (BCF) 1 23 77 49 1 35 1 35 1 40 181  390 453 526 654 850 
TOTAL NON-ASSOC GAS (BCF) 13 ,801 1 6,909 1 2,093 1 1 ,729 1 1 ,922 1 2,890 1 3,649 1 4,321 1 4,575 1 5,046 1 6,020 1 7,357 
TOTAL OIL (MMB) 1 ,1 94 1 ,388 936 1 ,686 1 ,538 1 ,427 1 ,320 1 ,239 1 , 1 57 1 , 1 03 1 ,227 1 ,280 
TOTAL GAS (BCF) 1 5, 1 27 1 8,454 1 3, 1 05 1 3,605 1 3,655 1 4,568 1_5,232 1 5,868 1 6,072 1 6,464 1 7,604 1 8,994 
TOTAL NGL (MMB) 550 681 432 524 522 552 571 597 631 653 706 763 

PRODUCTION _(W/ LEASE & PLANT GAS) 
OIL (MMB) CONVENTIONAL 1 ,871 1 ,782 1 ,751 1 ,723 1 ,71 4 1 ,686 1 ,665 1 ,666 1 ,658 1 ,640 1 ,625 1 ,61 8 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 2,730 2,720 2,598 2,483 2,377 2,242 2, 1 69 2, 134 2,1 1 9  2,078 2,032 1 ,999 
HIGH PERMEABILITY (BCF) 1 2 ,033 1 2,428 1 2,367 1 2,359 1 2,51 1 1 2,41 7 1 2,400 1 2,231 1 2,21 7 1 2,21 6 1 2, 15 1  1 2, 134 
LOW PERMEABILITY (BCF) 1 ,664 1 ,673 1 ,700 1 ,852 1 ,836 1 ,773 1 ,758 1 ,689 1 ,626 1 ,631 1 ,670 1 ,762 
DEVONIAN SHALE (BCF) 1 52 1 80 2 10  226 240 261 291 31 4 358 394 441 477 
COAL BED METHANE (BCF) 1 03 1 78 285 422 549 684 797 907 1 ,020 1 ,085 1 ,1 35 1 , 1 62 
ENHANCED RECOVERY GAS (BCF) 83 1 1 4 1 38 1 62 1 66 1 77 203 21 8 241 269 31 4 358 
ENHANCED RECOVERY TIGHT (BCF) 47 48 47 51 64 72 82 102 1 40 1 74 21 0 262 
TOTAL NON-ASSOC GAS (BCF) 14 ,082 1 4,620 1 4,748 1 5,073 1 5,365 1 5,384 1 5,532 1 5,460 1 5,603 1 5,769 15 ,920 16 , 154 
TOTAL OIL (MMB) 1 ,871 1 ,782 1 ,751 1 ,723 1 ,71 4 1 ,686 1 ,665 1 ,666 1 ,658 1 ,640 1 ,625 1 ,61 8 
TOTAL GAS (BCF) 1 6,81 1 1 7,340 1 7,347 1 7,555 1 7,742 1 7,627 1 7,702 1 7,594 1 7,722 1 7,847 1 7,952 1 8, 153 
TOTAL NGL (MMB) 739 751 747 758 763 749 748 743 750 759 762 766 

RESERVES 
OIL (MMB) CONVENTIONAL 20,063 1 9,670 1 8,854 1 8,81 7 1 8,641 1 8,383 1 8,038 1 7,61 1 1 7, 1 1 1  1 6,574 1 6, 176 15 ,838 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 25,041 23,866 22,303 21 ,696 21 ,052 20,488 1 9,902 1 9,31 6 1 8,694 1 8,033 1 7,585 17,223 
HIGH PERMEABILITY (BCF) 1 05,432 1 05,226 1 00,393 95,908 92, 126 88,891 86,207 84,074 82,401 80,91 9  79,862 79,832 
LOW PERMEABILITY (BCF) 22,837 22,856 22,710  22,641 2 1 ,900 21 ,397 20,778 20, 1 82 1 9,672 1 9,275 1 9, 186 19 ,324 
DEVONIAN SHALE (BCF) 1 ,751 2,076 2,263 2,361 2,457 2,631 2,865 3, 168 3,549 4,0 1 6  4,51 0 4,9 1 0  
COAL BED METHANE (BCF) 2,798 4,731 6,833 7,840 8,766 9,630 1 0,540 1 1 ,290 1 1 ,492 1 1 ,554 1 1 ,640 1 1 ,698 
ENHANCED RECOVERY GAS (BCF) 963 1 ,1 52 1 ,31 1  1 ,331 1 ,31 7 1 ,455 1 ,632 1 ,881 2, 1 40 2,41 4 2,635 2,685 
ENHANCED RECOVERY TIGHT (BCF) 506 535 536 6 19  691 760 858 1 , 1 46 1 ,459 1 ,81 2 2,255 2,844 
TOTAL NON-ASSOC GAS (BCF) 1 34,288 1 36,576 1 34,045 1 30,701 1 27,258 1 24,764 1 22,880 12 1 ,741 1 20,71 3 1 1 9,990 1 20,090 1 21 ,292 
TOTAL OIL (MMB) 20,063 1 9,670 1 8,854 1 8,81 7  1 8,641 1 8,383 1 8,038 1 7,61 1 1 7, 1 1 1  1 6,574 1 6, 176 15,838 
TOTAL GAS (BCF) 1 59 ,329 1 60,442 1 56,348 1 52,397 1 48,310 1 45,252 1 42,782 14 1 ,057 1 39,407 1 38,023 1 37,675 1 38,51 6 
TOTAL NGL (MMB) 7,500 7,430 7,1 1 5  6,881 6,640 6,443 6,266 6, 1 20 6,001 5,895 5,839 5,835 

LEASE AND PLANT GAS (BCF) I 857 I 1 ,026 1 1 ,059 I 1 ,072 1 1 ,081 I 1 .011 I 1 ,074 1 1 ,064 1 1 ,070 I 1 ,075 1 1 ,080 I 1 ,092 



NPCSM25B: NPC SUPPLY CONFIDENCE NEGATIVE CASE REVISED #2 TABLE 2: LOWER 48 WELLS AND RESERVES Run Date: 09/1 7/92 
Run Time: 1 1 :29 AM 

2001 2002 2003 2004 2005 2006 2007 2008 2009 201 0  201 5  2020 2025 2030 

EXPLORATORY WELLS 1 3,542 1 6,21 3 1 9 ,51 4 21 ,765 22,639 22,995 23,71 1 25,1 n 24,967 24,267 0 0 0 0 
DEVELOPMENT WELLS 37,240 38,042 39,075 37,827 37,856 35,054 34,579 37,983 37,390 36,666 0 0 0 0 
TOTAL GAS WELLS 14,092 13,998 1 3,91 9 14,271 1 5,299 1 5,404 1 5,381 16,531 1 7,840 19 , 1 34 0 0 0 0 
TOTAL WELLS 50,782 54,255 58,589 59,592 60,495 58,o49 58,290 63,1 60 62,357 60,933 0 0 0 0 

RESERVE ADDITIONS 
OIL (MMB) CONVENTIONAL 1 ,365 1 ,361 1 ,394 1 ,4 16  1 ,438 1 ,297 1 ,1 04 1 ,1 80 1 ,064 928 0 0 0 0 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 1 ,749 1 ,787 1 ,868 1 ,897 1 ,944 1 ,759 1 ,5 19  1 ,567 1 ,404 1 ,229 0 0 0 0 
HIGH PERMEABILITY (BCF) 1 2,006 1 2,285 12 ,439 1 2,265 1 2, 130 1 1 ,645 1 0 ,71 8  10 , 133 9 ,563 9,304 0 0 0 0 
LOW PERMEABILITY (BCF) 2,000 2,1 23 2,057 1 ,9 18  1 ,893 1 ,741 1 ,648 1 ,781 1 ,851 1 ,966 0 0 0 0 
DEVONIAN SHALE (BCF) 841 741 607 583 501 489 475 465 495 555 0 0 0 0 
COAL BED METHANE (BCF) 1 ,180 1 ,21 0 1 ,1 07 1 ,1 02 1 ,344 1 ,465 1 ,491 1 ,767 2,1 82 2,579 0 0 0 0 
ENHANCED RECOVE RY GAS (BCF 424 449 490 495 496 421 247 224 1 30 45 0 0 0 0 
ENHANCED RECOVERY TIGHT (BC 1 ,008 1 ,252 1 ,500 1 ,803 2,1 68 2,608 3,1 32 3,872 4,639 5,4 14  0 0 0 0 
TOTAL NON-ASSOC GAS (BCF) 17,460 18,059 1 8,1 99 1 8, 166 18 ,534 1 8,368 1 7,71 2  1 8,242 18 ,861 1 9 ,863 0 0 0 0 
TOTAL OIL (MMB) 1 ,365 1 ,361 1 ,394 1 ,4 16  1 ,438 1 ,297 1 ,1 04 1 , 1 80 1 ,064 928 0 0 0 0 
TOTAL GAS (BCF) 1 9,209 1 9,846 20,068 20,063 20,478 20,1 28 1 9 ,231 1 9 ,809 20,265 21 ,092 0 0 0 0 
TOTAL NGL (MMB) n3 792 800 786 778 734 685 680 649 631 0 0 0 0 

PRODUCTION (WI LEASE & PLANT GAS) 
OIL (MMB) CONVENTIONAL 1 ,61 7 1 ,622 1 ,631 1 ,640 1 ,652 1 ,654 1 ,638 1 ,6 16  1 ,592 1 ,550 0 0 0 0 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 1 ,982 1 ,971 1 ,978 1 ,990 2,004 2,0 1 2  1 ,991 1 ,973 1 ,932 1 ,877 0 0 0 0 
HIGH PERMEABILITY (BCF) 1 2,41 5 1 2,433 1 2 ,531 1 2,534 1 2 ,508 12 ,379 1 2,229 1 2 ,021 1 1 ,693 1 1 ,449 0 0 0 0 
LOW PERMEABILITY (BCF) 1 ,838 1 ,865 1 ,945 1 ,971 1 ,969 1 ,937 1 ,884 1 ,849 1 ,8 1 5  1 ,840 0 0 0 0 
DEVONIAN SHALE (BCF) 508 51 9 51 7 508 504 49 1 477 478 482 506 0 0 0 0 
COAL BED METHANE (BCF) 1 , 1 83 1 ,202 1 ,21 7 1 ,2 19  1 ,233 1 ,267 1 ,284 1 ,323 1 ,380 1 ,460 0 0 0 0 
ENHANCED RECOVERY GAS (BCF 357 373 383 397 41 1 426 4 16  384 330 305 0 0 0 0 
ENHANCED RECOVERY TIGHT CBC 336 401 51 1 627 751 908 1 ,088 1 ,330 1 ,6 1 3  1 ,962 0 0 0 0 
TOTAL NON-ASSOC GAS (BCF) 1 6,638 1 6,793 1 7, 1 03 17,254 17 ,376 1 7,409 1 7,377 1 7,385 1 7,31 2  17 ,523 0 0 0 0 
TOTAL OIL (MMB) 1 ,61 7 1 ,622 1 ,631 1 ,640 1 ,652 1 ,654 1 ,638 1 ,6 16  1 ,592 1 ,550 0 0 0 0 
TOTAL GAS (BCF) 1 8,620 18,764 1 9 ,081 1 9 ,244 1 9 ,380 19 ,421 1 9 ,368 1 9 ,357 1 9 ,244 19 ,399 0 0 0 0 
TOTAL NGL IMMBI 785 785 795 797 796 790 777 767 754 742 0 0 0 0 

RESERVES 
OIL (MMB) CONVENTIONAL 1 5,586 1 5,325 1 5 ,088 14 ,863 14 ,649 14 ,292 13 ,759 13,323 12 ,795 12,1 73 0 0 0 0 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 16,990 1 6,806 1 6 ,696 16 ,603 16 ,543 16 ,290 1 5,81 8  15,41 3  14 ,885 14 ,238 0 0 0 0 
HIGH PERMEABILITY (BCF) 79,423 79,275 79, 183 78,9 14  78,536 77,802 76,291 74,403 72,274 70 ,1 29 0 0 0 0 
LOW PERMEABILITY (BCF) 19 ,485 1 9,743 1 9 ,855 19 ,802 1 9 ,727 19 ,531 1 9 ,296 19 ,229 1 9 ,264 19 ,390 0 0 0 0 
DEVONIAN SHALE (BCF) 5,244 5,465 5,555 5,631 5,628 5,626 5,624 5,61 1 5,625 5,674 0 0 0 0 
COAL BED METHANE (BCF) 1 1 ,695 1 1 ,702 1 1 ,592 1 1 ,475 1 1 ,586 1 1 ,784 1 1 ,991 12 ,436 13 ,237 14 ,356 0 0 0 0 
ENHANCED RECOVE RY GAS (BCF 2,752 2,828 2,936 3,034 3,1 1 9  3,1 1 4  2,944 2,784 2,584 2,324 0 0 0 0 
ENHANCED RECOVERY TIGHT CBC 3,51 6 4,367 5,356 6,532 7,949 9,649 1 1 ,693 14,234 1 7,261 20,7 12  0 0 0 0 
TOTAL NON-ASSOC GAS (BCF) 1 22, 1 1 4  1 23,381 1 24,476 1 25,388 1 26,545 1 27,505 1 27,839 1 28,697 1 30,245 132,585 0 0 0 0 
TOTAL OIL (MMB) 1 5,586 1 5,325 1 5,088 14 ,863 14 ,649 14 ,292 13 ,759 13 ,323 12 ,795 12 , 1 73 0 0 0 0 
TOTAL GAS (BCF) 1 39,104 1 40 , 187 1 41 , 1 73 1 41 ,991 1 43,089 1 43,795 1 43,657 1 44,1 09 1 45,1 30 146,823 0 0 0 0 
TOTAL NGL {MMB) 5,823 5,831 5,837 5,826 5,808 5,753 5,661 5,574 5,469 5,358 0 0 0 0 

LEASE AND PLANT GAS (BCF) I 1 ,1 1 9  I 1 ,1 25 1 1 ,1 44 I 1 , 1 53 I 1 , 1 59 I 1 ,1 59 I 1 ,1 54  I 1 ,1 51 I 1 , 1 41 I 1 ,1 47T oT o l o l 0 
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NPCHRF3F: NPC HIGH REFERENCE CASE NO. 3 FINAL (#5) Run Date: 08/1 6/92 
Run Time: 02:04 PM 

AVERAGE NATURAL GAS PRICES 
($1990/MMBtu) 

1 989 1 990 1 991 1 992 1 993 1 994 1 995 1 996 1 997 1 998 1 999 2000 

LDC GAS TARIFF PRICES 
AVERAGE AQUISITION 1 .76 1 .73 1 .57 1 .55 1 .71 1 .9 1  2. 1 2  2.34 2.43 2.59 2.79 3.04 
AVERAGE CITYGATE 2.75 2.73 2.53 2.46 2.59 2.77 3.01 3.25 3.35 3.54 3.78 4.04 
RESIDENTIAL BURNERTIP 5.71 5.65 5.34 5.22 5.35 5.53 5.76 6.02 6. 1 2  6.32 6.55 6.81 
COMMERCIAL BURNERTIP 4.82 4.72 4.45 4.34 4.48 4.65 4.88 5. 1 4  5.23 5.43 5.67 5.94 
INDUSTRIAL BURNERTIP 3.07 3. 1 1  2.83 2.74 2.92 3. 1 3  3.41 3.70 3.85 4.08 4.41 4.68 
ELEC UTIL BURNERTIP 2.87 2.87 2.67 2.65 2.77 3.00 3.29 3.58 3.68 3.88 4. 1 4  4.42 

END USER CARRIAGE PRICES 
AVG SPOT ACQUISITION 1 .57 1 .49 1 .24 1 .33 1 .5 1  1 .69 1 .90 2. 1 1  2.23 2.38 2.56 2.79 
AVG SPOT CITYGATE 1 .86 1 .78 1 .53 1 .59 1 .78 1 .97 2 .21  2.4 1 2.52 2.61 2.78 3.01 
AVG SPOT BURNERTIP 2. 1 9  2. 1 0  1 .84 1 .89 2.09 2.29 2.53 2.68 2.74 2.82 2.99 3.22 
AVG FIRM BURNERTIP 2.93 2.91 2.70 2.63 2.77 2.96 3.21 3.46 3.56 3.75 4.00 4.28 

2001 2002 2003 2004 2005 2006 2007 2008 2009 201 0 201 5 2020 2025 2030 
LDC GAS TARIFF PRICES 

AVERAGE AQUISITION 3.04 2.96 2.95 2.93 2.89 2.86 2.95 3. 1 4  3.42 3.44 0.00 0.00 0.00 0.00 
AVERAGE CITYGATE 4.03 3.93 3.90 3.86 3.79 3.74 3.83 4.03 4.34 4.34 0.00 0.00 0.00 0.00 
RESIDENTIAL BURNERTI P 6.79 6.67 6.62 6.55 6.47 6.40 6.49 6.68 6.99 6.9� 0.00 0.00 0.00 0.00 
COMMERCIAL BURNERTIP 5.93 5.81 5.77 5.71 5.63 5.57 5.66 5.86 6 . 18  6. 1 7  0.00 0.00 0.00 0.00 
INDUSTRIAL BURNERTIP 4.65 4.53 4.48 4.42 4.34 4.29 4.40 4.63 4.98 5.00 0.00 0.00 0.00 0.00 
ELEC UTIL BURNERTIP 4.40 4.28 4.23 4. 1 8  4. 1 0  4.04 4. 1 3  4.33 4.65 4.64 0.00 0.00 0.00 0.00 

END USER CARRIAGE P RICES 

AVG SPOT ACQUISITION 2.80 2.76 2.76 2.75 2.73 2.73 2.84 3.05 3.34 3.38 0.00 0.00 0.00 0.00 
AVG SPOT CITYGATE 3.01 3.04 3.08 3.07 3.04 3.02 3. 1 4  3.36 3.67 3.70 0.00 0.00 0.00 0.00 
AVG SPOT BURNERTIP 3.22 3.27 3.39 3.42 3.38 3.37 3.48 3.71 4.02 4.06 0.00 0.00 0.00 0.00 
AVG FIRM BURNERTIP 4.26 4. 1 6  4. 1 3  4.09 4.01 3.96 4.05 4.26 4.58 4.59 0.00 0.00 0.00 0.00 
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N PCST25A: NPC SUPPLY TECHNOLOGY POSITIVE CASE REVISED #4 Run Date: 1 0/07/92 
Run Time:  09:4 1 AM 

EN ERGY OVERVIEW MODEL SUMMARY 

Crude Oil & Natural Gas Prices Lower 48 Gas Supply Drill ing Costs 
U.S. Crude Texas/Gulf Henry Hub Lower 48 Spot Whd Reserve Add. Producer Producer E&D 

Oil Price Spot Whd Gas Price Avg Wellhead Gas Price Reserve Dry Gas Replacement Deliverability Drilling Cost Incentive 
Year (RACC) Gas Price (Delv'd to PPL) Gas Price to RACC Additions Production of Production Utilization Index @ 1 988 Costs • 

($90/bbl) ($90/MMBtu) ($90/MMBtu) ($90/MMBtu) (Btu Percent) (Bcftyear) (Bcflyear) (Percent) (Percent) 1 988=1 .00 ($90/MMBtu) 

1 989 1 8.70 1 .58 1 .77 1 .71  48.9 1 5 , 1 27 1 6,81 1 90.0 8 1 .4 1 .02 1 .55 
1 990 22.32 1 .5 1  1 .69 1 .66 39.3 1 8,454 1 7,340 1 06.4 82.6 1 .03 1 .50 
1 991 1 8.38 1 .27 1 .45 1 .49 40. 1 1 3,21 1 1 7,345 76.2 82.8 1 .02 1 .27 
1 992 1 8.46 1 .32 1 .49 1 .47 4 1 .5 1 3,790 1 7,572 78.5 85.5 0.99 1 .36 
1 993 1 8.60 1 .52 1 .68 1 .62 47.3 1 3 ,897 1 7,745 78.3 88.4 0.98 1 .58 
1 994 1 8.76 1 .70 1 .87 1 .78 52.6 1 4,796 1 7,660 83.8 90.9 0 .98 1 .77 
1 995 1 9.0 1 1 .90 2.06 1 .96 57.9 1 5 ,353 1 7,747 86.5 93.0 1 .00 1 .95 
1 996 1 9.25 2 . 1 5 2.3 1 2 . 1 9  64.6 1 5,303 1 7,665 86.6 93.8 1 .02 2 . 1 4  
1 997 1 9.56 2.24 2.4 1  2 .28 66.6 1 5 ,966 1 7,766 89.9 94.4 1 .0 1  2 .26 
1 998 1 9.9 1 2.45 2.62 2.48 7 1 .5 1 6 ,598 1 7,978 92.3 95.1 1 .0 1  2.47 
1 999 20.5 1 2 .56 2.73 2.59 72.4 1 8 ,222 1 8,046 1 0 1 .0 95.3 1 .01  2 .58 
2000 21 . 1 0  2 .70 2.87 2.74 74.2 1 9,627 1 8,445 1 06.4 95.5 1 .0 1  2.72 
2001 21 .75 2 .68 2.84 2.72 71 .4 20,522 1 8,81 1 1 09 . 1  95. 1 1 .00 2.73 
2002 22.55 2.66 2 .83 2.71 68.4 2 1 ,434 1 9, 1 83 1 1 1 .7 94.6 0.99 2.74 
2003 23.45 2.54 2.7 1 2 .59 62.9 22,756 1 9,507 1 1 6.7 93.6 0.98 2 .64 
2004 24.25 2 .53 2.69 2.57 60.4 23,202 20,01 1 1 1 6 .0 93.2 0.99 2.60 
2005 25. 1 4  2.45 2.62 2.48 56.6 22,885 20,252 1 1 3.0 92.3 0.98 2.55 

2006 25.74 2 .45 2.62 2 .46 55.2 22,762 20,454 1 1 1 .3 9 1 .9 0 .97 2.58 
2007 26.25 2.5 1  2 .68 2 .50 55.4 2 1 ,738 20,580 1 05.6 9 1 .8 0.95 2.70 
2008 26.75 2 .63 2.80 2.6 1 57.0 2 1 ,670 20,835 1 04.0 92.4 0.95 2.83 
2009 27.35 2.96 3 . 1 3 2.92 62.8 22,280 2 1 , 1 1 9  1 05.5 93.6 0.94 3 .22 
201 0  27.85 2 .93 3.09 2.89 60.9 23,403 2 1 , 1 54 1 1 0.6 93.2 0.93 3.23 
201 5  0.00 0 .00 0 .00 0 .00 0.0 0 0 0.0 0.0 0 .00 0 .00 
2020 0.00 0 .00 0 .00 0 .00 0.0 0 0 0.0 0.0 0 .00 0 .00 
2025 0.00 0 .00 0 .00 0 .00 0.0 0 0 0.0 0.0 0 .00 0 .00 
2030 0.00 0 .00 0 .00 0 .00 0.0 0 0 0.0 0.0 0 .00 0 .00 

• Lower-48 spot -llhead gas price adjusted to reflect change in drilling costs from 1 988 levels. 



NPCST25A: NPC SUPPLY TECHNOLOGY POSITIVE CASE REVISED #4 Run Date: 1 0107192 
Run Time: 09:41 AM 

LOWER 48 NATURAL GAS BALANCE 
(Trillion Btus) 

1 989 1 990 1 991 1 992 1 993 1 994 1 995 1 996 1 997 1 998 1 999 2000 
DEMAND 
RESIDENTIAL 4,900 4,497 4,700 4,853 4,854 4,862 4,895 4,899 4,896 4,889 4,880 4,875 
COMMERCIAL • 2,771 2,729 2,846 2,849 2,847 2,858 2,880 2,886 2,882 2,887 2,91 5 2,965 
INDUSTRIAL 6,939 7,046 7,376 7,415 7,643 7,701 7,784 7,761 7,775 7,836 7,837 7,985 

BOILERS 2,791 2,831 2,983 2,925 3,01 0 3,088 3,1 35 3,136 3,1 25 3,1 53 3,1 59 3,21 7 
NON BOILERS 4,1 48 4,21 5 4,393 4,490 4,634 4,61 3 4,649 4,625 4,650 4,683 4,679 4,768 

ELECTRIC UTILITY 2,808 2,852 2,905 2,898 2,904 2,936 3,061 3,1 64 3,363 3,504 3,666 3,968 
TOTAL END USE DEMAND 1 7,41 7 1 7,1 25 1 7,827 1 8,01 5 1 8,248 1 8,356 1 8,620 1 8,709 1 8,91 6 1 9,1 1 6  1 9,298 1 9,792 

LEASE AND PLANT USE 885 1 ,060 1 ,093 1 ,1 08 1 ,1 1 6  1 ,1 08 1 ,1 1 2  1 ,1 04  1 ,1 08 1 , 1 20 1 , 1 22 1 , 1 45 
TRANSMISSION FUEL 655 644 670 677 686 690 700 704 71 1 71 9 726 744 
UAF + EXPORTS 1 79 1 72 258 319 388 431 463 484 500 51 6 531 547 
TOTAL DISPOSITION 1 9, 1 37 1 9,001 1 9,848 20,1 1 9  20,438 20,585 20,894 21 ,001 21 ,235 21 ,470 21 ,677 22,229 

SUPPLY 
LOWER-48 PRODUCTION 1 7,651 1 7,341 1 7,938 1 8,080 1 8,256 1 8,1 65 1 8,251 1 8, 164 1 8,266 1 8,487 1 8,570 1 9,002 
PIPELINE IMPORTS 1 ,326 1 ,465 1 ,709 1 ,836 1 ,964 2, 1 74 2,385 2,499 2,586 2,509 2,588 2,681 
OTHER SUPPLY 0 0 0 0 o . 0 0 0 0 0 0 0 
LNG + SNG + SUPPLEMENTAL$ 1 53 1 91 1 97 1 99 21 2 235 243 320 362 451 494 51 9 
TOTAL GAS SUPPLY 1 9,1 30 1 8,997 1 9,843 20, 1 1 4  20,432 20,574 20,879 20,982 21 ,21 4 21 ,447 21 ,652 22,202 

2001 2002 2003 2004 2005 2006 2007 2008 2009 201 0 201 5 2020 2025 2030 
DEMAND 

RESIDENTIAL 4,873 4,882 4,882 4,903 4,914 4,927 4,929 4,942 4,962 4,975 0 0 0 0 

COMMERCIAL • 3,028 3,094 3,1 64 3,247 3,325 3,382 3,438 3,495 3,542 3,558 0 0 0 0 
INDUSTRIAL 8,1 67 8,293 8,388 8,581 8,605 8,748 8,822 8,950 9,078 9, 1 52 0 0 0 0 

BOILERS 3,330 3,408 3,481 3,601 3,630 3,71 6 3,763 3,842 3,908 3,958 0 0 0 0 

NON BOILERS 4,837 4,885 4,907 4,980 4,976 5,033 5,058 5 ,108 5,1 71 5, 1 93 0 0 0 0 

ELECTRIC UTILITY 4,1 22 4,226 4,328 4,474 4,625 4,761 4,924 5,087 5,280 5,473 0 0 0 0 
TOTAL END USE DEMAND 20,1 90 20,495 20,761 21 ,204 21 ,469 21 ,81 8 22,1 1 3  22,473 22,862 23,1 58 0 0 0 0 

LEASE AND PLANT USE 1 , 1 66 1 , 1 88 1 ,207 1 ,239 1 ,254 1 ,265 1 ,272 1 ,286 1 ,303 1 ,303 0 0 0 0 
TRANSMISSION FUEL 759 771 781 797 807 820 832 845 860 871 0 0 0 0 
UAF + EXPORTS 51 6 484 452 420 388 341 293 282 282 1 97 0 0 0 0 
TOTAL DISPOSITION 22,631 22,938 23,201 23,660 23,91 8  24,244 24,509 24,886 25,306 25,528 0 0 0 0 

SUPPLY 
LOWER-48 PRODUCTION 1 9,366 1 9,739 20,081 20,603 20,876 21 ,094 21 ,256 21 ,501 21 ,793 21 ,81 1  0 0 0 0 
PIPELINE IMPORTS 2,742 2,722 2,747 2,746 2,757 2,839 2,889 2,994 3,1 1 2  3,327 0 0 0 0 
OTHER SUPPLY 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
LNG + SNG + SUPPLEMENTAL$ 503 462 365 304 277 303 356 383 392 382 0 0 0 0 
TOTAL GAS SUPPLY 22,61 1 22,924 23, 1 92 23,653 23,91 0 24,236 24,501 24,878 25,297 25,51 9 0 0 0 0 

" INCLUDES NATURAL GAS VEHICLES 



NPCST25A: NPC SUPPLY TECHNOLOGY POSITIVE CASE REVISED #4 Run Dale: 1 0/07/92 
Run Time: 09:41 AM 

ENERGY DEMAND FOR COMBUSTION USES 

(Trillion Btus) 

1 989 1 990 1 991 1 992 1 993 1 994 1 995 1 996 1 997 1 998 1 999 2000 

NATURAL GAS 1 7,41 7  1 7, 1 25 1 7,827 1 8,01 5 1 8,248 1 8,356 1 8,620 1 8,709 1 8 ,91 6 19 , 1 1 6  1 9,298 1 9,792 
RESIDUAL FUEL OIL 2,287 . 1 ,961 1 ,835 1 ,944 1 ,865 1 ,881 1 ,923 2,058 2,061 2,053 2,093 1 ,986 
DISTILLATE FUEL OIL 2,988 2,640 2,556 2 ,588 2 ,613  2,595 2,601 2,603 2,608 2,6 1 5  2,6 16  2,61 5 
LPG (RES/COM SECTORS) 470 429 421 426 428 427 426 424 422 41 8 41 4 41 1 
COAL (EXCLUDES COKING COAL) 17 ,640 1 7,878 1 7,775 1 7,870 1 8,080 1 8 , 1 42 1 8,226 1 8,385 1 8,636 1 8 ,848 1 9,086 1 9,250 
HYDRO/RENEWABLES 2,908 3,085 3,030 3,085 3 , 1 33 3, 1 58 3,1 59 3,200 3,207 3,212 3,218  3,226 
NUCLEAR POWER 5,597 6,1 59 6,543 6,61 4 6,677 6,81 5 6,877 6,962 6 ,972 7,060 7,070 7, 1 57 
PRIMARY ENERGY CONSUMPTION 49,308 49,276 49,986 50,541  51 ,043 51 ,374 51 ,830 52,342 52,821 53,322 53,794 54,437 
PLUS ELECTRICITY CONSUMED 8,941 9,2 1 2  9 ,371 9 ,473 9,577 9,684 9,791 9,954 1 0, 1 24 1 0 ,301 10,479 1 0,658 
LESS ELEC UTIL ENERGY INPUT (28,733) (29,381 )  (29,664) (29,91 2) (30, 1 92) (30,472) (30,778) (31 ,1 68) (31 ,573) (31 ,947) (32,323) (32,690) 
END USE ENERGY DEMAND 29,51 5 29, 1 07 29,692 30, 1 02 30,428 30,585 30,843 31 , 1 28 31 ,372 31 ,676 31 ,950 32,404 

2001 2002 2003 2004 2005 2006 2007 2008 2009 201 0 201 5 2020 2025 2030 

NATURAL GAS 20, 1 90 20,495 20,761 2 1 ,204 21 ,469 21 ,818 22, 1 1 3  22,473 22,862 23, 1 58 0 0 0 0 
RESIDUAL FUEL OIL 1 ,892 1 ,853 1 ,775 1 ,742 1 ,803 1 ,819  1 ,833 1 ,848 1 ,888 1 ,832 0 0 0 0 
DISTILLATE FUEL OIL 2,626 2,629 2,620 2 ,628 2,624 2,632 2,633 2,640 2,651 2,648 0 0 0 0 

LPG (RES/COM SECTORS) 407 404 400 396 393 391 388 385 383 380 0 0 0 0 
COAL (EXCLUDES COKING COAL) 1 9,61 2 1 9,995 20,388 20,780 21 , 175 21 ,513 21 ,889 22,255 22,630 23, 1 33 0 0 0 0 
HYDRO/RENEWABLES 3,249 3,279 3,31 2 3,344 3,378 ·3,409 3,444 3,479 3,51 5 3,563 0 0 0 0 
NUCLEAR POWER 7,1 06 7,055 7,004 6,954 6,903 6,852 6,802 6,752 6,702 6,652 0 0 0 0 
PRIMARY ENERGY CONSUMPTION 55,081 55,71 1 56,260 57,048 57,745 58,434 59,1 03 59,832 60,630 61 ,365 0 0 0 0 

PLUS ELECTRICITY CONSUMED 1 0,853 1 1 ,036 1 1 ,223 1 1 ,426 1 1 ,633 1 1 ,8 1 5  1 2,027 1 2,236 1 2,461 1 2,722 0 0 0 0 
LESS ELEC UTIL ENERGY INPUT (33,1 34) (33,554) (34,000) (34,506) (35,01 4) (35,460) (35,992) (36,532) (37,1 1 3) (37,798) 0 0 0 0 
END USE ENERGY DEMAND 32,801 33,1 93 33,482 33,969 34,364 34,789 35,1 37 35,536 35,978 36,288 0 0 0 0 



NPCST25A: NPC SUPPLY TECHNOLOGY POSITIVE CASE REVISED #4 Run Date: 1 0/07192 
Run Time: 09:41 AM 

LOWER 48 ENERGY DEMAND 
(Trillion Btus) 

1 989 1990 1 991 1 992 1 993 1 994 1 995 1996 1 997 1 998 1 999 2000 

RESIDENTIAL END USES 
ELECTRICITY 3,051 3, 1 39 3,252 3,288 3,325 3,362 3,400 3,455 3,51 2 3,571 3,632 3,691 
DISTILLATE OIL 1 , 1 65 898 877 897 899 892 885 876 867 857 843 831 
LPG 400 364 358 361 363 363 362 360 358 355 351 348 
COAL 58 62 58 60 60 60 60 60 60 60 59 59 
NATURAL GAS 4,900 4,497 4,700 4,853 4,854 4,862 4,895 4,899 4,896 4,889 4,880 4,875 
RESIDUAL OIL 0 0 0 0 0 0 0 0 0 0 0 0 

TOTAL FUELS 9,572 8,960 9,245 9,459 9,501 9, 539 9,602 9,651 9,693 9,731 9,765 9,803 

COMMERCIAL END USES 
ELECTRICITY 2,755 2,861 2,924 2,955 2,986 3,0 1 7  3,049 3,093 3, 1 40 3, 1 88 3,237 3,285 
DISTILLATE OIL 56 1 51 8 509 521 526 527 524 523 522 520 519 522 
LPG 70 65 63 65 64 64 64 64 63 63 63 63 
COAL 88 94 88 94 94 94 94 94 93 92 92 93 
NATURAL GAS 2,771 2,729 2,846 2,849 2,847 2,858 2,880 2,886 2,882 2,887 2,91 5 2,965 
RESIDUAL OIL 228 226 223 220 214 210 207 203 1 99 1 95 1 93 1 91 

TOTAL FUELS 6 ,472 6,494 6,653 6,703 6,731 6, 771 6,81 7 6,862 6,898 6,946 7,019  7, 1 1 9  

INDUSTRIAL END USES • 
NATURAL GAS 6,939 7,046 7,376 7,41 5  7,643 7, 701 7,784 7,761  7, 775 7,836 7,837 7,985 
HIGH SULFUR RESID 31 1 288 249 267 253 249 237 276 257 275 290 289 
LOW SULFUR RESID 30 1 286 252 299 273 274 286 364 437 463 490 51 3 
DISTILLATE 1 , 1 33 1 , 167  1 , 103 1 ,097 1 ' 1 1 0  1 ,090 1 ,098 1 , 1 00 1 , 1 07 1 , 1 09 1 , 1 06 1 , 1 1 3  
ELECTRIC ITY 3, 1 35 3,21 2 3, 1 95 3,231 3,267 3,305 3,342 3,406 3,472 3,543 3,610  3,582 
COAL 1 ,652 1 ,655 1 ,620 1 ,631 1 ,650 1 ,659 1 ,678 1 ,708 1 , 732 1 ,774 1 ,834 1 ,902 

TOTAL FUELS 13,471 1 3,653 13,794 13,940 1 4, 1 96 1 4,276 1 4,424 1 4,61 4  1 4, 780 1 4,999 1 5, 1 67 1 5,483 

ELECTRIC UTILITY ENERGY INPUT 
NATURAL GAS 2,808 2,852 2,905 2,898 2,904 2,936 3,06 1 3,1 64 3,363 3,504 3,666 3,968 
H IGH SULFUR RESID 590 490 477 555 468 474 472 s4s 544 543 542 445 
LOW SULFUR RESID 858 671 634 603 657 674 721 667 623 578 579 548 
DISTILLATE 1 30 57 67 73 79 87 95 103 1 1 2 1 29  1 47 1 50  
COAL 1 5,842 1 6,067 1 6,009 1 6,085 1 6,275 1 6;329 1 6,394 1 6,524 1 6, 752 1 6,921 1 '7, 101  1 7, 1 97 
NUCLEARIHYDROIOTHER 8,505 9,244 9,573 9,699 9,81 0 9,973 1 0,036 10 , 162 10, 1 79 1 0,272 1 0,288 1 0,383 

TOTAL FUELS 28,733 29,381 29,664 29,91 2  30, 1 92 30,472 30,778 31 ' 1 68 31 ,573 31 ,947 32,323 32,690 

PRIMARY ENERGY CONSUMPTION 
NATURAL GAS 1 7,41 7  1 7, 1 25 1 7,827 1 8,01 5 1 8,248 1 8,356 1 8,620 1 8,709 1 8,916  1 9, 1 1 6  19 ,298 1 9,792 
HIGH SULFUR RESID 90 1 778 726 823 720 723 709 824 802 818 832 733 
LOW SULFUR RESID 1 ,387 1 , 1 84 1 , 1 09 1 , 1 22 1 , 1 45 1 , 1 58  1 ,21 4 1 ,234 1 , 259 1 ,236 1 ,261 1 ,253 
DISTILLATE 2,988 2,640 2,556 2,588 2,613  2,595 2,601 2,603 2,608 2,6 1 5  2,6 1 6  2,6 1 5  
COAL 1 7,640 1 7,878 1 7,775 1 7,870 1 8,080 1 8, 1 42 1 8,226 1 8,385 1 8,636 1 8,848 1 9 ,086 19,250 
ALL OTHER FUELS 8,975 9,672 9,993 10 , 125 1 0,237 1 0,400 1 0,462 10 ,586 1 0,600 10,690 10,702 1 0,794 

TOTAL FUELS 49,308 49,276 49,986 50,541 51 ,042 51 ,373 51 ,830 52,341 52,821 53,322 53,794 54,437 

' EXCLUDES COAL AND OIL FEEDSTOCKS, LPG/STILL GAS, AND MISCELLANEOUS OIL FUELS. 



NPCST25A: NPC SUPPLY TECHNOLOGY POSITIVE CASE REVISED #4 Run Date: 1 0/07192 
Run Time: 09:41 AM 

LOWER 48 ENERGY DEMAND 
(Trillion Btus} 

2001 2002 2003 2004 2005 2006 2007 2008 2009 201 0  2015 2020 2025 2030 
RESIDENnAL END USES 

ELECTRICITY 3,750 3,81 1 3,876 3,939 4,006 4,067 4, 1 34 4,20 1 4,269 4,340 0 0 0 0 
DISTILLATE OIL 818 805 790 777 765 754 743 733 724 7 14  0 0 0 0 
LPG 344 340 335 331 328 325 321 31 8 31 6 3 13  0 0 0 0 
COAL 59 58 58 58 58 58 57 57 57. 57 0 0 0 0 
NATURAL GAS 4,873 4,882 4,882 4,903 4,9 14  4,927 4,929 4,942 4,962 4,975 0 0 0 0 
RESIDUAL OIL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TOTAL FUELS 9,843 9,897 9,941 1 0,008 10,070 10 , 130 1 0, 1 85 1 0,250 10 ,327 1 0,399 0 0 0 0 

COMMERCIAL END USES 
ELECTRICITY 3,333 3,381 3,434 3,484 3,538 3,584 3,638 3,690 3,744 3,802 0 0 0 0 
DISTILLATE OIL 528 532 535 538 543 547 552 555 557 553 0 0 0 0 
LPG 64 64 65 65 66 66 67 67 68 67 0 0 0 0 
COAL 94 94 95 96 97 98 99 99 99 99 0 0 0 0 
NATURAL GAS 3,028 3,094 3, 1 64 3,247 3,325 3,382 3,438 3,495 3,542 3,558 0 0 0 0 
RESIDUAL OIL 1 92 192 1 93 1 94 1 95 1 95 1 95 195  1 95 1 94 0 0 0 0 

TOTAL FUELS 7,238 7,358 7,484 7,623 7,763 7,871 7,989 8, 1 0 1  8,204 8,272 0 0 0 0 

INDUSTRIAL END USES • 

NATURAL GAS 8, 1 67 8,293 8,388 8,581 8,605 8,748 8,822 8,950. 9,078 9, 1 52 0 0 0 0 
HIGH SULFUR RESID 242 230 204 1 99 20 1 201 1 98 1 96 1 97 1 93 0 0 0 0 
LOW SULFUR RESID 489 470 430 392 41 5 4 16  408 388 393 348 0 0 0 0 
DISTILLATE 1 , 1 27 1 , 1 36 1 , 1 36 1 , 1 50 1 , 1 50 1 , 1 61 1 , 1 64 1 , 1 74 1 , 1 89 1 , 1 95 0 0 0 0 
ELECTRICITY 3,770 3,844 3,9 13  4,003 4,090 4, 1 65 4,254 4,345 4,448 4,580 0 0 0 0 
COAL 1 ,925 1 ,966 1 ,987 2,01 2  2,071 2,098 2, 1 1 8  2, 1 32 2, 142 2, 1 50 0 0 0 0 

TOTAL FUELS 1 5,720 1 5,937 1 6,058 1 6,337 1 6,531 1 6,788 1 6,963 1 7, 185 1 7,447 1 7,61 8 0 0 0 0 

ELECTRIC UTILITY ENERGY INPUT 
NATURAL GAS 4, 1 22 4,226 4,328 4,474 4,625 4,761 4,924 5,087 5,280 5,473 0 0 0 0 
HIGH SULFUR RESID 374 357 341 339 344 344 346 349 352 356 0 0 0 0 
LOW SULFUR RESID 596 604 608 6 1 9  649 664 687 720 751 742 0 0 0 0 
DISTILLATE 1 53 1 56 1 60 1 63 1 67 · 1 70 1 74 1 78 1 82 1 87 0 0 0 0 
COAL 1 7,535 1 7,877 1 8,248 1 8,614 18,950 1 9,260 1 9,6 16  1 9,967 20,332 20,827 0 0 0 0 
NUCLEARIHYDRO/OTHEF 1 0,355 1 0,334 1 0,31 6 1 0,298 1 0,281 1 0,262 1 0,246 1 0,231 1 0,21 6 1 0,21 4  0 0 0 0 

TOTAL FUELS 33, 1 34 33,554 34,000 34,506 35,014  35,460 35,992 36,532 37, 1 1 3  37,798 0 0 0 0 

PRIMARY ENERGY CONSUMPnON 
NATURAL GAS 20, 1 90 20,495 20,761 21 ,204 21 ,469 21 ,81 8 22, 1 13 22,473 22,862 23, 1 58  0 0 0 0 
HIGH SULFUR RESIO 615 587 545 538 545 544 544 545 550 549 0 0 0 0 
LOW SULFUR RESID 1 ,276 1 ,265 1 ,231 1 ,204 1 ,258 1 ,274 1 ,290 1 ,303 1 ,338 1 ,283 0 0 0 0 
DISTILLATE 2,626 2,629 2,620 2,628 2,624 2,632 2,633 2,640 2,651 2,648 0 0 0 0 
COAL 1 9,612 1 9,995 20,388 20,780 21 , 1 75 21 ,513 21 ,889 22,255 22,630 23, 133 0 0 0 0 
ALL OTHER FUELS 1 0,762 1 0,739 1 0,716 1 0,694 1 0,674 1 0,652 10,634 1 0,61 6  10,599 1 0,594 0 0 0 0 

TOTAL FUELS 55,081 55,71 1  56,260 57,048 57,745 58,434 59, 1 02 59,832 60,630 61 ,364 0 0 0 0 



NPCST25A: NPC SUPPLY TECHNOLOGY POSITIVE CASE REVISED #4 TABLE 2: LOWER 48 WELLS AND RESERVES Run Date: 1 0/07/92 
Run Time: 09:41 AM 

1 989 1 990 1 991 1992 1 993 1 994 1 995 1 996 1 997 1 998 1 999 2000 
EXPLORATORY WELLS 5,744 6,1 56 5,578 4,838 4,745 5,686 6,345 6,620 7,903 8,820 10 , 145 12;182 
DEVELOPMENT WELLS 22,582 27,1 58 26,428 22,540 22,987 27,229 30,41 0 30,1 1 1  32,863 32,500 35,097 38,529 
TOTAL GAS WELLS 9,472 1 0,333 9,905 7,648 7,621 8,583 9,656 9,9 16  1 0,578 1 1 ,432 12,221 12,81 0 
TOTAL WELLS 28,326 33,3 1 4  32,005 27,378 27,732 32,91 5  36,754 36,732 40,766 41 ,321 45,242 50,71 1 

RESERVE ADDITIONS 
OIL (MMB) CONVENTIONAL 1 ,1 94 1 ,388 937 1 ,709 1 ,603 1 ,468 1 ,352 1 ,307 1 ,295 1 ,273 1 ,41 3 1 ,496 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 1 ,325 1 ,545 1 ,014 1 ,9 16  1 ,835 1 ,737 1 ,632 1 ,621 1 ,677 1 ,665 1 ,823 1 ,927 
HIGH PERMEABILITY (BCF) 9,905 1 2,223 7,503 7,958 8,787 9,51 9 1 0, 183 1 0,003 1 0,769 1 1 , 130 1 1 ,785 1 2,759 
LOW PERMEABILITY (BCF) 1 ,339 1 ,691 1 ,535 1 ,790 1 ,098 1 ,251 1 ,046 1 ,009 1 , 1 86 1 ,289 1 ,507 1 ,758 
DEVONIAN SHALE (BCF) 384 504 401 329 345 460 540 620 744 906 995 963 
COAL BED METHANE (BCF) 1 ,607 2,1 1 1  2,413 1 ,462 1 ,526 1 ,551 1 ,645 1 ,540 982 824 954 894 
ENHANCED RECOVERY GAS (BCF) 443 303 296 1 82 1 53 1 43 1 50 325 380 478 593 663 
ENHANCED RECOVERY TIGHT (BCF) 1 23 77 49 1 52 1 54 1 34 1 57 1 85 226 307 565 663 
TOTAL NON·ASSOC GAS (BCF) 1 3,801 1 6,909 1 2,1 97 1 1 ,873 1 2,063 1 3,058 1 3,722 1 3,682 1 4,288 1 4,932 1 6,399 1 7,700 
TOTAL OIL (MMB) 1 ,1 94 1 ,388 937 1 ,709 1 ,603 1 ,468 1 ,352 1 ,307 1 ,295 1 ,273 1 ,41 3 1 ,496 
TOTAL GAS (BCF) 1 5,1 27 1 8,454 1 3,21 1  1 3,790 1 3,897 1 4,796 1 5,353 1 5,303 1 5,966 1 6,598 1 8,222 19 ,627 
TOTAL NGL (MMB) 550 681 435 528 526 558 574 580 629 659 725 792 

PRODUCTION (WI LEASE & PLANT GAS) 
OIL (MMB) CONVENTIONAL 1 ,871 1 ,782 1 ,751 1 ,725 1 ,721 1 ,700 1 ,683 1 ,688 1 ,690 1 ,688 1 ,692 1 ,702 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 2,730 2,720 2,598 . 2,485 2,387 2,261 2,192 2,161  2, 1 55 2, 1 36 2,1 1 0  2,098 
HIGH PERMEABILITY (BCF) 12,033 1 2,428 1 2,368 1 2,371 1 2,504 1 2,439 1 2,465 1 2,359 1 2,350 1 2,41 1 12,309 1 2,487 
LOW PERMEABILITY (BCF) 1 ,664 1 ,673 1 ,697 1 ,851 1 ,828 1 ,766 1 ,746 1 ,667 1 ,61 2 1 ,643 1 ,673 1 ,740 
DEVONIAN SHALE (BCF) 1 52 1 80 21 1 226 240 263 295 320 360 403 451 499 
COAL BED METHANE (BCF) 1 03 1 78 286 424 553 691 803 909 1 ,0 1 3  1 ,062 1 ,096 1 ,099 
ENHANCED RECOVERY GAS (BCF) 83 1 1 4 1 37 1 62 1 65 1 65 164 1 59 1 74 206 259 321 
ENHANCED RECOVERY TIGHT (BCF) 47 48 47 52 67 75 82 89 1 0 1  1 1 8  1 48 200 
TOTAL NON-ASSOC GAS (BCF) 14 ,082 . 1 4,620 1 4,747 1 5,087 1 5,357 1 5,399 1 5,555 1 5,503 1 5,61 0 1 5,842 1 5,936 16,347 
TOTAL OIL (MMB) 1 ,871 1 ,782 1 ,751 1 ,725 1 ,721 1 ,700 1 ,683 1 ,688 1 ,690 1 ,688 1 ,692 1 ,702 
TOTAL GAS (BCF) 1 6,81 1 1 7,340 1 7,345 1 7,572 1 7,745 1 7,660 1 7,747 1 7,665 1 7,766 1 7,978 1 8,046 18,445 
TOTAL NGL (MMB) 739 751 747 758 762 750 748 744 750 761 761 774 

RESERVES 
OIL (MMB) CONVENTIONAL 20,063 1 9,670 1 8,855 1 8,839 1 8,721 1 8,490 1 8, 160 1 7,778 1 7,384. 1 6,968 1 6,689 16,483 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 25,041 23,866 22,305 21 ,736 21 , 183 20,660 20, 100 1 9,560 1 9,082 1 8,61 1 18,324 18 , 153 
HIGH PERMEABILITY (BCF) 1 05,432 1 05,226 100,463 96,050 92,333 89,413 87, 131  84,775 83,1 94 81 ,91 3  81 ,389 81 ,661 
LOW PERMEABILITY (BCF) 22,837 22,856 22,716 22,654 21 ,924 21 ,409 20,708 20,050 1 9,623 1 9,269 19 , 103 1 9, 121  
DEVONIAN SHALE (BCF) 1 ,751 2,076 2,266 2,369 2,474 2,671 2,91 6 3,21 6 3,601 4,105 4,648 5,1 1 3  
COAL BED METHANE (BCF) 2,798 4,731 6,858 7,896 8,868 9,728 1 0,571 1 1 ,202 1 1  ' 17 1  1 0,932 10 ,790 10 ,585 
ENHANCED RECOVERY GAS (BCF) 963 1 ,1 52 1 ,31 1 1 ,331 1 ,31 8 1 ,296 1 ,282 1 ,448 1 ,654 1 ,926 2,261 2,603 
ENHANCED RECOVERY TIGHT (BCF) 506 535 537 637 724 784 859 955 1 ,080 1 ,269 1 ,685 2,148 
TOTAL NON-ASSOC GAS (BCF) 134,288 1 36,576 1 34,1 50 1 30,937 1 27,642 1 25,301 1 23,467 1 21 ,646 1 20,324 1 1 9,41 4 1 1 9,876 1 21 ,230 
TOTAL OIL (MMB) 20,063 1 9 ,670 1 8,855 1 8,839 1 8,721 1 8,490 1 8, 160 1 7,778 1 7,384 1 6,968 1 6,689 16,483 
TOTAL GAS (BCF) 1 59,329 1 60 ,442 1 56,455 1 52,673 1 48,825 1 45,961 1 43,567 141 ,206 139,406 1 38,025 1 38,201 1 39,382 
TOTAL NGL (MMBl 7,500 7,430 7,1 19  6,888 6,652 6,460 6,286 6,122 6,002 5,900 5,864 5,882 

LEASE AND PLANT GAS (BCF) I 857 I 1 ,026 1 1 ,058 I 1 ,073 1 1 ,081 I 1 ,073 1 1 ,077 1 1 ,069 1 1 ,073 1 1 ,085 1 1 ,087 1 1 ,1 09 



NPCST25A: NPC SUPPLY TECHNOLOGY POSITIVE CASE REVISED #4 TABLE 2: LOWER 48 WELLS AND RESERVES Run Date: 1 0/07/92 
Run Time: 09:41 AM 

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 201 5  2020 2025 2030 

EXPLORATORY WELLS 1 4,249 1 6,888 20,853 23,1 92 24,208 24,865 26,474 28,375 28,933 27,1 42 0 0 0 0 
DEVELOPMENT WELLS 39, 1 1 1  38,771 43,950 41 ,695 40,603 38,603 37,1 76 37,096 38,558 39,392 0 0 0 0 
TOTAL GAS WELLS 1 3,308 1 4,320 14 ,531 1 4,79 1 14,71 8 1 4,786 15,075 1 6,214  1 7 , 1 87 1 8,226 0 0 0 0 
TOTAL WELLS 53,360 55,659 64,802 64,887 64,81 1 63,468 63,649 65,471 67,491 66,534 0 0 0 0 

RESERVE ADDITIONS 
OIL (MMB) CONVENTIONAL 1 ,527 1 ,534 1 ,71 6 1 ,769 1 ,8 16  1 ,668 1 ,537 1 ,431 1 ,337 1 ,1 93 0 0 0 0 
ENHANCED OIL RECOVERY (MMB) 0 0. 0 0 0 0 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 1 ,986 2,028 2,268 2,352 2,4 1 0  2,207 2,027 1 ,856 1 ,709 1 ,545 0 0 0 0 
HIGH PERMEABILITY (BCF) 1 3,281 1 4,004 1 4,805 1 4,875 1 4,337 14 ,0 1 7  1 2,709 1 2,034 1 1 ,798 1 1 ,693 0 0 0 0 
LOW PERMEABILITY (BCF) 1 ,970 2,1 22 2,41 4 2,465 2,348 2,21 0 2,304 2,331 2,421 2,567 0 0 0 0 
DEVONIAN SHALE (BCF) 928 896 709 647 548 51 3 487 460 467 495 0 0 0 0 
COAL BED METHANE (BCF) 853 883 882 858 930 1 ,1 72 1 ,253 1 ,405 1 ,646 1 ,953 0 0 0 0 
ENHANCED RECOVERY GAS (BCF 706 536 47 1 473 475 399 225 201 1 05 21 0 0 0 0 
ENHANCED RECOVERY TIGHT (BC 799 966 1 ,207 1 ,532 1 ,838 2,244 2,732 3,383 4,1 34  5,1 29 0 0 0 0 
TOTAL NON-ASSOC GAS (BCF) 1 8,535 19 ,406 20,488 20,850 20,476 20,555 1 9,71 1 1 9 ,814 20,571 21 ,858 0 0 0 0 
TOTAL OIL (MMB) 1 ,527 1 ,534 1 ,71 6 1 ,769 1 ,8 1 6  1 ,668 1 ,537 1 ,431 1 ,337 1 ,1 93 0 0 0 0 
TOTAL GAS (BCF) 20,522 21 ,434 22,756 23,202 22,885 22,762 21 ,738 21 ,670 22,280 23,403 0 0 0 0 
TOTAL NGL (MMB) 839 869 9 1 6  9 1 4  887 848 781 745 747 745 0 0 0 0 

PRODUCTION (W/ LEASE & PLANT GAS) 
OIL (MMB) CONVENTIONAL 1 ,71 6 1 ,730 1 ,757 1 ,794 1 ,832 1 ,857 1 ,862 1 ,851 1 ,826 1 ,785 0 0 0 0 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 2 , 103 2 , 107 2 , 134 2 , 1 76 2,220 2,253 2,259 2 ,245 2 ,224 2,1 67 0 0 0 0 
HIGH PERMEABILITY (BCF) 1 2,689 1 2,889 13 ,061 1 3,31 0 13 ,373 1 3,436 13 ,426 13 ,475 13 ,453 1 3,1 84 0 0 0 0 
LOW PERMEABILITY (BCF) 1 ,782 1 ,846 1 ,899 1 ,998 2 ,040 2,031 2,0 1 2  2 ,024 2,085 2,1 1 7  0 0 0 0 
DEVONIAN SHALE (BCF) 527 545 544 540 535 524 5 1 8  5 1 7  507 507 0 0 0 0 
COAL BED METHANE (BCF) 1 ,093 1 ,089 1 ,081 1 ,077 1 ,060 1 ,063 1 ,082 1 , 1 1 5 1 ,1 39 1 , 1 94 0 0 0 0 
ENHANCED RECOVERY GAS (BCF 365 388 407 426 421 408 382 351 344 302 0 0 0 0 
ENHANCED RECOVERY TIGHT (BC 253 31 9 382 483 602 739 901 1 ,1 07 1 ,368 1 ,684 0 0 0 0 
TOTAL NON-ASSOC GAS (BCF) 1 6,708 1 7,076 17 ,374 1 7,834 18 ,032 1 8,201 1 8,321 18 ,589 18 ,895 1 8,987 0 0 0 0 
TOTAL OIL (MMB) 1 ,71 6 1 ,730 1 ,757 1 ,794 1 ,832 1 ,857 1 ,862 1 ,851 1 ,826 1 ,785 0 0 0 0 
TOTAL GAS (BCF) 1 8,81 1 19 , 183 1 9 ,507 20 ,01 1 20,252 20 ,454 20,580 20,835 21 , 1 1 9  21 ,1 54 0 0 0 0 
TOTAL NGL (MMB) 787 800 808 822 826 826 822 824 825 814 0 0 0 0 

RESERVES 
OIL (MMB) CONVENTIONAL 1 6,294 1 6,098 16 ,057 16 ,032 16,01 6 15 ,827 15 ,503 1 5 ,083 1 4,595 1 4,002 0 0 0 0 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 1 8,036 1 7,957 1 8,09 1 18 ,267 18,457 1 8,41 0  18,1 79 17 ,789 1 7,274 16 ,653 0 0 0 0 
HIGH PERMEABILITY (BCF) 82,252 83,367 85,1 1 1  86,676 87,639 88,220 87,503 86,062 84,406 82,9 16  0 0 0 0 
LOW PERMEABILITY (BCF) 1 9,309 1 9,585 20 ,099 20,566 20,873 21 ,052 21 ,345 21 ,653 21 ,990 22,440 0 0 0 0 
DEVONIAN SHALE (BCF) 5,51 4 5,865 6,030 6,1 37 6,1 49 6,1 39 6,1 08 6 ,051 6,0 1 2  5,999 0 0 0 0 
COAL BED METHANE (BCF) 1 0,345 10 , 139 9 ,939 9 ,721 9 ,591 9 ,700 9 ,871 10 , 160 1 0 ,667 1 1 ,426 0 0 0 0 
ENHANCED RECOVERY GAS (BCF 2,944 3 ,091 3 , 156 3,202 3,257 3,248 3,090 2,940 2 ,701 2,420 0 0 0 0 
ENHANCED RECOVERY TIGHT (BC 2,694 3,341 4 , 166 5,2 15  6,451 7,955 9,786 12 ,061 1 4 ,827 1 8,272 0 0 0 0 
TOTAL NON-ASSOC GAS (BCF) 1 23,057 1 25,388 1 28,501 1 31 ,51 6 1 33,960 1 36,314  1 37,703 1 38,927 1 40,603 1 43,474 0 0 0 0 
TOTAL OIL (MMB) 1 6,294 1 6,098 16 ,057 1 6,032 16 ,01 6 1 5,827 1 5,503 15 ,083 1 4,595 14 ,002 0 0 0 0 
TOTAL GAS (BCF) 1 41 ,093 1 43,344 1 46,592 1 49,783 1 52,41 7 1 54,724 1 55,882 1 56,71 6  1 57,877 160, 126 0 0 0 0 
TOTAL NGL (MMB} 5,934 6,003 6,1 1 1  6,203 6,264 6,286 6,245 6,1 66 6,088 6,019  0 0 0 0 

LEASE AND PLANT GAS (BCF) I 1 ,130 I 1 ,1 5 1  I 1 ,1 69 I 1 .200 I 1 ,2 1 4  I 1 ,225 1 ,232 1 1 ,245 1 1 ,262 I 1 ,262 I O l  o I O l  0 



NPCST25A: NPC SUPPLY TECHNOLOGY POSITIVE CASE REVISED #4 Run Date: 1 0/07192 
Run Time: 09:41 AM 

AVERAGE NATURAL GAS PRICES 
($1 990/MMBtu) 

1 989 1 990 1 991 1 992 1 993 1 994 1 995 1 996 1 997 1 998 1 999 2000 

LDC GAS TARIFF PRICES 
AVERAGE AQUISITION 1 .76 1 .73 1 .57 1 .55 1 .70 1 .86 2.02 2.27 2.37 2.58 2.69 2.84 

AVERAGE CITYGATE 2.75 2.73 2.53 2.45 2.58 2.73 2.9 1 3 . 1 8 3.28 3.51 3.67 3.82 

RESIDENTIAL BURNERTIP 5.71 5.65 5.34 5.22 5.34 5.48 5.65 5;93 6.03 6.29 6.44 6.57 

COMMERCIAL BURNERTIP 4.82 4.72 4.45 4.34 4.46 4.60 4.77 5.05 5. 1 5  5.40 5.56 5.70 

INDUSTRIAL BURNERTIP 3.07 3 . 1 1 2.83 2.74 2.91 3 .09 3.31 3 .64 3.77 4.03 4 .29 4.44 

ELEC UTIL BURNERTIP 2.87 2.87 2.67 2.64 2.76 2.96 3. 1 9  3.50 3.60 3.84 4.02 4. 1 7  

END USER CARRIAGE PRICES 
AVG SPOT ACQUISITION 1 .57 1 .49 1 .24 1 .32 1 .50 1 .66 1 .83 2.07 2. 1 5  2.35 2.46 2.59 
AVG SPOT CITYGATE 1 .86 1 .78 1 .53 1 .59 1 .77 1 .95 2. 1 3  2.37 2.45 2.60 2.71 2.84 

AVG SPOT BURNERTIP 2. 1 9  2. 1 0  1 .84 1 .89 2.08 2.27 2.45 2.66 2.71 2.81 2.92 3.05 
AVG FIRM BURNERTIP 2.93 2.91 2.70 2.62 2.76 2.91 3.09 3.38 3.48 3.73 3.89 4 .04 

2001 2002 2003 2004 2005 2006 2007 2008 2009 201 0 201 5 2020 2025 2030 
LDC GAS TARIFF P RICES 

AVERAGE AQUISITION 2.83 2.83 2.70 2.67 2.57 2.56 2.60 2.69 2.98 2.93 0.00 0.00 0.00 0.00 
AVERAGE CITYGATE 3.79 3.77 3.61 3.55 3.42 3.38 3.42 3.50 3.82 3.74 0.00 0.00 0.00 0.00 
RESIDENTIAL BURNERTIP 6.52 6.48 6.30 6.22 6.07 6 .00 6.01 6.07 6.38 6.29 0.00 0.00 0.00 0.00 
COMMERCIAL BURNERTIP 5.66 5.63 5.46 5.38 5.24 5. 1 8  5. 1 9  5.27 5.58 5.50 0.00 0.00 0.00 0.00 

INDUSTRIAL BURNERTIP 4.39 4.34 4. 1 6  4.08 3.96 3.93 3.97 4.08 4.42 4.36 0.00 0.00 0.00 0.00 

ELEC UTIL BURNERTIP 4. 1 3  4. 1 0  3.93 3.86 3.72 3.68 3.70 3.79 4. 1 2  4.03 0.00 0.00 0.00 0.00 

END USER CARRIAGE PRICES 
AVG SPOT ACQUISITION 2.58 2.61 2 .50 2.49 2.43 2.43 2.48 2.59 2.90 2.86 0.00 0.00 0.00 0.00 

AVG SPOT CITYGATE 2.90 2.93 2.81 2.79 2.70 2.69 2.74 2.85 3. 1 8  3. 1 4  0.00 0.00 0.00 0.00 

AVG SPOT BURNERTIP 3. 1 2  3.23 3. 1 5  . 3. 1 3  3.04 3.03 3.08 3. 1 9  3.53 3.48 0.00 0.00 0.00 0.00 

AVG FIRM BURNERTIP 4.01 3.99 3.83 3.77 3.63 3.59 3.63 3.71 4.04 3.97 0.00 0.00 0.00 0.00 



5-91 



NPCHTS1 A: I NCENTIVE RATE SENSITIVITY VS NPCHRF3F (#3) Run Date: 08/30192 
Run Time: 02:36 PM 

ENERGY OVERVIEW MODEL SUMMARY 

Crude 011 & Natural Gas Prices Lower 48 Gas Supply Drill ing Costs 

U.S. Crude Texas/Gulf Henry Hub Lower 48 Spot Whd Reserve Add. Producer Producer E&D 
Oil Price Spot Whd Gas Price Avg Wellhead Gas Price Reserve Dry Gas Replacement Deliverability Dril ling Cost Incentive 

Year (RACC) Gas Price I (Delv'd to PPL) Gas Price to RACC Additions Production of Production Utilization Index @ 1 988 Costs * 

($90/bbl) ($90/MMBtu) ($90/MMBtu) ($90/MMBtu) (Btu Percent) (Bcflyear) (Bcflyear) (Percent) (Percent) 1 988=1 .00 ($90/MMBtu) 

1 989 18 .70 1 .58 1 .77 1 .7 1  48.9 1 5 , 1 27 1 6,81 4 90.0 8 1 .4 1 .02 1 .55 
1 990 22.32 1 .5 1  1 .69 1 .66 39.3 1 8 ,454 1 7,34 1 1 06.4 82.6 1 .03 1 .50 

1 991 1 8.38 1 .27 1 .45 1 .49 40. 1 1 3 ,088 1 7,345 75.5 82.9 1 .04 1 .25 
1 992 1 8.46 1 .32 1 .49 1 .47 4 1 .5 1 3 ,71 9 1 7,564 78. 1 85.5 1 .00 1 .35 
1 993 1 8.60 1 .53 1 .70 1 .64 47.7 1 3 ,791 1 7,746 77.7 88.5 0.99 1 .57 
1 994 1 8.76 1 .72 1 .89 1 .80 53.3 1 4 ,692 1 7,675 83. 1 9 1 . 1  1 .00 1 .75 
1995 1 9.0 1 1 .99 2 . 1 5 2 .05 60.6 1 5 ,054 1 7,796 84.6 93.6 1 .03 1 .97 
1996 1 9.25 2 . 1 9  2 .36 2 .24 66. 1 1 5 ,706 1 7,636 89. 1  94.0 1 .06 2 . 1 1 
1997 19 .56 2.33 2 .50 2 .37 69.2 1 5 ,946 1 7,835 89.4 94.7 1 .07 2 .23 
1 998 1 9.9 1 2 .49 2 .66 2 .52 72.5 1 6 ,526 1 7,859 92.5 95.1 1 .06 2 .40 
1 999 20.5 1 2 .66 2.82 2 .69 75. 1 1 7,843 1 7,957 99.4 95.4 1 .06 2 .57 
2000 21 . 1 0  2 .84 3 .0 1  2.88 78. 1 1 8 ,794 1 8,21 9 1 03.2 95.4 1 .06 2.74 
2001 21 .75 2.86 3 .03 2 .90 76.2 20,224 1 8,622 1 08.6 95.5 1 .06 2.76 
2002 22.55 2 .84 3 .0 1  2 .88 73. 1  2 1 ,427 1 9,036 1 1 2.6 95. 1 1 .06 2.74 

2003 23.45 2 .78 2.95 2.82 68.8 22, 1 67 1 9,449 1 1 4.0 94.6 1 .06 2.68 
2004 24.25 2.83 3.00 2 .86 67.7 22,353 1 9,861 1 1 2.5 94.4 1 .06 2.73 
2005 25. 1 4  2.71 2 .88 2 .73 62.6 22,624 20,048 1 1 2.9 93.4 1 .05 2.64 

2006 25.74 2.82 2 .99 2 .82 63.7 2 1 ,402 20,365 1 05.1  93.6 1 .03 2.78 
2007 26.25 2.90 3 .07 2 .88 64.2 20,759 20,395 1 0 1 .8 93.7 1 .03 2.86 

2008 26.75 3 . 1 9 3.36 3 . 1 5 69. 1 �.806 20,51 1 1 0 1 .4 94.3 1 .02 3 . 18  
2009 27.35 3 .44 3.60 3 .38 72.9 21 ,670 20,503 1 05.7 94.7 1 .02 3.43 

201 0 27.85 3.48 3.65 3 .44 72.6 22,569 20,666 1 09.2 94.7 1 .00 3.54 
201 5  0.00 0.00 0 .00 0 .00 0.0 0 0 0.0 0.0 0.00 0.00 

2020 0.00 0.00 0.00 0.00 0.0 0 0 0.0 0.0 0.00 0.00 

2025 0.00 0.00 0.00 0.00 0.0 0 0 0.0 0.0 0.00 0.00 
2030 0.00 0 .00 0.00 0 .00 0.0 0 0 0.0 0.0 0.00 0.00 

• Lower-48 spot wellhead gas price adjusted to reflect change In drilling costs from 1 988 levels. 



NPCHTS1 A:  INCENTIVE RATE SENSITIVITY VS NPCHRF3F (#3) Run Date: 08130/92 
Run Time: 02:36 PM 

LOWER 48 NATURAL GAS BALANCE 
(Trillion Btus) 

1989 1 990 1 991 1 992 1 993 1 994 1 995 1 996 1 997 1998 1 999 2000 
DEMAND 
RESIDENTIAL 4,900 4,498 4,700 4,853 4,854 4,862 4,893 4,894 4,897 4,895 4,896 4,890 
COMMERCIAL • 2,772 2,730 2,846 2,849 2,846 2,858 2,879 2,883 2,885 2,895 2,932 2,982 
INDUSTRIAL 6,939 7,046 7,376 7,4 1 2  7,646 7,767 7,835 7,763 7,804 7,824 7,838 7,907 

BOILERS 2,792 2,831 2,983 2,923 3,011  3,078 3,1 23 3,107 3,1 1 4  3,1 1 8  3,1 29 3,1 33 
NON BOILERS 4,1 48 4,21 5 4,392 4,489 4,635 4,689 4,71 2 4,656 4,690 4,706 4,709 4,774 

ELECTRIC UTILITY 2,808 2,852 2,905 2,894 2,906 2,933 3,062 3,1 59 3,354 3,451 3,564 3,855 
TOTAL END USE DEMAND 1 7,41 9 1 7,1 26 1 7,827 1 8,007 1 8,252 1 8,420 1 8,669 1 8,698 1 8,940 1 9,065 1 9,230 1 9,634 

LEASE AND PLANT USE 886 1 ,060 1 ,093 1 ,1 08 1 ,1 1 6 1 ,1 09  1 ,1 1 5  1 ,1 02 1 , 1 1 2  1 ,1 1 2  1 ,1 1 6  1 ,1 31 
TRANSMISSION FUEL 655 644 670 677 666 693 702 703 71 2 71 7 723 738 
UAF + EXPORTS 1 79 1 72 258 319 388 431 463 484 500 51 6 531 547 
TOTAL DISPOSITION 1 9,1 38 1 9,002 1 9,848 20,1 1 1  20,443 20,652 20,948 20,986 21 ,264 21 ,41 0 21 ,601 22,050 

SUPPLY 
LOWER-48 PROOUCTION 1 7,652 1 7,342 1 7,938 1 8,071 1 8,250 1 8,1 80 1 8,302 1 8, 133 1 8,332 1 8,360 1 8,472 1 8,791 
PIPELINE IMPORTS 1 ,327 1 ,465 1 ,709 1 ,836 1 ,975 2,226 2,388 2,505 2,528 2,542 2,556 2,650 
OTHER SUPPLY 0 0 0 0 0 0 0 0 0 0 0 0 
LNG + SNG + SUPPLEMENTAL$ 1 59 1 91 1 97 1 99 21 2 235 244 329 384 484 547 582 
TOTAL GAS SUPPLY 1 9,1 31 .1 8,998 1 9,844 20,1 05 20,437 20,641 20,933 20,967 21 ,243 21 ,386 21 ,575 22,023 

2001 2002 2003 2004 2005 2006 2007 2008 2009 201 0 201 5 2020 2025 2030 
DEMAND 
RESIDENTIAL 4,886 4,895 4,903 4,922 4,928 4,946 4,948 4,966 4,979 5,003 0 0 0 0 
COMMERCIAL • 3,046 3,1 1 3  3,1 91 3,274 3,348 3,410  3,470 3,533 3,574 3,599 0 0 0 0 
INDUSTRIAL 8,076 8,272 8,406 8,51 6 8,564 8,755 8,806 8,891 8,920 9,004 0 0 0 0 

BOILERS 3,249 3,374 3,469 3,542 3,577 3,679 3,720 3,763 3,775 3,826 0 0 0 0 
NON BOILERS 4,827 4,898 4,937 4,973 4,987 5,076 5,087 5,1 27 5,145 5, 1 78 0 0 0 0 

ELECTRIC UTILITY 4,050 4,1 72 4,285 4,4 1 3  4,562 4,708 4,667 5,024 5,192 5,323 0 0 0 0 
TOTAL END USE DEMAND 20,058 20,451 20,784 21 ,1 25 21 ,403 21 ,820 22,090 22,41 3 22,665 22,928 0 0 0 0 

LEASE AND PLANT USE 1 ,1 54  1 ,1 78 1 ,203 1 ,228 1 ,238 1 ,256 1 ,255 1 ,260 1 ,258 1 ,265 0 0 0 0 
TRANSMISSION FUEL 754 769 782 794 805 820 831 843 852 862 0 0 0 0 
UAF + EXPORTS 51 6 484 452 420 388 341 293 282 282 1 97 0 0 0 0 
TOTAL DISPOSITION 22,482 22,882 23,221 23,567 23,834 24,236 24,469 24,798 25,057 25,252 0 0 0 0 

SUPPLY 
LOWER-48 PROOUCTION 1 9,1 57 1 9,584 20,009 20,458 20,675 20,997 21 ,024 21 ,145 21 , 136 21 ,292 0 0 0 0 
PIPELINE IMPORTS 2,759 2,772 2,753 2,_693 2,761 2,839 3,030 3, 158 3,385 3,430 0 0 0 0 
OTHER SUPPLY 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
LNG + SNG + SUPPLEMENT ALS 538 508 445 41 0 390 387 394 469 508 504 0 0 0 0 
TOTAL GAS SUPPLY 22,455 22,864 23,207 23,559 23,826 24,223 24,448 24,771 25,029 25,225 0 0 0 0 

• tNCWDES NATURAL GAS VEHICLES 



NPCHTS1A: INCENTIVE RATE SENSITIVITY VS NPCHRF3F (#3) Run Date: 08130192 
Run Time: 02:36 PM 

ENERGY DEMAND FOR COMBUSTION USES 

(Trilnon Btus) 

1 989 1 990 1 991 1 992 1 993 1 994 1 995 1 996 1 997 1 998 1 999 2000 

NATURAL GAS 1 7,41 9  1 7, 1 26 1 7,827 1 8,007 1 8,252 1 8,420 1 8,669 1 8,698 1 8,940 1 9,065 1 9,230 1 9,634 
RESIDUAL FUEL OIL 2,287 1 ,961 1 ,835 1 ,952 1 ,860 1 ,890 1 ,923 2,065 2,065 2,1 24 2,21 1 2,1 73 
DISTILLATE FUEL OIL 2,988 2,640 2,556 2,588 2,61 3 2,623 2,624 2,61 8 2,623 2,628 2,631 2,621 
LPG (RES/COM SECTORS) 470 429 420 426 428 427 426 424 422 41 9 416 412 
COAL (EXCLUDES COKING COAL) 1 7,640 1 7,878 1 7,775 1 7,870 1 8,081 1 8, 1 44 1 8,230 1 8,392 1 8,641 1 8,856 1 9,079 1 9,236 
HYDRO/RENEW ABLES 2,908 3,085 3,030 3,085 3,1 33 3,1 58 3,1 59 3,200 3,207 3,212  3,218  3,225 
NUCLEAR POWER 5,597 6, 1 59 6,543 6,61 4 6,677 6,81 5 6,877 6,962 6,972 7,060 7,070 7, 1 57 
PRIMARY ENERGY CONSUM PTION 49,308 49,277 49,986 50,541 51 ,042 51 ,477 51 ,908 52,358 52,870 53,364 53,854 54,458 
PLUS ELECTRICITY CONSUMED 8,941 9,21 2 9,371 9,473 9,578 9,685 9,793 9,957 1 0, 1 24 10,296 1 0,463 1 0,640 
LESS ELEC UTIL ENERGY INPUT (19 ,793) (20,1 69) (20,294\ (20,439) (20,61 6) (20,790) (20,991 ) (21 ,21 7} (21 ,448) (21 ,633) (21 ,81 5) (22,000) 
END USE ENERGY DEMAND 38,456 38,320 39,063 39,575 40,005 40,372 40,710 41 ,097 41 ,545 42,026 42,502 43,098 

2001 2002 2003 2004 2005 2006 2007 2008 2009 201 0 201 5 2020 2025 2030 

NATURAL GAS 20,058 20,451 20,784 21 , 1 25 21 ,403 21 ,820 22,090 22,41 3  22,665 22,928 0 0 0 0 
RESIDUAL FUEL OIL 1 ,995 1 ,872 1 ,776 1 ,757 1 ,782 1 ,797 1 ,785 1 ,841 1 ,903 1 ,890 0 0 0 0 
DISTILLATE FUEL OIL 2,627 2,635 2,638 2,639 2,636 2,647 2,647 2,650 2,646 2,649 0 0 0 0 

LPG (RES/COM SECTORS) 409 406 402 399 395 394 390 389 387 385 0 0 0 0 
COAL (EXCLUDES COKING COAL) 1 9,593 1 9,967 20,353 20,763 21 , 107 21 ,443 21 ,803 22, 1 71 22,51 9 22,924 0 0 0 0 
HYDRO/RENEW ABLES 3,245 3,273 3,303 3,334 3,366 3,397 3,429 3,461 3,494 3,531 0 0 0 0 
NUCLEAR POWER 7,1 06  7,055 7,004 6,954 6,903 6,852 6,802 6,752 6,702 6,652 0 0 0 0 
P RIMARY ENERGY CONSUMPTION 55,034 55,661 56,259 56,969 57,592 58,350 58,947 59,677 60,31 5 60,958 0 0 0 0 

PLUS ELECTRICITY CONSUMED 1 0,820 1 0,997 1 1  ' 1 82 1 1 ,374 1 1 ,569 1 1 ,756 1 1 ,957 1 2, 1 63 1 2,366 12,569 0 0 0 0 
LESS ELEC UTIL ENERGY INPUT (22,221)  (22,451 ) (22,7091 (22,993) (23,275) (23,551 )  (23,855) (24,1 78) (24,498\ (24,821 )  0 0 0 0 
END USE ENERGY DEMAND 43,633 44,207 44,732 45,350 45,886 46,555 47,049 47,662 48, 1 83 48,707 0 0 0 0 



NPCHTS1A: INCENTIVE RATE SENSITIVIlY VS NPCHRF3F (#3) Run Date: 08130/92 
Run Time: 02:36 PM 

LOWER 48 ENERGY DEMAND 
(Trillion Btus) 

1 989 1 990 1 991 1992 1993 1 994 1995 1 996 1997 1 998 1999 2000 
RESIDENTIAL END USES 

ELECTRICilY 3,051 3, 1 39 3,252 3,288 3,325 3,362 3,401 3,456 3,513 3,569 3,626 3,685 
DISTiu.ATE OIL 1 , 1 65 898 877 897 899 892 885 876 867 858 845 832 
LPG 400 364 358 361 363 363 362 360 358 356 353 349 
COAL 58" 62 58 60 60 60 60 60 60 60 59 59 
NATURAL GAS 4,900 4,498 4,700 4,853 4,854 4,862 4,893 4,894 4,897 4,895 4,896 4,890 
RESIDUAL OIL 0 0 0 0 0 0 0 0 0 0 0 0 

TOTAL FUELS 9,573 8,961 9,245 9,459 9,500 9,539 9,600 9,646 9,695 9,737 9,780 9,81 5 

COMMERCIAL END USES 
ELECTRICilY 2,755 2,861 2,924 2,955 2,986 3,01 7 3,049 3,095 3, 1 40 3,186 3,232 3,278 
DISTiu.ATE OIL 561 518  509 521 526 527 524 523 522 522 522 525 
LPG 70 65 63 65 64 65 64 64 64 63 63 64 
COAL 88 94 88 94 94 95 94 94 93 93 93 93 
NATURAL GAS 2,772 2,730 2,846 2,849 2,846 2,858 2,879 2,883 2,885 2,895 2,932 2,982 
RESIDUAL OIL 228 226 223 220 214 210 207 203 1 99 1 95 1 93 1 92 

TOTAL FUELS 6,472 6,494 6,653 6,703 6,731 6,772 6,81 7 6,861 6,902 6,954 7,034 7, 134 

INDUSTRIAL END USES • 

NATURAL GAS 6,939 7,046 7,376 7,4 12  7,646 7,767 7,835 7,763 7,804 7,824 7,838 7,907 
HIGH SULFUR RESID 31 1 288 249 269 252 250 236 275 258 298 31 8 344 
LOW SULFUR RESID 30 1  286 252 302 271 279 288 366 436 471 501 556 
DISTILLATE 1 , 1 33 1 , 1 67 1 , 1 03 1 ,097 1 ,109 1 , 1 1 7  1 , 1 22 1 , 1 1 6  1 , 1 21 1 , 1 1 9  1 ,1 1 7  1 , 1 1 4  
ELECTRICilY 3, 1 35 3,212 3, 1 95 3,231 3,268 3,305 3,343 3,406 3,471 3,540 3,605 3,677 
COAL 1 ,652 1 ,655 1 ,620 1 ,631 1 ,650 1 ,659 1 ,678 1 ,708 1 , 734 1 ,787 1 ,846 1 ,9 1 1  

TOTAL FUELS 1 3,471 1 3,653 1 3,794 13,940 1 4, 195 1 4,376 1 4,50 1 14,634 1 4,824 1 5,038 1 5,225 1 5,509 

ELECTRIC UTILilY ENERGY INPUT 
NATURAL GAS 2,808 2,852 2,905 2,894 2,906 2,933 3,062 3, 1 59 3,354 3,451 3,564 3,855 
HIGH SULFUR RESID 590 490 477 563 464 482 471 552 548 558 567 491 
LOW SULFUR RESID 858 671 634 600 659 669 721 669 625 603 632 591 
DISTILLATE 130 57 67 73 79 87 95 103 1 12 1 29 1 47 1 49 
COAL 1 5,842 1 6,067 1 6,009 1 6,085 1 6,276 16,331 1 6,398 16,530 1 6,755 1 6,91 7 1 7,081 1 7,1 73 
NUCLEAR/HYDRO/OTHER 8,505 9,244 9,573 9,699 9,810 9,973 1 0,036 10,162 10, 1 79 1 0,272 10,288 1 0,382 

TOTAL FUELS 28,733 29,381 29,664 29,9 12  30,1 93 30,474 30,784 31 , 1 74 31 ,572 31 ,929 32,278 32,641 

PRIMARY ENERGY CONSUMPTION 
NATURAL GAS 1 7.419 1 7, 126 1 7,827 18,007 1 8,252 18,420 18,669 18,698 18,940 1 9,065 1 9,230 1 9,634 
HIGH SULFUR RESID 901 778 726 831 716 732 707 827 806 855 885 835 
LOW SULFUR RESID 1 ,386 1 , 183 1 , 1 09 1 , 1 21 1 , 144 1 , 1 58  1 ,216 1 ,238 1 ,259 1 ,269 1 ,326 1 ,339 
DISTILLATE 2,988 2,640 2,556 2,588 2,613 2,623 2,624 2,618  2,623 2,628 2,631 2,621 
COAL 1 7,640 1 7,878 1 7,775 1 7,870 1 8,081 18, 1 44  1 8,230 18,392 18,641 18,856 1 9,079 1 9,236 
ALL OTHER FUELS 8,975 9,672 9,993 1 0, 1 25 1 0,237 1 0,400 1 0,462 1 0,585 10,601 1 0,691 10,703 1 0,794 

TOTAL FUELS 49,308 49,277 49,986 50,541 51 ,042 51 ,477 51 ,908 52,358 52,870 53,363 53,854 54,458 

' EXCLUDES COAL AND OIL FEEDSTOCKS, LPG/STILL GAS, A ND MISCELLANEOUS OIL FUELS. 



NPCHTS1A: INCENTIVE RATE SENSITIVITY VS NPCHRF3F (113) Run Date: 08130192 
Run Time: 02:36 PM 

LOWER 48 ENERGY DEMAND 
(Trillion Btusl 

2001 2002 2003 2004 2005 2006 2007 2008 2009 201 0  2015 2020 2025 2030 
RESIDENTIAL END USES 

ELECTRICITY 3,743 3,800 3,860 3,921 3,984 4,043 4, 1 05 4,1 68 4,231 4,293 0 0 0 0 
DISTILlATE OIL 819  807 792 779 767 757 745 736 726 7 1 9  0 0 0 0 
LPG 345 342 337 333 329 327 323 321 31 8 31 7 0 0 0 0 
COAL 59 59 58 58 58 58 57 57 57 57 0 0 0 0 
NATURAL GAS 4,886 4,895 4,903 4,922 4,928 4,946 4,948 4,966 4,979 5,003 0 0 0 0 
RESIDUAL OIL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

TOTAL FUELS 9,852 9,902 9,951 1 0,014 1 0,065 1 0, 1 30  1 0, 1 78 1 0,247 1 0,31 2 10,389 0 0 0 0 

COMMERCIAL END USES 
ELECTRICITY 3,324 3,369 3,416  3,464 3,51 3  3,558 3,606 3,655 3,703 3,750 0 0 0 0 
DISTILlATE OIL 531 536 539 542 547 552 556 56 1  564 564 0 0 0 0 
LPG 64 65 65 66 66 67 67 68 68 69 0 0 0 0 
COAL 94 95 96 97 98 99 99 1 00 1 00 1 00 0 0 0 0 
NATURAL GAS 3,046 3, 1 1 3 3, 1 9 1  3,274 3,348 3,410 3,470 3,533 3,574 3,599 0 0 0 0 
RESIDUAL OIL 1 92 1 93 1 94 1 95 195  1 96 1 96 1 96 1 96 1 95 0 0 0 0 

!TOTAL FUELS 7,252 7,370 7,500 7,636 7,768 7,881 7,994 8, 1 1 3 8,205 8,277 0 0 0 0 

INDUSTRIAL END USES • 
NATURAL GAS 8,076 8,272 8,406 8,5 16  8,564 8,755 8,806 8,89 1 8,920 9,004 0 0 0 0 
HIGH SULFUR RESID 301 248 206 203 202 203 1 95 201 213 21 1 0 0 0 0 
LOW SULFUR RESID 5 13  472 428 41 7 41 1 408 382 399 416  398 0 0 0 0 
DISTILLATE 1 , 1 24 1 , 1 37 1 , 1 48 1 , 1 54 1 , 1 56 1 , 1 69 1 , 1 73 1 , 1 77 1 , 1 75 1 , 1 80 0 0 0 0 
ELECTRICITY 3,753 3,828 3,906 3,989 4,072 4, 1 55 4,246 4,340 4,433 4,526 0 0 0 0 
COAL 1 ,941 1 ,981 2,006 2,046 2,079 2,099 2, 1 1 7  2, 1 32 2, 1 43 2, 1 53 0 0 0 0 

TOTAL FUELS 1 5,708 1 5,938 1 6,099 1 6,325 1 6,484 1 6,788 1 6,920 1 7, 139 1 7,299 1 7,472 0 0 0 0 

ELECTRIC UTILITY ENERGY INPUT 
NATURAL GAS 4,050 4,1 72 4,285 4,41 3  4,562 4,708 4,867 5,024 5, 1 92 5,323 0 0 0 0 
HIGH SULFUR RESID 429 375 341 335 34 1  34 1  344 345 351 351 0 0 0 0 
LOW SULFUR RESID 560 585 608 608 633 650 669 700 727 735 0 0 0 0 
DISTILLATE 1 52 1 56 1 59 1 63 1 66 1 70 1 73 1 77 181  1 85 0 0 0 0 
COAL 1 7,498 1 7,833 1 8, 1 92 1 8,562 1 8,872 1 9, 1 88 1 9,529 1 9,882 20,21 8 20,6 1 4  0 0 0 0 
NUCLEARIHYDRO/OTHEF 1 0,352 1 0,329 1 0,307 1 0,288 1 0,269 1 0,249 10,231 1 0,21 3 10 , 196 1 0, 1 83 0 0 0 0 

!TOTAL FUELS 33,041 33,448 33,891 34,367 34,843 35,306 35,813 36,340 36,865 37,390 0 0 0 0 

PRIMARY ENERGY CONSUMPTION 
NATURAL GAS 20,058 20,451 20,784 21 , 1 25 21 ,403 21 ,820 22,090 22,41 3 22,665 22,928 0 0 0 0 
HIGH SULFUR RESID 730 623 547 538 543 544 539 546 564 562 0 0 0 0 
LOW SULFUR RESID 1 ,265 1 ,249 1 ,229 1 ,219 1 ,239 1 ,253 1 ,246 1 ,295 1 ,339 1 ,328 0 0 0 0 
DISTILLATE 2,627 2,635 2,638 2,639 2,636 2,647 2,647 2,650 2,646 2,649 0 0 0 0 
COAL 1 9,593 1 9,967 20,353 20,763 21 , 107 21 ,443 21 ,803 22, 1 71 22,51 9 22,924 0 0 0 0 
ALL OTHER FUELS 10,761 1 0,735 1 0,709 1 0,687 1 0,665 1 0,643 10,621 1 0,602 1 0,582 1 0,568 0 0 0 0 

TOTAL FUELS 55,033 55,661 56,259 56,969 57,591 58,350 58,947 59,677 60,31 4 60,958 0 0 0 0 



{}1 
d:, NPCHTS1 A: INCENTIVE RATE SENSITIVITY VS NPCHRF3F (#3) TABLE 2: LOWER 48 WELLS AND RESERVES Run Date: 08/30/92 Q 

Run Time: 02:36 PM 
CX> 1 989 1 990 1 991 1 992 1993 1 994 1 995 1 996 1 997 1 998 1 999 2000 

EXPLORATORY WELLS 5,744 6,1 56 5,536 4,703 4,493 5,503 6,289 6,685 7,1 49 8,077 9 ,61 7 1 1 ,41 4 
DEVELOPMENT WELLS 22,582 27, 158 26,372 21 ,929 21 ,014  26,744 30,755 31 ,0 1 4  29,948 30,092 32,964 35,601 
TOTAL GAS WELLS 9,472 1 0,333 9,829 7,640 7,793 8,543 9,757 1 0,483 1 1 ,31 9 1 1 ,51 2 1 2,303 12 ,607 
TOTAL WELLS 28,326 33,314 31 ,907 26,632 25,506 32,247 37,045 37,699 37,097 38,1 69 42,580 47,0 1 5  

RESERVE ADDITIONS 
OIL (MMB) CONVENTIONAL 1 , 1 94 1 ,388 938 1 ,690 1 ,502 1 ,446 1 ,354 1 ,284 1 ,200 1 , 1 95 1 ,285 1 ,41 6 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 1 ,325 1 ,545 1 ,0 1 5  1 ,879 1 ,697 1 ,704 1 ,623 1 ,606 1 ,558 1 ,553 1 ,661 1 ,81 8 
HIGH PERMEABILITY (BCF) 9,905 1 2,223 7,433 7,956 8,861 9,287 9,682 1 0,21 6 1 0,620 1 0,867 1 1 ,552 1 2,1 1 5  
LOW PERMEABILITY (BCF) 1 ,339 1 ,691 1 ,497 1 ,793 1 ,1 03 1 ,278 1 ,075 1 ,037 1 , 1 43 1 , 1 87 1 ,473 1 ,735 
DEVONIAN SHALE (BCF) 384 504 399 326 340 448 528 620 746 879 971 920 
COAL BED METHANE (BCF) 1 ,607 2,1 1 1  2,400 1 ,446 1 ,501 1 ,521 1 ,621 1 ,592 1 ,1 25 990 1 ,043 1 ,037 
ENHANCED RECOVERY GAS (BCF) 443 303 296 1 82 1 52 31 5 367 427 501 543 554 438 
ENHANCED RECOVERY TIGHT (BCF) 1 23 77 49 1 36  1 37 140 1 57 208 255 508 589 732 
TOTAL NON-ASSOC GAS (BCF) 13 ,801 1 6,909 1 2,073 1 1 ,839 1 2,094 1 2,988 1 3,430 1 4, 1 00 1 4,389 1 4,973 1 6, 182 16 ,976 
TOTAL OIL (MMB) 1 ,1 94 1 ,388 938 1 ,690 1 ,502 1 ,446 1 ,354 1 ,284 1 ,200 1 , 1 95 1 ,285 1 ,41 6 
TOTAL GAS (BCF) 1 5,1 27 1 8,454 1 3,088 1 3,71 9 1 3,791 1 4,692 1 5,054 1 5,706 1 5,946 1 6,526 1 7,843 18 ,794 
TOTAL NGL (MMB)_ 550 681 429 527 520 551 560 592 624 646 706 752 

PRODUCTIOf\1 (W/ LEASE & PLANT GAS) 
OIL (MMB) CONVENTIONAL 1 ,871 1 ,782 1 ,751 1 ,723 1 ,71 2 1 ,683 1 ,666 1 ,672 1 ,669 1 ,658 1 ,652 1 ,653 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 2,730 2,720 2,598 2,483 2,376 2,240 2, 1 70 2, 1 4 1  2, 13 1  2,100 2,062 2,041 
HIGH PERMEABILITY (BCF) 1 2 ,035 1 2,429 1 2,370 1 2,369 1 2,51 5 1 2,464 1 2,483 1 2,293 1 2,365 1 2,246 1 2, 18 1  1 2,263 
LOW PERMEABILITY (BCF) 1 ,665 1 ,673 1 ,696 1 ,848 1 ,834 1 ,772 1 ,768 1 ,684 1 ,628 1 ,639 1 ,666 1 ,725 
DEVONIAN SHALE (BCF) 1 52 1 80  21 1 226 240 263 294 31 4 360 399 446 490 
COAL BED METHANE (BCF) 1 03 1 78 285 423 551 687 797 904 1 ,01 2 1 ,068 1 ,1 09 1 ,1 23 
ENHANCED RECOVERY GAS (BCF) 83 1 1 4 1 37 1 62 1 66 1 77 203 21 3 235 273 318 352 
ENHANCED RECOVERY TIGHT (BCF) 47 48 47 51 64 72 81  88 1 05 1 34 1 76 225 
TOTAL NON-ASSOC GAS (BCF) 14 ,085 1 4,621 1 4 ,747 1 5,080 1 5,371 1 5,435 1 5,626 1 5,495 1 5,704 1 5,759 1 5,895 16 , 178 
TOTAL OIL (MMB) 1 ,871 1 ,782 1 ,751 1 ,723 1 ,71 2 1 ,683 1 ,666 1 ,672 1 ,669 1 ,658 1 ,652 1 ,653 
TOTAL GAS (BCF) 1 6 ,81 4  1 7,341 1 7,345 1 7,564 1 7,746 1 7,675 1 7,796 1 7,636 1 7,835 1 7,859 1 7,957 1 8,21 9 
TOTAL NGL (MMB) 739 751 747 758 763 750 749 743 752 755 756 763 

RESERVES 
OIL (MMB) CONVENTIONAL 20,063 1 9,670 1 8,857 1 8,823 1 8,61 4 1 8,377 1 8,065 1 7,677 1 7,208 1 6,745 1 6,379 16 , 142 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 25,041 23,866 22,305 21 ,701 21 ,023 20,487 1 9,940 1 9,405 1 8,833 1 8,285 1 7,884 1 7,661 
HIGH PERMEABILITY (BCF) 1 05,428 1 05,222 1 00,387 95,974 92,320 89,143 86,342 84,265 82,51 9 81 , 140 80,51 2 80,363 
LOW PERMEABILITY (BCF) . 22,837 22,855 22,677 ·22,622 21 ,890 21 ,397 20,704 20,056 1 9,572 1 9, 120 1 8,927 18 ,937 
DEVONIAN SHALE (BCF) 1 ,751 2,076 2,264 2,365 2,465 2,650 2,884 3,190 3,576 4,056 4,581 5,01 1 
COAL BED METHANE (BCF) 2,798 4,731 6,845 7,868 8,81 8 9,652 1 0,476 1 1 , 1 64 1 1 ,277 1 1 , 1 98 1 1 , 132 1 1 ,046 
ENHANCED RECOVERY GAS (BCF) 963 1 , 1 52 1 ,31 1 1 ,330 1 ,31 7 1 ,454 1 ,61 8 1 ,832 2,097 2,367 2,604 2,690 
ENHANCED RECOVERY TIGHT (BCF) 506 535 536 621 694 762 838 957 1 ,1 08 1 ,482 1 ,895 2,402 
TOTAL NON-ASSOC GAS (BCF) 1 34 ,283 1 36,571 1 34,021 1 30,780 1 27,503 1 25,056 1 22,860 121 ,464 1 20,149 1 1 9,363 1 19,650 1 20,448 
TOTAL OIL (MMB) 20,063 1 9,670 1 8,857 1 8,823 1 8,614 1 8,377 1 8,065 1 7,677 1 7,208 16,745 16,379 16,142 
TOTAL GAS (BCF) 159 ,324 160,437 1 56,326 1 52,481 1 48,526 145,543 1 42,800 1 40,870 138,981 1 37,648 1 37,534 1 38,108 
TOTAL NGL (MMB) 7,500 7,430 7, 1 1 3  6,882 6,639 6,440 6,251 6,1 00 5,972 5,863 5,81 3 5,802 

LEASE AND PLANT GAS (BCF) I 857 1 1 ,026 I 1 ,058 I 1 ,073 I 1 ,081 I 1 ,074 1 1 ,079 1 1 ,067 1 1 ,077 1 1 ,077 1 1 ,081 I 1 ,095 



NPCHTS1A: INCENTIVE RATE SENSITIVITY VS NPCHRF3F (#3) TABLE 2: LOWER 48 WELLS AND RESERVES Run Date: 08130192 
Run Time: 02:36 PM 

2001 2002 2003 2004 2005 2006 2007 2008 2009 201 0  2015 2020 2025 2030 

EXPLORATORY WELLS 1 3,747 1 6,725 1 9 ,81 4 21 ,886 22,595 23,448 23,983 24,879 27,098 26,874 0 0 0 0 
DEVELOPMENT WELLS 37,883 40,468 40, 193 37,848 37,866 39,548 35,808 35,883 38,630 40,857 0 0 0 0 
TOTAL GAS WELLS 14 , 123 14 , 167 14 ,407 14 ,446 14,547 14 ,245 1 5,369 16 ,027 1 7,273 18 ,624 0 0 0 0 
TOTAL WELLS 51 ,630 57, 1 93 60,007 59,734 60,460 62,996 59,790 60,762 65,728 67,730 0 0 0 0 

RESERVE ADDITIONS 
OIL (MMB) CONVENTIONAL 1 ,470 1 ,51 2 1 ,550 1 ,584 1 ,627 1 ,646 1 ,377 1 ,3 10  1 ,241 1 ,1 74 0 0 0 0 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 1 ,881 1 ,984 2,070 2,1 1 0  2,1 61 2,1 57 1 ,840 1 ,697 1 ,575 1 ,508 0 0 0 0 
HIGH PERMEABILITY (BCF) 1 3,089 1 3,766 14 ,390 14 ,397 14, 188 12 ,735 1 1 ,806 1 1 ,206 1 1 ,1 61 1 1 ,0 17  0 0 0 0 
LOW PERMEABILITY (BCF) 1 ,965 2 , 146 2,1 58 2,065 2 , 102 1 ,898 1 ,952 1 ,991 2,1 74 2,212 0 0 0 0 
DEVONIAN SHALE (BCF) 887 821 644 61 4 522 497 480 460 479 521 0 0 0 0 
COAL BED METHANE (BCF) 1 ,053 1 , 124 1 ,049 1 ,0 1 5  1 ,1 1 8 1 ,248 1 ,491 1 ,665 1 ,743 2,020 0 0 0 0 
ENHANCED RECOVERY GAS (BCF 424 444 483 486 486 409 232 208 1 1 1  20 0 0 0 0 
ENHANCED RECOVERY TIGHT (BC 926 1 , 14 1  1 ,374 1 ,666 2,047 2,459 2,959 3,579 4,426 5,270 0 0 0 0 
TOTAL NON-ASSOC GAS (BCF) 1 8,343 1 9,443 20 ,097 20,242 20,464 19 ,245 1 8,920 19 , 1 1 0  20,094 21 ,061 0 0 0 0 
TOTAL OIL (MMB) 1 ,470 1 ,51 2 1 ,550 1 ,584 1 ,627 1 ,646 1 ,377 1 ,3 10  1 ,241 1 ,1 74 0 0 0 0 
TOTAL GAS (BCF) 20,224 21 ,427 22, 167 22,353 22,624 21 ,402 20,759 20,806 21 ,670 22,569 0 0 0 0 
TOTAL NGL (MM� 81 4 852 877 868 860 784 725 692 707 702 0 0 0 0 

PRODUCTION (W/ LEASE & PLANT GAS) 
OIL (MMB) CONVENTIONAL 1 ,664 1 ,679 1 ,701 1 ,721 1 ,744 1 ,765 1 ,771 1 ,755 1 ,729 1 ,694 0 0 0 0 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 2,039 2,040 2,062 2,085 2,1 1 3  2,1 42 2, 151 2,1 38 2,096 2,Q43 0 0 0 0 
HIGH PERMEABILITY (BCF) 1 2,499 1 2,776 12 ,964 13 ,224 13 ,267 13 ,4 1 0  1 3,270 13,1 32 12 ,873 1 2,705 0 0 0 0 
LOW PERMEABILITY (BCF) 1 ,781 1 ,826 1 ,9 1 5  1 ,945 1 ,940 1 ,925 1 ,901 1 ,901 1 ,946 1 ,951 0 0 0 0 
DEVONIAN SHALE (BCF) 51 8 535 527 522 51 4 51 5 499 506 487 507 0 0 0 0 
COAL BED METHANE (BCF) 1 , 132 1 , 1 40 1 , 1 48 1 , 1 42 1 , 1 53  1 , 1 63 1 ,1 93 1 ,232 1 ,276 1 ,343 0 0 0 0 
ENHANCED RECOVERY GAS (BCF 366 360 385 39 1 382 377 389 377 338 287 0 0 0 0 
ENHANCED RECOVERY TIGHT (BC 287 359 448 552 679 834 992 1 ,225 1 ,488 1 ,830 0 0 0 0 
TOTAL NON-ASSOC GAS (BCF) 1 6,583 1 6,996 1 7,387 1 7,776 1 7,935 1 8,224 1 8,244 18,373 18 ,407 1 8,622 0 0 0 0 
TOTAL OIL (MMB) 1 ,664 1 ,679 1 ,70 1 1 ,721 1 ,744 1 ,765 1 ,771 1 ,755 1 ,729 1 ,694 0 0 0 0 
TOTAL GAS (BCF) 1 8,622 1 9,036 19 ,449 19 ,861 20,048 20,365 20,395 20,51 1 20,503 20,666 0 0 0 0 
TOTAL NGL (MMB) 778 79 1 803 81 2 81 1 81 6 806 801 793 784 0 0 0 0 

RESERVES 
OIL (MMB) CONVENTIONAL 1 5,948 1 5,780 15 ,629 1 5,492 15 ,376 1 5,257 1 4,863 14 ,4 19  13 ,931 1 3,41 2  0 0 0 0 
ENHANCED OIL RECOVERY (MMB) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
ASSOCIATED GAS (BCF) 1 7,502 1 7,446 17 ,454 17 ,479 17 ,527 1 7,542 1 7,231 16,790 16 ,269 1 5,734 0 0 0 0 
HIGH PERMEABILITY (BCF) 80,952 81 ,942 83,368 84,540 85,461 84,786 83,322 81 ,396 79,684 77,996 0 0 0 0 
LOW PERMEABILITY (BCF) 19 , 12 1  1 9,440 1 9 ,683 19 ,802 1 9 ,964 19 ,937 19 ,988 20,077 20,306 20,567 0 0 0 0 
DEVONIAN SHALE (BCF) 5,379 5,665 5,783 5,875 5,883 5,865 5,846 5,800 5,793 5,807 0 0 0 0 
COAL BED METHANE (BCF) 10 ,967 1 0,951 1 0 ,852 10 ,725 1 0 ,690 1 0 ,775 1 1 ,073 1 1 ,506 1 1 ,974 1 2,651 0 0 0 0 
ENHANCED RECOVERY GAS (BCF 2,748 2,832 2,930 3,025 3,1 30 3,1 62 3,005 2,837 2,610 2,343 0 0 0 0 
ENHANCED RECOVERY TIGHT (BC 3 ,041 3,823 4 ,749 5,863 7,231 8,855 10 ,822 13,1 76 1 6, 1 1 4  19 ,555 0 0 0 0 
TOTAL NON-ASSOC GAS (BCF) 1 22,208 1 24,655 1 27,365 1 29 ,830 1 32,359 1 33,380 1 34 ,056 134,793 1 36,480 138,9 1 8  0 0 0 0 
TOTAL OIL (MMB) 1 5,948 1 5,780 15 ,629 15 ,492 15 ,376 15 ,257 14 ,863 14,4 19  1 3,931 1 3,41 2  0 0 0 0 
TOTAL GAS (BCF) 1 39,71 0 1 42, 1 0 1  1 44,81 9 1 47,31 0 1 49 ,886 1 50 ,923 1 51 ,287 1 51 ,583 1 52,749 154,652 0 0 0 0 
TOTAL NGL (MMB) 5,838 5,900 5,974 6,030 6,079 6,047 5,966 5,856 5,770 5,688 0 0 0 0 

LEASE AND PLANT GAS (BCFl I 1 ,1 1 8  I 1 ,1 4 1  I 1 , 165 I 1 ,1 89 I 1 ,1 99 1 1 ,2 16 1 1 ,215 1 1 .221 I 1 ,218 L 1 ,225 1 o I O l  O l  0 
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NPCHTS1A: I NCENTIVE RATE SENSITIVITY VS NPCHRF3F (#3) 

1 989 1 990 1 991 

LDC GAS TARIFF PRICES 
AVERAGE AOUISITION 1 .76 1 .73 1 .57 
AVERAGE CITYGATE 2.75 2.73 2.53 
RESIDENTIAL BURNERTIP 5.71 5.65 5.34 
COMMERCIAL BURNERTIP 4.82 4.72 4.45 
INDUSTRIAL BURNERTIP 3.07 3. 1 "1 2.83 
ELEC UTIL BURNERTIP 2.87 2.87 2.67 

END USER CARRIAGE PRICES 
AVG SPOT ACQUISITION 1 .57 1 .49 1 .24 
AVG SPOT CITYGATE 1 .86 1 .78 1 .53 
AVG SPOT BURNERTIP 2. 1 9 2. 1 0  1 .84 
AVG FIRM BURNERTI P 2.93 2.91 2. 70 

2001 2002 2003 
LDC GAS TARIFF PRICES 

AVERAGE AOUISITION 2.97 2.95 2.89 
AVERAGE CITYGATE 3.82 3.77 3.67 
RESIDENTIAL BURNERTIP 6.56 6.48 6.35 
COMMERCIAL BURNERTIP 5.70 5.63 5 .51  
INDUSTRIAL BURNERTIP 4.44 4.37 4.24 
ELEC UTIL BURNERTIP 4. 1 8  4. 1 1  4.00 

END USER CARRIAGE PRICES 
AVG SPOT ACQUISITION 2.78 2.78 2.73 
AVG SPOT CITYGATE 2.98 3.03 3.00 
AVG SPOT BURNERTIP 3. 1 9  3.26 3.34 
AVG FIRM BURNERTIP 4.05 4.00 3.89 

Run Date: 08/30/92 
Run Time: 02:36 PM 

AVERAGE NATURAL GAS PRICES 
($ 1990/MMBtu) 

1 992 1 993 1 994 1 995 1 996 1 997 1 998 1 999 2000 

1 .55 1 .71 1 .90 2. 1 2  2.34 2.43 2.59 2.77 2.96 
2.45 2.60 2.77 3.00 3.22 3.29 3.46 3.66 3.84 
5.22 5.36 5.53 5.75 5.98 6 .05 6.23 6.42 6.59 
4.34 4.48 4.65 4.87 5. 1 0  5. 1 7  5.35 5.54 5.72 
2.74 2.92 3. 1 3  3.40 3.67 3.79 3.99 4.29 4.47 
2.64 2.77 3.00 3.28 3.54 3.62 3.80 4.02 4.20 

1 .32 1 .51  1 .68 1 .9 1  2. 1 2  2.24 2.39 2.56 2.73 
1 .59 1 .78 1 .97 2.21 2.4 1 2.52 2.61 2.78 2.96 
1 .89 2.09 2.29 2.53 2.67 2.73 2.82 2.99 3. 1 7  
2.63 2.77 2.95 3. 1 9  3.42 3.50 3.67 3.88 4.06 . 

2004 2005 2006 2007 2008 2009 201 0 201 5 2020 2025 2030 

2.93 2.80 2.88 2.93 3. 1 7  3.41 3.41 0.00 0.00 0 .00 0.00 
3.68 3.51 3.56 3.59 3.83 4.07 4.06 0.00 0.00 0.00 0.00 
6.34 6. 1 4  6. 1 8  6.20 6.42 6.66 6.63 0.00 0.00 0.00 0.00 
5.51 5.32 5.36 5.38 5.61 5.86 5.83 0.00 0.00 0 .00 0.00 
4.24 4.05 4. 1 2  4. 1 7  4.44 4.70 4.70 0.00 0.00 0.00 0.00 
4.01 3.82 3.87 3.90 4. 1 6  4.4.1 4.38 0.00 0.00 0.00 0.00 

2.78 2.67 2.78 2.84 3. 1 1  3.35 3.39 0.00 0.00 0.00 0.00 
3.04 2.90 3.00 3.06 3.33 3.57 3.61 0.00 0.00 0.00 0.00 
3.38 3.24 3.34 3.40 3.68 3.93 3.97 0.00 0.00 0.00 0.00 
3.90 3.72 3.77 3.81 4.06 4.31 4.30 0.00 0.00 0.00 0.00 



ES 



The Secretary of Energy 
Washington, DC 20585 

Mr . Lodwr i c k M .  Cook 
C h a i rman 
Nati onal  Petro l eum Counc i l  
1 6 2 5  K Stree t ,  N . W .  
Was h i ngton;{,;,� _.20006 

Dear Mr;/cook : 

June 25 , 1 990 

I 
Through th i s  transmi ttal , I am formal l y  reque s t i ng t h at the N a t i o n a l  
Petro l eum Counc i l (NPC ) perform two stud i e s  that a r e  currentl y o f  
cri t i cal  i ntere s t  t o  t h e  Dep artment of Energy . T h e s e  s t ud i es are 
descri bed be l ow .  

Constra i nts t o  Expand i ng N atural Gas Producti on , D i s t r i but i on and U s e  

I reques t  that the N P C  conduct a comprehens i ve anal ys i s  of the 
potent i al for natural  gas to make a l arger contr i bu t i on , not only to 
our N at i on ' s  energy supp l y ,  but al so to the Pre s i dent ' s  env i ronmental  
goal s .  The study shou l d  con s i der tech ni cal , econom i c  and regu l atory 
constra i nts to expand i ng producti on , d i stri but i on and the use  o f  
natural gas . I n  the conduct of th i s  s tudy , I wou l d l i ke you to 
cons i der c arefu l l y  the l oc at i o n ,  magni tude and econom i c s  o f  natural 
gas reserve s , and the projec ted undi scovered and unconvent i o n a l  
resource ; the s i ze ,  k i nd a n d  l oc at i on of future markets ; the outl ook  
for  natural gas i mports and  exports ; and  potent i al b arr i ers th at cou l d 
i mpede the del i verabi l i ty of gas to the mos t  econom i c ,  effi c i ent  and 
envi ronmental l y  sound end -uses . 

Th i s  study comes at a cri t i cal t i me ,  gi ven the i ncreased i n tere s t  i n  
natural gas , for deve l opi ng publ i c  and pri v ate sector confi dence t h at 
natural gas c an make a greater contr i but i on  to the energy securi ty and 
envi ro nmental  enh ancement of our Nati on . I anti c i p ate that the 
res u l ts of your work wi l l  be abl e to contri bute s i gn i fi cant l y  to the 
devel opment of the Dep artme nt ' s  pol i c i es and programs . 

The U . S .  Refi nery Sector i n  the 1 990 ' s  

U . S .  refi neri es face s i gn i fi cant ch anges to proces s i ng fac i l i t i es i n  
the next dec ade , p art i cul arl y i n  response to new env i ronmental  
l eg i s l at i on that wi l l  affect emi s s i ons  and  waste d i sposal  from 
refi ner i es and the compos i t i on of motor fuel s .  Substant i al 
i nvestments are l i ke l y  to be requi red to comp l y  wi th proposed C l ean 
Ai r Act Amendments , i ncl udi ng prov i s i ons  deal i ng wi th a i r tax i e s and 
al ternati ve fuel s .  There i s  concern about the U . S .  eng i neer i ng and 
construc t i on i ndustry ' s  c apabi l i ty to des i gn ,  manufacture , and i n stal l 
qu i ck l y  the l arge number of new , soph i s t i c ated proce s s i ng fac i l i t i es 
that wou l d  be nece s s ary to supp l y  these fuel s .  

Product i mport s , wh i ch are projected to i ncrease , may al s o  h ave to be 
treated d i fferentl y than i n  the pas t .  For examp l e ,  i f  U . S .  refi ners 
h ave d i fferent gasol i ne spec i fi c at i ons ( e . g . , Re i d  V apor Press ure , 
aromat i c s , o l efi n s , oxygen content ) than fore i gn refi neri e s , i mported 
produc ts may requ i re add i t i onal U . S .  refi n i ng .  

I reques t  that the NPC assess  the effects o f  these chang i ng cond i t i o ns  
on  the U . S .  refi n i ng i ndustry ,  the abi l i ty of that i ndus try to re spond 
to these ch anges i n  a t i me l y  manner , regu l atory and other factors that 
i mpede the cons truc t i on  of new c apac i ty ,  and the potent i a l economi c 
i mpacts of th i s  response on Ameri can cons umers . 

I l ook forward to rece i v i ng your res u l ts from these two stud i e s and 
wou l d  l i ke to be not i f i ed of your progres s  per i od i cal l y .  

S i ncere l y ,  

� , / "'--James lD .  Watki ns 
r- Admi ral , U . S .  N avy ( Ret i red ) 

v 
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DESCRIPTION OF THE NATIONAL PETROLEUM COUNCIL 

In May 1 946,  the President stated in a letter to the Secretary of the Interior that he had been 
impressed by the contribution made through government/industry cooperation to the success 
of the World War II petroleum program. He felt that it would be beneficial if this close 
relationship were to be continued and suggested that the Secretary of the Interior establish an 
industry organization to advise the Secretary on oil and natural gas matters. 

Pursuant to this request , Interior Secretary J. A. Krug established the National Petroleum 
Council on June 1 8, 1 946.  In October 1 97 7 ,  the Department of Energy was established and the 
Council was transferred to the new department. 

The purpose of the NPC is solely to advise ,  inform, and make recommendations to the Sec
retary of Energy on any matter, requested by him, relating to oil and natural gas or the oil and 
gas industries. Matters that the Secretary of Energy would like to have considered by the Coun
cil are submitted in the form of a letter outlining the nature and scope of the study. This request 
is then referred to the NPC Agenda Committee , which makes a recommendation to the Council. 
The Council reserves the right to decide whether it will consider any matter referred to it. 

Examples of recent major studies undertaken by the NPC at the request of the Secretary of 
Energy include : 

• Unconventional Gas Sources ( 1 980) 
• Emergency Preparedness for Interruption of Petroleum Imports into the United States 

( 1 98 1 )  
• U.S. Arctic Oil & Gas ( 1 98 1 )  
• Environmental Conservation-The Oil & Gas Industries (1 982) 
• Third World Petroleum Development: A Statement of Principles ( 1 982) 
• Enhanced Oil Recovery ( 1 984) 
• The Strategic Petroleum Reserve ( 1 984) 
• U.S. Petroleum Refining ( 1 986) 
• Factors Affecting U.S. Oil & Gas Ouilook ( 1 987) 
• Integrating R&D Efforts (1 988) 
• Petroleum Storage & Transportation ( 1 989) 
• Industry Assistance to Government ( 1 99 1 )  
• Short-Term Petroleum Ouilook ( 1 99 1 )  
• Petroleum Refining in the 1 990s-Meeting the Challenges of the Clean Air Act ( 1 9 9 1 ) .  

The NPC does not concern itself with trade practices, nor does it engage in any of the usual 
trade association activities. The Council is subject to the provisions of the Federal Advisory 
Committee Act of 1 972 .  

Members of  the National Petroleum Council are appointed by the Secretary of Energy and 
represent all segments of the oil and gas industries and related interests. The NPC is headed by 
a Chairman and a Vice Chairman, who are elected by the Council. The Council is supported 
entirely by voluntary contributions from its members. 
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NATIONAL PETROLEUM COUNCIL 

William L. Adams 
Chairman and Chief Executive Officer 
Union Pacific Resources Company 

Charles W. Alcorn, Jr. 
President 
Alcorn Production Company 

Jack M. Allen 
Chairman of the Board 
Alpar Resources, Inc. 

Robert J. Allison, Jr. 
Chairman and Chief Executive Officer 
Anadarko Petroleum Corporation 

Eugene L. Ames, Jr . 
President 
Venus Oil Company 

Robert 0 .  Anderson 
President 
Hondo Oil & Gas Company 

Ernest Angelo , Jr. 
Petroleum Engineer 
Midland, Texas 

Philip F. Anschutz 
President 
The Anschutz Corporation 

John B. Ashmun 
Chairman of the Board 
Wainoco Oil Corporation 

Ralph E. Bailey 
Chairman of the Board and 

Chief Executive Officer 
United Meridian Corporation 

D. Euan Baird 
Chairman, President and 

Chief Executive Officer 
Schlumberger Limited 

MEMBERSHIP 

1 992 

William W. Ballard 
President 
Ballard and Associates, Inc. 

Victor G .  Beghini 
President 
Marathon Oil Company 

Jack S. Blanton 
President and Chief Executive Officer 
Eddy Refining Company 

John F. Bookout 
Former President and 

Chief Executive Officer 
Shell Oil Company 

Donald R. Brinkley 
President and Chief Executive Officer 
Colonial Pipeline Company 

Frank M.  Burke , Jr . 
Chairman and Chief Executive Officer 
Burke , Mayborn Company, Ltd. 

Michael D. Burke 
President and Chief Executive Officer 
Tesoro Petroleum Corporation 

Bruce Calder 
President 
Bruce Calder, Inc. 

Robert H. Campbell 
President and Chief Executive Officer 
Sun Company, Inc. 

Scott L. Campbell 
Partner 
Washington Policy and Analysis 

William E. Carl 
President 
Carl Oil & Gas Co. 
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NATIONAL PETROLEUM COUNCIL 

R. D. Cash 
Chairman, President and 

Chief Executive Officer 
Questar Corporation 

Collis P. Chandler, Jr. 
President 
Chandler & Associates, Inc. 

Rodney F. Chase 
President and Chief Executive Officer 
BP America Inc. 

Neil D .  Chrisman 
Managing Director 
Morgan Guaranty Trust Company 

of New York 

Danny H. Conklin 
Partner 
Philcon Development Co . 

Lodwrick M. Cook 
Chairman of the Board and 

Chief Executive Officer 
Atlantic Richfield Company 

Milton Copulos 
President 
National Defense Council Foundation 

Edwin L. Cox 
Chairman 
Cox Oil & Gas,  Inc . 

John H. Croom 
Chairman, President and 

Chief Executive Officer 
The Columbia Gas System, Inc. 

Thomas H. Cruikshank 
Chairman of the Board and 

Chief Executive Officer 
Halliburton Company 

Keys A. Curry, Jr. 
Executive Vice President 
Destec Energy, Inc . 
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George A. Davidson, Jr. 
Chairman of the Board and 

Chief Executive Officer 
Consolidated Natural Gas Company 

Kenneth T. Derr 
Chairman of the Board and 

Chief Executive· Officer 
Chevron Corporation 

John P. DesBarres 
President and Chief Executive Officer 
Transco Energy Company 

Cortlandt S. Dietler 
Chairman and Chief Executive Officer 
Associated Natural G as Corporation 

David F. Dom 
Co-Chairman of the Board 
Forest Oil Corporation 

James W. Emison 
President 
Western Petroleum Company 

Ronald A. Erickson 
Chairman of the Executive Committee 
Erickson Petroleum Corporation 

Fred H. Evans 
President 
Equity Oil Company 

Richard D .  Farman 
Chairman and Chief Executive Officer 
Southern California G as Company 

J .  Michael Farrell 
Partner 
Manatt, Phelps & Phillips 

William L. Fisher 
Director 
Bureau of Economic Geology 
University of Texas at Austin 

Charles R. Ford 
State Senator 
Tulsa, Oklahoma 



Joe B. Foster 
Chairman 
Newfield Exploration Company 

H. Laurance Fuller 
Chairman, President and 

Chief Executive Officer 
Amoco Corporation 

James F. Gary . 
International Business and Energy AdVIsor 
Honolulu, Hawaii 

James A. Gibbs 
President 
Five States Energy Company 

James J. Glasser 
Chairman and President 
GATX Corporation 

F. D. Gottwald, Jr. 
Chairman of the Board, 

Chief Executive Officer and 
Chairman of the Executive Committee 

Ethyl Corporation 

John J. Graham 
President and Chief Executive Officer 
Graham Resources Inc. 

David G .  Griffin 
Owner/President 
Griffin Petroleum Company 

David N. Griffiths 
Senior Vice President , Administration 
Citizens Gas and Coke Utility 

Fred R. Grote 
Chairman of the Board and 

Chief Executive Officer 
DeGolyer and MacNaughton 

Robert D .  Gunn 
Chairman of the Board 
Gunn Oil Company 

Ron W. Haddock 
President and Chief Executive Officer 
FINA, Inc. 

NATIONAL PETROLEUM COUNCIL 

Michel T. Halbouty 
Chairman of the Board and 

Chief Executive Officer 
Michel T. Halbouty Energy Co . 

Andrew J. Hall 
Chairman, President and 

Chief Executive Officer 
Phibro Energy, Inc. 

John R. Hall 
Chairman and Chief Executive Officer 
Ashland Oil, Inc . 

Ronald E. Hall 
President and Chief Executive Officer 
CITGO Petroleum Corporation 

Frederic C. Hamilton 
Chairman, President and 

Chief Executive Officer 
Hamilton Oil Company, Inc . 

John P. Harbin 
Chairman of the Board, President 

and Chief Executive Officer 
Lone Star Technologies,  Inc . 

Robert P .  Hauptfuhrer 
Chairman and Chief Executive Officer 
Oryx Energy Company 

Raymond H. Hefner, Jr. 
Chairman and Chief Executive Officer 
Bonray Drilling Corporation 

Donald J. Heirn 
Chairman and Chief Executive Officer 
Washington Gas Light Company 

Frank 0 .  Heintz 
Chairman 
Maryland Public Service Commission 

Roger R. Hemminghaus 
Chairman and Chief Executive Officer 
Diamond Shamrock, Inc . 

Dennis R. Hendrix 
Chairman, President and 

Chief Executive Officer 
Panhandle Eastern Corporation 
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NATIONAL PETROLEUM COUNCIL 

Leon Hess 
Chairman of the Board and 

Chief Executive Officer 
Amerada Hess Corporation 

C. Paul Hilliard 
President/Owner 
Badger Oil Corporation 

H. T. Hilliard 
Director 
Hallador Petroleum Company 

Robert B. Holt 
Independent Oil and G as Producer 
Midland, Texas 

Robert E. Howson 
Chairman of the Board and 

Chief Executive Officer 
McDermott International, Inc. 

The Honorable 
Roy M. Huffington 
American Ambassador to Austria 

Ray L. Hunt 
Chairman of the Board 
Hunt Oil Company 

Joseph T. Hydok 
Executive Vice President, Gas Operations 
Consolidated Edison Company 

of New York, Inc . 

Ray R. Irani 
Chairman, President and 

Chief Executive Officer 
Occidental Petroleum Corporation 

A. Clark Johnson 
Chairman and Chief Executive Officer 
Union Texas Petroleum Corporation 

A. V. Jones, Jr. 
Partner 
Jones Company, Ltd. 

Jon Rex Jones 
Partner 
Jones Company, Ltd. 
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Bernard J. Kennedy 
Chairman, President and 

Chief Executive Officer 
National Fuel Gas Company 

James W. Kinne ar  
President an d  Chief Executive Officer 
Texaco Inc. 

Charles G.  Koch 
Chairman and Chief Executive Officer 
Koch Industries , Inc. 

Ronald L. Kuehn, Jr. 
Chairman, President and 

Chief Executive Officer 
Sonat Inc. 

Kenneth L. Lay 
Chairman and Chief Executive Officer 
Enron Corp. 

William I. Lee 
Chairman of the Board and 

Chief Executive Officer 
Triton Energy Corporation 

John H. Lichtblau · 

Chairman and Chief Executive Officer 
Petroleum Industry Research 

Foundation, Inc . 

William C .  McCord 
Chairman and Chief Executive Officer 
ENSERCH Corporation 

William T. McCormick, Jr. 
Chairman and Chief Executive Officer 
CMS Energy Corporation 

Thomas F. McLarty, lli 
Immediate Past Chairman of the Board and 

Chief Executive Officer 
Arkla, Inc. 

Jerry R. McLeod 
Executive Vice President 
Pacific Gas and Electric Company 

Jack W. McNutt 
President and Chief Executive Officer 
Murphy Oil Corporation 



Frank A. McPherson 
Chairman and Chief Executive Officer 
Kerr-McGee Corporation 

Cary M. Maguire 
President 
Maguire Oil Company 

Frederick R. Mayer 
President 
Petroro Corporation 

Judy Meidinger 
Director 
Koniag, Inc. 

C. John Miller 
Partner 
Miller Energy Company 

George P.  Mitchell 
Chairman of the Board, President 

and Chief Executive Officer 
Mitchell Energy and Development Corp . 

James R. Moffett 
Chairman of the Board and 

Chief Executive Officer 
Freeport-McMoRan Inc . 

Donald I. Moritz 
President and Chief Executive Officer 
Equitable Resources, Inc . 

William Moss 
Chairman of the Board 
William Moss Corporation 

William D. Mounger 
President 
Delta Royalty Company, Inc . 

John Thomas Munro 
President 
Munro Petroleum & Terminal Corporation 

John ].  Murphy 
Chairman of the Board and 

Chief Executive Officer 
Dresser Industries ,  Inc . 

NATIONAL PETROLEUM COUNCIL 

Allen E .  Murray 
Chairman of the Board, President 

and Chief Executive Officer 
Mobil Corporation 

Robert L. Nance 
President 
Nance Petroleum Corporation 

Constantine S. Nicandros 
President and Chief Executive Officer 
Conoco Inc. 

Raymond J .  O' Connor 
Commissioner 
New York Public Service Commission 

C. R. Palmer 
Chairman of the Board, President 

and Chief Executive Officer . 
Rowan Companies , Inc . 

Robert L. Parker 
Chairman of the Board and 

Chief Executive Officer 
Parker Drilling Company 

James L. Pate 
President and Chief Executive Officer 
Pennzoil Company 

T. Boone Pickens, Jr. 
Chairman of the Board and 

Chief Executive Officer 
MESA, Inc . 

L. Frank Pitts 
Owner 
Pitts Energy Group 

Chesley R. Pruet 
President 
Pruet Drilling Company 

· Lawrence G .  Rawl 
Chairman ofthe Board and 

Chief Executive Officer 
Exxon Corporation 
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N.I.TION.I.L PETROLEUM COUNCIL 

Robert G .  Reed III 
Chairman of the Board, President 

and Chief Executive Officer 
Pacific Resources, Inc . 

Frank H. Richardson 
President and Chief Executive Officer 
Shell Oil Company 

Corbin J .  Robertson, Jr . 
President 
Quintana Minerals Corporation 

Henry A. Rosenberg, Jr. 
Chairman of the Board and 

Chief Executive Officer · 
Crown Central Petroleum Corporation 

Carole Keeton Rylander 
President 
Rylander Consulting Group 

G .  Henry M. Schuler 
Director 
Energy Program 
Center for Strategic and International Studies 

C. J .  Silas 
Chairman of the Board and 

Chief Executive Officer 
Phillips Petroleum Company 

Donald M. Simmons 
President 
Simmons Royalty Company 

Donald C. Slawson 
Chairman of the Board and President 
Slawson Companies 

Weldon H. Smith 
Chairman of the Board 
Big 6 Drilling Company 

William T. Smith 
Immediate Past Chairman 
Wolverine Exploration Company 

Arlo G .  Sorensen 
President 
M. H. Whittier Corporation 
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Richard J .  Stegemeier 
Chairman of the Board and 

Chief Executive Officer 
Unocal Corporation 

H. Leighton Steward 
Chairman, President and 

Chief Exeeutive Officer 
The Louisiana Land and 

Exploration Company 

Ross 0 .  Swimmer 
Of Counsel 
Hall, Estill, Hardwick, Gable, 

Golden & Nelson, P .C.  

Patrick F. Taylor 
Chairman and Chief Executive Officer 
Taylor Energy Company 

Robert C.  Thomas 
Chairman and Chief Executive Officer 
Tenneco Gas Company 

Eugene A. Tracy 
Immediate Past Chairman of the 

Executive Committee 
Peoples Energy Corporation 

H. A. True , Jr . 
Partner 
True Oil Company 

Chester R. Upham, Jr. 
Managing Co-Owner 
Upham Oil & Gas Company 

Edward ·o . Vetter 
President 
Edward 0 .  Vetter & Associates, Inc. 

L. 0 .  Ward 
Owner-President 
Ward Petroleum Corporation 

Joseph H. Williams 
Chairman of the Board and 

Chief Executive Officer 
The Williams Companies, Inc. 



Larry E. Williams 
President and Chief Executive Officer 
National Cooperative Refinery Association 

Irene S. Wischer 
President and Chief Executive Officer 
Panhandle Producing Company 

William A. Wise 
President and Chief Executive Officer 
El Paso Natural Gas Company 

Dalton J .  Woods 
President 
Dalwood Corporation 

James D .  Woods 
Chairman of the Board, President 

and Chief Executive Officer 
Baker Hughes Incorporated 

NATIONAL PETROLEUM COUNCIL 

0 .  S. Wyatt , Jr. 
Chairman of the Board 
The Coastal Corporation 

John A. Yates 
President 
Yates Petroleum Corporation 

Daniel H. Yergin 
President 
Cambridge Energy Research Associates 

Henry Zarrow 
President 
Sooner Pipe & Supply Corporation 
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.Appendix B 

CBAIRMAN 

Frank H. Richardson 
President and 

Chief Executive Officer 
Shell Oil Company 

NATIONAL PETROLEUM COUNCIL 

COMMITTEE ON NATURAL GAS 

GOVERNMENT C OCHAIRMAN 

James G .  Randolph 
Assistant Secretary 
Fossil Energy 
U.S.  Department of Energy 

VICE CHAIRMAN, TRANSMISSION 

Kenneth L. Lay 

VICE CHAIRMAN, DISTRIBUTION 

Eugene A. Tracy 
Chairman and 

Chief Executive Officer 
Enron Corp . 

EX OFnCIO 

Ray L. Hunt 
Chairman 
National Petroleum Council 
c/o Hunt Oil Company 

D.  Euan Baird 
Chairman, President and 

Chief Executive Officer 
Schlumberger Limited 

Bruce Calder 
President 
Bruce Calder, Inc. 

Scott L. Campbell 
Partner 
Washington Policy and Analysis 

R. D .  Cash 
Chairman, President and 

Chief Executive Officer 
Questar Corporation 

Collis P. Chandler, Jr. 
President 
Chandler & Associates, Inc . 

Immediate Past Chairman of the 
Executive Committee 

Peoples Energy Corporation 

EX OFFICIO 

Kenneth T. Derr 
Vice Chairman 
National Petroleum Council 
c/o Chevron Corporation 

SECRETARY 

Marshall W. Nichols 
Executive Director 

National Petroleum Council 

* * * 

John H. Croom 
Chairman, President and 

Chief Executive Officer 
The Columbia G as System, Inc. 

Keys A. Curry, Jr. 
Executive Vice President 
Destec Energy, Inc . 

John P. DesBarres 
President and Chief Executive Officer 
Transco Energy Company 

Cortlandt S. Dietler 
Chairman and Chief Executive Officer 
Associated Natural G as Corporation 

Richard D. Farman 
Chairman and Chief Executive Officer 
Southern California G as Company 
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NPC COMMITTEE ON NATURAL GAS 

William L. Fisher 
Director 
Bureau of Economic Geology 
University of Texas at Austin 

Joe B .  Foster 
Chairman 
Newfield Exploration Company 

James W. Glanville"' 
General Partner 
Lazard Freres & Co. 

John J .  Graham 
President and Chief Executive Officer 
Graham Resources Inc . 

Fred R. Grote 
Chairman of the Board and 

Chief Executive Officer 
DeGolyer and MacNaughton 

Ron W. Haddock 
President and Chief Executive Officer 
FINA, Inc. 

�obert P. Hauptfuhrer 
Chairman and Chief Executive Officer 
OryX: Energy Company 

Donald J. Heim 
Chairman and Chief Executive Officer 
Washington Gas Light Company 

Frank 0 .  Heintz 
Chairman 
Maryland Public Service Commission 

Dennis R. Hendrix 
Chairman, President and 

Chief Executive Officer 
Panhandle Eastern Corporation 

C. Paul Hilliard 
President/Owner 
Badger Oil Corporation 

Joseph T. Hydok 
Executive Vice President, Gas Operations 
Consolidated Edison Company 

of New York, Inc . 

"' Deceased (September 1 6, 1 992) 
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Ray R. Irani 
Chairman, President and 

Chief Executive Officer 
Occidental Petroleum Corporation 

Bernard J. Kennedy 
Chairman, President and 

Chief Executive Officer 
National Fuel Gas Company 

James W. Kinnear 
President and Chief Executive Officer 
Texaco Inc. 

Ronald L. Kuehn, Jr. 
Chairman, President and 

Chief Executive Officer 
Sonat Inc. 

William T. McCormick, Jr . 
Chairman and Chief Executive Officer 
CMS Energy Corporation 

Thomas F. McLarty, III 
Immediate Past Chairman of the Board and 

Chief Executive Officer 
Arkla, Inc. 

Jerry R. McLeod 
Executive Vice President 
Pacific Gas and Electric Company 

C. John Miller 
Partner 
Miller Energy Company 

George P. Mitchell 
Chairman of the Board, President and 

Chief Executive Officer 
Mitchell Energy and Development Corp. 

Donald I .  Moritz 
President and Chief Executive Officer 
Equitable Resources, Inc . 

Allen E . Murray 
Chairman of the Board, President and 

Chief Executive Officer 
Mobil Corporation 



Constantine S .  Nicandros 
President and Chief Executive Officer 
Conoco Inc. 

Robert L. Parker 
Chairman of the Board and 

Chief Executive Officer 
Parker Drilling Company 

L. Frank Pitts 
Owner 
Pitts Energy Group 

Lawrence G .  Rawl 
Chairman of the Board and 

Chief Executive Officer 
Exxon Corporation 

NPC COMMITTEE ON NATURAL GAS 

C. J. Silas 
Chairman of the Board and 

Chief Executive Officer 
Phillips Petroleum Company 

Robert C. Thomas 
Chairman and Chief Executive Officer 
Tenneco Gas 

L. 0. Ward 
Owner -President 
Ward Petroleum Corporation 

William A. Wise 
President and Chief Executive Officer 
El Paso Natural Gas Company 
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NATIONAL PETROLEUM COUNCIL 

COORDINATING SUBCOMMITTEE 
OF THE 

NPC COMMITTEE ON NATURAL G.AS 

CBAIRMAN 

Lawrence L. Smith 
Vice President Production 
Shell Oil Company 

.ASSISTANT TO THE CHAIRMAN 

Alan J. Vennix 
Manager Technology 
Shell Oil Company 

Ronald J .  Burns 

* 

Chairman and Chief Executive Officer 
Enron Gas Pipeline and Marketing Group 

Scott L. Campbell 
Partner 
Washington Policy and Analysis 

Collis P. Chandler, Jr. 
President 
Chandler & Associates,  Inc. 

Joe B. Foster 
Chairman 
Newfield Exploration Company 

Ray E. Galvin 
President 
Chevron U.S.A. Production Company 

James W. Glanville"' 
General Partner 
Lazaed Freres & Co. 

Frank 0. Heintz 
Chairman 
Maryland Public Service Commission 

• Deceased (September 16, 1992) 
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GOVERNMENT COCJIJliRMAN 

Donald A. Juckett 
Director 
Office of Geoscience · Research 
U.S. Department of Energy 

SECRETARY 

Marshall W. Nichols 
Executive Director 
National Petroleum Council 

* 

Frederick E. John 
Senior Vice President 
Southern California Gas Company 

James R. Lee 
Executive Vice President 
Columbia Gas Distribution Companies 

Michael G .  Morris 
Executive Vice President and 

Chief Operating Officer 
Consumers Power Company 

Walter S .  Piontek 
Vice President, North American 

Producing Operations 
Mobil Oil Corporation 

Oliver G. Richard III 
Chairman and Chief Executive Officer 
New Jersey Resources Corporation 

William W. Slaughter 
General Manager 
Strategic Planning and Development 
Texas Eastern Transmission Corporation 

William A. Smith 
Chairman and President 
Southern Natural Gas Company 



NATIONAL PETROLEUM COUNCIL 

SOURCE AND SUPPLY TASK GROUP 
OF THE 

NPC COMMITTEE ON NATURAL GAS 

CII.AIRM.AN 

Walter S .  Piontek 
Vice · President 
North American Producing Operations 
Mobil Oil Corporation 

ASSISTANT TO THE CHA.IRMllN 

Robert L. Brown 
Manager, Gas Marketing Development 
Mobil Oil Corporation 

Thomas S. Ahlbrandt 
Chief 
Branch of Petroleum Geology 
U.S. Geological Survey 

Terry L. Day 
Manager 
Upstream Planning and Analysis 
Exxon Company, U .S.A. 

Daniel A. Dreyfus 
Vice President 
Strategic Planning and Analysis 
Gas Research Institute 

Stephen E. Eads 
Vice President, Planning & Marketing 
Columbia Natural Resources, Inc. 

Robert J. Finley 
Associate Director 
Bureau of Economic Geology 
University of Texas at Austin 

Thomas E.  Fisher 
Vice President 
Natural Gas & Gas Liquids 
Unocal Corporation 

* * 

GOVERNMENT COCII.AIRM1lN 

H. William Hochheiser 
Physical Scientist 
Office of Geoscience Research 
Office of Fossil Energy 
U.S.  Department of Energy 

SECRETARY 

John H. Guy, N 
Deputy Executive Director 
National Petroleum Council 

* 

Edward L. Flom 
Manager 
Industry Analysis and Forecasts 
Amoco Corporation 

Joe B. Foster 
Chairman 
Newfield Exploration Company 

Michael !.  German 
Senior Vice President 
Planning and Analysis 
American G as Association 

Patricia A. Hammick 
Vice President 
Natural Gas Supply Association 

Victor W. Hughes 
Manager,  Natural Gas Issues 
BP Exploration 

Mark W. Nordheim 
Coordinator,  Air Quality Issues 
Health , Environment and Loss Prevention 
Chevron Corporation 
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SOURCE AND SUPPLY TASK GROUP 

A. C. Overpeck ill 
Director, Planning and Development Group 
Gas Department 
Texaco U.S.A. 

Mark G .  Papa 
Senior Vice President, Operations 
Enron Oil and Gas Company 

Allan B. Quiat 
Manager, Gas Supply 
Chevron U.S.A. Inc. 

S. Scott Sewell 
Director 
Minerals Management Service 
U.S. Department of the Interior 

R. E. Sidle 
Manager, Business Analysis 
Shell Oil Company 

William Trapmann 
Senior Industry Economist 
Office of Oil and Gas 
Energy Information Administration 
U.S. Department of Energy 

L. O . Ward 
Owner -President 
Ward Petroleum Corporation 

James W. Williams 
Planning Consultant 
ARCO Exploration and 

Production Technology 

John H. Wood 
Director 
Dallas Field Office 
Energy Information Administration 
U.S. Department of Energy 

SPECIAL .ASSISTANTS 

Robert L. Brown 
Senior Technical Advisor 
Exxon Company, U.S .A. 

Joseph B. Corns 
Director 
Industry Analysis and 

Forecasts, North America 
Amoco Corporation 

Brad G .  Defenbaugh 
Senior Planning Advisor 
Mobil Natural Gas Inc. 

Toni D. Hennike 
Senior Counsel 
Hunt Oil Company 

Hugh E. Hilliard 
Deputy Associate Director 
Policy, Planning & Appeals 
Minerals Management Service 
U.S. Department of the Interior 
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Bill L. McFarland 
Manager 
Natural Gas Regulatory Affairs and 

Business Development 
Unocal Corporation 

Albert L. Modiano 
Deputy Director 
Minerals Management Service 
U.S. Department of the Interior 

Deborah L. Plattsmier 
Manager 
LNG Business Development 
Gas Department 
Texaco U.S.A. 

John ]. Pyrdol 
Fossil Fuel Supply Analyst 
Office of Planning and Environment 
Office of Fossil Energy 
U.S. Department of Energy 

Thomas J. Woods 
Principal Energy Analyst 
Gas Research Institute 



CONVENTIONAL SUBGROUP 

GROlJP LEADER 

Terry L. Day 
Manager 

Upstream Planning and Analysis 
Exxon Company, U.S .A. 

Thomas S .  Ahlbrandt 
Chief 
Branch of Petroleum Geology 
�.S.  Geological Survey 

Joe H. Broome 
Professional Petroleum Engineer 
Texaco Inc . 

Robert L. Brown 
. Senior Technical Advisor 
Exxon Company, U.S .A. 

David B. Crawford 
Senior Staff Production Engineer 
Chevron U.S .A. Inc . 

Robert J. Finley 
Associate Director 
Bureau of Economic Geology 
University of Texas at Austin 

Donald L. Gautier 
Chief 
Branch of Petroleum Geology 
U.S. Geological Survey 

Michael I .  German 
Senior Vice President 
Planning and Analysis 
American Gas Association 

Gary T. Holley 
Vice President 
U.S.  Operations 
Parker Drilling Company 

John C .  Houghton 
Planning Consultant 

* 

ARCO Exploration and Production Technology 

Paul V. Hyde 
Director 
Reservoir Engineering 
Columbia Natural Resources, Inc . 

* * 

Paul E. Martin 
Chief 
Resource Evaluation Division 
Minerals Management Service 
U.S. Department of the Interior 

Fred W. Nagle 
Energy Resource Consultant 
Mobil Oil Corporation 

John J. Pyrdol 
Fossil Fuel Supply Analyst 
Office of Planning and Environment 
Office of Fossil Energy 
U.S.  Department of Energy 

A. T. Smith 
Section Supervisor 
Chevron Oilfield Research Company 

William Trapmann 
Senior Industry Economist 
Office of Oil and Gas 
Energy Information Administration 
U.S. Department of Energy 

Robert G .  Vollmert 
Deputy Director 
Office of Business Operations 
Office of Fossil Fuel Energy 
U.S.  Department of Energy 

Stanley L. Walker 
Coordinator - Production 
Exploration Land and Production 
Chevron U.S .A. Inc . 

John H. Wood 
Director 
Dallas Field Office 
Energy Information Administration 

. U.S. Department of Energy 

Thomas J .  Woods 
Principal Energy Analyst 
Gas Research Institute 
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CONVENTIONllL SUBGROUP (Continued) 

SPECIJlL ASSISTANTS 

Richard F. Mast 
Geologist 
Branch of Resource Analysis 
U.S. Geological Survey 

Albert L. Modiano 
Deputy Director 
Minerals Management Service 
U.S. Department of the Interior 

NONCONVENTIONAL SUBGROUP 

GROUP LEADER 
Edward L. F1om 
Manager 
Industry Analysis and Forecasts 
.Amoco Corporation 

Thomas S. Ahlbrandt 
Chief 
Branch of Petroleum Geology 
U.S. Geological Survey 

Kenneth E. Baum 
Director 
Drilling Technology 
ARCO Oil and Gas Company 

Thomas J. Bergstresser 
Petroleum Geologist 
Frontier Division 
Western Exploration Business Unit 
Chevron U.S .A. Inc. 

Robert L. Brown 
Senior Technical Advisor 
Exxon Company, U.S.A. 

Robert L. Brown 
Manager 
Gas Marketing Development 
Mobil Oil Corporation 

Charles W. Byrer 
Project Manager 
Coalbed Methane 
U.S. Department of Energy 

Joseph B .  Corns 
Director 
Industry Analysis and 

Forecasts, North America 
.Amoco Corporation 
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* * 

GROUP CO-LEADER 

Daniel A. Dreyfus 
Vice President 
Strategic Planning and Analysis 
Gas Research Institute 

* 

David B. Crawford 
Senior Staff Production Engineer 
Chevron U.S .A. Inc. 

Stephen E. Eads 
Vice President 
Planning and Marketing 
Columbia Natural Resources, Inc . 

Ian A. Fischer 
Producing Manager 
Rocky Mountain Area 
Mobil Exploration and Producing U.S. Inc. 

Cynthia W. French 
Petroleum Geologist 
Chevron U.S.A Inc. 

Michael M. Helland 
Staff Director 
Industry Supply Analysis 
Amoco Corporation 

H. William Hochheiser 
Physical Scientist 
Office of Geoscience Research 

. Office of Fossil Energy 
U.S. Department of Energy 

Courtney F. Isselhardt 
Senior Exploration Geologist 
Western Exploration and Production Division 
Texaco U.S.A. 



NONCONVENTION.AL SUBGROUP (Continued) 

Mark G .  Papa 
Senior Vice President, Operations 
Enron Oil and Gas 

Raymond J. Pashuck 
Geological Consultant 
Rocky Mountain Area 
Mobil Exploration & Producing U.S.  Inc . 

Kent F. Perry 
Assistant Director 
Tight Sands & Gas Processing Research 
Gas Research Institute 

Dudley D .  Rice 
Geologist 
Branch of Petroleum Geology 
U.S.  Geological Survey 

John H. Wood 
Director 
Dallas Field Office 
Energy Information Administration 
U.S.  Department of Energy 

Thomas J. Woods 
Principal Energy Analyst 
Gas Research Institute 

SPECIAL .ASSISTANTS 

Mian M. Ahmad 
Manager, Reservoir Engineering 
Columbia Natural Gas Resources , Inc. 

Brad G .  Defenbaugh 
Senior Planning Advisor 
Mobil Natural Gas Inc. 

Richard F. Mast 
Geologist 
Branch of Resource Analysis 
U.S. Geological Survey 

Brendan E.  Quirin 
Senior Economist 
Amoco Corporation 

Michael A. Roberts, Jr. 
Corporate Planning Consultant 
Enron Corp . 

Charles W. Spencer 
Geologist 
Branch of Petroleum Geology 
U.S.  Geological Survey 

IMPORTS AND ALASKA SUBGROUP 

GROUP LEADER 

A. C. Overpeck III 
Director , Planning and Development Group 
Gas Department 
Texaco U.S.A. 

Howard Ash 
Natural Gas Specialist 
Infrastructure , Energy and 

Environmental Division 
The World Bank 

Greg Broschka 
Market Development 

* 

Amoco Canada Petroleum Company Ltd. 

Reginald Cameron 
Economist , Business Environment 
Natural Gas Marketing 
Petro-Canada Resources 

* 

GROUP CO-LEADER 

Robert B. Kalisch 
Director - G as Supply and Statistics 
American G as Association 

* 

Wilson W. Crook, III 
Planning Specialist 
Mobil Natural Gas Inc . 

John W. Glynn 
Director - Policy Analysis Division 
Office of Fuels Programs 
Office of Fossil Energy 
U.S.  Department of Energy 

Victor W. Hughes 
Manager, Natural G as Issues 
BP Exploration 
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IMPORTS AND ALASKA SUBGROUP (ConUnued) 

Joseph W. Lagler 
Metairie Site Office 
U.S. Department of Energy 

Deborah L. Plattsmier 
Manager 
LNG Business Development 
Texaco U.S.A. 

Donny R. Scott* 

Senior Energy Analyst . 

L. Carl Thompson 
Manager - Supply and Transportation 
Pan National Gas Sales, Inc. 

William Trapmann 
Senior Industry Economist 
Office of Oil and Gas 
Energy Information Administration 
U.S. Department of Energy 

Corporate Planning and Analysis Department 
Chevron Coq:)oration Royal Watts 

Petroleum Engineer R. E. Sidle 
Manager, Business Analysis 
Shell Oil Company 

Walter J .  Talley 
Consultant , Corporate Budgets 
Planning and Economics 
Unocal Corporation 

*Deceased Ganuary 3, 1 993) 

Charles "F. Brandenburg 
Director, Enhanced Recovery 
Coal Seams and Shales 
Gas Research Institute 

Robert L. Brown 
Manager 
Gas Marketing Development 
Mobil Oil Corporation 

Thomas S. Buxton 
Director 
Reservoir Engineering Section 
Amoco Research Center 

Joseph B. Corns 
Director 
Industry Analysis and 

Forecasts, North America 
Amoco Corporation 
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Morgantown Energy Technical Center 
U.S. Department of Energy 

W. T. Zittlau 
Business Planning Analyst 
Amoco Canada Petroleum Company Ltd. 

TECHNOLOGY SUBGROUP 

GROUP LEADER 

James W. Williams 
Planning Consultant 

ARCO Exploration and 
Production Technology 

* * * 

John M. Dees 
Senior Well Completion Engineer 
Oryx Energy Company 

Daniel A. Dreyfus 
Vice President 
Strategic Planning and Analysis 
Gas Research Institute 

Alan S. Emanuel 
Section Supervisor 
Chevron Oilfield Research Company 

Robert J. Finley 
Associate Director 
Bureau of Economic Geology 
University of Texas at Austin 

Edward L. Flam 
Manager - Industry Analysis and Forecasts 
Amoco Corporation 



TECHNOLOGY SUBGROUP (Continued) 

K. H. Frohne 
Petroleum Engineer/Project Manager 
U.S. Department of Energy 

Michael I. German 

Allan B.  Quiat 
Manager, Gas Supply 
Chevron U.S .A. Inc. 

Frank W. Robl 
Senior Vice President 
Planning and Analysis 

Associate Reservoir Engineering Consultant 
Mobil Exploration and 

American Gas Association 

Robert B. Kalisch 
Director 
Gas Supply and Statistics 
American Gas Association 

Christopher B. McGill 
Manager 
Gas Supply Programs 
American Gas Association 

J. Michael Melancon 
Chief, Reserve Section 
Mineral Management Service 
U.S. Department of the Interior 

A. C. Overpeck ITI 
Director, Planning and Development Group 
Gas Department 
Texaco U.S.A. 

Producing Services, Inc . 

Irwin R. Supemaw 
Senior Scientist 
E&P Technology Department 
Texaco Inc. 

Leon L. Tucker 
Director 
Energy Modeling Services 
American Gas Association 

James D. Twyman 
Manager 
Borehole Technologies 
Atlantic Richfield Company 

Thomas J. Woods 
Principal Energy Analyst 
Gas Research Institute 

ENVIRONMENTAL REGULATIONS SUBGROUP 

Raymond L. Banks 
Environmental Specialist 
Amoco Corporation 

Glynn T. Breaux 
Senior Environmental & 

GROUP LEADER 

Mark W. Nordheim 
Coordinator, Air Quality Issues 

Health, Environment and Loss Prevention 
Chevron Corporation 

* * * 

Randolph C.  Bruton, Jr. 
Vice President 
Regulatory Affairs 
Mitchell Energy Corporation 

Michael J. Faust 

Regulatory Engineering Advisor 
Mobil Exploration and Producing, U.S. 

Senior Exploration Geophysicist 
Upstream Planning & Analysis 
Exxon Company, U.S.A. 
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ENVIRONMENTAL REGUL&TIONS SUBGROUP (Continued) 

Orval L. Fouse 
Senior Environmental Specialist 
Health, Environment and 

Loss Prevention 
Chevron Corporation 

Nancy L. Johnson 
Physical Scientist 
Office of Planning and Environment 
Office of Fossil Energy 
U.S. Department of Energy 

R. E. Sidle 
Manager 
Business Analysis 
Shell Oil Company 

Jeffrey P. Zippin 
Chief 
Branch of Environmental Operations 

and Analysis 
Minerals Management Service 
U.S. Department of the Interior 

CONTRll.CT DIVERSITY SUBGROUP 

E. Russell Braziel 
Vice President - Marketing 
Texaco Gas Marketing Inc. 

Toni D. Hennike 
Senior Attorney 
Hunt Oil Company 
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GROUP LEADER 

Bill L. McFarland 
Manager 

Natural Gas Regulatory Affairs and 
Business Development 

Unocal Corporation 

* * * 

Victor W. Hughes 
Manager, Natural Gas Issues 
BP Exploration 

Allan B. Quiat 
Manager, Gas Supply 
Chevron U.S .A. Inc. 



NATIONAL PETROLEUM COUNCIL 

DEMAND .AND DISTRIBUTION TASK GROUP 
OF THE 

NPC COMMITTEE ON NATURAL GAS 

CB.AIRM.AN 

Michael G .  Morris 
Executive Vice President and 

Chief Operating Officer 
Consumers Power Company 

.ASSISTANT TO THE Cll.AIRM.A.N 

Charles F. Belknap (Region S)* 
Director 
Gas Revenue Requirements and Rates 
Consumers Power Company 

* * 

GOVERNMENT COCII.AIR.M.AN 

Diane W. Lique 
Director 
Reserves and Natural G as Division 
Energy Information Administration 
U.S.  Department of Energy 

SECRETARY 

John H. Guy, IV 
Deputy Executive Director 
National Petroleum Council 

* 

Richard L. Itteilag (Region 7) 
Director 

W. R. Finger 
President 
ProxPro , Inc . 

John A. Gartman 
Vice President 

Residential/Commercial Marketing and Sales 
Missouri Public Service (UtiliCorp United) 

Gas Supply and Planning 
Public Service Electric & G as Company 

Michael I. German 
Senior Vice President 
Planning and Analysis 
American G as Association 

Paul D .  Holtberg 
Principal Economist 
Gas Research Institute 

Joseph T .  Hydok (Region 2) 
Executive Vice President G as Operations 
Consolidated Edison Company 

of New York, Inc . 

P. Chrisman Iribe 
Senior Vice President 
U.S. Generating Company 

• Regional analysis leader. See page B-15 
for description of regions. 

Frederick E. John (Region 9) 
Senior Vice President 
Southern California G as Company 

Justin R. King 
Vice President 
Natural Gas Marketing 
ARGO Oil and G as Company 

James R. Lee (Region 3) 
Executive Vice President 
Columbia G as Distribution Companies 

Charles W. Linderman 
Director 
Fossil Fuels and Renewable Programs 
Edison Electric Institute 

James V. Mahoney 
President 
New England Energy Incorporated 
New England Electric System 
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DEMAND AND DISTRIBUTION TASK GROUP 

A. E. Middents (Region 8) 
Senior Vice President 
Gas Operations 
Public Service Company of Colorado 

Donald W. Niemiec 
President 
Union Pacific Fuels Inc. 

R. E. Oerman (Region 6) 
Manager, Natural G as 
Planning & Economics 
Shell Oil Company 

Charles L. Pyle 
Acting Planning Manager 
Mobil Natural Gas Inc. 

David E. Rosenberg (Region 4) 
Specialist, Gas Economics 
Enron Corp. 

Glenn R. Schleede 
President 
Energy Market & Policy Analysis , Inc. 

J. Edward Smith 
Director 
Market Planning & Analysis 
Washington Gas Light Company 

John F. Stefani (Region 1 0) 
Vice President 
Gas Supply & Industrial Marketing 
Washington Natural Gas Company 

Thomas W. Wagar 
Director 
Industrial Marketing 
The East Ohio Gas Company 

Roger A. Young (Region 1) 
President and Chief Executive Officer 
Bay State G as Company 

SPECIAL ASSISTANTS 

Terry W. Day 
Energy Advisor 
Downstream Planning & Analysis 
Exxon Company, U.S .A. 

Daniel A. Dreyfus 
Vice President 
Strategic Planning and Analysis 
Gas Research Institute 

Marita A. Fegley 
Senior Marketing Analyst 
Market Planning & Analysis 
Washington Gas Light Company 

Michael S.  Flaherty 
Economic and Policy Analyst 
The New England Gas Association 

Fred B. Gerber 
Consultant 
Business Development 
ARCO Oil and G as Company 
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Kurtis J .  Haeger 
Sy-stem Planning and Forecasting Manager 
Gas Planning 
Public Service Company of Colorado 

Thomas M. Kiley 
President 
The New England Gas Association 

Walter V. Kolu 
Manager, Gas Planning 
Public Service Electric & G as Company 

Andy S. Kydes 
Senior Modeling Analyst 
Office of Integrated Analysis and Forecasting 
Energy Information Administration 
U.S. Department of Energy 

Richard D. Langley 
Director, Demand Forecasting 
Columbia Gas Distribution Companies 



DEMAND .AND DISTRIBUTION TASK GROUP 

Lad P. Lorenz 
Manager, Supply Operations 
Southern California G as Company 

Frederick J .  Nemer gut 
Vice President 
Reed Consulting Group 

G .  Hayden Sherrill 
Manager, Business Development 
Union Pacific Fuels Inc . 

James M. Todaro 
Senior Analyst 
Reserves and Natural G as Division 
Energy Information Administration 
U.S.  Department of Energy 

DIVISION OF REGIONS 

Region States 

1 Connecticut , Maine , Massachusetts ,  New Hampshire , Rhode Island, and Vermont 

2 New Jersey and New York 

3 Delaware , Maryland, Pennsylvania, Virginia, Washington, D . C . ,  and West Virginia 

4 Alabama, Florida, Georgia, Kentucky, Mississippi, North Carolina, South Carolina, 
and Tennessee 

5 Illinois, Indiana, Michigan, Minnesota,  Ohio , and Wisconsin 

6 Arkansas,  Louisiana, New Mexico , Oklahoma, and Texas 

7 Iowa, Kansas, Missouri, and Nebraska 

8 Colorado, Montana, North Dakota, South Dakota, Utah, and Wyoming 

9 Arizona, California, and Nevada 

1 0  Idaho , Oregon, and Washington 
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N.I.TION.I.L PETROLEUM COUNCIL 

TRANSMISSION .AND STORAGE TASK GROUP 
OF TBE 

NPC COMMITTEE ON NATURAL G.U 

CII.I.IRM.I.N 

William A. Smith 
Chairman and President 
Southern Natural Gas Company 

USUTANT TO THE CII.I.IRM.I.N 

Steven C. Voorhees 
Senior Vice President 
Sonat Energy Services 

Carl J. Croskey 
Vice President 
Facility Planning 
ANR Pipeline Company 

Cortlandt S. Dietler 
Chairman and Chief Executive Officer 
Associated Natural Gas Corporation 

James M. Fay 
Manager 

* 

Utility Systems and Residential/Commercial 
Technology Analysis 

Gas Research Institute 

Roland V. Harris 
Director, Gas Marketing 
Oryx Energy Company 

Joan E. Heinkel 
Branch Chief 
Reserves and Natural Gas Division 
Data Analysis and Forecasting Branch 
Energy Information Administration 
U.S. Department of Energy 

Richard H. Hilt 
Manager, Strategic Planning 
Electric Power Research Institute 
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* 

GOVERNMENT COCII.I.IRM.I.N 

Kevin P. Madden 
Director 
Office of Pipeline and Producer Regulations 
Federal Energy Regulatory Commission 

SECRETARY 

Benjamin A. Oliver, Jr. 
Committee Coordinator 
National Petroleum Council 

* 

Theodore L. Kinne 
Vice President 
Safety, Environment and Operations 
Interstate Natural Gas Association of America 

Lad P. Lorenz 
Manager, Supply Operations 
Southern California Gas Company 

Brian E. O'Neill 
President 
Williams Natural Gas Company 

James S. Prentice 
Senior Vice President 
Group Technical Services 
Enron Gas Pipeline Group 

Robert 0. Reid 
Vice President 
Planning and Evaluation 
Colorado Interstate Gas Company 

Randall G .  Schorre 
Vice President, Engineering 
Tenneco Gas 



TRANSMISSION .AND STORAGE TASK GROUP 

William W. Slaughter 
General Manager 
Strategic Planning and Development 
Texas Eastern Transmission Corporation 

Dan J. Warden 
Manager, Transmission & Exchange 
Amoco Production Company 

J agjit Yadav 
President 
Sabine Pipe Line Company 

Mendal L. Yoho 
Senior Vice President 
Marketing, Supply & Rates 
CNG Transmission Corporation 

SPECIAL ASSISTANTS 

Ruth A. Concannon 
Senior Coordinator 
Gas Supply and Transportation 
The Citrus Marketing Companies 

Annette Del Barrio 
Strategic Planning Analyst 
Texas Eastern Transmission Corporation 

Daniel P. Fowler 
Manager, Competitive Analysis 
Customer Services 
CNG Transmission Corporation 

Peter S.  Gambel 
Senior Business Development Analyst 
Sonat Marketing Company 

Scott J. Garner 

Stephen T. Long 
Competitive Analysis 
Strategic Planning 
Enron Corp . 

Barbara Mariner-Volpe 
Supervisor 
Operation Research Analyst 
Reserves and Natural G as Division 
Data Analysis and Forecasting Branch 
Energy Information Administration · 

U.S. Department of Energy 

W. Norris McKenzie 
Project Manager 
Sonat Energy Services. 

William E.  Murrell 
Special Assistant to the Director Senior Planning Analyst 

Plannihg and Evaluation 
Colorado Interstate Gas Company 

Office of Pipeline and Producer Regulation 
Federal Energy Regulatory Commission 

Don J. Humphries 
Transportation & Exchange 
Amoco Production Company 

J.  Richard Jones 
Staff Vice President 
Policy Analysis 
Williams Natural G as Company 

Edmund P .  Perry 
Corporate Counsel 
Sonat Services Inc. 

William E. Wickman 
Senior Design Engineer 
Tenneco G as 

Joseph L. Yestrepsky 
Project Manager 
Facility Planning 

ANR Pipeline Company 
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NATIONAL PETROLEUM COUNCIL 

REGULATORY .llfD POLICY ISSUES TASK GROUP 
OF TBE 

NPC COMMITTEE ON NJLTUlUlL G.U 

CIIJURMJUf. 

Oliver G .  Richard III 
Chakman and 

Chief Executive Officer 
New Jersey Resources Corporation 

.ASSIST.IlfT TO THE CBAIRMJlN 

Stephen J. Harvey 
· Vice President, 

Physical Risk Management 
Enron Gas Services Group 

Charles W. Bass 
Senior Vice President 
Governmental and Regulatory Affairs 
Atlanta Gas Light Company 

Karen A Berndt 
Director 
Gas Department 
Texaco Exploration and Production Inc. 

Denise A. Bode 
President 
Independent Petroleum Association 

of America 

Douglas R. Bohi 
Director 
Energy and Natural Resources Division 
Resources for the Future 

Nancy S .  Boyd 
Board Member 
Iowa Utilities Board 

Scott L. Campbell 
Partner 
Washington Policy and Analysis 
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* * 

GOVERNMENT COCIIJLIRMJLN 

Clifford P. Tomaszewski 
Acting Deputy Assistant Secretary 
Fuels Programs 
Office of Fossil Energy 
U.S. Department of Energy 

SECRETARY 

Marshall W. Nichols 
Executive Director 
National Petroleum Council 

* 

Salvatore J. Casamassima 
General Counsel 
Exxon Production Research Company 

James M. Coyne 
Manager 
Strategic Planning 
Fina Oil and Chemical Company 

Elisa J .  Grammer 
Partner 
Baller Hammett 

Patricia A. Hammick 
Vice President 
Natural Gas Supply Association 

Frank 0. Heintz 
Chairman 
Maryland Public Service Commission 

R. Skip Horvath 
Vice President 
Rate and Policy Analysis 
Interstate Natural G as Association 

of America 

Glen S .  Howard 
Sutherland, Asbill & Brennan 



REGULATORY .AND POLICY ISSUES TASK GROUP 

James R. Kremen 
Technical Advisor to the Chairman 
Federal Energy Regulatory Commission 

Robert C. Krueger 
Commissioner 
Railroad Commission of Texas 

Robert C. McHugh 
Vice Chairman 
KN Energy, Inc . 

Kay C. Medlin 
Vice President and General Counsel 
Arkla Energy Marketing Company 

Thomas J. Norris 
Vice President 
Rate and Regulatory Affairs 
Tenneco Gas 

Kenneth E. Randolph 
Senior Vice President and General Counsel 
Natural G as Clearinghouse 

William R. Shane 
Indiana, Pennsylvania 

Clark C .  Smith 
President 
Coastal Gas Marketing Company 

William H. Smith, Jr . 
Chief 
Bureau of Rate and Safety Evaluation 
Iowa Utilities Board 

Thomas J .  Vessels 
President 
Vessels Oil & Gas Company 

SPECI&L .USIST.ANTS 

Michael J. Armiak 
Assistant Vice President 
State Regulatory Relations 
ANR Pipeline Company 

Hugh D. Roberts 
Regulatory Affairs Coordinator 
Natural Gas Divison 
Marathon Oil Company 

Sherrie N. Rutherford 
Assistant General Counsel 
Enron Interstate Pipeline Company 

Linda Silverman 
International Energy Analyst 
U.S.  Department of Energy 
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