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  INTRODUCTION


  One of the hallmarks of the U.S. transportation system is its ease of use. Not only are the vehicles cost-efficient, safe, and reliable, but the infrastructure to support them is widespread, efficient, and easy to use. Service stations and truck stops serve a growing fleet of light-duty (LD) and heavy-duty (HD) vehicles.


  For alternative fuel vehicles to achieve a significant market penetration, consumers need to be reasonably assured that they will be able to refuel without undue inconvenience. Vehicle fleet modeling in the LD and HD sector analyses of this study assumed the sufficient and steady-state availability of fuel and fueling infrastructure to support alternative fuel-vehicle systems. This chapter discusses the cost of providing fuel infrastructure, transition hurdles for infrastructure deployment, and potential strategies to minimize the impact of transition hurdles.


  The LD and HD vehicle integrated economic analyses suggest that once a fuel-vehicle system has achieved commercial scale and infrastructure utilization is high, infrastructure costs are likely to be a small portion of the total cost of driving. However, the transition to these potential future states presents a significant hurdle for several fuel-vehicle systems. Concurrent development of both new fuel-vehicle systems and corresponding fuel infrastructure is a major challenge. Widespread deployment of fueling infrastructure without sufficient demand could result in an extended period of low utilization of fuel infrastructure. This chapter also addresses strategies for mitigating transition issues, which include the use of existing infrastructure, targeted deployment, and use of multi-fuel vehicles.


  BACKGROUND: CURRENT GASOLINE AND DIESEL FUEL INFRASTRUCTURE


  As used in this section, “fuel infrastructure” refers to all fixed investments required for fuel production, transmission, distribution, and dispensing systems to support a fuel-vehicle system. While all elements of infrastructure are essential to achieve a viable supply chain, the primary focus of this chapter is on dispensing infrastructure, because this is the area where more significant transition challenges exist for most alternative fuels.


  The current gasoline and diesel fuel infrastructure (including refineries, pipelines, terminals, and service stations) covers the entire country and operates at very large scale. There are approximately 160,000 service stations and 5,000 truck stops in the United States, which supply ~380 million gallons of gasoline per day (blended with ethanol) and ~140 million gallons of diesel per day (blended with biodiesel).[1] Currently there are 0.65 fueling stations per 1,000 LD vehicles. This ratio has been decreasing slowly over time as lower volume stations have closed. The typical gasoline station has four or more dispensers and operates well below its maximum dispensing capacity so that customer waiting time is minimized during peak usage periods. According to the American Petroleum Institute (API), 97% of stations are owned by small businesses. “The major integrated oil companies own about 3% of the retail stations and operate less than half of the retail stations that they do own. The vast majority of branded stations are owned and operated by independent retailers licensed to represent that brand. According to the National Association of Convenience Stores (NACS), more than half of the retail stations in the U.S. are owned by an individual or family. Through various branding agreements, approximately 37% of the retail stations in the U.S. sell fuel under API members’ brands.”[2]


  METHODOLOGY


  The integrated LD and HD vehicle analyses required evaluation of dispensed fuel costs for all alternative fuels, including fixed and variable infrastructure costs, distribution costs, dispensing costs, motor fuel taxes, and others. The infrastructure analysis considered each fuel supply chain individually and assessed the costs for providing widely accessible alternative fuels for transport use. All investments and costs are from published sources, and are consistent with the pathways assessed in the individual fuel-vehicle system supply chain chapters.


  Figure 5-1 provides a summary of the elements that comprise the dispensed fuel cost for the various fuels considered in this study. Costs depicted in the blue shaded boxes are from the Energy Information Administration’s Annual Energy Outlook 2010 (AEO2010); including dispensed gasoline and diesel price, electricity price for transportation, and industrial natural gas price. The cost elements outside the blue shaded boxes were developed and combined with electricity and natural gas prices to develop dispensed fuel costs for electricity, compressed natural gas (CNG), liquefied natural gas (LNG), and hydrogen. To the extent possible, assumptions were normalized to estimate the levelized cost for each of the fuel pathways under review. The infrastructure assessment builds off the three existing distribution infrastructures: electricity, natural gas, and petroleum. Commodity prices (transport gasoline/diesel price, industrial gas price, transportation sector electricity) are from AEO2010 through 2035, and are assumed to include all upstream capital and variable production costs. The cumulative aggregate growth rate from 2030 to 2035 in AEO2010 is used to extrapolate commodity prices from 2035 to 2050. Fuel production (where applicable), distribution, and dispensing fixed and variable costs were assessed as described in detail in Appendix 5A at the end of this chapter. A range of infrastructure costs was used for some pathways, such as hydrogen, where there is greater uncertainty in dispensing infrastructure investment requirements.


  [image: ]


  Figure 5-1. Dispensed Fuel Cost Buildup for Future Transportation Fuels


  Some assumptions were normalized across pathways for consistency. All dispensing fixed infrastructure investments were levelized (i.e., converted to dollars per unit of dispensed fuel), assuming a 10% real weighted average cost of capital and a 20-year economic life for the infrastructure. The infrastructure was assumed to be utilized at full design capacity at all times in this analysis. The sensitivity to underutilization was assessed separately, and is described in this chapter. Federal and state motor fuel taxes for CNG, electricity, hydrogen, and biofuels were assumed to be equivalent to gasoline in cents/mile. Federal and state motor fuel taxes for LNG were assumed to be equivalent to diesel in cents/mile. Details on the tax assumptions are provided in Appendix 5A. A summary of the levelized infrastructure cost ranges for all fuels through 2050 is provided in Appendix 5A (see Table 5A-1).


  Infrastructure transition costs were not quantitatively included in the dispensed fuel cost buildup. The infrastructure costs assessed here should therefore be viewed as the minimum infrastructure costs for alternative fuel pathways.


  RESULTS AND DISCUSSION


  Total Required Infrastructure Investment


  Total required investment provides an indication of the magnitude of the fuel infrastructure challenge. Available literature shows a broad range of values for the minimum number of refueling stations required to support the commercial deployment of alternative fuel vehicles. Table 5-1 shows estimated investment required for fuel production, distribution, and dispensing infrastructure to displace one-third of current gasoline use for gasoline alternatives, and one-third of current diesel use for LNG as a diesel alternative. The data included in this table are derived from the individual fuel-vehicle system sections of this report. One-third of gasoline/diesel consumption is used in the table simply as a common benchmark to compare the relative total cost of displacing a large gasoline/diesel fraction (see Appendix 5B for assumptions). Feedstock production is excluded from this analysis. For alternatives that have relatively higher vehicle efficiency, such as hydrogen fuel cell electric vehicles (FCEVs) and other electric vehicles, this analysis accounts for the fact that not as much energy is required to drive the same number of miles. Although the dispensing infrastructure costs are relatively low on a per-mile basis, the aggregate investment required for each fuel pathway is substantial.
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  Table 5-1. Range of Distribution and Dispensing Infrastructure Investment to Displace One-Third of Current Gasoline Consumption


  Capital investments for gasoline and diesel production and dispensing have been made gradually over decades. The petroleum refining investment to produce one-third of current gasoline would be approximately $100 billion.[3] Since service stations cost well over $1 million per site, including real estate, replacing 50,000+ service stations would cost over $50 billion. The cost to completely reproduce the petroleum infrastructure would be much larger.


  There is significant variation in distribution and dispensing investments required across alternative fuel-vehicle systems, with biofuels, LNG, and electricity having the lowest distribution and dispensing investment cost. Investments required for biofuels production are expected to be high. Investments for biofuel dispensing, however, are relatively low and are not expected to be a long-term barrier. Dispensing infrastructure upgrades are expected be a short-term challenge for individual service stations during transition. Most service stations today do not have equipment that has been certified for ethanol contents above 10%. A typical retail facility having four or more dispensers would pay roughly $80,000 for new pumps that could dispense fuel blends with higher ethanol. Replacing underground equipment requires permits and involves roughly an order of magnitude additional cost.


  Dispensing Infrastructure Cost Per Mile


  Figure 5-2 shows the percentage of the cost of driving of a new vehicle that is attributable to fuel dispensing infrastructure in 2050. This figure shows a range for new small cars—liquid ICEs, plug-in hybrid electric vehicles (PHEVs), battery electric vehicles (BEVs), CNG vehicles, and FCEVs—and for new trucks—LNG vehicles (LNGVs).[4] Consistent with integrated analysis calculations, the “cost of driving” (vehicle plus fuel costs) does not include cost components such as insurance and vehicle maintenance. The analysis below is based on cost estimates derived from available literature, as described in the individual fuel-vehicle system chapters of this report, and summarized in Appendix 5C.
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  Figure 5-2. Dispensing Infrastructure Cost as a Percentage of Costof Driving in 2050


  Once a pathway has achieved commercial scale and infrastructure utilization is high, it is unlikely that dispensing infrastructure costs will be a significant portion of the cost of driving because infrastructure costs will be amortized over a large dispensed fuel volume. The fraction of total cost of driving attributable to dispensing infrastructure ranges from 1 to 8% of the cost of driving, depending on the pathway.


  Dispensed fuel costs, inclusive of taxes, are a small share of the total cost of driving as compared to vehicle costs. This suggests that reducing vehicle costs is more critical for improving the long-term economics of alternatives fuel-vehicle systems (e.g., a 10% reduction in vehicle cost will have a much greater impact on total cost of driving than a 10% reduction in dispensing infrastructure cost).


  The modeling analysis assumed fuel costs based on fully utilized production, distribution, and dispensing infrastructure (see Appendix 5A). With these conditions, all fuel-vehicle pathways achieved significant market penetration under at least some scenarios. This indicates that steady-state infrastructure costs should not be an impediment to the penetration of alternative vehicles, assuming an effective transition from nascent to highly utilized infrastructure can be implemented. Transition phase fuel costs were not considered in the quantitative analysis but are discussed qualitatively in the section below.


  Infrastructure Technology Readiness


  Table 5-2 shows the infrastructure technology readiness for each fuel pathway and is based on the technology assessment described in Chapter Four, “Priorities for Technology Investment.” Technology hurdles for each fuel-vehicle system were assessed using criteria described in Chapter Four. Hurdles identified for each fuel-vehicle system were categorized as either red, yellow, or blue based on these criteria. The table defines the criteria for this categorization and shows the results of this analysis for fuel production, distribution, and dispensing technologies for each of the fuel pathways analyzed.
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  Table 5-2. Infrastructure Technology Readiness


  For most pathways, there are no red or yellow technology hurdles for fueling infrastructure. Corn ethanol and biodiesel pathways are already commercial, and there were no technology hurdles identified that impede deployment of CNG, LNG, and electricity fuel infrastructure. However, the study’s technology assessment identified two areas for technology development for fueling infrastructure. Advanced biofuels production requires technology advancement to achieve commercial scale, and hydrogen compression and storage at a fueling station require advancements to reduce equipment costs and land requirements.


  Transition Challenges


  Providing fuel infrastructure for new alternative fuel-vehicle systems is much more challenging during the transition to commercial scale. A quantitative treatment of LD and HD infrastructure transition was not possible due to uncertainty in transition variables (e.g., scale and utilization), and the differing complexities of infrastructure transition for each fuel pathway (e.g., regional vs. national). The cost and transition time to commercial scale can also vary depending on a number of factors including: vehicle and fuel technology improvement rates, consumer value proposition, penetration rate needed to achieve commercial scale, competition between other alternatives, scope of infrastructure build-out, and ability to use existing infrastructure. There is considerable difference among the pathways in these factors. The wide-scale availability of the conventional fueling infrastructure took many decades to evolve (e.g., railroad, ICE/gasoline/diesel, ethanol). Small-scale introductions of alternative fuel infrastructure can occur much more quickly in small segments (e.g., a natural gas city bus refueling system).


  The infrastructure hurdles that need to be overcome for a fuel-vehicle system to be deployed at commercial scale were assessed, and a summary is shown in Table 5-3. Many hurdles deal with the availability of fueling stations and the significant challenge of attracting investment capital when the accumulated vehicle population is low.
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  Table 5-3. Key Priorities to Facilitate Widespread Deployment of Infrastructure


  Concurrent development of both new vehicles and fuel infrastructure is a major transition challenge for new fuel-vehicle system adoption. Widespread deployment of fueling infrastructure without sufficient demand could result in an extended period of low utilization of fuel infrastructure. Figure 5-2 assumed that fueling infrastructure is available and fully utilized, and that vehicle production is at scale. Introduction of vehicles without convenient access to fueling infrastructure is likely to hinder vehicle adoption by consumers and reduce the ability of the vehicle manufacturer to reach production volumes that would lead to cost reductions and increased market penetration. This concurrence conundrum leads to uncertainty about infrastructure investment and vehicle purchases, which contributes to the infrastructure transition barrier.


  Low Utilization


  Concurrent deployment of vehicles and fuel infrastructure has the potential to lead to low initial capacity utilization of fuel infrastructure. This dynamic could result in a transition period during which dispensing infrastructure is underutilized or there are fewer fueling sites than needed to support vehicle introduction. Initial low fuel demand also provides little incentive for new alternative fueling infrastructure investment. Figure 5-3 illustrates the sensitivity of dispensed fuel cost to infrastructure utilization levels by depicting the relative cost of fuel as a function of dispensing capacity utilization in 2050. Costs are normalized to the corresponding dispensed cost of fuel at 100% design-capacity utilization in 2050. At lower utilization, infrastructure costs are assumed to be recovered over the lower dispensed volume base, resulting in increased dispensed fuel costs.
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  Figure 5-3. Relative Cost of Fuel as a Function of Fuel Dispensing Infrastructure Utilization Levels in 2050


  Figure 5-3 compares the relative fuel cost required for a range of dispensing infrastructure utilization levels from full capacity down to 10% design capacity. It assumes all dispensing infrastructure costs are recovered through increases in dispensed fuel costs. The graph is normalized to the fuel cost for each pathway at 100% design capacity utilization. The duration and extent of underutilization of dispensing facilities is likely to be different for each pathway. If the infrastructure is significantly underutilized, dispensed fuel costs would rise and may contribute significantly to the total cost of driving.


  Some pathways have the option to deploy smaller stations or modular islands in existing gasoline retail facilities during transition to minimize the risk of underutilization. While the risk may be partly mitigated by this strategy, the cost per unit for these smaller facilities is likely to be higher due to lack of economies of scale. In the case of BEVs, infrastructure cost estimates are sensitive to assumptions of charger density. The risk of underutilization of public/commercial charging facilities will depend on the accuracy of the projection of the total number of plug-in electric vehicles (PEVs) and the ratios of electric vehicle supply equipment to vehicles. The potential for underutilization is lower for PEVs using residential charging.


  It is noteworthy that different fuels have different sensitivities to utilization level, even at the improved installation costs assigned to systems in 2050. LNG is less sensitive to utilization due to the throughput volumes at HD vehicle fueling sites. Fuel cost for electric vehicles is less impacted by low utilization of dispensing infrastructure because recharging costs are modeled to decrease significantly with time. Similar cost reductions are modeled for hydrogen (see Chapter Fifteen, “Hydrogen,” as well as Chapter Thirteen, “Electric,” and Appendix 5A of this chapter). If the projected reductions in infrastructure costs are not realized, the dispensing costs for BEVs and FCEVs and their sensitivity to underutilization could potentially be greater. The fuel cost for FCEVs is most impacted by low utilization. Although compressed natural gas vehicles (CNGVs) and FCEVs both use natural gas as the primary energy input for fueling, the impact of underutilization of hydrogen infrastructure is high because infrastructure costs represents a larger share of total dispensed fuel cost.


  Mitigation Strategies for Transition Issues


  While there are significant challenges to be overcome to widely deploy alternative fuels, there are potential strategies that can help mitigate transition issues. These strategies include but are not limited to the following:


  •Leverage infrastructure that is already in place for build-out of alternative fuel infrastructures


  •Target initial infrastructure deployments to specific geographic areas, transit corridors, fleets, or other niche application vehicles


  •Use vehicles that can run on more than one fuel, such as flexible-fuel vehicles or PHEVs.


  It should be noted that these strategies may be used independently or combined in order to mitigate transition issues.


  Build Off Existing Infrastructure


  Current infrastructure can be leveraged to potentially reduce initial investment and facilitate a faster transition. The extent to which different fuel supply chains can leverage existing infrastructure during transition varies by fuel type. Biofuels (if infrastructure-compatible biofuels are developed) and electricity have the greatest opportunity, followed by natural gas and then hydrogen.


  Biofuels


  Existing petroleum terminals and service station networks can continue to be used for distributing biofuels. A significant infrastructure is in place for transporting and blending biofuels at terminals. If biofuel demand increases, then additional investment may be needed for rail transportation and other distribution infrastructure. While there are no technical hurdles for retrofitting existing service stations to dispense ethanol blends above 10%, in the near term the investment required may pose a challenge for station owners.


  Electricity


  There is already an extensive electric power generation, transmission, and distribution infrastructure in the United States. According to AEO2010, the current U.S. electricity consumption across all sectors is 12.3 quadrillion BTU. Assuming electricity displaced a third of current gasoline consumption in LD vehicles, an additional 1.9 quadrillion BTU[5]—approximately 15% of current consumption—of delivered electricity would be needed. This rough estimate accounts for the higher efficiency of electric vehicles. In perspective, AEO2010 projects that an additional 3.6 quadrillion BTU of delivered electricity across all other sectors will be required through 2035. Assuming that a substantial portion of BEV charging occurs overnight during off-peak times, transportation demand for electricity could potentially leverage existing electricity production and transmission infrastructure. As described in Chapter Thirteen, capacity can be added to support increased transportation demand within existing business practices.


  Some vehicle owners have convenient access to electrical outlets for vehicle charging. These outlets could enable the charging of certain plug-in hybrids. However, the widespread adoption of vehicles with larger batteries such as BEVs will most likely require higher-capacity, more-costly home charging and potentially public charging infrastructure.


  Natural Gas


  An extensive natural gas distribution infrastructure also exists today. According to AEO2010, current U.S. natural gas consumption across all sectors is 21.2 quadrillion BTU. Assuming natural gas displaced 30% of current fuel for LD and HD transport, an additional 6–7 quadrillion BTU of natural gas, approximately 30% of current consumption would be needed. In perspective, AEO2010 projects that an additional 2.3 quadrillion BTU of delivered natural gas across all other sectors will be required through 2035. In the near term, the existing natural gas distribution network is expected to be adequate to support transitional LD vehicle CNG demand for transportation. However, in the long term, significant investments in production, transmission and distribution infrastructure will be needed to support widespread deployment of natural gas in transport. A Department of Energy study estimates this investment to be on the order of 100–200 billion dollars.[6]


  For near-term LD vehicle natural gas dispensing, a modular approach could be taken that would add CNG fueling capability to existing service stations. This approach minimizes the potential for under-utilization of dispensing facilities, while keeping infrastructure investments manageable. However, it does not take advantage of economies of scale benefits. When demand increases, larger more capital intensive dedicated CNG stations could emerge and capture benefits of scale.


  LNG production and distribution is a mature technology. Many existing LNG “peak-shaving” facilities are used to store surplus natural gas that is distributed by truck to meet local demand during peak consumption periods. LNG stations for HD vehicle fueling will likely be deployed similar to the way diesel fuel is deployed—through large truck fueling stations or at truck depots for individual trucking companies. LNG could also be used to provide CNG fuel for LD vehicle applications.


  Hydrogen


  Industrial grade hydrogen production is a mature technology, and there are existing hydrogen production facilities that may be utilized in the early stages of hydrogen FCEV deployment. Additional investments may be needed to produce commercial quantities of high-purity hydrogen for FCEV use. New hydrogen plants that manufacture hydrogen via steam methane reforming could leverage the existing natural gas distribution network for feedstock. However, of all the alternative fuels addressed in this study, hydrogen would be least capable of taking advantage of the existing distribution and dispensing infrastructure. While dispensing infrastructure costs could be reduced by deploying dispensers at current service stations, significant new investment in dispensing infrastructure would be required.


  Local, Corridor, or Niche-Application Deployment


  Another transition strategy is to minimize required infrastructure investment by targeting initial deployments to specific geographic areas, transit corridors, fleets, and/or other niche-application vehicles (e.g., buses, delivery trucks, etc.). Focused deployment of infrastructure can improve utilization of infrastructure during transition, thereby helping to overcome the transition barrier described previously. This strategy could be most effective in high-volume freight corridors for natural gas fueled HD vehicles, and in regions with high population density for LD vehicles. Ethanol is an example of a regionally focused deployment of infrastructure. Gasoline-ethanol blends were first introduced in the Midwest, near corn supply and ethanol production facilities, and gradually spread to other areas of the country. This was made possible because the existing vehicle inventory was able to use ethanol blends, and ethanol was able to leverage the existing hydrocarbon liquid distribution system.


  To improve infrastructure utilization, alternative fuels are often targeted to fleets with centralized fueling facilities (e.g., buses, taxis, commercial fleets, etc.). Medium-duty (MD) and HD vehicles are more likely to be centrally fueled than LD vehicles and access to the public is often limited, but during an initial transition period, alternative LD vehicles may be able to use fleet dispensing infrastructure.


  There are distinct differences between LD and HD vehicle fueling practices and transportation economics. The following could reduce the infrastructure transition barriers for natural gas in MD and HD vehicles:


  •A substantial number of HD trucks have high annual mileage, with some trucks traveling over 200,000 miles per year. A higher annual fuel cost means quicker payback for less expensive alternative fuels, providing economic incentive to overcome the transition barrier.


  •Class 7&8 combination vehicles tend to fuel at major truck stops and at centralized depots. Both fueling locations typically dispense large volumes of fuel, shortening the payback period for station operators/investors. With a limited number of high-volume fueling stations, it would be easier to reach a certain threshold percentage of stations with a new fuel.


  Multi-Fuel Vehicles


  Flexible-fuel, bi-fuel, and plug-in hybrids also facilitate transition by allowing vehicle deployment prior to widespread fuel supply, and by allowing the build-out of fueling infrastructure to be better matched to vehicle sales to increase infrastructure utilization. There are, however, vehicle cost and technical limitations to this strategy. Bi-fuel vehicles add additional cost and weight to the vehicle to provide capability for two separate fuels. Flexible-fuel gasoline/ethanol vehicles have been introduced widely in Brazil and the United States, and require additional vehicle cost compared to a conventional vehicle.


  Pathway Transition Issue Summary


  Each alternative fuel pathway has unique advantages and disadvantages in leveraging these strategies and overcoming the challenges described. Tables 5-4 and 5-5 provide summaries of advantages and disadvantages of the various fuel options for LD and HD vehicles.
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  Table 5-4. Summary of Infrastructure Advantages and Disadvantages for Light-Duty Vehicles
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  Table 5-5. Summary of Infrastructure Advantages and Disadvantages for Heavy-Duty Vehicles


  FINDINGS


  1.Widespread availability of fuel infrastructure and concurrent development of both new vehicles and fuel infrastructure is necessary for the adoption of alternative fuel-vehicle systems.


  2.Once a pathway has achieved commercial scale and infrastructure utilization is high, infrastructure costs are likely to be a small part of the total cost of driving.


  3.Significant investments are needed for wide-scale availability of each alternative fuels infrastructure.


  4.The need for concurrent development of both new vehicles and fueling infrastructure is a significant transition barrier because fuel infrastructure design capacity utilization would be low in the early years and, therefore, fuel costs would be higher than those projected at steady state.


  5.There are strategies for mitigating transition issues:


  –Build off existing infrastructure to potentially minimize initial investment and facilitate a faster transition.


  –Use localized, corridor, or niche-application deployment to maintain higher dispensing infrastructure utilization levels during transition.


  –Use flexible-fuel, bi-fuel, and plug-in hybrids to facilitate transition by allowing vehicle deployment prior to widespread fuel supply.
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  INFRASTRUCTURE AND DISPENSED FUEL COST ASSUMPTIONS


  •Infrastructure calculations assume design capacity is fully utilized. (Dispensing infrastructure costs in $/gallon gasoline equivalent can be found in Table 5A-1.)
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  Table 5A-1. Summary of Levelized Dispensing Infrastructure Costs (2008$/Gallon Gasoline Equivalent), Assuming Full Utilization of Design Capacity


  •Dispensed fuel cost ($/gallon gasoline equivalent) includes all production, distribution, and dispensing costs, and fuel taxes.


  –Assumes commodity price (gasoline price, industrial gas price, transportation electricity) includes upstream capital and variable production costs.


  –In the LD/HD quantitative analysis, biofuels pump price was assumed to be same as that of gasoline or diesel, into which the biofuel was blended.


  –Taxes for CNG, electricity, biofuels, and hydrogen assumed equivalent to gasoline in cents/mile.


  –Taxes for LNG assumed equivalent to diesel in cents/mile.


  •Dispensing infrastructure investments leveled (i.e., converted to 2008$/gallon gasoline equivalent) assuming 10% real weighted average cost of capital and 20-year economic life.


  •Fuel costs through 2035 from the Energy Information Administration’s AEO2010; extrapolation to 2050 uses AEO compound annual growth rate from 2030 to 2035.


  –Transportation gasoline, diesel and electricity, industrial natural gas price for natural gas and hydrogen.


  –High and low defined by AEO2010 High Oil Price Case and Low Oil Price Case, respectively.


  MOTOR FUEL TAX ASSUMPTIONS


  •Motor fuel taxes for gasoline and diesel in dollars per gallon gasoline equivalent are from the AEO2010 until 2035.


  –Assumes federal taxes are constant in nominal dollars.


  –Assumes state and local taxes are constant in real dollars.


  •From 2036 to 2050, gasoline and diesel taxes are extrapolated using VISION’s extrapolation factors for total fuel price (which is inclusive of taxes).


  •Taxes are normalized to gasoline and diesel on a cents/mile basis.


  –Taxes for CNG, biofuel, hydrogen, and electricity are assumed to be equivalent to gasoline in cents/mile.


  –Taxes for LNG assumed to be equivalent to diesel in cents/mile.


  •Average test fuel economies (2015–2050) to calculate taxes in dollar per mile and in dollars per gallon gasoline equivalent are shown in Tables 5A-2 and 5A-3, respectively.
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  Table 5A-2. Motor Gasoline Taxes in Dollars per Mile (2008$)
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  Table 5A-3. Motor Gasoline Taxes in Dollars per Gallon Gasoline Equivalent (2008$)


  •Miles per gallon gasoline equivalent for gasoline is weighted average of conventional (65%) and hybrid (35%) vehicle fuel economy.


  •Taxes (dollars per gallon gasoline equivalent) = Taxes (dollars per mile) * Miles per Gallon Gasoline Equivalent.
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  •Amount of alternative fuel required to displace one-third of current gasoline use for gasoline alternatives, and one-third of current diesel use for LNG as a diesel alternative (quadrillion BTU) is based on the AEO2010 estimates for 2010 consumption of motor gasoline and diesel fuel, which are ~140 billion gallons per year and ~45 billion gallons per year, respectively.


  •Average fuel economy ratio (i.e., ratio of fuel economy of alternative fuel vehicle to conventional vehicle) for CNG, hydrogen FCEV, electric vehicles (PHEV10, PHEV40, BEV) and LNG are assumed to be 1.0, 1.95, 3.1, and 0.95, respectively.


  •Production Investment:


  –CNG. Industrial natural gas prices (from AEO2010) used in the quantitative analysis are assumed to include levelized capital recovery cost for natural gas production and pipeline distribution. Widespread deployment of natural gas vehicles will require investment in additional production and distribution capacity, which is not quantified here.


  –Hydrogen. Assumes centralized production via steam methane reforming (SMR); Investment estimate based on $500–$1,500/kg-daily installed capacity for centralized SMR (see Chapter Fifteen, “Hydrogen”). Investment estimates do not include investments required for feedstock natural gas production and distribution to SMR facility. If surplus industrial-grade hydrogen is available, the total investment needed in new SMR hydrogen production capacity may be lower. However, some investment will be needed to produce high-purity hydrogen for FCEV applications.


  –Electricity. Transportation sector electricity prices (from AEO2010) used in the quantitative analysis are assumed to include levelized capital recovery cost for electricity generation, transmission and distribution. Widespread deployment of electric vehicles will require investment in additional generation, transmission, and distribution capacity, which is not quantified here.


  –Biofuels. Based on $64,000–$112,000 $/daily barrel installed capacity for biofuel production by pyrolysis (see Chapter Twelve, “Biofuels”).


  –LNG. Based on LNG liquefaction plant investments at ~$30,000/daily-diesel-energy-equivalent-barrel installed capacity (see Chapter Fourteen, “Natural Gas”). Range of fixed investment for liquefaction, assuming 50–80% utilization. Does not include investment required for natural gas production or distribution to the liquefaction facility.


  •Dispensing Investment:


  –CNG. Range of dispensing investments correspond to dedicated CNG stations (lower) versus modular CNG island (higher). Dedicated CNG stations at $2.5 million per station, dispensing 1 million gallons gasoline equivalent per year of CNG (~$38,000/daily-gasoline-energy-equivalent-barrel capacity). Dedicated CNG stations assume $1 million for land and $1.5 million for fixed installed equipment. Modular island costs of $400,000 dispensing 250 gallons gasoline equivalent/day (~$67,000/daily-gasoline-energy-equivalent-barrel capacity).


  –Hydrogen. Assumes truck distribution with fixed trailer investment of $500,000 per trailer with capacity of 400 kg/day. Lower end of dispensing investment based on average lower bound investment estimate for 2015–2050, high end of dispensing investment based on average upper bound investment for 2015–2050. Stations assume dispensed volume is 85% of max installed capacity. Investment estimates for dispensing are as shown in Table 5B-1.
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  Table 5B-1. Range of Hydrogen Dispensing Infrastructure Investment


  –Electricity. Assumes no additional investment for electricity distribution; range of dispensing investment based on average dispensing infrastructure estimates for 2015–2050 for PHEV10, PHEV40, and BEV100 (levelized infrastructure estimates range 60 to 80 cents per gallon gasoline equivalent). The infrastructure estimates are strongly dependent on charger density assumptions, which are uncertain at this point of time.


  –Biofuels. Assumes incremental investment of ~$10 billion to distribute additional 30 billion gallons per year of ethanol, at $0.47/ethanol-gallon-year investment in distribution (based on RFS2 regulatory impact analysis); dispensing infrastructure estimate of $10–30 billion to modify 33–100% of existing dispensers to handle E10+ ethanol blends


  –LNG. Assumes truck distribution with variable costs only; dispensing infrastructure investment ($10–20 billion) based on building dedicated LNG stations at $1.75 million per station of 3.5 million diesel equivalent gallons per year dispensed capacity. Range based on utilization of 50–100%.
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  BIOFUELS


  Dispensing Infrastructure investment ~$10 billion:


  •Investment required to upgrade dispensers at retail facilities to handle ethanol-gasoline blends up to E85.


  Distribution Infrastructure:


  •Ethanol infrastructure upstream of service station (terminal, rail, etc.) to reach RFS2 volumes (incremental 19 billion gallons per year) is $9 billion, which translates to $0.47/gallon/year of ethanol distributed.


  •Assume total distribution infrastructure investment ($ billion) is ethanol volume (billions of gallons per year) x $0.47/gallon/year.


  •Diesel biofuels assumed to have same or lower cost as ethanol.
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  COMPRESSED NATURAL GAS


  For details on natural gas infrastructure inputs and references, refer to Chapter Fourteen of this study, “Natural Gas.” Figure 5C-1 shows fuel cost buildup for dispensed compressed natural gas.
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  Figure 5C-1. Compressed Natural Gas Dispensed Fuel Cost Buildup


  LIQUEFIED NATURAL GAS


  Figure 5C-2 shows fuel cost buildup for dispensed liquefied natural gas.
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  Figure 5C-2. Liquefied Natural Gas Dispensed Fuel Cost Buildup


  HYDROGEN


  For details on hydrogen infrastructure inputs and references, refer to Chapter Fifteen of this study, “Hydrogen.” Figure 5C-3 shows fuel cost buildup for dispensed hydrogen.


  [image: ]


  Figure 5C-3. Hydrogen Dispensed Fuel Cost Buildup


  ELECTRICITY


  For details on electricity infrastructure inputs and references, refer to Chapter Thirteen of this study, “Electric” (section “Inputs for Integrated Analysis”). Tables 5C-1 through 5C-5 show electricity infrastructure assumptions.
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  Table 5C-1. PHEV10 Charger Density Assumptions
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  Table 5C-2. PHEV40 Charger Density Assumptions
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  Table 5C-3. BEV100 Charger Density Assumptions
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  Table 5C-4. Electric Charger Cost Assumptions
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  Table 5C-5. Utility Factors and Vehicle Efficiency (on Electricity)


  The levelized electric charging infrastructure costs (i.e., infrastructure $/gallon gasoline equivalent) in Appendix 5A are calculated as follows:


  •Using charger density assumptions (i.e., number of various types of chargers required per vehicle) and Installed Charger Costs ($/type of charger) shown in the tables in this appendix, a weighted average cost of charging infrastructure per vehicle is calculated.


  •The average miles traveled by the vehicle per year, utility factors (fraction of total miles on electricity), and vehicle efficiency (watt-hours/mile on electricity) is used to calculate total electricity consumption by the vehicle per year (gallon gasoline equivalent/year).


  •The cost of charging infrastructure is levelized over the total electricity consumed by the vehicle over its economic life (20 years), assuming a 10% weighted average cost of capital.


  [image: ]


  1Station count from NPN MarketFacts 2008; truck stop count from America’s Independent Truckers’ Association Inc. (website) Truck Stop Locations (http://www.aitaonline.com/TS/Locations.html); and liquid fuels consumption data from Energy Information Administration’s Annual Energy Outlook 2012 Early Release.


  2API website, Oil & Gas Overview: Service Station FAQs, http://www.api.org/oil-and-natural-gas-overview/consumer-information/service%20station%20faqs.aspx.


  3National Petroleum Council website, Hard Truths study, Topic Paper #16, “Refining & Manufacturing,” http://www.npc.org/Study_Topic_Papers/16-STG-RefiningManu.pdf.


  4Vehicle costs are amortized over 112,000 discounted miles for small cars (light duty), 754,000 discounted miles for LNG Class 7&8 trucks, and 154,000 miles for LNG Class 3-6 trucks. Calculations are based on an assumed 3-year time horizon (described in the light-duty and heavy-duty analysis chapters of this report). The utility factors for PHEV10 and PHEV40 with ubiquitous charging are 0.5 and 0.8, respectively (PHEV10 allows up to 10 miles of driving in all-electric mode and PHEV40 allows up to 40 miles of driving in all-electric mode). Dispensing infrastructure costs shown for PHEV are for electricity only. Liquid ICE is the total cost of driving for a mix of 65% conventional and 35% hybrid vehicles powered by a gasoline-biofuel blend. Infrastructure costs shown for liquid ICE are incremental levelized dispensing infrastructure costs to accommodate higher (E10+) biofuel blends.


  5Only 1.9 quadrillion BTU of electricity is needed to displace 5.7 quadrillion BTU of gasoline, due to ~3x higher tank-to-wheel efficiency of plug-in electric vehicles (on electricity), relative to gasoline LD vehicles.


  6G. A. Whyatt, Issues Affecting Adoption of Natural Gas Fuel in Light- and Heavy-Duty Vehicles, PNNL-19745, prepared by Pacific Northwest National Laboratory for U.S. Department of Energy, September 2010.

OEBPS/Images/Tbl5-002.png
Infrastructure Technology Readiness Status.

Production wibution Dispensing
Com Ethanal ] ] ]

Advanced Biofusls mn ] ]
etcuicly u n u
Hydrogen | | u |
Natural Gas [ | [ | u

= RED: Ranges from Basic Research to Technology Demonstiaton. These hurdies requre nvention or
have high uncertaity

 YELLOW: Ranges from Technology Development o Technology Demonstration. For these hurdies,
a pathway for success has been demonsirated and signiicantl tested, but sustained effor i required
1o achieve wide scale material volumes

= BLUE: Systems commissioning or operatonal. These hurdies have minima or o barriers o wide.
scale materal volumes.





OEBPS/Images/Tbl5C-003.png
[ N B =

s T s | s
o | e et
e e
e o TR
xlosomTJemlon e [one Foon [omm
= lonom| enlon e [ooe oon [omm
2025 | 020 osa‘ FMD‘DW | nms‘omn‘nnm’nwz
2030 | 020 080‘ vuzn‘nw T nws'nmo.unmvuwz
o loson Jemlon o [one [oon [omn
e om Temlon e [oou oon [omm
2045 | 020 aaa‘ »Mn.n” I nms‘onm‘ums’nmz
2050 | 020 OBO‘ vn2u‘nm T 0,005 oma.nnm.nwz

Mot L1 =Lvel 1 Chargg ow power L2 = Lev! 2 Crarging (edum power) LUDG = Dict Curter FastChargng (hh pome.





OEBPS/Images/app5c.png
APPENDIX SC:
ALTERNATIVE FUEL PATHWAY






OEBPS/Images/Fig5-003.png
35

& 4 .
80
g Jre—
g R ost
£
H -
5 20
2
g
s -
H - — —_
. _—
I O
o PrEVBEY oo Foey

"DISPENSING INFRASTRUGTURE UTILIZATION RATE (PERCENT)

Nees raph s nomaszadtofu cost a 10% desncapacky wizan.
e v shown o PHEVIEV s he sversge o PHEVAD. PHEVAD30d BEVIGH i h byt chargn scenars (e s
minkral g of uades dcalon I reekients only Charging sosner.





OEBPS/Images/Tbl5-001.png
Compressed

e e =
- SR
= S e

=y o v s
e 4060 1020

T stmste s basd o nw steom methae rfomang i sl ndustiarrsd nycogen  avaiae o s
esimantwoud b ows, Howevt o mesirat wou o sty yogen o s vl sppesions.
Dl conronan s o 5 ok o LNG e o s cnsmon





OEBPS/Images/Tbl5C-004.png
Tota Ifrastructure Costs (Including Installation)

I T B B
2015 700 I 2,300 50,800 1.400 I 7,500 50,800
2020 600 | 2,000 44,500 1,200 I 6100 44,500
o T o o [ | o
2030 500 I 1,600 41,600 1,100 I 4,800 41,600
2040 400 I 1,200 39,000 900 I 4,600 39,000
e T o o o
N SRR

Mot L1= Lol 1 Crarng (o powe: L = Lovel 2 Chargn (mum pows: LY = Diec Crer Fast Chargn (o powe).





OEBPS/Images/Tbl5-005.png
Potential Infrastructure Disadvantages |  Potential

Biofuels | = Limited supply o bofuel for desel * Potental o leverage existng petroleum
vehicies. product pipeline network, and blending
terminals.

* Growing number of vehicies with
capabilty to handie bifuel bends.

Natural Gas | » Low heavy-duty inventory of  Conceniraton on feight corridors
(CNGILNG) natural gas vehices creates ik of Increases likelood of higher utization.
underutized nfiastructure. * Retum-to-base flees (e.. city buses,
garbage trucks, taxs, etc) enable
centralzed refueling with high utiizaton
 LNG production and distribution
techmology s well estabished.

* Potental to leverage exising natural
a5 production and distibution network.
minimizes upftont investment in
producton and distributon infrastructure.





OEBPS/Images/Title.png
CHAPTERFIVE

INFRASTRUCTURE





OEBPS/Images/Tbl5-004.png
Potental Infrastructur

icture Advantages

Disadvantages | Potential i

Biofusls | Costs o retoft existing dspensers and |  Potental o leverage exising petrleum
o upgrade underground equipment product bending terminals.
o accommodae igher lvel biofuel
blends. * Growing number of vehicies with flex-

fuel capabilty.

‘Additional distributon costs reltive fo
conventional fuels.

* Technology hurdles that need to be
overcome to commercialize advanced
biofuel pathways.

Natural Gas | » Insuffcient LD vehice natural Potental o leverage exising natural
(eNG) gas demand generates iskof gas producton and distibution network,
Underutization minimizes upffontinvestment i produc-
tion and disrbuton nfrastructure,
 Lower range of CNG vehicies creates:
greater need for convenient access Potental o leverage fleetHD natural
o refueling; smallr, geographically gas infrastructure for LD vehices.
dispersed dispensing facltes are
more expensive than large, dedicated
stations at equivalent tolal dispensed

volume

Eloctricity |+ Low electic vehicl inventory creates | » Existng esidential Level 1 charging
poor incentive fo invesiment in publi/ | capabilty in some homes, and plug-n
workplace charging nfiasructure due | hybrids enable eary adoption of PEVS.

to isk of under utizaton

PEV fuels costs are less sensitve 1o
infrasiructure utizaton levels.

Potental o leverage existng g,
minimizes upffontinvestment in
elecrcy generation, ransmission
and distibution to meet eary transport
demand

Hydrogen | = Insufficient LD venicie hydrogen Production technology is well
demand generatesrisk ofnfasiructure | established on commercil scale for

underutization. Dispensed hydrogen | industrial grade (low puy hydrogen),
costs are more sensitve (o nfasiruc- | which may be leveraged during inial
ture utization levels than ofher uels deployment. However, additonal

investment may be needed o produce.

* Technology hurdies that need fo ‘commercial quanties of high pury
be overcome to minimize foolpint ydrogen for FOEVs.
for hydrogen compression, storage
and distribution:lower fooprintis * Can build of of natural gas ifrastucture:
eeded to enable etrfitof most retail | 1o provide feedstock for ydogen

establshments. production.






OEBPS/Images/Tbl5C-001.png
Home Charging
Scenario

Residential

Ublquitous Charging

Scenario

Workplace | Commercial

Home Charging
Scenario

Ublquitous Charging

Scenario

o0 0 oz

210 007
15 | 100 100 027 | 007
220 | 100 100 027 | oor
2025 | 1.00 blm‘ ‘nzl omb
2030 | 1.00 .uw' 'n27 un‘rv
209 | 100 100 027 | 007
200 | 100 100 027 | oor
2005 | 100 100 021 | 007
2050 | 1.00 .ma‘ ‘nz‘l nm’

Mot L1 =Lvel 1 Chrgn fow powr: L2 Leve 2 Chargng (mediompawer; LUDC.= Dt Curent FastCharg (i power.





OEBPS/Images/app5a.png
APPENDIX SA:
DISPENSING INFRASTRUCTURE
CcCOST






OEBPS/Images/Fig5C-002.png
From AE02010 Low,
Reference, and High

DISPENSED LNG

ISEUEEERICE

Note: GGE = galon gasaiine equivalent

* Assumes perplant LNG producon capaciy of 4.8 milln galons
of gasolne equialent peryear requiing a capital mvestment of
70 mion pe lquefacton lant, and operatng at 80% uization
Wit variaio operatng and maintenance cass o $0.25 per gallon
of gasoline equivalent dispensed.

1 Assumes a perstaion LNG dispensing capacity of 39 millon
gallons ofgasoline equivalent per year,requiing a capial invest-
ment of 175 milion fr LNG dispensing nfastructre and $300
thousand for CNG dispensing ifiastrcture at each staon, and
varable operating and mainienance costs (ncluding fand lease
and on-sie llqud sorage exponses) of betweon $0.24 and 5032
‘per galon of gascine equivalent dispensed.





OEBPS/Images/Tbl5A-002.png
2010 | 2015 | 2020 | 2025 | 2030 | 2035 | 2040 | 2045 | 2050
Gasoline 43| 0010 0,009 | 0,009 | 0,009 | 0,008 | 0,008 | 0.009 | 0,009 | 0,010
Diesel 38| 0011 | 0010 | 0010 | 0008 | 0008 | 009 | 0008 | 0010 | 0010
oNG 43| 0010 0,009 | 0,009 | 0.009 | 0.008 | 0,008 | 0.009 | 0.009 | 0,010
e % | 0011|0010 0010 | 0,009 | 0,009 | 0,009 | 0.009 | 0,010 | 0,010
Biofuel 43| 0010 0,009 | 0,009 | 0,009 | 0,008 | 0,008 | 0.009 | 0,009 | 0,010
Hydrogen 84| 0010 0,009 | 0,009 | 0,009 | 0,008 | 0,008 | 0,009 | 0,009 | 0,010
PHEV10-Electricty | 123 | 0010 | 0009 | 0003 | 0.009 | 0,008 | 0.008 | 0.009 | 0,009 | 0010
PHEV40 ~Electricty | 128 | 0010 | 0009 | 0,003 | 0,009 | 0,008 | 0.008 | 0,009 | 0,009 | 0010
BEV100Electricity | 148 | 0,010 | 0,009 | 0,009 | 0,009 | 0,008 | 0,008 | 0,009 | 0,009 | 0,010

MPGGE = s po gaon gasoine equvent





OEBPS/Images/Fig5-002.png
10

PERCENT

LQUIDICE PHEVIO  PHEVAD  BEVIOD  LNGV | LNGV | CNGV  FCEV
(BIOFUEL) CLASS 788 CLASS 35

Note: Graph shows range for new small car (ikuid ICE, PHEV, BEV, CNGY, and FCEV) and new truck (LNGV).





OEBPS/Images/line.png





OEBPS/Images/Tbl5A-001.png
pensing
infastructore | 2015 | 2020 | 2025 | 200 | 2035 | 2040 | 2045 | 2050
(2008$/GGE")
oNG 0% | 038 | 03 | 038 | 038 | 038 | 038 | 038
e 006 | 006 | 006 | 006 | 006 | 006 | 006 | 006
PHEVIO—
S 105 | oss | o7 | oss | o4 | o | o2 | o015
PHEVAD -
P 125 | 100 | ose | o7 | oss | oar | oz | o7
BEVI00—
R 152 | 120 | 104 | oss | os7 | o4 | o3 | o020
PHEV10—
G 127 | 105 | oso | o7 | oss | oso | oso | oa
PHEVAD -
e 112 | ow | o7 | oes | ost | o3 | o2 | o
BEVI00—
e 155 | 120 | 105 | osr | oss | os0 | os | oz
i 266451 | 178341 | 178341 1.32:190| 1.32:1.90 | 1.32:1.90 | 1.32:1.90 | 132190
Hydrogen

“Galon gesaine squralet(GGE) = 126 00 BTU.






OEBPS/Images/Cover.jpg
ADVANCING

CHAPTER FI!

INFRASTRUCTURE





OEBPS/Images/Fig5C-003.png
HYDROGEN

AND DISPENSING

DISPENSED

Note: GGE = galon gasaiine equivaent

* Assumes a levelzed ied costof hydrogen delvery of $0.34 per
gallon of gasoline equivalont (assumes trucks delver at ull apac-
1y 1 400 kgiday over a 0 year fe)and variabe istnbulon costs
of etween 5091 (nthe longlerm) and 5141 (n te shortiem)
per galln o gasoine equnalent.

+ Assumes  pr-staton hydrogen dispensing capaciy of between
55 thousand and 310 thousand gallns of gasoine equnvalen per
year (mulituelstaton scenario),requiing a captalinvestment of
between $1.5 milion (for statons wh lower annual dispensing
capacy)and 53 milion o tations wih higher annualdspensing
capaciy). land cots of between 27 thousand and S82 thousand
(. between 600 and 1800 s at 1 millon per acre).and variabie
operating and maintenance costs of between $0.80 and $3.04 per
gallon of gasoine equivalent






OEBPS/Images/Tbl5C-005.png
Utity Factor

Veicle Efficiency in Watt-Hours/Mile

PHEVID PHEVA0 BEVI00 PHEVIO | PHEVAD | BEVI0D

27% 50% 65% I 80% 100% 100% 298 286 254






OEBPS/Images/Tbl5B-001.png
Lower Bound

Upper Bound

Noar Torm (2015)

51,63 milion (516 millon fxed
equipments30,000 and) or
250 kgiday installed capaciy

52,03 millon (82 millon fixed
‘equipment$30,000 lan) for 180 ko
day nstaled capaciy

Long Term (2050)

52,58 millon (52,6 milon fxed
eauipments80,000 and) or
1,000 kolday installed capacily

53,08 millon (83 millon fxed.
‘equipment/$80,000 land) fo 750 ko
day nstaled capaciy





OEBPS/Images/app5b.png
APPENDIX SB8:
ASSUMPTIONS FOR TABLE 5-1
RANGE OF INVESTMENT”





OEBPS/Images/Fig5C-001.png
FUEL STATIO

“_6— T
P — [

* Rsumes  prtaon dpensing capacy of 90000 galens of 1 Assumes  or.taton dipansing cpacy f 1 mison galos f

G amiantpor e equng & Spla eSO | Qselne S bl Yo (e 5 CO03 M esrart o515
Sh00 00 for oo of s sand asponsin s ko for ONG complessan an Gaparn (3 3500 95
e o, 403 vl ot s maerancacons  iincure 30 coss of $1 i cr Sen 303 erde
(ncsng compression o) o 5055 bt Gon of Geseine  Spering S mamranos ot (s creresson o) o

‘Sauvalom dupensed 5054 ot et o gasolne squalen dispensed





OEBPS/Images/Tbl5-003.png
Tech!
Non-Tech

Description

Light-Duty CNG

Stops to Adress Hurdlo

Moduiar NG Tech | Reduce cost and increase (Cost reduction of pgrades o existing
dispensing dispensing capacity. Wil mprove | retai locations
istands funclonalt of CNG upgrades to

existing retallocations.
Fuel staton Non-Tech | Major expansion recuired. Intally | Investment n refueiing to support
avaiabilty target fleet markets wih new, dedi. | accelerated growh o fleet markets.

cated CNG statons. Expansion
10 consumer market could be.
supported by modular upgrades.

Infrastructure expansion to support
consumer market transiton.

FuelStation | Non-Tech | Limited inrastructure today. Investment n efueling to support
Avalabity Growing but pace of acceleration | major freight comidors

is ey to market growth. Infrasiructure expansion to support

broader markels

e Non-Tech | Expanded avaiabity of LNG Investment o supportfuel throughput.
iquefacton reaquited, primarly trough new
capacty Tquefacton panis
expansion
Small scale Tech | Cost reduction of smal-scale Engineering demonsiration deployment
quefacton lquelaciion systems to support | scale p.

fuelavaiabiy.

Grop collecton!
densifcation/
storage.

Tech

Grop collcton — ow density and
Goncentration of biomass

Develop low-cost pletzation ot
briqueting system forstorage and
transport.

Multple dweling
unis (MDUY!
commercial/
pubc charging
business models

Non-Tech

Electriity
Insuficient jusificaton for installng

MDUicommercillpublic charging
infrasrucure

Hydrogen

Align business models, reguiatons,
codes and standards, and processes
1o enable third-pary providers o
Install and charge for MDU, workpiace,
commercal and publiccharging at a
reasonable retum on investment

T e e

S By B

) el e N
okl kg | g capacty

Foosmin | o | i e | suncetoty st o

Dz ER e |

Iack of compeling economics for
early inrastructure deployment

Sufficient eary tatons to avoid
consumer conces offuelavaiabitty.





OEBPS/Images/Tbl5C-002.png
Residential Workplace | Commercial

Home Charging | Ublquitous Charging |  Home Charging | Ubiquitous Charging
Scenario Scenario Scenario Scenario

2 fuoc| v | 2

210 | 060 | 040 00 | 040 006 | ooe
2015 | 0e0 | 040 0s0 | as0 o0 | 00s

2z | 0w | 040 0s0 | ax0 o0 | 00s

2015’ 060 | 040 I I 060 | 040 I I 008 | 0.06 |
zn»’ 060 | 040 I I 060 | 040 I I 008 | 0.06 |
2n:\s> 060 | 040 I | 060 | 040 | I 008 | 006 |
zm’nw OAD. ‘000 040‘ I 008 Gbei
20&5» 060 | 040 I | 060 | 040 | I 008 | 0.06 |
znsqb 060 | 040 I | 060 | 040 | I 008 | 006 |

Note: L1 = Lovel 1 Charging ow powen): L2 = Lovel 2 Chargig (medium scwr): LYDC = Dec Carent Fast Chaing (ioh powen,





OEBPS/Images/Tbl5A-003.png
2010 | 2015 | 2020 | 2025 | 2030 | 2035 | 2040 | 2045 | 2050 |

Gasoline 43 | 042 | 041 | 039 | 038 | 036 | 035 | 037 | 030 | 041
Diosel 3 | 041 | 040 | 038 | 036 | 034 | 033 | 035 | 037 | 040
oNG 43| 042 | 041 | 039 | 038 | 036 | 035 | 037 | 039 | 041
e 3 | 039 | 08 | 036 | 034 | 033 | 031 | 033 | 036 | 038
Biofuel 43| 042 | 041 | 039 | 038 | 036 | 035 | 037 | 039 | 041
Hydrogen 8 | 082 | 079 | 076 | 073 [ 071 | 068 | 072 | 076 | 081
PHEVIO- Electricty | 123 | 119 | 1.16 | 111 | 107 | 103 | 100 | 106 | 112 | 118
PHEV4O—Eloctricty | 128 | 125 | 121 | 117 | 112 | 108 | 104 | 111 | 117 | 123
BEVIOO_Electricity | 148 | 144 | 139 | 134 | 129 | 120 | 120 | 127 | 135 | 142

MPGGE = mies pa gaton gasalne squaint.





OEBPS/Images/Fig5-001.png
15007304 _
azsNadsia =

sawmEns .
sawimEns 4 SISo) . onmomy

51500

13nso0i8

NIDOMOAH

sawimEns 1500

saxvLEng m_ﬂaw—ums ¥

1509
SIVLTENS . FNLONMISWN

Auow1033

13s3i0
/ANMOSYD





