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PREFACE 

The California Energy Commission Public Interest Energy Research (PIER) Program supports 

public interest energy research and development that will help improve the quality of life in 

California by bringing environmentally safe, affordable, and reliable energy services and 

products to the marketplace. 

The PIER Program conducts public interest research, development, and demonstration (RD&D) 

projects to benefit California. 

The PIER Program strives to conduct the most promising public interest energy research by 

partnering with RD&D entities, including individuals, businesses, utilities, and public or 

private research institutions. 

PIER funding efforts are focused on the following RD&D program areas: 

 Buildings End-Use Energy Efficiency 

 Energy Innovations Small Grants 

 Energy-Related Environmental Research 

 Energy Systems Integration 

 Environmentally Preferred Advanced Generation 

 Industrial/Agricultural/Water End-Use Energy Efficiency 

 Renewable Energy Technologies 

 Transportation 

CalHEAT Market Barriers and Opportunities for Alternative Fuel-Hybrid Systems is a report for work 

completed under the CalHEAT Project (contract number 500-09-019), conducted by CALSTART.  

This project examines the benefits of alternative fuel-hybrid combinations, what might be 

barriers or technology gaps, and what immediate next steps are recommended. The body of the 

report contains the essence of the research with the details of the research, data collection and 

modeling captured in appendices. The benefits of alternative fuel-hybrid combinations were 

compiled through extensive industry research. A spreadsheet Assessment Model provided 

quantification of the combinations. Industry interviews and data collection provided insights 

into barriers, gaps and immediate recommendations. Scenarios analyses measured the benefits 

of this technology path. The information from this work contributes to PIER’s Transportation 

Program. 

The California Hybrid, Efficient and Advanced Truck Research Center (CalHEAT) was 

established by the California Energy Commission in 2010 as a project operated by CALSTART 

to research, plan, and support commercialization and demonstration of truck technologies that 

will help California meet environmental policies mandated through 2050.  For more information 
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about the PIER Program, please visit the Energy Commission’s website at 

www.energy.ca.gov/research/ or contact the Energy Commission at 916-654-4878. 
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ABSTRACT 

The California Hybrid, Efficient and Advanced Truck Research Center (CalHEAT) was 

established by the California Energy Commission in 2010. It is operated by CALSTART to 

perform research into planning, commercializing, and demonstrating truck technologies for 

more fuel-efficient medium- and heavy-duty vehicles and to reduce emissions. So far 

manufacturers have not chosen to bring the alternative fuel-hybrid combination in trucks to the 

marketplace. This project examines the multiple benefits of the alt-fuel hybrid combinations; 

what might be barriers or technology gaps to merging the benefits of high-efficiency hybrid-

truck technology with low carbon, alternative fuels; and what immediate next steps are 

recommended.  Medium- and heavy-duty trucks account for 9% of greenhouse gases in 

California, and approximately 20% of fuel consumption. Improvements in efficiency or 

reduction of petroleum use by trucks provide a substantial opportunity to reduce emissions. 

CalHEAT has identified benefits for select alternative fuel and hybrid propulsion combinations, 

such as natural gas hybrids, that play an important role in reducing emissions and CO2. 

CalHEAT has collaborated in this study with the State’s Air Resources Board, Energy 

Commission, Air Quality Management Districts, the U.S. Department of Energy, U.S. 

Environmental Protection Agency, and nationally recognized medium- and heavy-duty truck 

manufacturers, and experts. By 2050, implementation of advanced trucks such as alt-fuel 

hybrids could contribute to a significant reduction of carbon dioxide equivalent emissions.  

 

Keywords: Air quality, California Energy Commission, CalHEAT, goods movement, 

greenhouse gas emissions, low-emission trucks, medium- and heavy-duty trucks  

Please use the following citation for this report: Silver, Fred, and Wnuk, Lawrence. (CalHEAT). 

CalHEAT Market Barriers and Opportunities for Alternative Fuel-Hybrid Systems.  California 

Energy Commission.  
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EXECUTIVE SUMMARY  

Introduction 

The California Hybrid, Efficient and Advanced Truck Research Center (CalHEAT) was 

established by the California Energy Commission in 2010 as a project operated by CALSTART 

to research, plan, and support commercialization and demonstrate truck technologies that will 

help California meet environmental policies mandated through 2050.  

One of the roles of the research center is to coordinate the development of a Research and Market 

Transformation Roadmap to deliver clear, actionable steps to help meet or exceed the 2020 goals 

for California in petroleum reduction, carbon reduction, and air quality standards, and set up a 

Roadmap for longer term goals. Medium-duty vehicles and heavy-duty vehicles account for 9% 

of greenhouse gases in California, and approximately 20% of fuel used. Improvements in 

efficiency or reduction of petroleum use by trucks provide a substantial opportunity to reduce 

emissions.  

This report considers one of the Roadmap’s steps to reducing greenhouse gas emissions and 

improving efficiency in trucks: combining alternative fuels and hybrid drive propulsion in one 

vehicle.  It examines benefits, barriers and initial pathways to merging the benefits of high-

efficiency hybrid-truck technology with low carbon, alternative fuels. The benefits of the 

alternative fuel-hybrid combinations were compiled through extensive industry research and 

data collection. These provided insights into barriers, gaps, and immediate recommendations. 

Scenarios analyses measured the benefits of this technology path for the California truck 

population and the potential for greenhouse gas and emissions reductions in the future. 

 

Context 

Hybrid truck technology is now making its way into the marketplace. Use of alternative fuels in 

trucks is rising as the availability of fuels, such as natural gas, increases. Combining the two in 

heavy-duty vehicles can vastly increase the benefits of petroleum displacement and greenhouse 

gas reduction, but manufacturers have not been motivated to bring vehicles outfitted with the 

combination to market. In a Class 3-8 Urban Truck, as designated by CalHEAT truck 

classification, a switch to biodiesel-20 can displace diesel fuel and reduce greenhouse gas 

emissions by about 11%. The combined technologies can multiply the reduction, lowering 

greenhouse gas by as much as a factor of four, from 16% to more than 45%. 

 

Purpose 

The goal of this report is to explain the potential benefits and identify the barriers to combining 

alternative fuel and high-efficiency hybrid propulsion technologies in medium- and heavy-duty 

vehicles.  The report also recommends actions that will surmount these barriers and accelerate 

the development and adoption of the combined technologies in truck fleets.  
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Recommendations 

Working with the truck transportation industry, CalHEAT has pinpointed several actions and 

demonstrations likely to expedite, stimulate, and advance the use of combined alternative fuel-

hybrid drive platforms.   

 Improve natural gas on-vehicle storage tanks — Developing natural gas tanks that are 

lighter, higher capacity and less expensive will be crucial to adoption of alternative fuel-

hybrid technology. 

 Develop new natural gas engine sizes — The continuing design and development of 

natural gas engines in varied sizes is another important step in bringing to market trucks 

outfitted with the combined alternative fuel-hybrid technologies. 

 Demonstrate natural gas hybrids — The frequent stop-start cycles of the vehicle types 

benefit from the low-speed torque that comes with hybrid propulsion. 

o Waste collection trucks — The hybrid technology low-speed torque enables faster 

acceleration after a stop, allowing trucks to make more stops per hour, increasing 

productivity and offsetting costs. 

o Transit buses — The recent development of lighter, better priced and higher capacity 

natural gas storage tanks makes the combination of the two technologies 

economically and logistically feasible. 

o Drayage trucks equipped with natural gas plug-in hybrids  — The stop-start 

intensive operations, short hauls, and heavy loads (port container transportation, for 

example) benefit from the increased power and performance from hybrid 

propulsion’s low-speed torque. 

o Regional delivery mild hybrids — Demonstrations with a mild hybrid configuration 

would cost less than a full hybrid but would still show emissions and CO2 

reductions, increases in fuel economy, and improved performance for a greater 

return on investment. 

 

Potential Outcomes 

Alternative fuels-hybrid technology combination in trucks presents an attractive opportunity 

for the California truck population. The combination maximizes the benefits of existing 

technology and demonstrates the potential for significant reductions in greenhouse gas. For 

example, the CalHEAT Class 3-8 Urban Truck category represents about 250,000 trucks in 

California. If only 10% of those trucks adopted a combination of compressed natural gas and 

hybrid hydraulic technology, the CO2 emissions for the entire category would drop by 

4.2%.  With every truck that switches to the combined technologies, the CO2 emissions decrease 
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dramatically.  The recommendations in this report will initiate the technology launch that lead 

to a mitigation of the barriers, a natural expansion of the market and ultimately acceptance of 

alt-fuel hybrids for widespread use in select medium- and heavy-duty truck fleets. 
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CHAPTER 1: Alternative Fuel Hybrid Benefits 

At a time when regulators and industry are searching for effective ways to comply with 

mandates to reduce greenhouse gas (GHG), the alternative fuels-hybrid technology 

combination in trucks presents an attractive opportunity. The combination maximizes the 

benefits of existing technology and demonstrates the potential for significant reductions in 

GHG. 

The potential for improving CO2 levels overall is substantial. Take, for example, one category of 

trucks currently on the road, CalHEAT Class 3-8 Urban (as classified by the CalHEAT truck 

inventory1 detailed in Appendix A, page 20), about 250,000 trucks in all. If only 10% of those 

trucks adopted a combination of compressed natural gas (CNG) and hybrid hydraulic 

technology, the CO2 emissions for the entire category would drop by 4.2%2.  With every truck 

that switches to the combined technologies, the CO2 emissions decrease dramatically. In fact, 

additional analysis shows that a very aggressive wide proliferation of the alternative fuel-

hybrid combination as analyzed in Appendix E p. 66 could reduce CO2 levels in California 30% 

by 2030, which is 22 million metric tons below 1990 levels3.  

This section discusses the emissions-reducing properties of alternative fuels and hybrid electric 

vehicle technology when used alone and when combined. Separately, alternative fuels and 

hybrid vehicles can reduce greenhouse gas emissions in trucks.  Used together, they reduce 

greenhouse gas emissions significantly. 

 

The Alternative Fuel Advantage  

Alternative fuels, when used in a conventional internal combustion engine, can reduce 

greenhouse gas emissions considerably. On a well-to-wheel (WTW) basis (from production, 

through distribution and use), renewable diesel-30 (RD30) produces 19% less greenhouse gas 

than petroleum-based fuel. CNG decreases GHG by 23%4.  The alternative fuels that have the 

greatest impact on well-to-wheel greenhouse gas emissions are those that require the least 

energy to create, such as renewable natural gas (RNG). In fact, RNG captured from landfill gas 

actually eliminates greenhouse gas emissions in the capture process.  

                                                      
1 See Appendix A – CalHEAT Truck Inventory by Class and Application 

2 Appendix B Combined Benefits of Alternative Fuel and Hybrid Propulsion 

3 An Assessment Presentation of hybrid truck and alternative fuel technologies. Consultant support by 

Ricardo Inc, Jan. 27, 2012 

4 Internal Ricardo estimates, CALSTART Gap report, Full Fuel Cycle Assessment: Well to Wheels Energy 

Inputs, Emissions and Water Impacts, Tiax LLC, Aug. 1, 2007 
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Table 1 lists the reductions in petroleum use and GHG for alternative fuels discussed in this 

study: biodiesel-20 (B20), renewable diesel-30 (RD30), CNG, RNG, with ultra-low sulfur diesel 

(ULSD) as the baseline fuel. 

Table 1:  Alternative Fuels GHG Reduction 

Fuel  

Type 

Petroleum 

Reduction % 

GHG Reduction - % 

WTT TTW WTW 

Baseline diesel 

ULSD Base 0% 0% 0% 

B20 16% 65% -1% 11% 

RD30 29% 104% 1% 19% 

CNG 99% 33% 21% 23% 

RNG 99% 475% 21% 97% 

 

Alternative fuels used in this study and the percentage reduction in petroleum use and GHG wheel-to-
tank (WTT), tank-to-wheel (TTW), and wheel-to-wheel (WTW). 

California Hybrid, Efficient and Advanced Truck Research Center  

 

The Benefits of Hybrid Systems  

Hybrid drivetrain technology is also a powerful tool to fight greenhouse gas. Switching trucks 

from conventional drive trains to hybrid propulsion systems can decrease greenhouse gas by as 

much as 40 percent in CalHEAT Class 3 – 8 Urban trucks. The three basic types of hybrid 

technologies – hybrid electric vehicle (HEV), plug-in hybrid electric vehicle (PHEV) and hybrid 

hydraulic vehicle (HHV) – all greatly reduce GHG. The impact on greenhouse gas varies widely 

depending on how the vehicles are used, the type of vehicle and differences in hybrid and truck 

technology. For example, if a vehicle is operated in a stop-start cycle with little or no high speed 

or constant speed driving, switching to a hybrid will result in up to 70 percent less fuel 

consumed and consequently a considerable reduction in GHG.    

Below Table 2 shows WTW reductions in GHG and petroleum use for different CalHEAT truck 

categories with different hybrid systems. (See Appendix A, p. 20, for more detailed definitions 

of each category.) The truck categories are loosely ranked by percentage GHG reduction 

potential but the top four categories are very closely ranked.  
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Table 2:  GHG Reductions for Hybrids by CalHEAT truck category 

 

 

 

“Support of CalHEAT Technology Assessment”, Ricardo, November 10, 2011.   

 

The Multiplier Effect: Alternative Fuels and Hybrid Technology 
Together  

Alternative fuels and hybrid technology together significantly enhance their respective benefits. 

Using renewable diesel in a truck that is outfitted with hybrid electric technology, the emissions 

are 28% to 44% less than a petroleum-fueled conventional vehicle. This is more than two times 

greater than the reduction associated with solely using renewable diesel in a conventional 

internal combustion drivetrain vehicle as seen below in Figure 1. Other combinations offer even 

more impressive results.  Renewable diesel with a plug-in hybrid electric vehicle reduces GHG 

40% to 52%, a multiplier of three compared to the sole use of renewable diesel, which shows a 

GHG improvement of 19% when used alone. (See Table 1, p.55.) Compressed natural gas 

combined with a hybrid electric vehicle reduces GHG 32% to 46%, a multiplier of two. 

Compressed natural gas used in conjunction with a plug-in hybrid vehicle lowers GHG 42% to 

54%, a multiplier of three.   

CalHEAT Truck 
 
Classification  
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Figure 1 below shows the minimum and maximum GHG reduction for each combination of fuel 

and hybrid type under discussion. Appendix C has a description of the model as well as data 

sources used for these calculations. 

 

Figure 1:  Best Near-Term GHG/ Petroleum Reduction Benefit Combines B20 or CNG 
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California Hybrid, Efficient and Advanced Truck Research  

 

 On its own, hybrid vehicle technology as shown in Table 1, p. 5 shows significant GHG 

reductions but when combined with alternative fuels the reductions are much more impressive. 

Hybrid electric vehicles lower GHG emissions 5% to 30%. For plug-in hybrid electric vehicles, 

the range of reduction in GHG is 5% to 40%.  
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Used alone, alternative fuels may also have less of an impact on GHG emissions than when 

used in conjunction with a hybrid system. RD-20 in a vehicle with a conventional engine and 

drivetrain decreases GHG emissions 19%. Compressed natural gas by itself lessens GHG by 

23%. Renewable natural gas, however, is a special case. Used by itself in a traditional engine, it 

lowers GHG emissions a remarkable 97%, making it seem that pairing it with hybrid technology 

is unnecessary. But it is important to note that this environmentally friendly fuel is an extremely 

limited resource. As a result, combining RNG and hybrid technology is of particular value 

because it can help conserve such a beneficial resource. 

As stated earlier in this section the combination of alternative fuels and hybrid technology can 

have an impressive multiplier effect of up to 3 times. 
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CHAPTER 2: Alternative Fuel Hybrids – Market 
Barriers 

This section examines the obstacles to truck fleets adopting alternative fuels and hybrid 

propulsion technology together. It is based on extensive discussion with industry 

representatives from original equipment manufacturers (OEM), suppliers, utilities, and fleet 

companies, as well as relevant policy-making entities.  Appendix D contains the specific 

questions used in the survey discussion, the data collected, and barriers reported by 

participants. 

Table 3 below gives a brief description of the barriers to development and adoption of 

alternative fuel-hybrid systems together, from the point of view of truck industry 

representatives. These items will be discussed in greater detail through the rest of the section. 

 

Table 3:  Industry Feedback on Barriers to Adoption of Alternative Fuel-Hybrid Combination5 

Incremental Costs Incremental capital  

Tech Readiness/Production Volume Quality, reliability and performance 
improvement needed. Slow market 
demand and low volumes; need for 
more, varied sizes of NG engines 

Increased Space and Weight  Packaging volume and weight for the 
two additional systems is too great 

Infrastructure Capital necessary for installation of 
alternative fuel infrastructure 

 

California Hybrid, Efficient and Advanced Truck Research Center Interviews with Industry 

 

Business Barrier: Incremental Costs 

The ‘payback’ or return on investment for combining the technologies is not sufficient. We 

could say the initial capital cost of alternatively fueled vehicles can be expensive but due to the 

significant cost advantage of natural gas as compared with diesel some payback on the 

incremental cost can be achieved within three years (an industry benchmark for the minimum 

acceptable payback period), especially in applications that accrue many vehicle miles per year. 

The initial incremental capital cost for hybrids can also be expensive.  Hybrids have 

                                                      
5 Survey and extensive discussion with industry representatives from original equipment manufacturers 

(OEM), suppliers, utilities, fleet companies, as well as relevant policy-making entities. See Alt-Fuel 

Hybrid Advisory Sub-Committee listing p. ii. 
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significantly longer payback periods, although new milder hybrids as well as hybrids in multi-

speed applications, such as refuse collection, may be able to achieve three-year payback in the 

next few years. 

When alternative fuel and hybrid technologies are combined, the incremental costs are much 

greater, as much as an additional $50,000 per vehicle over alternative fuel or hybrid 

technologies alone. While there are additional savings in fuel expenses, they do not recoup the 

greater investment quickly enough to make business sense.  

Another cost issue is the lack of research and development funding in combining the 

technologies for commercial trucks. Manufacturers say the funding landscape even pits 

alternative fuels against hybrid technology.  To surmount these economic obstacles, additional 

incentives are needed in the form of government policy, mandates or programs. 

 

Development Barrier: Technological Readiness and Production 
Volume 

Technologically the systems are not ready to be combined in trucks. Hybrid technology for 

trucks has not progressed to the point of reliability and performance necessary for wide-scale 

use with alternative fuels. According to the CalHEAT Roadmap for Hybrid Electric Technology, 

industry may be in a better position to support this technology around the middle of this 

decade.  Additionally natural gas engines fitted for hybrid technology are difficult to find. 

Currently, most natural gas truck engines are adaptations of a diesel engine block, crankshaft 

and other parts, which are expensive, overly heavy and not properly sized. Retrofit systems 

pose problems with reliability and performance.  

In large part, technological improvements have been stymied by low production volume. Many 

more units need to be produced to amortize the investment required to improve the engine and 

parts technology, at least 10,000 units per year, according to industry representatives. (See 

Appendix D, p.39). 

 

Design Barrier: Increased Space and Weight 

Trucks lack the space for both of these systems to be installed. As we know, natural gas vehicles 

can add additional weight related to the fuel storage system. Hybrid systems add weight due to 

their energy storage systems. The increase in weight that comes with adding two systems to a 

vehicle also concerns the industry. The extent of the problem with space and weight depends on 

the specific alternative fuel, hybrid system and type of truck with which they are matched. For 

example, the combination of CNG and hydraulic hybrids may avoid the space/weight problems 

because of advances in compact packaging of hydraulic accumulators. In fact, that combination 

works well with the stop-start cycle of a refuse truck, and even enhances performance with 

increased low-end torque.  
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Market Barrier: Infrastructure  

The infrastructure required for natural gas is expensive. New natural gas fueling stations cost 

from $750,000 to $3 million to construct.  (In Southern California, and other locations where 

natural gas is already being used or mandated as the cleanest available fuel, this might not be as 

significant an issue. Southern California refuse truck fleets are currently operating with natural 

gas with the accompanying infrastructure.) Natural gas storage is also expensive. The cost of 

compressed natural gas storage tanks is prohibitively high. In addition, the costs for 

distributing the most environmentally friendly form of natural gas – renewable natural gas 

based on agricultural or landfill waste – are higher than the costs for distribution of pipeline 

gas. Yet renewable natural gas can produce 97% less GHG.   

Increased market volume for alternative fuels will help lower these infrastructure costs. In 

addition, some natural gas utilities are offering low- or no-cost fueling station and storage in 

return for a quantity natural gas purchase agreement.  Government policy and incentives 

would help overcome the costs of renewable gas distribution 
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CHAPTER 3: Advancing Alternative Fuel-Hybrid 
Deployment 

This section discusses the influences, trends and actions that could stimulate the adoption of the 

combined alternative fuel-hybrid technologies in truck and bus fleets. These include global 

trends in energy production, infrastructure and component costs, and the actions that might 

most effectively expedite introduction of the dual technologies into truck fleets. 

 

Global and Market Trends in Alternative Fuels 

The rising costs, both economic and political, of petroleum consumption continue to act as 

powerful motivators in development of alternative fuel and hybrid propulsion technologies. At 

the same time, the availability of alternative fuels has improved. New technology has 

dramatically increased the supply of domestic natural gas, making it less expensive and much 

more readily available.  

This exponential growth in natural gas production has prompted manufacturers to see new 

business opportunities and develop natural gas engines and equipment that resolves barriers 

discussed in the previous chapter.  High-pressure direct-injection (HPDI) is one approach that 

has been developed to enable NG-burning engines to approach diesel efficiency and torque. 

The lack of NG engines that are properly sized for use with hybrid drive trains is currently 

being addressed by several manufacturers. Cummins Westport Inc. is developing an 11.9-liter 

natural gas engine specifically for refuse and other heavy-duty trucks. Another natural gas 

engine program is integrating the Doosan 11 liter natural gas engine into an Autocar-made 

waste hauler truck for Waste Management Inc., the waste collection giant.  The Gas Technology 

Institute and Cummins Westport are demonstrating a low-emission, high-efficiency natural gas 

engine for regional hauling and heavy-duty uses, which is expected to reduce GHG by 20% to 

25% and fuel consumption 20%. All these projects are partially funded and initiated by federal 

and state grants, and partnerships between government and businesses.  

Other manufacturers are developing new natural gas storage tanks.  Chesapeake Energy 

Corporation and 3M Company are currently partnering to produce lower-priced, lighter-weight 

and higher-capacity natural gas storage tanks. Likewise, Quantum Technologies is touting 

newer, more compact and economical systems. 
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Industry Perspective 

From the viewpoint of the truck industry6, the best way to encourage adoption of the alternative 

fuel-hybrid combination is to advance development of less expensive and more effective 

technology. If government funds went to original equipment manufacturers for development of 

less expensive component parts, technologies that use fewer parts, and more integrated, cost-

effective products overall, then adopting the dual technologies would make business sense for 

fleets.  Fleet companies could recover their investment within the 3-year window considered 

good business practice and be assured of smooth, reliable operations. As more fleets adopt the 

technologies, free-market competition would bring about additional technological and 

economic improvements. Table 4 below shows the barriers that will be eased or partially 

overcome by current industry developments.  

Table 4: Forces Affecting Barriers 

Barriers 
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Cap $/ROI X      X X X X  X 

Space/ 
Weight 

 X   X X X  X  X  

Technology 
Readiness 

Level 
X   X   X X X X  X 

Product 
Volume 

X  X  X  X X X  X  

Infra- 
Structure 

X X        X  X 

Available 
Engines 

  X   X    X X  

 

California Hybrid, Efficient and Advanced Truck Research Center Interviews with Industry 
 

                                                      
6 Survey and extensive discussion with industry representatives from original equipment manufacturers 

(OEM), suppliers, utilities, fleet companies, as well as relevant policy-making entities. See Alt-Fuel 

Hybrid Advisory Sub-Committee listing p. ii. 
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In addition, some specific truck and technology combinations could provide more immediate 

stimulus, say industry representatives. The drayage truck in the Class 7-8 Urban truck category 

is expected to be an important NG Hybrid opportunity. Liquid alternative fuel, such as bio-

diesel, combined with a hybrid system in beverage delivery trucks would circumvent the space 

and weight limitations discussed in Chapter 2. Demonstration of such an application would 

show the reduced greenhouse gas emissions and increased fuel economy. It would also provide 

important data on the return on investment. 

Outfitting waste collection trucks with natural gas-hybrid technology is another opportunity to 

demonstrate advantages and obtain data. Because hybrid technology provides refuse trucks 

with increased low-end torque, the results would show not just fuel and maintenance cost 

savings but also productivity gains from the improved performance. As a result, a fleet could 

support more customers with fewer trucks. 

Another action suggested by industry representatives is to perform additional testing on 

combining a range-extender turbine with a battery-powered electric drive system. Early testing 

has already shown promising results in reduced emissions. A full hybrid-turbine configuration 

is also in initial development, which will lower emissions and improve fuel economy for 

drayage-type truck applications operating in ports. In fact, the Port of Los Angeles and the 

Southern Coast Air Quality Management District (SCAQMD) are considering a plan to create an 

innovate zero-emissions truck corridor by either mandating or providing significant incentives 

for use of clean fuels with electric drivetrains for operating vehicles on a specific 20-mile stretch 

of Interstate 710. This would allow the community to approve expansion of the highway system 

and still comply with air quality regulations.  

Use of mild hybrids or a mildly electrified CNG drivetrain is an additional option that would 

surmount the weight challenges of having two such heavy systems on one vehicle. This 

approach would minimize the additional weight and reduce the additional cost, offering an 

easier pathway to deployment.  

 

Early Demonstrations 

Testing and demonstration of the alternative fuel-hybrid combination by some public fleets and 

private manufacturers are laying the groundwork for the systems’ eventual implementation. 

The New York City Department of Sanitation has tested a refuse truck that combines 

compressed natural gas and a hydraulic hybrid system as part of an effort to evaluate its 

capability and fuel efficiency. 

Autocar LLC was planning to introduce a version of their Xpeditor truck in 2011 with the 

hydraulic hybrid RunWise system from Parker-Hannifin Corp. that is powered by a CNG 

engine1. This would be a truck that not only burns clean compressed natural gas fuel, but far 

less of it through use of the “RunWise” hydraulic hybrid drivetrain. Since that announcement, a 

Proof of Concept vehicle has been completed in the CNG-HHV configuration and 
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demonstration tests are planned for the near future. The concept vehicle was on static display at 

the 2013 Waste Expo in New Orleans in May. 

 CNG fuel emits 20% less greenhouse gas than diesel fuel. Tests of the RunWise hybrid over five 

years show an additional 45% fuel savings. Brake life was extended 800% to 900%. Instead of 

requiring a brake job every 90 days, the interval has been extended to every two and a half 

years, according to test data. Likewise, in Europe, demonstrations of alternative fuel hybrids 

have suggested similar findings. In tests there, natural gas refuse trucks saved 15% to 30% in 

fuel costs when combined with a hybrid electric drive system. 

 

Figure 2: Hybrid Refuse Truck at Work 

 

A LET 2 Crane Carrier with Bosch Rexroth HRB Parallel Hybrid fueled by CNG. 

HTUF 2010- Hybrid Truck Users Forum, News Articles 
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CHAPTER 4: Action Plan and Conclusions 

This section describes recommended next steps and the truck applications that are currently 

using alternative fuels or have plans to do so. These actions and activities are in the best 

position to push alternative fuel-hybrid systems to the next stage of wider introduction into the 

truck industry. Appendix B provides details at a modest implementation level for NG Hybrids, 

but Appendix E reflects on the Assessment Model of much more aggressive scenarios for 

market penetration. The Assessment Model results suggest the possibility of significant GHG 

reduction in 2050 if this combination can proliferate in the market place. 

 

Natural Evolution of Alternative Fuel Use in Trucks 

California is already a leader in trucks using alternative fuels, thanks in part to South Coast Air 

Quality Management District’s clean fleet rules that require fleets of transit buses, school buses, 

refuse trucks, street sweepers, city-owned utility trucks, airport shuttles and taxi fleets to 

purchase a clean-fueled vehicle when they replace or add a vehicle to their fleet. Currently Los 

Angeles County operates the largest CNG fleet in the United States with 2,200 CNG vehicles. 

Omnitrans, the public transit agency serving the San Bernardino Valley, started to purchase 

CNG buses in 1997 and now has an all-CNG fleet. The agency’s buses passed the 100-million 

mile mark in in April, 2013. 

 

Natural Gas Storage 

Developing natural gas tanks that are lighter, higher capacity and less expensive will be crucial 

to adoption of alternative fuel-hybrid technology. Continuing current projects, such as the one 

to produce improved tanks being undertaken by Chesapeake Energy and 3M, and encouraging 

new ones will remove one economic barrier to production and adoption of alternative fuel-

hybrid trucks. 

 

Develop New Natural Gas Engine Sizes 

The continuing design and development of natural gas engines in varied sizes is another 

important step in bringing to market trucks outfitted with the combined alternative fuel-hybrid 

technologies.  This includes expanding optimized NG engines, such as HPDIs, to more sizes 

and with improved efficiencies and performance.  Smaller and lighter natural gas engines, such 

as the 11.9-liter natural gas engine, being developed by Cummins Westport Inc., will require 

less space and add less weight, overcoming another barrier to combining alternative fuels and 

hybrid propulsion.   
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As more natural gas engines are adopted, marketplace competition will lower prices of the new 

technology, creating more favorable economics for introducing the dual system in trucks.  

 

Demonstrate Natural Gas Hybrids 

The demonstrations below are recommended because each makes a particularly compelling 

case for adopting alternative fuel-hybrid systems. The frequent stop-start cycles of the vehicle 

types benefit from the low-speed torque that comes with hybrid propulsion. The faster 

acceleration out of a stop results in a truck being able to make more stops, increasing 

productivity. In addition, the hybrid’s regenerative brake mechanism saves brake wear 

reducing maintenance costs. These factors may more than offset the additional cost of the dual 

technologies.  

Natural gas is selected because it capitalizes on the recent surge in availability of the fuel, its 

resulting low cost, its impressive impact on greenhouse gas emissions, and the fact that several 

of the truck types discussed are currently burning natural gas (specifically Southern California 

refuse trucks and transit buses). Consequently, they have the infrastructure for natural gas in 

place.  

 

Waste Collection Trucks 

Refuse trucks’ stop-start operations make them good candidates for natural gas hybrid 

platforms. The hybrid technology low-speed torque enables faster acceleration after a stop, 

allowing trucks to make more stops per hour, increasing productivity and offsetting costs. 

These trucks also realize maintenance savings from a reduction in brake replacement. Natural 

gas reduces GHG emissions and fuel expense.  Clearly, waste collection trucks outfitted with 

natural gas hybrid technology make a powerful case for adoption of the technology by showing 

increased productivity, fuel economy, GHG emissions reductions and low maintenance costs. 

 

Transit Buses 

Transit buses are another good application for combining natural gas hybrid systems. 

Separately both technologies are already in use within the transit industry. The recent 

development of lighter, better priced and higher capacity natural gas storage tanks makes the 

combination of the two technologies economically and logistically feasible. Hybrid propulsion 

improves performance in the stop-start cycle of transit. In Southern California, transit buses 

already burn natural gas so they have the natural gas infrastructure in place. In addition, there 

is a considerable amount of federal grant funding available for clean fuel technology in transit 

fleets, further offsetting the added cost of the combined technologies. Southern California 

transit buses, because they already use natural gas, would also work well for demonstrating 

mild hybridization, a potentially easier and quicker path to deployment. The auxiliary system 

for these buses could be electrified which would allow regenerative breaking for a mild hybrid 
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system. Like the regional delivery trucks discussed below, mild hybrid NG buses would be less 

costly to deploy but could demonstrate benefits to a large audience. 

 

Natural Gas Plug-In Hybrid Drayage Trucks 

Drayage trucks offer an excellent opportunity to demonstrate the combined alternative fuel-

hybrid systems. The stop-start intensive operations, short hauls, and heavy loads (port 

container transportation, for example) benefit from the increased power and performance from 

hybrid propulsion’s low-speed torque. In fact, the torque will allow more stops and increase 

productivity and save maintenance costs from wear on brakes. A plug-in hybrid offers the best 

GHG reductions of all hybrid systems (see Table 2).  In fact, a project is currently underway to 

convert a Class 8 heavy-duty truck to a natural gas burning plug-in hybrid for drayage 

operations in the Port of Los Angeles. The demonstration will show that natural gas hybrid 

technology will provide more power and better mileage in this application than natural gas 

alone. Testing of NG range-extender turbines for use in ports will demonstrate limited zero-

emission mileage while using the cleanest available fuel for the region. These demonstrations 

will add impetus to the development of a planned zero-emission truck corridor on a 20-mile 

stretch of Interstate 710 providing entry and departure from the Port of Los Angeles-Port of 

Long Beach complex.  

 

Regional Delivery Mild Hybrids 

Regional delivery trucks are another good application for demonstrating the dual technologies 

now that lighter, less expensive and higher capacity natural gas storage tanks are available. 

Demonstrations with a mild hybrid configuration would cost less than a full hybrid but would 

still show emissions and CO2 reductions, increases in fuel economy, and improved performance 

for a greater return on investment. Because delivery is such a common truck activity, 

demonstrating the benefits of the dual technologies in commercial delivery trucks would 

provide useful data and encourage consideration of the dual technologies for more widespread 

adoption.  

 



19 

 

APPENDIX A: 
CalHEAT Truck Inventory by Class and Application 

CalHEAT performed a California Truck Inventory Study7 to better understand the various types 

of trucks used in California, their relative populations, and how they are used. As the State 

looks to technologies with the ability to reduce petroleum consumption or emissions, it is 

imperative to understand that specific technologies may have widely varying impacts 

depending on a truck’s characteristics and how it is used. For example, a box truck used for 

heavy urban cycles may benefit greatly from hybridization or electrification, whereas a truck 

used to drive between Los Angeles and San Francisco may benefit more from aerodynamic 

improvements and light-weighting.  

The analysis included nearly 1.5 million trucks, ranging in size from Class 2B to Class 8. This 

number is based on California registration figures for commercial trucks in the weight category 

2B and above, via the Polk database.8  The vehicle classes included in the inventory are shown in 

Figure 3 below, grouped both by weight and use. Class 2B pickup trucks and vans registered to 

individuals were eliminated under the assumption that most, if not all, were non-commercial 

vehicles.  

As CalHEAT’s Roadmap was being developed, it was apparent that the weight classes were not 

sufficient to evaluate the impact of technology. With significant input from the CalHEAT 

Technology Advisory Group and the CalHEAT Advisory Council, six categories were 

developed as shown in Figure 3 below. The intent behind the formation of these categories was 

to group trucks that are used in similar ways, such that it could be assumed that there may be 

similar impacts from technologies. A Class 4 truck in heavy urban use might see a different 

percentage improvement from hybridization than that which would be achieved by a Class 6 

truck in similar use. However, in terms of how a truck is affected by a given technology that 

Class 4 urban truck would be more similar to a Class 6 urban truck than a Class 4 truck 

primarily used for long distance freeway driving.  

 

 

 

                                                      
7 Jennings, Geoff, and Brotherton, Tom. (CalHEAT). California Truck Inventory and Impact Study, June, 

2012. http://www.calstart.org/Projects/CalHEAT/Presentations-and-Publications.aspx  

 

8 https://www.polk.com/knowledge/reports CalHEAT worked with Polk to create a custom dataset from 

their database, which covers registered vehicles in CA.  
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Figure 3: Six Truck Categories Based on Technology Applicability 

 

Truck classifications, by weight and application, in the 2010 CalHEAT Truck Inventory Study. 

California Hybrid, Efficient and Advanced Truck Research Center  
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Table 5: Truck Categories, 2010 Populations, and CO2 Emissions 
 for Alt-Fuel Hybrid Scenario Comparisons 

Vehicle 
Category 

Truck 
Population 

% Population Average 
VMT 

CO2e 
(MMT/yr) 

%CO2e 

Tractors - OTR 175,000 12% 85,000 12.9 38% 

Tractors – Short 
Haul/Regional 

111,000 8% 55,000 6.3 18% 

Class 3 – 8 
Work - Urban 

253,000 17% 25,000 3.6 11% 

Class 3 – 8 
Work – 
Rural/Intracity 

295,000 20% 35,000 6.1 18% 

Class 3 – 8 
Work – Work 
Site 

77,000 5% 13,000 0.8 2% 

Class 2B/3 
vans/pickups 

531,000 36% 21,000 4.2 12% 

Unknown 15,000 1% 8,192 0.1 0% 

Total 1,457,000 100% 34,255 34.0 100% 

 

California truck population by weight class and application, along with average vehicle miles traveled, 
CO2 equivalent emissions in MMT/year, the percentage of vehicles by category, and percentage 
contribution to total truck CO2e emissions. 

California Hybrid, Efficient and Advanced Truck Research Center calculations 
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APPENDIX B: 

Combined Benefits of Alternative Fuel and Hybrid 
Propulsion 

The benefits of the alternative fuel-hybrid propulsion combination come from the reduction in 

WTW CO2 emissions produced by the switch from diesel to NG fuel, the reduced fuel 

consumption of the hybrid drivetrain, and then the effect of putting the two together. Figure 4 

below illustrates that multiplier effect by showing what happens when the GHG reductions that 

come with compressed natural gas are combined with the fuel consumption and GHG 

reductions resulting from use of hybrid technology. That is to say that a vehicle burning CNG, 

which reduces GHG 23% on its own (arrow), will emit 27% less GHG when combined with 

hybrid hydraulic technology that reduces fuel consumption by 5%, and up to roughly 54% 

when put together with hybrid technology that reduces fuel consumption by 40%. This figure 

visually illustrates this multiplier effect. 

Figure 4: Alt-Fuel Hybrid Combined Effect for GHG Reduction 

 

California Hybrid, Efficient and Advanced Truck Research Center Interviews with Industry 

 

The statistics on GHG emissions and the California truck population can be used to estimate the 

impact of NG hydraulic hybrid use on overall California truck emissions. For example, if 10% of 

Class 3-8 Urban trucks were equipped with NG hydraulic hybrids, the annual emissions of 
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CO2e per vehicle for all Class 3-8 trucks would be reduced by an average of 42%, down to 8.27 

metric tons (MT).  

Calculating this effect on the total 2010 Class 3-8 truck population shows that if 10% of Class 3-8 

trucks adopted natural gas hydraulic hybrid technology, the overall annual emissions of CO2e 

for the category would be about 3.456 million metric tons (MMT). That’s a drop of 4.2% from 

the 2010 annual CO2 equivalent of 3.607 MMT for that population. The point being that putting 

the two technologies together can have an impressive impact. If some of the barriers to adoption 

of these combined technologies can be overcome, the alt-fuel-hybrid system could play an 

important role in meeting 2020 and 2050 goals for California to reduce petroleum-based fuel 

consumption, and reduce carbon emissions. 
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APPENDIX C: 

Assessment Model 

Ricardo Inc, under consulting contract to CALSTART, used an Excel spreadsheet model to 

assess the impact of the combined effects of alternative fuels and hybrid technology in the 

CalHEAT truck categories (see Appendix A for details on the truck categories). This appendix 

documents the components of the model, the inputs and the concluding results of the analysis 

accomplished when the model was exercised. 

Slide C-1 presents a schematic of the Assessment Model Overview. These three tables are 

shown in larger size in the following 3 slides. The bar chart includes estimates of three types of 

hybrid vehicle propulsion systems – hydraulic hybrid vehicle (HHV), plug-in hybrid electric 

vehicle (PHEV) and hybrid electric vehicle (HEV) using the various alternate fuels shown in the 

fuel table in the upper left of the chart. These fuel WTW GHG reductions are combined with the 

table in the lower left describing the GHG reduction resulting from the three hybrid vehicle 

types. The bar chart describes the combined effects for the Class 3-8 urban application only. 

Other combinations would generally be a smaller amount of improvement than represented by 

the C3-8 Urban truck category. The same spreadsheet technique with compatible tables was also 

compiled for criteria pollutants.  

Slide C-2 focuses on the fuel input. The greatest reduction potential for a gasoline replacement 

is ethanol E85, made from CA Poplar, cellulose. The key Reference is Table A24 in the Tiax CEC 

report found in the bibliography slides C-11-C13 at the end of this appendix. The greatest 

reduction for replacing diesel fuel is DME. CNG made from landfill gas (shown as RNG-

renewable natural gas in the charts above) offers the greatest amount of WTW GHG reduction. 

The baseline fuel for E85 is RFG gasoline. The baseline for comparison of all other fuels is ULSD 

diesel.  

The primary source for the GHG, petroleum reduction and emissions criteria data come from 

the Tiax California Energy Commission (CEC) report entitled: “Full fuel cycle assessment: Well-

to-wheels energy inputs, emissions and water impacts.” Report number CEC-600-2007-004-

REV, revised August 1, 2007. 

It is interesting to note that the range of TTW improvements available from various fuels is 

greatly exceeded by the variation in WTT. Based on the amount of GHG created or absorbed 

during the fuel manufacturing process, the most attractive fuels based on GHG reduction are 

those that require little energy to create, or in fact absorbs GHG in the manufacturing process 

(such as the use of landfill gas to create renewable natural gas). 

Slide C-3 documents the estimates for WTW GHG reduction taken from the CalHEAT 

Roadmap report prepared by Ricardo for CALSTART.  The report is entitled “Support of 

CalHEAT Technology Assessment”, and dated November 10, 2011. Ranges of GHG reduction 

are based on variability of technology, as well as range of actual fuel economy, CO2 and GHG 

reductions reported by various fleets and OEMs. It should be noted that a major cause of 
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variability expressed in the wide range of some technologies is due to duty cycle variations, 

specifically the amount of start/stop in the operating cycle. In fact, duty cycles that are entirely 

stop-start, with little to no high speed or constant speed driving can achieve fuel economy 

improvement of 70% or more (HHV information from EPA). 

Slide C-4 illustrates the combination of the benefits of GHG reduction from the three variants of 

hybrid vehicles and the various fuel types identified. The effect of various fuels is referenced 

from the Tiax CEC report noted. The effect of the vehicle types is taken from the CalHEAT 

Technology Assessment report prepared by Ricardo, Nov. 10, 2011. The DME fuel type shown 

references the DME sourced from CA Poplar. Although only one DME fuel is shown here, both 

DME types are listed on the summary table on Slide C-2. RNG estimate is based on renewable 

natural gas from landfill gas. RNG data was taken from report written by California EPA, Air 

Resources Board, 2009. Detailed California-Modified GREET Pathway for Compressed Natural 

Gas (CNG) from Landfill Gas. Version 2.1. February 28, 2009. 

As a point of departure, Slide C-5 shows the Class and application of current production 

models that offer hybrid propulsion systems. Slide C-6 shows the same matrix that offer natural 

gas propulsion. Slide C-7 combines these two charts showing the overlap of hybrids and NG 

propulsion that exist in the market place. Some key combinations already exploit this overlap 

such as in the HD refuse hauler. Slides C8, C9 and C10 are the recommendations for important 

demonstration projects. The balance of the slides comprise the bibliography 
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Slide C 4 

5 © Ricardo plc 2011 RD.11/336605.2 

DRAFT California Hybrid, Efficient and Advanced Truck Research Center	

CalHEAT | www.calheat.org | 48 S Chester Ave | Pasadena CA 91106 | 626/744-5687 

 

Range of WTW GHG reduction from various technologies:        

Truck Category: C3-8 Urban Work Trucks 

0 10 20 30 40 50 60 70 80 90 100 

HEV RNG 
HEV CNG 
HEV DME 
HEV CTL 
HEV GTL 

HEV RD30 
HEV B20 

HEV E85 Cell. 
HEV E85 Corn 

PHEV RNG 
PHEV CNG 
PHEV DME 
PHEV CTL 
PHEV GTL 

PHEV RD30 
PHEV B20 

PHEV E85 Cell. 
PHEV E85 Corn 

HHV RNG 
HHV CNG 
HHV DME 
HHV CTL 
HHV GTL 

HHV RD30 
HHV B20 

HHV E85 Cell. 
HHV E85 Corn 

Projected range of GHG WTW % improvement 

PHEV Hyd HV HEV 

Source: Internal Ricardo estimates, Calstart Gap report, Full Fuel Cycle Assessment: Well to Wheels Energy Inputs, Emissions and Water Impacts, Tiax LLC, Aug. 1, 2007 
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Slide C 5 

California Hybrid, Efficient and Advanced Truck Research Center	

CalHEAT	|	www.calheat.org	|	48	S	Chester	Ave	|	Pasadena	CA	91106	|	626/744-5687	
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Slide C 6 

California Hybrid, Efficient and Advanced Truck Research Center	

CalHEAT	|	www.calheat.org	|	48	S	Chester	Ave	|	Pasadena	CA	91106	|	626/744-5687	
	

Poten al	Pathways	Forward				2	

Nased on published data & OEM interviews 
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APPENDIX D: 

Data Collection Plan and Interview Results 

Since the alt-fuel hybrid propulsion systems are not naturally coming together in the market 

place, a set of questions were developed to engage industry to drive out and understand the 

opportunities and barriers to those systems. Slide D-1 highlights a series of questions that were 

asked of various organizations representing OEMs, fleets, and technology providers in order to 

get a range of input regarding the hybrid and alternate fuel technologies. The results of the data 

collection are summarized in the subsequent slides in this appendix. 

Slide D-2 is a high-level list of interviewees from industry indicating their affiliation, name and 

position. The results, for the most part, are aggregated to focus on the results and not the 

individuals. That was not possible in all cases. 

Slide D-3 summarizes the major themes captured from the various interviews and associated 

with labels that hint at the important themes or response categories. The more detailed 

responses by category are included in the subsequent slides. The slides are arranged so that the 

highlights of specific responses appear under the question asked by the interviewer. Slides D-4 

through 15 document the aggregated responses associated with specific interview questions. 

In addition to the structured interviews, Ricardo also captured information from studies and 

their own internal studies and discussions with specific OEMs about their interest in alt-fuel 

hybrids. 

Slide D-16 summarizes some data surrounding biodiesel availability that is much better than 

other alternative fuel types in many areas. The easiest path to market entry of an alternate fuel 

into a hybrid fleet is to use the same B5 or B20 (or other fuel) that the majority of the diesel fleet 

is using. Where Biodiesel is commonly used in the conventional powertrain fleet, it can easily be 

introduced into the HEV or HHV fleet. It should be noted that a barrier to use of higher 

percentages of biofuel is the engine warranty. Typically fleets will not exceed the allowable 

amount of biofuel as stated in the engine product warranty, commonly 5% (B5), sometimes 20% 

(B20).  The ability to use biodiesel in conventional engines with little or no changes to the engine 

configuration itself, is the likely cause indicated by this survey which shows that fleets 

preferred biodiesel to use of CNG, even if CNG is substantially less expensive than biodiesel, in 

this case 1/3 less expensive.  

Slide D-17 is another view of biodiesel from outside survey data. Buyer preferences favor 

introducing biodiesel rather than either CNG or hybrid technology in the fleet. This is expected 

to change as petroleum fuel prices continue to rise, and as the volume of alternative fuel and 

hybrid power trains enter the market.  

Slide D-18 summarizes the perspective of these 4 major OEMs who offer both CNG as well as 

hybrid technology, although they do not currently offer the combination of the two on one 

vehicle. It should be noted that some vehicle testing is going on with this combination of 
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technologies. However, the combined cost of the two technologies can be prohibitive currently. 

The fuel consumption is already reduced because of the hybrid technology, so the additional 

increment of fuel savings from the NG fuel has diminished impact relative to the lower fuel 

consumption resulting from the hybrid technology. This results in increasing the payback 

period twice; once from the added technology, and once more because of the reduced fuel 

consumption on which the additional payback period was based. 

Slide D-19 summarizes the Barriers and Needs as found through review of the data. Likewise, 

the enablers are shown in Slide D-20. 
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Slide D 16 

17 © Ricardo plc 2011 RD.11/336605.2 

DRAFT California Hybrid, Efficient and Advanced Truck Research Center	

CalHEAT | www.calheat.org | 48 S Chester Ave | Pasadena CA 91106 | 626/744-5687 

 

l CNG is not as readily available in all regions 

as diesel, requiring some fleets to install their 

own fueling stations 

l Most often used in transit bus or delivery 

fleets requiring vehicles return to home base 

for refueling 

l CNG is less expensive than Diesel, produces 

lower emissions and is perceived to keep 

engine components cleaner 

l Hybrid NG trucks and busses have been seen 

in demonstration fleets, particularly where NG 

vehicles are in use 

Alternate fuels interest favors biodiesel over natural gas 

CNG Advantages 

CNG Disadvantages 

+ 

– 

Source: Ricardo research, interviews, Frost and Sullivan Strategic Analysis of N. American and European Hybrid Truck, Bus and Van Market, May 2010 

l Lack of availability in some areas 

l Price premium of biodiesel vs. ULSD. This 

may change as price of diesel fuel continues 

to climb 

l Already used in many fleets 

l Most fleets using biodiesel can easily 
incorporate in their HEV diesel fleet without 

adding infrastructure 

l Most fleets using B20 and can easily  mix with 
B5 or B10 during winter months 

Biodiesel Advantages 

Biodiesel Disadvantages 

+ 

– 

Based on end-user research, biodiesel + hybrid is 
more likely than CNG alone or with hybrid 

Biodiesel @ 
$1500:  72% 

Compressed 

Natural Gas @ 
$1000:  28% 

Source: Frost & Sullivan 

l Biodiesel is the preferred alternative fuel 
option for use in HD vehicles in fleet, even at 

a higher price 

l Industry feedback suggests fewer barriers to 
entry with biodiesel than natural gas as the 

alternative fuel of choice 

l This trend may be effected by predicted 

continued increase in diesel prices, while 

CNG prices are expected to remain flat 
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APPENDIX E: 

Model Assessment Report 

The initial Slide E-1 provides an overview of the Assessment Model shown in more detail in the 

Appendix C Assessment Model. The Assessment Model description illustrates the combined 

effects for the Class 3-8 urban application only. Other combinations would generally be a 

smaller amount of improvement than represented by the C3-8 Urban truck category. However, 

this Appendix E provides results from the spreadsheet model aggressively applied across all 

truck categories and all alt-fuels. The baseline fuel for E85 is RFG gasoline. The baseline for 

comparison of all other fuels is ULSD diesel.  

In Slide E-2, additional business and technology drivers are being introduced to influence the 

rate of technology development and deployment. New legislation resulting in more aggressive 

fuel economy standards in passenger cars and light and heavy commercial vehicles has a 

significant impact in the rate of technology introduction. In addition, concerns over energy 

independence and security are likely to result in mandates for use of renewable fuels.  It is also 

anticipated that more aggressive fuel economy standards for commercial vehicles will drive 

further technology changes directed at engines, drive trains, as well as aerodynamics, rolling 

resistance, and vehicle communication (platooning, etc.). This slide is a portion of the roadmap 

that can influence the progress of alt-fuel hybrids and their penetration into the market place. 

Slide E-3 describes the scenarios for apportioning the reductions in total CO2 for the State of 

California to all the truck population being studied in this report. The baseline levels in 1990 are 

compared to the actual levels in 2008, and then are projected to the levels in 2050 if no major 

changes occur (Business-as-usual scenario) to reduce the CO2 emissions. The goal set for 2050 is 

to reduce GHG to 80% below the level of 1990 is also shown, and serves as the target for the 3 

scenarios that follow on the subsequent charts. 

In Slide E-4 the chart in the upper left shows the targeted levels of CO2 as an aggregate of 

California emissions through 2050. This serves to define the targets for the portion attributed to 

the truck population being examined in this report. Based on these targets, some assumptions 

were made in order to run a what-if analysis to project CO2 levels in 2030. The scenario modeled 

on this slide compares the CO2 levels based on the population of California trucks in fleets in 

2008, totaling a CO2 emissions of 35 million metric tons to what that number would be in 2030 if 

60% of the truck fleet population was converted to hybrid propulsion and 60% of the fleet uses 

alternative fuels as described in the assessment model. The alt-fuels are sourced as shown in the 

box in the upper right.  In this scenario, a 30% reduction of CO2 could occur relative to the levels 

of CO2 in the benchmark year 1990. Of course, this is a rather aggressive penetration of hybrid 

and alt-fuel technology but it shows the powerful impact that such a combination can have on 

the emissions. 

Slide E-5 is an even more aggressive case that assumes a what-if analysis to project CO2 levels in 

2030 if all the truck population used hybrid and alt-fuels. The scenario modeled on this slide 
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compares the CO2 levels based on the population of vehicles in 2008, totaling a CO2 emissions of 

35 million metric tons to what that number would be in 2030 if the entire vehicle fleet was 

hybrid and the entire fleet uses alternative fuels as described above. In this scenario, a 57% 

reduction of CO2 could occur relative to the levels of CO2 in the benchmark year 1990. 

Slide E-6 illustrates the most aggressive set of assumptions the what-if analysis to project CO2 

levels in 2050, relative to the goal of an 80% reduction from 1990 levels. The scenario modeled 

on this slide compares the CO2 levels based on the population of vehicles in 2030, totaling a CO2 

emissions of 13.5 million metric tons to what that number would be in 2050 if the entire vehicle 

fleet was hybrid and the entire fleet uses advanced alternative fuels with a projected GHG 

reduction of 95% as described above. In this scenario, an 80% reduction of CO2 could occur 

relative to the levels of CO2 in the benchmark year 1990. It requires wide availability of 

renewable advanced biofuels, which may require aggressive stimulus to make these fuels both 

affordable and available in sufficient quantities. 

The following slides E7-E9 indicate the documentation used to develop estimated savings in 

GHG, establish industry trends, identify barriers and enabler, and to add greater depth to the 

understanding of industry priorities in the pursuit of future GHG reduction. 
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Slide E 2 

3 © Ricardo plc 2011 Confidential 

Engine technology is expected to advanced through 2050 in parallel 
with increasing synergy to hybrid powertrain solutions 

Source: Ricardo Analysis, NESCAFF report, DOE Supertruck reports 

Possible Roadmap for Commercial Vehicle Technology 

2010 2030 2020 2050 2040 

Pollutants Emissions Focus 

Business Drivers 

DOE 
50% BTE 

                    Engine Optimization 

Engine  
Technology 

Hybrid 

Technology Roadmap  

1 

Timeline and technology examples for illustration purposes 

CO2 – Fuel Economy 

Reduced product and operating cost 

DOE 
55% BTE 

                    Advanced Engines 

70% BTE ? 
Wartsila diesel 

57% BTE 
Innogy Split Cycle 

67% BTE ? 

Parasitic loss reduction 

Advanced boosting 

Exhaust Heat Recovery 

New engine cycles 

Hybrid / PHEV specific designs 

APU fuel cell / battery 

Hydraulic hybrid Next generation hydraulic hybrid 

Flywheels ? 

HEV – PHEV - EV 

Battery Energy improvement 

High efficiency motors 

Integration into mainstream products 

Next generation battery systems 

High efficiency low cost wiring and charging 

Advanced Valvetrains 
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Slide E 4 

5 © Ricardo plc 2011 RD.11/336605.2 

DRAFT 

CalHEAT | www.calheat.org | 48 S Chester Ave | Pasadena CA 91106 | 626/744-5687 
 

California Hybrid, Efficient and Advanced Truck Research Center	

Truck CO2 impact – 1990 to 2030. Assumes 60% of fleet includes all 

hybrid with some type of alternate fuel: CO2 reduced by 30% 

2,656,022,164 
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2030 Truck CO2: 30% reduction from 1990 = 
22 MMT 

Source: CalHEAT report: “Research and Market Transformation Roadmap Update”, Dec. 7, 2011 

2008 

l Assumptions for 2030 model: 

– Vehicle technology-assumes 60% of fleet is hybrid: 

1/3 each of HEV, HHV, PHEV; 40% conventional 

– Assumes 60% of fleet uses some type of alternate 

fuel; 40% is conventional fuel and conventional 

drive train 

• 80% biofuels: 30-40% GHG WTW reduction 

• 20% cellulosic biofuels (E85 and DME from 

CA Poplar): 90% GHG WTW reduction 

Tractors - OTR 

Tractors – Short 
haul/regional 

Class 2b/3 
Vans/Pickups 

Class 3-8 Work 
trucks – Rural/
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trucks - Urban 

Trucks, Work site support 
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2030 
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1,054,195,705 

12,778,652,804 

6,353,751,863 

122,770,213 

0 

5,000 

10,000 

15,000 

20,000 

25,000 

30,000 

35,000 

40,000 

45,000 

50,000 

0 100,000 200,000 300,000 400,000 500,000 600,000 700,000 
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Vision to 2050 Goal 
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Slide E 5 

6 © Ricardo plc 2011 RD.11/336605.2 

DRAFT 

CalHEAT | www.calheat.org | 48 S Chester Ave | Pasadena CA 91106 | 626/744-5687 
 

California Hybrid, Efficient and Advanced Truck Research Center	

Truck CO2 impact – 1990 to 2030. Assumes fleet includes all hybrid with 

some type of alternate fuel; CO2 reduced by 57% from 1990 levels 

1,651,245,138 

2,405,031,410 

1,430,673,172 
418,125,642 

5,068,397,062 

2,520,088,602 

48,694,350 
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2030 Truck CO2: 57% reduction from 1990 = 

13.5 MMT 

Source: CalHEAT report: “Research and Market Transformation Roadmap Update”, Dec. 7, 2011 

l Assumptions for 2030 model: 

– Vehicle technology-assumes entire fleet is 

hybrid: 1/3 each of HEV, HHV, PHEV 

– Assumes entire fleet uses some type of alternate 

fuel 

• 80% biofuels: 30-40% GHG WTW 

reduction 

• 20% cellulosic biofuels (E85 and DME from 

CA Poplar): 90% GHG WTW reduction 
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haul/regional 
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Vans/Pickups 

Class 3-8 Work 
trucks – Rural/

intercity 

Class 3-8 Work 
trucks - Urban 

Trucks, Work site support 

Vehicle Population 
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Slide E 6 

7 © Ricardo plc 2011 RD.11/336605.2 

DRAFT 

CalHEAT | www.calheat.org | 48 S Chester Ave | Pasadena CA 91106 | 626/744-5687 
 

California Hybrid, Efficient and Advanced Truck Research Center	

1,651,245,138 

2,405,031,410 

1,430,673,172 
418,125,642 

5,068,397,062 

2,520,088,602 

48,694,350 
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2030 Truck CO2: 57% less than 1990 = 
13.5MMT 
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Truck CO2 impact – 2008 to 2030 and 2050. Fleet includes all hybrid 

and alternate fuel. 2050 CO2 reduced by 80% from 1990. 
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1,164,367,387 

22,498,460 

0 

5,000 

10,000 

15,000 

20,000 

25,000 

30,000 

35,000 

40,000 

45,000 

0 100,000 200,000 300,000 400,000 500,000 600,000 

2050 Truck CO2: 80% less than 1990 = 
6.2MMT 

Source: CalHEAT report: “Research and Market Transformation Roadmap Update”, Dec. 7, 2011 

2030 

Tractors - OTR 

Tractors – Short 
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2050 

Year CO2 (MMt) % Change 

1990 31.2 - 

2008 35.0 +12% 

2030 13.5 -57% 

2050 Goal 6.2 -80% 

Assumptions for 2050 model: 

60% of alternate fuel used is from  DME, RNG, CNG from CA 

poplar or  E85 cellulosic material with ~95% GHG reduction 

Vision to 2050 Goal 
Truck CO2 Reduction Scenarios 
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