
 TR0003 (REV 10/98) 
TECHNICAL REPORT DOCUMENTATION PAGE 
STATE OF CALIFORNIA • DEPARTMENT OF TRANSPORTATION 

For individuals with sensory disabilities, this document is available in alternate 
formats. For information call (916) 654-6410 or TDD (916) 654-3880 or write 
Records and Forms Management, 1120 N Street, MS-89, Sacramento, CA 95814. 

ADA Notice 

CA09-1039 

1. REPORT NUMBER 2. GOVERNMENT ASSOCIATION NUMBER 3. RECIPIENT'S CATALOG NUMBER 

ITS-Davis – Hydrogen Pathways Program 
4. TITLE AND SUBTITLE 

July 1, 2008 

5. REPORT DATE 

6. PERFORMING ORGANIZATION CODE 

Joshua M. Cunningham 

7. AUTHOR 

PATH 2008-C1 

8. PERFORMING ORGANIZATION REPORT NO. 

Partners for Advanced Transportation and Technology (PATH) 
1357 South 46th Street, Building 452 
Richmond, CA 94804-4648 

9. PERFORMING ORGANIZATION NAME AND ADDRESS 

191 

10. WORK UNIT NUMBER 

PATH Task Order 6107 Contract 65A0208 

11. CONTRACT OR GRANT NUMBER 

California Department of Transportation 
Division of Research and Innovation, MS-83 
1227 O Street 
Sacramento CA 95814 

12. SPONSORING AGENCY AND ADDRESS 
Final Report 
December 29, 2005 to September 30, 2007 

13. TYPE OF REPORT AND PERIOD COVERED 

14. SPONSORING AGENCY CODE 

15. SUPPLEMENTARY NOTES 

16. ABSTRACT 

The contractor, through the Institute of Transportation Studies at the University of California, Davis (ITS-Davis) 
through the study “Clean Hydrogen for Transportation Applications”, conducted a two year research and outreach 
program that addressed the technical, operational, and logistical issues related to the transition to a hydrogen economy. 
The projects and its associated studies focused on the demands, capacity, and evolution of the transport and 
distribution of hydrogen for use in the transportation sector. The research goal was to identify a broad set of 
transparent facts that will be accepted by all stakeholders in the hydrogen economy and that can be used to establish a 
common basis regarding hydrogen pathways. A Special Project is also described in this report. Section 3 summarizes 
the ITS-Davis Asilomar Conference where the Caltrans special project funds for this contract were utilized and 
highlights key discussion outcomes from the event. Caltrans representatives were able to participate and contribute to 
this event. 

California, Hydrogen, Pathways 
17. KEY WORDS 

No restrictions. This document is available to the 
public through the National Technical Information 
Service, Springfield, VA 22161 

18. DISTRIBUTION STATEMENT 

Unclassified 

19. SECURITY CLASSIFICATION (of this report) 

24 

20. NUMBER OF PAGES 21. COST OF REPORT CHARGED 

Reproduction of completed page authorized. 



CALIFORNIA PATH PROGRAM 
INSTITUTEOFTRANSPORTATION STUDI ES 
UNIVERSITY OFCALIFORNIA, BERKELEY 

ITS-Davis · Hydrogen Pathways Program 

Joshua M. Cunningham 
University a/California , Davis 

California PATH Reports to Caltrans 200S-C l 

Thi s work was performed as pan of the Ca lifornia PATH Program of the 
University of California , in cooperation with the State of California Business, 
Transportation, and Housing Agency. Department of Transportation, and the 
United States Department of Transportation. Federal Highway Administration. 

The contents of this report reflect the views of the authors who are responsib le 
for the facts and the accuracy of the data presented herein . The contents do not 
necessarily reflect the official views or policies of the State of California . This 
report does not constitute a standa rd, specification. or regulation . 

Final Report for Task Order 610 7 

July 2008 

For Internal Use Only, Do not Cite 

CALIFORNIA PARTNERS FOR ADVANCED TRANSIT AND HIGHWAYS  



                      

ITS-Davis  
Hydrogen Pathways Program  

Final Research Report 

Prepared By: Joshua M Cunningham  
Program Manager, STEPS Program  

Submitted to:  
California Department of Transportation  

PATH Task Order: #6107  

Submitted On:  
September 28, 2007 (Original)  
November 08, 2007 (Revised)  

June 13, 2008 (Revised)  



 

 

 
 
  

    
   

 
  

   
 

   
 

 
 

 

DISCLAIMER STATEMENT  

This document is disseminated in the interest of information exchange. The contents of 
this report reflect the views of the authors who are responsible for the facts and 
accuracy of the data presented herein. The contents do not necessarily reflect the 
official views or policies of the State of California or the Federal Highway Administration. 
This publication does not constitute a standard, specification or regulation. This report 
does not constitute an endorsement by the Department of any product described herein. 

For individuals with sensory disabilities, this document is available in Braille, large print, 
audiocassette, or compact disk. To obtain a copy of this document in one of these 
alternate formats, please contact: the Division of Research and Innovation, MS-83, 
California Department of Transportation, P.O. Box 942873, Sacramento, CA 94273-
0001. 



Abstract 

The contractor, through the Institute of Transportation Studies at the University of 
California, Davis (ITS-Davis), through the study "Clean Hydrogen for Transportation 
Appl ications", conducted a two year research and outreach program that addressed the technical, 
operational, and logistical issues related to the trans ition to a hydrogen economy. The projects 
and its associated studies focused on the demands, capacity, and evolution of the transport and 
distribution of hydrogen for use in the transportation sector. The research goal was to identify a 
broad set of transparent facts that will be accepted by all stakeholders in the hydrogen economy 
and that can be used to establish a common basis regarding hydrogen pathways. 

A Special Project is also described in this report . Section 3 summarizes the ITS-Davis 
Asilomar Conference where the Caltrans special project funds for this contract were utilized and 
highlights key discussion outcomes from the event. Caltrans representatives were able to 
participate and contribute to this event. 
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Executive Summary 

The following project dc livcrablcs and suppo rting information arc listed as they appeared 
in the original contract. 

1.	 ITS-Davis will issue working papers and reports each year to all Program Sponsors on 
the progress ofthe proj ect. 

Publications from the recent quarter arc listed at the end of this report.  
The program wcbsites (listed in Section 1.2 above) have a cumu lative summary of  
all the program publ ications and presentations.  
A sample of a few project summaries arc included in Appendix A, projects that  
Caltrans may best relate to. This is a selection from the 25+ projects currently  
active in the STEPS program.  

2 .	 A high-level. invitation-only annual conf erence will be conducted to provide a review of 
the research outputs f rom the program. 

The STEPS Research Symposium took place on May 21-22, 2007 . After logging  
into the STEPS program website, an events web page will direct you to the event  
materials.  
The event agenda and sponsor feedback notes are included in Appendix B.  

3.	 At least one research workshop will be held each year on critical technical issues and 
topics, such as station siting, transportation hydrogen demand scenarios, and energy 
stations. 

The Hydrogen Pathways final workshop was held September 26-27. 2007. Event  
material can be found from the Hydrogen Pathways website.  
The event agenda is included in Appendix C.  

4 .	 Each year at least one special public process event will be held. These may include 
tutorial workshops for public agency leaders and stajJ, policy issue forums, and 
information ga thering sessions requested by public agencies. 

A Federal Government outreach event was held on January 23, 2007 in  
Washington DC. The event focused on the basics of hydrogen and other  
alternative fuels in meeting our national energy goals.  
The event agenda is included in Appendix D.  

5.	 Caltrans will be provided with the opportunity to participate in near-term p ilot proj ect.'! 
facilitated by or led by ITS-Davis. 

A near-term pilot project is not currently being planned. 

6.	 The llydrogen Pathways Program will make available to Coltrans research-based 
knowledge. experience. and recommendations relative to hydrogen f ueling stations. 

No current station is being reviewed. 
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1 Project Background 
As a sponsor of this research. you should have received a log-in ID and password for our 

program websitcs. Please let us know if you don' t have this information. Th e reference web 
pages below provide more detailed information about ou r research efforts. 

Hydrogen Pathways (Hl P) main website : hup:/lhydrog~n.ilS.u.cda_tis.cd ll 
HlP publ icat ions list (through 2006): hup:l/hydrogcn.its.ucdavis.cdulr ubl ications 
Sustainable Transporta tion Ene rgy Pathways: hnp://stcps.its.ucda\' is.cdu 
STEPS pub licat ions (2007 to present): http://slcps.its.ucdavis.cdu/public.uions 

2 Project Status Summary 
2.1 Timeli ne 

The PATH Task Order #6107 was a two year con tract with a performance period from July 
I , 2005 to June 3D, 2007. A no-cost extension (through September 30, 2007) was requested and 
obtained to allow for Caltrans to support the ITS-Davis Asilomar Conference from this task 
order (Special Project described herein). There is no need for a further extension, and with this 
Fina l Report. the Task Order #6 107 will come to a close. 

2.2 BUdget 
The total budget for Task Order #6 107 was S110,000 over two years, S50,OOO per yea r for 

primary project funding, and S10,000 for a spec ial project. Caltrans elected to usc the SI0,000 
spec ial project fundi ng for their contribution to the Asilomar Conference, August 21-24, 2007. 
With the submission of this Final Report, the project account balance should be SO. 

A detailed finan cial quarterly invoi ce has been submitted to PATH in para llel to this Final 
Report . Please contact Christina Adamson, the ITS-Davis Finan cial Coordinator 
(~.;tdamso ll@ucda \' i s . l:du ), for additional copies of this information . All contract invo ices are 
submitted through the university's Sponsored Program s Offi ce (SPO). 

http://slcps.its.ucdavis.cdu/publications
http://hydrogen.its.ucdavis.edu
http://hydrogen.its.ucdavis.edu/publications
http://slcps.its.ucdavis.cdu
mailto:cadamson@ucdavis.edu
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3 Special Project Summary 
For this Task Order, the Calt rans Spec ial Project funds were used to support the ITS- Dav is 

Asi loma r Transportation Energy Conference . Th is event is held every other year and focuses on 
a critical topic of the time in transportation energy usage. The Caltrans contribution was used for 
general conference support and was instrumental in maki ng the program a success. Thi s year ' s 
event focused on climate change. Eve nt information can be found at: 
www.its.ucda\" is.cdulevent~/ollt rc~tc h cvcn (s!<lsilamar2007I inl'!";l;,wn 

3.1 Discussion 
The I Ith Biennial Conference on Transportation and Energy Policy investigated three 

broad strategies for reducing greenhouse gas emi ssions from transportation : reducing motorized 
travel. shifting to less energy intensive modes, and changing fuels and propulsion technologies. 
Th is invitation-o nly gathering drew its largest attendance yet, 283 attendees , with representatives 
from industry, academia, international governments and NGOs, and was held August 21-24, 
2007 at the Asilomar Conference Center in Pacific Grove, Cali f. Following arc some highlights 
of the thorny questions posed at the conference, and some of the many thoughtful perspectives 
on the issues, as discussed in the closing roundtable discussion . 

Can C02 really be reduced by 60-80% by 2050? 
We'll need a combination of policies and actions - reduced vehicle miles traveled (VMT), 
improved vehicle fuel economy, and reduced carbon content in fuel - to success fully red uce 
GHG in the transportation sector. If you can' t do all three and do n' t get policies lined up to 
move all three, we could easily see a repeat of the last 20 years, where tech nology has 
marched along but rated fuel economy has been flat. --George Eads, CRA International 
It' s not a question of what we can do. We have to shift the discussion to ' how do we do what 
we must do.' Politicians arc starting to come around. Consumer behavior is central. It will 
requi re creativity but it can be done . Historically, society has shifted and the country has 
tackled big problems, as soon as poli ticia ns have stepped up to the plate. -- John DeCicco, 
Environmental Defense 
It cannot be done by ration ing energy. It needs to be done with a net eco nomic benefit. 
Everybody has to be invo lved, and everyone has to want to use less than they can afford. 
Additionally, cars have to weigh less; we can' t do it wi thout that element. -- Bob Epstein, E2 

Is VMT reduction a realistic goal and how? 
Absolute VMT reduct ion on the global sca le is probably not a real istic goal. But cutt ing 
growth in half by 2055, is a "slam dunk" and absol ute flat VMT is not out of the quest ion, 
thanks to population aging trends, demand reduct ion strategies, and increased investment in 
transit, pedestria n and bicycling projects globally. Ten years from now I' ll bet that the 3-year 
VMT trend is a flat line or downward trend . 
-eDavid Burwell. BBG Group 

Is there a paradigm shift in consumer behavior? 
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We' ve made such a limited effort to change consumer behavior. For example, in California, 
we' ve reduced consumer energy consumption by 10% with a modest investment. A similar 
modest investment in the transportation sector would be far greater than we' re doing today. 
We're understating the potential, with investment in publ ic educa tion. --Tim Carmichael, 
Coali tion for Clean Air 
Anyone counting on it will be sore ly disappointed. prima rily due to a single factor: rising 
standard of living. People want to enjoy the fruits of their labor and telling them they can 't 
spend money on thing s they want is pointless. --John German, Honda 

What is the role ofeconomy-wide policies in transport? 
We see a perfe ct storm building. Climate change is one - with an intere sting time factor. The 
second piece is peak oil - we 'll be on our knees if it happens. The third piece is mega eities -
with severe air pollution. We simply have to get away from oil. We don' t have any options. 
These mega cities with massive numbers of vehic les and stagna nt air patterns - even if we're 
effic ient, and we reduce VMT, it still a ll adds up. The answer is to electrify the vehicle. --
Chris Sloane, General Motors 
We need a portfolio approach and to support a range of technologies, some of which have 
uncertainties. And given that it takes time to ramp up any of these solutions, it says we can 't 
pick winners. We also need to be willing to stay in there for the long term. --Joan Ogden , 
ITS-Davis 

3.2 Conclus ions  
The ITS-Davis Asilomar Conference has become an important venue for true stakeholder 

dialogue on the important transportation issues, in this year's case climate change. The majority 
of attendees recognize that the level of expertise and the caliper of dialogue are very high at this 
event. Involving Caltrans in such a dialogue is critical given how influential the agency 
continues to be in California's transportation system. One important outcome of this event is the 
recogn ition from each attendee of how other stakeholders view the challenge. This 
interdisciplinary awareness is very important as climate change issues will force Caltrans and 
other organization s to work together in solv ing the problem. 

At the conclusion of the event, David Greene of Oak Ridge National Laboratory posed a 
final declaration for all attendees - an assumed common understanding: 

Climate change is real, transportation' s em issions are a major part of the problem, and 
they must be reduced. 
National policy has so far failed to adequately addre ss transportation' s role in climate 
change; this can and must be remedied. 
All stakeholders want to work cooperatively to reduce transportation's GHG emissions, 
for the public good. 
There arc innovative solutions to the problem of GHG emissions from transportation that 
will contribute to a bener transportation system for current and future generations. 

3.3 Recommen dation s 
It is recommended that Caltrans cont inue to take part in these and othe r similar events. 

Opportunities such as this will be available through future ITS-Davis Asilomar conferences 
(every other year) , and through Caltrans' participation in the new ITS-Davis Sustainable 
Transportation Energy Pathways (STEPS) Program. A new Task Order 6121 has already been 
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approved for sponsorship of the STEPS Program and ITS-Davis looks forward to working wi th 
Caltrans in this new proh,'Tam. 

4  



0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

4 Recent Publications 

•	 Farrell, Alexander E. and Daniel Sperling (2007) A Low-Carbon Fue l St;;t!.Hl#r d for 
Californ ia, Part I: Technical Analysis. Institute of Transportation Studies, University of 
California, Davis, Research Report UCD-ITS-RR-07-07 

•	 Farrell, Alexander E. and Daniel Sperling (2007) A Low-Carbon Fuel Standard for 
C<lli fomin. Pmt 2: Policy Analysis. Institute of Transportation Stud ies, University of 
California, Davis, Research Report UCD-ITS-RR-07-08 

•	 Heffner, Reid R., Kenne th S. Kurani, Thomas S. Turrentine (2007) SYmbolism In Earlv 
Markets For Hybrid Electric Vchi~l es . Institute of Transportation Stud ies, University of 
California, Davis, Research Report UCD-ITS-RR-07-01 

•	 Hughes, J.E., c.R. Knittel and D. Sperling, "Evidence of a Shift in th~ Short-Ru n Pr i c~ 
Ebsticity of Gasoli.!~c Ikmand," Energy Journal, 29(1), January 2008. 

•	 Hughes, J.E ., CR. Knittel and S.P. Holland, "Greenhouse Gas Reductions umk r Low 
Carhon Fuel Standards'?," In submission. 

•	 Lin, Z., C.W. Chen , J.M. Ogden and Y. Fan. "Optimized Pathways for Regional II2 
Infrastructure Transitions: A Case Study for Southern California," Presented at the 2nd 
World Congress of Young Scientists on Hydrogen energy systems , accepted for publication 
in Internat ional Journal of Hydrogen Energy, 2007. 

•	 McCarthy RW, Ogden JM, and 0 Sperling (2007) "Assessing reliability in energy supply 
~ys tcms, " Energy Policy , 35(4):2 151 :2 162. 

•	 Nicholas, M.A. and J.M . Ogden (2007) "Detailed An_al vsis of Urban Station Siting for 
Californ ia Hvdrogen HiglDvay Network." Transportation Research Record 2006 (198 3), 129 
- 139. 

•	 Parker, Nathan C. (2007) O pt i lll i;'~in g the Design of Biomass Hydrog~!l Supply Ch:uns Using 
Real-World Spatial Distributions: A Case Study Using Cali fornia Rice Straw . Institute of 
Transportation Studies, University of California, Davis, Research Report UCD-ITS-RR-07-
04 

•	 Sperling, D., review ofBeyond Oil and Gas: The Methanol Economy, by Geo rge A. Olah, 
Alain Goeppert, G.K. Surya Prakash (W ilcy-VC!I, 2005) , in Energy Journal, 28( I) 
2007 :178-179 . 
Sperling, D., "Asilomar Declaration on Climate Po licy," Access (Univers ity of Cali fomi a 
Transportation Center), Fall 2006, pp.II -21 

•	 Turrentine, Thomas S. and Kenneth S. Kurani (2007) Car buyers 9oDJ,Lf!)<,:1economy'? Ener~ 
/ 'ojio ' 35 (2007 ), 1213 - 1223 

•	 Wang, G., J.M . Ogden, M.A. Nic holas, "L i ft;~yclc impacts of natural gas to hvdrogen 
pathways on ur baU-.~i r qua lity," International Journal ofHydrogen Energy, Articl e in Press , 
Corrected Proof 

•	 Weinert, J.X ., Shaojun, L., J.M. Ogden, and Jianx in, M., "Hydrogen Refueling Station Costs 
in Shanghai," accepted for publication in the International Journal ofHydrogen Energy, 
2007. 

•	 Williams, Brett D. and Kenneth S. Kurani (2007) COTluncrci;tlif:ing \ieht-dury plug-in/plY£..: 
9W hydrogen-fuel-cell vehicles : "Mobile Electricity" technologies and opportunities. Jot/mal 
o(Pml'eJ'Sources 166 (2), 549 - 566 

•	 Yang, C,; and lM. Ogden (2007) . "Determining the lowes t-cost hydrogen del ivery mode. It 
International Journal ofHydrogen Energy, 32(2), 268-286. 
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5 Appendix A: Select Project Summaries 

Project Title: LA Case Study of Hydrogen Infrastructure Transition Model 
Project Leader: Zhcnhong Lin (David) 
Related Thread or T rack and advisor: Hydrogcn+Infrastructurc, J.Ogdcn, Y. Fan) 

Project Objectives 
The project is to apply the HIT model to the Los Angeles area. The HIT model, developed as 
part of the Hydrogen Pathway Program, identifies the regional least-cost hydrogen by 
considering regional details, technology improvement, competition and coexistence, carbon 
policy and demand growth. Understanding the regional least-cost hydrogen is important not only 
to improving know ledge of hydrogen as a new fuel, but also to ensuring proper fuel comparison. 

Project Milestones 
Two papers were accepted for presentation at the Hysydays 2007 conference and publication 
on the International Journal of Hydrogen Energy. One of them won the Best Paper award. 
One paper is accepted for presentation at the incoming EVS-23 conference. 

Project Description 
My current on-going project, called HIT-LA, is applying the Hydrogen Infrastructure Transition 
(HIT) model to the Greater Los Angeles area. The HIT model, developed as part of the 
Hydrogen Pathway Program, looks at the optimal regional transition to a hydrogen fuel system 
under user-specified scenarios. 

The HIT-LA project fits within the scope of the STEPS Program. Firstly, it tries to explore the 
least-cost transition to a hydrogen fuel system. Understanding the best that can be done is 
important not only to improving knowledge of hydrogen as a new fuel, but also to ensuring 
proper fuel comparison. Secondly, the HIT-LA project will also consider the transition from the 
current gasoline system to a hydrogen system. It will explore the optimal market penetration 
process of hydrogen (and fuel cell veh icles) under the perspective of maximizing the social 
welfare in meeting transportation demand (not hydrogen demand) over time. 

The main modeling technique is dynamic programming, which optimizes the infrastructure 
buildup decisions over time to minimize the cost. The model is basically finished and ready for 
specific region application. For the LA case study, data collection and analysis have been 
completed for some scenarios. We will look at more scenarios. 

Collaboration Goals and/or Interests 
Dr. Joan Ogden and Dr. Yueyue Fan are the two main guiding advisors of this project. Steven 
Chen has also helped with the project. 
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Project Title: Station Network Analysis 
Project Lead er : Marc Me1aina and Joel Brcmson 
Related T hread or Track and advisor: Infrastructure, Melaina 

Project Objectives 
Complete analysis of station clustering and document results. Extract appropriate data for 
publication in ajournal-quality article. Target journal: Energy Policy. 

Project Milestones 
I.	 Completed tasks of previous 3 months: 

a.	 Draft paper completed for station density thresholds (station availability analysis) 
2.	 Goals for next 12 months: 

a.	 Complete final version of station density threshold paper and submit to Energy 
Policy. 

b.	 Prepare second paper on clustering and station sizes. This paper will outline the 
results related to a regular distribution of relative station sizes within and across 
urban areas. 

3.	 Long-term goals through project completion and graduation. 
a.	 At least one additional paper will be based upon this analysis. It will compare the 

clustering results to similar studies completed and presented in the context of 
Zipf's law for regular distributions of size across multiple phenomena. 

Project Description 
The goal of this project is to improve simulation models representing the ncar-term development 
of hydrogen refueling station networks, with an emphasis on station numbers, sizes, locations 
and rollout dynamics. The model under development includes two levels of resolution: I) urban 
areas, and 2) interstates and rural areas. The analysis of station networks in urban areas 
compliments other H2 Pathways research projects, including the idealized city model and station 
siting analysis. The policy question to be addressed is the role of competition and stakeholder 
coordination in the early stages of infrastructure rollout. 

Collaboration Goals and/or Interests 
This project will provide a generic representation of gasoline station size distributions with in 
cities, and will prove useful for a variety of existing and future infrastructure studies. For 
example, it may inform improvements to the hydrogen Steady State Model (c. Yang), or variou s 
ongoing and proposed infrastructure transition models (J. Ogden or Y. Fan projects). 
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6 Appendix B: STEPS Research Symposium 
6.1 Agenda 

2007 Research Symposium Agenda  

University Club  
University of California, Davi s  

Monday. May 2J. 2007 

7:30 a m Con tinental Breakfast 

8:00 am Welcome and Event Overview 
Joshua Cunningham. Program Manag er, STEPS Program 

8: 15am The Dynamic Con text for Sustainable T ransport at ion Energy Resea rch 
Joan Ogden, Professor and Director, STEPS Program 

Professor Ogden will descr ibe the current context and pro spec ts for alternative fuels in the 
United States and around the world, highlighting recent trends in technology advancement 
and poli cy. Thi s will set the context for the role of an academic research program, the 
Sustainable Tran sportation Energy Path ways (STEPS) Program. 

8:45 am T he Low Car bon Fuel Standard in California 
Marc Melaina. Proj ect Scientist , ITS-Davis 

The low carbon fuel standard (LCFS) in Cal ifornia is an innovative policy measure with the 
goal ofcutting carbon intensity of fuels by 10% by 2020. Dr . Marc Melaina is on the UC 
Davis ream eval uat ing options for meeting the LCFS. This talk describes the poli cy process 
and scenario s for this initiative. 

9:00 am ST EPS Researc h Progr a m Overview 
Joshua Cunningham , Program Manag er, STEPS Program 

This talk will outline the goal s and research plans for the STEPS Program, 
describ ing how our research will contribute to understanding future options for 
reducing emissions of greenhouse gases and criteria pollutants and diver sifying 
fuel supply 

9:15 am Break 

9:30 a m STEPS Research Hig hlights  
STEPS Program Research Leaders 

The STEPS Program and research team encompasses a broad suite of expertise. 
Research "track" and "thread" summaries will be presented by STEPS research 
leaders, highlighting important research questions in each area and specific 
projects already launched. The goa l is to present our proposed research plan, and 
to solicit feedback from our sponsors and invited experts. 
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9:30 am 
9:50 am 
10:/0 am 
/0:30 am 
/0:50am 

ll:IOam 

11:30 pm 

1:00 pm 

1:10 pm 

1:10pm 
1:25 pm 
1:40 pm 
1:55 pm 
2:10 pm 

2:3IJ pm 

2:45 p m 

3:00 pm 

3:00 pm 
3:20 pm 
3:40 pm 
4:00 pm 
4:20pm 

4:40 pm 

5:30 pm 

Consumer Demand and Behavior Thread - Ken Kurani 
Policy & Business Strategies Thread - Chris Knittel 
Vehicle Technical Evaluation Thread - Andy Burke 
Integrative Scenarios Thread - Marc Melaina 
Inf rastructure System Analysis Thread - Chris Yang 

Discussion - possible research topics pertaining to Research Threads 

Lunch 

Progra m Sponsors hip Overview  
Joe Krovoza. Director ofDevelopment, ITS-Davi.f 

STEPS Research Highlighls, continued 

Biofuels Track - Bryan Jenkins 
Electricity Track - Tom Turrentin e 
Fossil Fuels Track - Cynthia Lin 
Hydrogen Track - Joan Ogden 
Environment, Energy, & Cost Analysis Thread - A/ark Delucchi 

Discussion and questions 

Break 

Stakeholder Perspectives on Sustainable Energy for T ransportation 
Moderator: Marc Melaina, Proj ect Scientist, ITS-Davis 

Through a series of presen tation s, th is sess ion will highl ight key technology, 
business and poli cy issue s of the various stakeholders involved; including 
industry, government, and the environment al com munity , Each speaker will 
ident ify key challenges and questions about alternative fuels and vehi cles that can 
be addressed in an academic program such as ST EPS. 

Automobile Industry Perspective <Andreas Truckenbrodt, DaimlerChrysler 
Electric and Gas Utility Perspective - Jill Egbert, Pacific Gas & Electric 
NGO / Environmental Group Perspective - Roland Hwang, NRDC 
Biofuets Industry Perspective - Luca Zullo, Cargill 
Energy Company Perspective - Dave Austgen. Shell Hydrogen 

Discussion - Possible research directions for STEPS 

Adjo urn 
Cocktails & Dinn er Reception at Bistro 33 

 

226 F Stree t. Davis (corner ofF and r ) 
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Tuesday, May 22, 2007 

7:30 am Continen ta l Breakfa st 

8:00 am Welcome, Overview of Second Day 
Joshua Cunningham, Program Manager, STEPS Program 

8:15am Insights from Modeling Alter nati ve Fuel Transitions 
Paul Leiby, Oak Ridge National Laboratory 

Dr. Leiby will discuss lessons learned from his studies of trans itions in the 
transportation secto r, cons idering consumer decisions , infrastructure buildup and 
technology evolution. 

8:45 am The U.S. DOE Multi-Pathway Research Program 
Margaret Singh, Argonne National Laboratory 

The U.S. Department of Energy has launched an analysis program comp aring the merits of 
multiple alternative fuel and vehicle pathway combinations. Highlights of this program 
will be presented. 

9:15 am Brea k-Out Discussion Groups 
Moderator: Joshua Cunningham, Program Manager, STEPS Program 

A key advantage for sponsors of the STEPS Progra m is the ability to provide feedback and 
suggest new research direction s. In this session, several breakout groups will be organized 
around a series of STE PS research topics (for example: "biofucls'' or "infrastruc ture 
development") , A discussion will be led by STEPS principal resea rchers, with assistance 
from graduate students. The goal is to bra instorm abou t the proposed STE PS research 
program and gather va luable feedback from sponsors and invited experts. 

10:30 am Break 

10:45 am Summary and lfi ghlights from Break-O ut Group Discussions 
Moderator: Aaron Singer-Engler, Assistant Program Mgr, STEPS Program 

11:45 am Concluding Remarks, Next Steps 
Joan Ogden, Prof essor and Director, STEPS Program 

12:00 pm Adjourn 
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6.2 Sponsor Feedback Notes 

During the second day of the STEPS Research Symposium, the sponsor members and UC 
Davis researchers split into teams to discuss pre-selected topics. The goal of the discussion 
period was to ident ify the key cha llenges and opportunities for the various alternative fuel and 
vehicle options considered for the transportation energy challenge. This section outlines the 
compi lation of comments from the discussion groups. 

Stakeholder General Perspectives 
Automobile Industry 

•	 The customer will decide 
•	 Realistic technology progress, product development timeline 
• Realistic Policy expectations arc important  

Electric and Gas Utility  
•	 Integrate vehicles into util ity demand. Better utilize grid with PHEVs (little new 

infrastructure change to get started) 
•	 This is the best Use of Feedstock 
• Capturing External ities in Market Decisions ; LeA  

NGO/Environmcntal Group  
•	 Stresses efficiency. Environmental impacts of unconventional oil , coal , biofuels? 

Need to consider all of this  
Biofucls  

• Diversity of paths wi th differing impacts  
Energy Company  

•	 Future energy sources must address 3 E's 

Understanding Alternative Fuel Transitions 
•	 Transition barriers are very important 
•	 Simulations almost always see only one fuel/technology in the future 
•	 Need some initial push for alternative fue l vehicles, coupled w/policics 
•	 Niche markets won't necessarily address retail availability , and may not move fas t 

enough 
•	 Hydrogen and fuel cell s may be the toughest transition to model 

•	 Policy required to cross to competitiveness, sustainable transition is possible 
•	 Costs to reach sustainable transition may not be unthinkably high ($1Os8) 

•	 Do we need I silver bullet or 2? (more than one problem) 
•	 Important questions (STE PS topics?): 

•	 How can we best represent technological change? 
•	 Interactions with other energy markets? Supply curves? 
•	 How do consumers value fuel availability? (outside home region?) 

Understanding Multiple Alternative Fuel Pathways 
DOE Multi-Path study outlined 
•	 Phase 1: Developed 10 scenarios with different mixes of Light duty vehicles. Employed 

scenarios models (VISION) 

12  



0

0

0

0
0

0
0
0
0
0

0
0

0

0

•	 Phase 2: Will include more pathways, characterize scenarios more fully. Far more focus 
on costs. Consider criteria pollutants, oil security, risk analysis, interactions with rest of 
economy (NEMS EERE). Add consideration of consumer choice. Add feedback on fuel 
pncc s. 

•	 STEPS will interact with multi-path study going forward. An ITS-Davis intern is now 
resident in Washington DC working on this project. 

Group 1: Electric vehicles  
WHAT SHOULD STEPS ADDRESS?  

•	 Consumer behav ior, expectations  
•	 How do we quant ify value of the vehicle features? 
•	 How much are they willing to pay? 
•	 Who are they? 

•	 Policy solutions to incentivize consumers? 
• Niche markets? 

SPECIFIC PROJECTS 
•	 Consumer behavior studies 
•	 Identify large niche markets? (postal service, ctc.) 
•	 Business proposition for batteries? (secondary markets, recycling, mitigate risk) 
•	 New comparative mctrics for EVs and liquid fuels? 
•	 Strategic and supply constraints (materials for PIIEVs) 

Group 2: LCA Energy, Environmental and Cost Analysis 
•	 Discussion centered on lifetime cost analysis (ITS-Davis AVCEM model) 
•	 WHAT ARE THE BIG QUESTIONS? 

•	 What costs should be included? 
•	 Treatment of fixed costs in produc ing automobiles  
•	 How to pick system boundaries for the analysis (nationa l, global?) 

•	 SPECIFIC STEPS PROJECTS  
•	 Use AVCEM as input to policy analysis 
•	 Better understand relationship between production volume and manufacturing 

costs (how many suppliers") 
•	 What is the role of conventional combustion engines as new vehicles/fuels are 

being introduced? 
•	 How much can we trade-off perfonnanee vs. cost for alt fueled vehicles? 

Group 3: Business and policy s trategy 
Biggest hurdles in next 25 years? 

•	 Regional best options should be maximized 
•	 Variable time horizon (product cycles, policy, elections, long term plans) 
•	 Lack of info, confusion among consumers and policymakers 
•	 Many variables in business decisions. complicated 
• Data availability, realism 

Projects/areas for STEPS to address 
•	 Information creation 

•	 Technologies, scenarios 
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•	 Information dissemination 
•	 Design of policies 
•	 Resource pricing 

Group 4: Challenges in infrastructure sys tems development 
•	 Hydrogen 

•	 Home refueling 
•	 Hydrogen distribution to homes for heating, ctc., 
•	 Synergies between hydrogen and wind 
•	 What polic ies could get us to hydrogen'? 

•	 Biofuels 
•	 Some biofuels are relatively easy to use in existing infrastructure, ethano l is not 

compatible 
•	 Technology lock-in with ethanol? Spatial lock-in if we build much larger corn 

ethanol system'? 
•	 Better biofuels than ethanol? 

Group 5:Biofuels 
Biggest hurdles in next 25 years'? 

•	 Social Impacts of biomass production and use includ ing 
•	 Ethanol combustion issues 
•	 Competition for feedstock when biofuc1s arc developed at scale (among biofuels 

pathways as well as biomass for electrici ty/heat)  
• Cost ofbiofucls (related to all of the above) 

Projects/areas for STEPS to address 
•	 Look at biofucls other than ethanol and fatty acid methyl-ester (FAME) biodiesc1 
•	 Need to model cross sector impacts from large biomass/biofucls development 
•	 Need strong agricultura l community and agoecon. Involvement 
•	 Public Education and Outreach regarding biofuels and biomass 
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7 Appendix C: Hydrogen Pathways Final Workshop 

Hydrogen Pathways Workshop Agenda  
"What Have We Leaned from The Hydrogen Pathways Program?"  

Tuesday, September 26, 2006 

Registration and Continental Breakfast at 8:00 AM 

Session I: Welcome and Workshop Overview 
Dan Sperling and Joan Ogden, UC Davis Institute of Transportation Studies 
The Hydrogen Pathways program is an inte rdisciplinary exp loratio n of a contentious piece of the 
energy puzz le: use of hydrogen in transportation. In this workshop our goal is to synthesize 
what we have learned by considering a set of crucia l issues. The introductory talk sets the 
context and poses the key questions. 

Session II: Why Hydrogen and When? 
Joan Ogden, UC Davis Institute of Transportation Studies 
We focus on transportation energy context and the motivations for considering hydrogen as a 
future transportation fuel . 

Session Ill : Who Will Buy a Hydrogen Car? 
Ken Kurani, UC Davis Institute of Transportation Studies 
Understanding potent ial demand for hydrogen is difficult because both the technology and the 
policy landscape are rapid ly evolving. While recogni zing that future demand cannot be predicted 
with certainty, we seek to understand the factors that might drive demand for hydrogen. Will 
attributes such as mobile electricity, plug-in capab ility or zero emissions make hydrogen 
vehicles attractive to consumers? 

Session IV: Graduate Res earchers present posters 
David McCollum, UC Davis Institute of Transportation Studies 
This session will start with a brief introduction of each Graduate Student in the Hydrogen 
Pathways Program and topics for thei r posters. We then break up and participants are free to 
walk around and discuss the posters with the researchers. 

Session V: Where Will t he Hydrogen Come From 
Anthony Eggert, UC Davis Institute of Transportation Studies 
What are the options for near term and long term supply? Do we have enough resources to 
make hydrogen for vehicles? How will regional issues and policy impact which resources are 
used ? 

Sess ion VI: What Will a Hydrogen Infrastructure Look Like? 
Christopher Yang , UC Davis Institute of Transportation Studies 
Development of hydrogen infrastructure is an important challenge in implementing hydrogen 
transportation fue l. UC Davis researchers have developed innovative techniques for analyzing 
and visua lizing how a hydrogen infrastructure might develop over time . Here we present insights 
about key factors in infrastructure design. How much will hydrogen infrastructure cost? Where 
will it start? Will it be distributed or centralized? What are the impacts of scale , geographic 
location, and tech nolog ical progress?  
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Session VII: How Can We Make a Transition to Hydrogen?   
Joan Ogden, UC Davis Institute of Transportation Studies  
What can we Jearn from past technologica l transitions? Are there low cost strategies to build  
infrastructure over time? Who will build a hydrogen energy system? What is the role of policy?  

Cocktail Hour & Dinner at 5:30 PM 

Wednesday, September 27, 2006 

Continental Breakfast at 8:00 AM 

Sessio n VIII : Hydrogen: what are th e social costs and benefits? 
Mark Delucch i, UC Davis Institu te of Transportation Studies 
Through rigorous analysis, we seek to understand the key questions about the societal costs 
and benefits of hydrogen transportation. What are the potential environmental impacts of using 
hydrogen as a transportation fuel , with respect to energy use, and emissions of greenhouse 
gases and criteria pollutants? How might hydrogen impact energy security? This session will 
demonstrate the LEM and AVC EM models to estimate emissions and societal costs for a range 
of alternative fue ls and vehicles, with a focus on hydrogen. 

Session IX: Bu siness and Policy St rateg ies  
Gustavo Coffantes, UC Davis Institute of Transportation Studies 
This session will be focusing on 1) policy process surrounding hydrogen; 2) evaluation of policy 
alternatives and their likely implications for the transition; and 3) the development of business 
strategies for a hydrogen economy. 

Session X; What Have We Learned and Future Di rections 
Joan Ogden, UC Davis Institute of Transportation Studies 
As a final talk, we will summarize what we learned about the future of hydrogen in transportation 
from the research conducted under the H2 Pathways program. Are there synergies with other 
technologies such as hybrid vehicles, and low carbon electric secto r technologies? How might 
hydrogen interact with the rest of the energy system? What are the key questions and 
recomme ndations going forwa rd? 

Meeting Adjourns at 12:00 Noon 

Welcome SBQ with new ITS students 
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8 Appendix D: STEPS Policymaker Outreach Event 

Future Transportation Energy  
Opportunities and Challenges  

Tuesday, January 23, 2007 (2:00 - 4:00 pm)  
Room HC5, Capitol Building (Enter South Side)  

Wash ington, DC  

Sponsored by Congressman Mike Thompson 

2:00 pm Introduction and Overview 
Anthony Eggert. Research Director, ITS-Davis 

2:05 pm Fut ure Tran sportation Energy - What are the promisi ng options an d 
how should we evaluate them? 
Antho ny Eggert 

2:20pm Biofue ls - Curre nt status and future direction 
Dan Spe rling, Professor and Director, ITS-Da vis 

2:40pm Hybrids t o Plug-ins - Increasing electrification of the automobile 
Tom Tu rrentine. Director, Plug -in Hybrid Electric Vehicle Center, ITS·Davis 

3:00 pm Hydrogen and Fuel Cells - Pathways and st rate gies 
Joan Ogden, Professor, Environmental Science and Policy; Co-Director, 
Sustainable Transportation Energy Pathways, ITS-Davis 

3:20 pm Sus tainable Transport - Putting it all together 
David Greene, Senior Researcher, Center for Transportation Analysis, 
Oak Ridge National Laboratory 

3:40 pm Discussion - All 

4:00 pm Adjourn Panel Discussion (Speakers availabl e until 5:00 pm) 

8:00 pm ITS-Cavis, TRB Annual Rece pt io n (8:00 - 11:00 pm) 
All invited - John F. Kennedy Presidentia l Suite, Room 625, Omni 
Shoreham Hotel, 2500 Calvert Street NW, Washington DC 
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