SAFETY, CODES AND STANDARDS

2010

Safety, Codes and Standards
Summary of Annual Merit Review of the Safety, Codes and Standards Sub-program

Summary of Reviewer Comments on the Safety, Codes and Standards Sub-program:

The Safety, Codes and Standards (SCS) sub-program supports R&D that provides the critical data and
information needed to define requirements and close gaps in safety, codes and standards to enable the safe
use and handling of hydrogen and fuel cell technologies. In FY 2010, reviewers recognized the progress,
coordination, and organization of each project towards the overall goal of the safe deployment of
hydrogen and fuel cell technologies. Reviewers were impressed by each project’s breadth and
commitment to information sharing and R&D collaboration. Reviewers also recognized each project’s
success in connecting relevant stakeholders.

Reviewers identified strong sub-program support in the following areas: hydrogen and fuel cell codes
and standards permitting and education, hydrogen sensor technology, hydrogen components and material
compatibility work, safety training for first responders and researchers, and development of a hydrogen
fuel specification. Reviewers also appreciated each project’s efforts at leveraging the resources and
intellectual capital of academic institutions, standards development organizations (SDOs), national
laboratories, government agencies, and industry, as well as other offices in DOE.

Summary of Safety, Codes and Standards Funding:

The sub-program funding for FY 2010 allowed for the continued strong support of the necessary R&D
and domestic and international collaboration and harmonization to support hydrogen and fuel cell early
market commercialization. The following chart indicates FY 2010 appropriations and the FY 2011
budget request.
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Maijority of Reviewer Comments and Recommendations:

In FY 2010, 14 SCS projects were reviewed, with a majority of projects receiving positive feedback and
strong scores. Reviewer’s scores ranged from 3.0 to 3.8, and the average score for projects was 3.4. The
project receiving the highest score was Hydrogen Safety Training for First Responders.

National Codes and Standards Template: Reviewers recognized the value of the template and in
particular noted the template’s comprehensive content and ability to bring relevant stakeholders together.
In particular, reviewers praised the data-driven codes and standards analysis resulting from experts’ use of
the template. Reviewers suggested expanding the template’s level of detail so it can be more relevant for
stakeholders, including fuel quality efforts, and providing funding to ensure continual updates to the
database.

Codes and Standards Training, Outreach, and Education for Emerging Fuel Cell Technologies:
Reviewers praised the project’s critical role in implementing hydrogen and fuel cell technologies and its
focus on forklifts and backup power, two early market deployments. Reviewers also recognized the
collaboration with local fire departments and praised holding workshops at locations where hydrogen and
fuel cell technologies are deployed. Reviewers suggested increasing project funding to allow for more
training sessions and to allow the project scope to expand into other alternative fuels.

Component Standard Research and Development: Reviewers appreciated the project’s well-
coordinated alignment of its test program with industry and the appropriate SDOs. Reviewers also praised
the round-robin safety sensor testing and international collaboration with Europe’s Joint Research Center
(JRC). Reviewers suggested fostering additional outreach to industry stakeholders to better understand
industry needs. Reviewers suggested the project complete a list of components under consideration, to
identify gaps.

Materials and Components Compatibility: Reviewers admired the project’s focus on forklifts and its
relevance to the early market deployment of hydrogen and fuel cell technologies. Reviewers commended
the project for its test facilities, thorough and engineering-based data collection, and test methodology.
Also, most reviewers commended the direct interaction with codes and standards committees, tank
manufacturers, forklift integrators, and working groups. However, reviewers noted that progress has been
slow on material system evaluations and the application of the fatigue crack growth law. The fatigue
crack growth law is based on the hypothesis of “leak before break,” and it is unclear how the testing
program will incorporate the hypothesis into its testing procedures.

Hydrogen Fuel Quality: Reviewers praised the rigorous technical R&D approach used to determine
levels of constituents in hydrogen. The reviewers also commended the project’s contribution of critical
data to the International Organization for Standardization Technical Committee (TC) 197 Working Group
12. Most reviewers noted the strong collaboration between investigators, the strong work plan, and the
iterative approach to refine data results. Reviewers suggested including more depth on durability testing
at the cell level and greater collaboration with fuel providers.

International Energy Agency Hydrogen Implementing Agreement Task 19—Hydrogen Safety:
Reviewers recognized the project’s important role in international collaboration. Reviewers commended
the project’s data collaboration, strong link for input into www.hydrogenincidents.org, and efforts to
foster international collaboration. However, most reviewers commented that the project’s focus is vague
and Task 19’s goals need to be better defined. Also, some reviewers noted the project needs to increase
collaboration with SDOs such as ISO and the International Electrotechnical Commission.
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Hydrogen Release Behavior: Reviewers recognized the strength of the project’s research protocol,
which translates into a “defensible and traceable basis” for codes and standards development. In
particular, reviewers praised the outstanding transformation of scientific analysis into actual safety
guidance, and also commended the work done on tunnel release. Reviewers identified areas for
improvement, including fostering greater industrial collaboration on indoor refueling and clarifying the
direction of tunnel release work.

Hydrogen Safety Knowledge Tools: Reviewers praised the project’s depth, breadth, and distribution of
hydrogen safety resources. Reviewers also noted other strengths such as the applied expertise of the
Hydrogen Safety Panel to the online resources. Reviewers suggested improvements as well, such as
greater dissemination of the Web site and increased involvement of energy companies.

Hydrogen Safety Panel: Reviewers agreed that the Hydrogen Safety Panel (HSP) provides critical
expertise for ensuring the safety of hydrogen and fuel cell projects. Reviewers thought there was an
excellent mix of expertise and experience on the HSP and were impressed with its accomplishments thus
far. Reviewers praised the HSP’s safety recommendations, which are based on incident reviews, as an
excellent resource. Reviewers expressed concerns over how the HSP’s effectiveness is evaluated and
commented that the HSP might be over-funded.

Hydrogen Safety Training for First Responders: Reviewers praised the project’s relevance and
important role in advancing the safe deployment of hydrogen and fuel cell technologies. Reviewers
identified a number of important strengths, including the focus on real-time training, the accurate
targeting of relevant audiences, the well-designed curriculum, the hands-on training afforded by the fuel
cell prop, and the ability to move the course to a variety of locations. However, reviewers suggested
including increased collaboration with the DOD, onsite training on the East Coast, training specific to
forklift operation, and greater outreach to more audiences and locations.

Hydrogen Safety Training for Researchers: Reviewers praised the relevance of the course and its
sound technical approach. Reviewers noted that the Web site has an excellent graphical layout and the
course reaches out to the correct audiences. Reviewers also saw the strength and importance of the
technical expertise and facilities at LLNL that were used to develop the training. Some reviewers noted
that it might be useful for the course to be tailored to specific laboratory settings. Also, the course might
need to be modified for audiences with different education levels.

Optically Read MEMS Hydrogen Sensor: Reviewers recognized the project’s good coordination and
technology transfer as strengths. In particular, reviewers noted excellent cooperation between the
government and industry. Reviewers suggested improving collaboration with nationally recognized
testing laboratories like Underwriters Laboratories (UL) during the testing process.

Safe Detector System for Hydrogen Leaks: Reviewers noted the project’s successful R&D towards a
commercially available sensor. Reviewers also said the project is “well executed” and has fostered “good
collaboration with potential customers.” Reviewers supported the project’s approach toward sensor
development and testing, including collaboration with NREL. Reviewers identified significant
technological barriers, including cross interference, humidity, and carbon monoxide poisoning. Also,
most reviewers noted the project should not suggest to the public to install sensors in residential garages.
Reviewers recognized that the project needs to complete a more thorough cost analysis and clearly
identify the size of the end-user market.

Hydrogen Safety Sensors: The reviewers appreciated the integrated technical approach to R&D and
specifically the collaboration between the two national laboratories. Reviewers also supported the
inclusion of an industry partner into the sensor testing process. Reviewers praised the project’s solid
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work towards a stable sensor response time, long-term testing, and evaluation of sensor materials and
designs to improve long-term stability. Reviewers suggested the project better define the industry
partner’s role, competencies, and contributions to the project in an effort to improve collaboration. Some
reviewers also expressed concern over the project’s approach to commercialization in regard to cost
goals, performance, and calibration requirements and ultimately the private sector’s role in sensor
commercialization.
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Project # SCS-01: National Codes and Standards Template
Carl Rivkin; National Renewable Energy Laboratory

Brief Summary of Project
Overall Project Score: 3.3 (8 Reviews Received)

The objectives of the project are to: 1)

conduct research and development needed )
to establish sound technical requirements

for codes and standards with a major 5l
emphasis on hydrogen and fuel cell

technologies; 2) support code development

for the safe use of hydrogen in commercial,
residential and transportation applications 27
with a major emphasis on emerging fuel cell
technologies; 3) advance safety, code

development and market transformation T
issues by collaborations with appropriate
stakeholders; and 4) facilitate the safe

deployment of hydrogen and fuel cell 04 : : : :

: Relevance Approach Accomplish- Collabor- Future
technologles . ments ationand Work
Coordination

Question 1: Relevance to overall DOE
objectives

This project earned a score of 3.8 for its relevance to DOE objectives.

e Hydrogen and fuel cell technologies, as well as various forms of feed-stock fuels, are not yet an established
industry with a legacy record. Instead, it is an emerging technology with many similar, as well as distinctly
different properties and safe operating characteristics. Hydrogen and fuel cells are emerging technologies and it
is important to have broad engineering and technical freedom to facilitate establishment of commercially viable
products. As a custodial government department with many tasks for emerging technology initiatives, the
Department of Energy (DOE) has the charge to help ensure that while development is not hindered by
restrictive, non-scientifically set requirements, it is facilitated in a socially (including all aspects of life and
environment) safe and aptly responsible introduction into the United States and global market.

e The National Codes and Standards Template is extremely useful for organizing hydrogen and fuel cell codes
and standards and presenting an overview of the domestic coordination. The R&D that is conducted to establish
sound technical requirements is critical to the development of reasonable hydrogen and fuel cell codes and
standards that are acceptable to jurisdictions across the country.

e Data driven codes and standards for stationary and mobile applications, supporting the deployment of
infrastructure, permitting, quality and safety, are critical to advancing this industry. The codes and standards
template that has been developed is comprehensive and addresses all aspects of the technology.

e  The project addresses a fundamental need in the path to adoption of hydrogen and fuel cell technologies. The
gap analysis on stationary applications is especially relevant, given the current direction of the Fuel Cell
Technologies Program.

e This program is a single leg of a three-legged stool. Without it, the stool falls.

e The work aligns with the Program goals to ensure sound engineering practices are developed and used for
technical standards and building codes.

e  There was an extremely large budget reduction from the 2008 actual, the plan for 2009 and the actual for 2009
which impacted all of the work. However, the Principle Investigator (PI) never mentioned this in the
presentation or its impacts on milestones, standards development organizations or the work that was not
completed on component testing.

o This project is a critical enabler for progress in hydrogen and fuel cell technologies.

e A comprehensive directory of standards and regulations is a great help to researchers, developers, users and
authorities having jurisdiction over buildings as well as the general public.
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uestion 2: Approach to performing the research and development
This project was rated 3.4 on its approach.

e It has been almost ten years in the making, but when one reflects back eight or ten years to the many chaotic,
separate orbits of the state of technology regarding safety, codes and standards and regulatory work and
initiatives, one can appreciate the current state of work and how far we have come. The approaches have at
times seemed long and tenuous, but the merits of step-by-step patience and persistent coordination are now
starting to pay big dividends for this technology's move to full commercialization.

e DOE and national laboratory involvement in key technical committees is an excellent approach to drive toward

the completion of codes and standards. Holding multiple stakeholder workshops to gather input from the field is

a good approach to identifying gaps in the codes and standards that need to be addressed.

e The template is comprehensive, the project brings stakeholders together and several research projects have been

initiated through the program to develop data driven codes or standards to address identified gaps.
e The project encompasses a very broad range of topics, but manages to do so in a concise and coherent manner.

In this case, it is difficult to be “sharply focused”, but the project still manages to address all relevant aspects of

codes and standards development for hydrogen and fuel cells.
e International cooperation should be emphasized.

e  The work supported in 2010 appears more supportive than prior years. Since the budget was reduced, it appears

all R&D component testing was stopped, but no data was provided and any impact on current consensus
standards was not discussed.

e Ifthere was a gap analysis and an evaluation on program impacts on safety, codes and standards activities, it
was not reported and the recommendations on future directions were not clearly indicated.

e Having researchers involved in standardization committees is critical, and this is well implemented.
International collaboration in research leading to standards and addressing gaps could be strengthened.

o A comprehensive listing of federal regulations for hydrogen and hydrogen usage was available at one time at
www.hydrogen.gov. This listing has been removed, but should be provided to stakeholders for their
information. This would be an improvement and would restore this resource.

e  The comprehensive listing on www.fuelcellstandards.com is more complete than the codes and standards
template. Although the template has value, the fuelcellstandards.com resource is actually significantly more
complete. Harmonizing the template with fuelcellstandards.com would be an improvement.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.0 based on accomplishments.

e [ have moved up my assessment recently in this area. Several pressing engineering, technical and servicing
issues have not been given the attention and/or funding over the years. However, there has been very
encouraging progress in this area in recent reporting cycles. I envision continued support in this area. Slides 14
and 15 are outstanding and should be utilized in specific stakeholder coordination meetings.

e  The draft gap analysis that the National Renewable Energy Laboratory (NREL) produced for fuel cell
technologies shows that there are no significant gaps for fuel cells, but some work is needed on component

standards for high and low-pressure systems. This is an important accomplishment to focus future efforts where

they are most needed. Analysis support for the National Fire Protection Association Hydrogen Technologies
Code (NFPA 2) is also a key contribution.

e Advancements have been made in many areas: refueling, building codes, permitting, pressure vessel safety, fuel

quality, sensor development and harmonization of codes and standards.

e  The technical accomplishments for this year have made significant progress toward achieving the project goals,
bearing in mind that codes and standards work is an ongoing process. As mentioned above, the inclusion of a
gap analysis for stationary applications is a good example of the accomplishments of this project.

e The progress is steady. The national codes and standards template is a useful tool for tracking projects, gaps and

collaborations.

e The PI has stated that the gap analysis was completed and identified where additional codes and standards work

was needed, but did not state it in the presentation.
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e The PI stated issues identified component standards, but did not provide any details or if they had made any
progress.

e  The PI stated modeling and analysis of data was conducted to support NFPA 2, but did not provide any details.

e  Future work did not identify how the effort would deal with budget issues, curtailing of the component testing
or any details on evaluation or analysis activities.

e Based on the work reported, the only real progress was attending technical committee meetings.

e  Project name "National Codes and Standards Template" is misleading for the activities the Project actually
covered. Obviously, two templates are available and hence the project goal is achieved. However, main project
activities consist of associated needed research and active involvement in and facilitation of standards
development organization (SDO) and code development organization (CDO) activities. It is difficult to assess,
based on the information contained in the presentation, to what degree these have progressed against (non-
communicated) performance indicators.

e Note that templates shown are different from those on the DOE website
(www.hydrogenandfuelcells.energy.gov/codes/pdfs/cs_templates.pdf).

e The template is useful, but lacks specifics. Grouping the various aspects of hydrogen standards into the various
genres of "Vehicles", "Fuel Delivery and Storage", "Fueling, Service, Parking Facility", "(Vehicle Systems and
Refueling Facilities) Interface", "Hydrogen Generator", "Portable Fuel Cells", "Stationary Fuel Cells", and
"(Stationary and Portable) Interface" is helpful, but this breakdown is not sufficient for use by stakeholders.
More detail is necessary for stakeholders to appreciate the applicable standards and to access them for their
work.

e There is a significantly different technology that has been omitted. "Micro" fuel cells are portable and operate at
low voltages and currents. This type of fuel cell needs to be separately addressed, since such systems are
expected to be routinely used in public spaces, as well as on board planes, trains and automobiles. The
regulations for such usages are important since flammable, corrosive, explosive and water reactive fuels for
such devices are typically not allowed in public places and on board public transportation. This is a sensitive
issue that needs to be addressed carefully.

e Conducting gap analyses on a periodic basis is very valuable. Including industry in these analyses is vital to
Project success.

e The Hydrogen Industry Panels on Codes (HIPOC) is limited to the NFPA and International Code Council
(ICC), but many more interrelated standards are involved in the codes and standards issue. Either expanding
HIPOC to include all interrelated standards or eliminating it in favor of using other aspects of the program
would be an efficiency improvement.

Question 4: Technology transfer/collaborations with industry, universities and other laboratories

This project was rated 3.8 for technology transfer and collaboration.

e The U.S. national codes and standards landscape is now at a point of relative predictability. Consistent, patient
and persistent efforts have breached perceived silos of code and standards makers.

e  The Project has outstanding collaboration with industry, national labs, SDOs and CDOs. Extensive
collaboration and coordination efforts with all the key players are highly commendable. These collaborations
ensure that multiple perspectives will be articulated, with the end goal of finding common ground and achieving
national consensus on hydrogen codes and standards.

e Collaboration is excellent between DOE and all applicable SDOs, industry, the national labs, other federal
agencies and local authorities and international partners.

e The project has significant collaboration from all relevant stakeholders.

e  The coordination is good, while the collaboration is only as good as the desire of the partner.

e  The coordination plan was well conceived and executed. However, it’s difficult to keep everyone focused on a
single outcome if there are insufficient funds to support the needed work.

e Ifbudget issues continue, the scope and goals of this effort should change to reflect the reduced funding and
ability to accomplish the template objectives.

e [ gota positive impression that effective collaboration is in place with the listed collaborating institutions.

e As stated earlier, HIPOC is limited in scope and could either be expanded to include all interrelated standards or
eliminated in favor of using other aspects of the program to coordinate between the various standards for
hydrogen. This would be an efficiency improvement.
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The collaboration and coordination with national and international SDOs, as well as collaboration with national
and international regulatory bodies, is impressive.

Question 5: Approach to and relevance of proposed future research

This project was rated 3.0 for proposed future work.

Future outlooks based on the PI's outlook summaries being right on track. Ensuring close scrutiny in the
integrity of task work and deliverables, as well as analysis and data disbursement and feedback, is critical at this
point.

Future work includes a good combination of component testing, data analysis, collaboration/coordination with
SDOs and CDOs and outreach activities to assist code officials and project developers using the codes and
standards in the real world. Evaluation of indoor releases of hydrogen from forklift refueling operations is a
timely undertaking.

The approach to and relevance of proposed future research are both good. The plans build on past progress.
Inclusions of forklifts in the future work as well as ongoing component testing and fuel quality work are all
good indications that the future of the project has been well thought-out. It would have been nice, however, to
see some more specific timelines for some of the work.

The identification of low pressure system requirements, plastics and composites, and the need for standards
development in this realm will be key in both vehicle and stationary applications. More emphasis should be
given on international standardization.

As stated earlier, the scope of work should reflect the budget to be obligated to the project. The current plan is
too broad, based on the expected budget, and cannot support any R&D activities on components, unless
industry is willing to provide the funding.

The presentation discussed future work that was not precisely involved in the codes and standards template
itself, but rather indicated component work and release evaluations and hydrogen quality efforts, as well as
direct support of SDOs. This listing is not precisely the implementation of the template.

It would be helpful to get more information on how the template will continue to be updated and how industry
input will be obtained.

Strengths and weaknesses

Strengths

This activity has been at a relatively high pace for the last six+ years. The amount and importance of
stakeholders, though significantly reduced over the years, is still significant and should be sustainable through
"establishment" of needed rules, regulations, standards, codes and recommended practices.

The key project strength is the extensive collaborations with industry, national labs, SDOs and CDOs to create
nationally accepted codes and standards. The integrative approach of blending R&D activities with committee
work on codes and standards makes good sense. Holding workshops in areas where hydrogen and fuel cell
projects are happening is also an important contribution.

This project has been active for several years and has become very comprehensive in scope, which makes it a
natural go-to entity to facilitate smaller, more focused, individual research topics. For example, research to
support the development of SAE 2579's durability and expected service life test protocol for onboard hydrogen
storage cylinders was funded through this project. Similarly focused projects to address gaps (such as sensor
sensitivity, for example) can be initiated rapidly through similar methods, since relationships with stakeholders
are well established.

The coordination and collaboration efforts are key and a strength of the program.

Good history and overall accomplishments in getting ICC and NFPA codes developed and adopted.

A strength was the focus on the central point on regulations, codes and standards.

The goal of a comprehensive listing of hydrogen and fuel cell standards is laudable and valuable. The
significant level of effort involved is appreciated by all stakeholders. The project and the program are showing
excellent effort and progress towards these goals.

Expanding the template to include the detail necessary for it to be used by the experts, such as standards titles
and scope, would be an improvement.
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Weaknesses

e Funding and ensuring that there is a sustainable flow of historical knowledge is a weakness.

e It seems transfer and key stakeholders pass "point-of-contact" batons.

e R&D results may lag behind codes and standards revision cycles.

¢ Funding may be insufficient to do much more than maintain the template. Is there a list of unfunded projects to

support research to address gaps in codes and standards?

The Project should refocus activities based on budget realities.

e The dissemination in the international arena about scope of activities and accomplishments could possibly be
improved.

e The format of the template is not detailed enough to be really useful to knowledgeable stakeholders. The
comprehensive listing at www.fuelcellstandards.com is more useable. It would be helpful to have a more
comprehensive template, or just reference www.fuelcells.com or portions thereof.

e The original concept of assigning responsibility to a specific organization for a specific topic has been
somewhat lost due to overlap of standards, subsidiary standards and the competitive nature of standards
development.

e The American National Standards Institute (ANSI) system of assigning responsibility to a particular
organization for a particular topic is in place, and DOE does not need or want to replicate this function. Any
idea that DOE is regulating standards work needs to be modified to be sure that ANSI is not superseded.

Specific recommendations and additions or deletions to the work scope

e It may be beneficial to start tracking "joint U.S. Technical Advisory Group efforts" with regard to specific task
items within the various International Organization of Standardization (ISO) and International Electrotechnical
Commission (IEC) activities. A better understanding of international protocols within the ISO, IEC and Global
Technical Regulation (GTR) processes should reap significant dividends.

e  The Project should continue along the same path.

e A single comprehensive database for national and possibly international codes and standards as applied to
hydrogen and hydrogen systems should be implemented.

e Keep work focused on application of the model codes through training, workshops, and outreach activities.
Perform more analysis and modeling activities since they are less expensive and get more technical papers
published on these efforts.

e Include balance-of-plant related impurities in the fuel quality standard.

e  The permitting of hydrogen refueling stations.

e Expanding the template to include the detail necessary for it to be used by the experts, such as standards titles
and scope, would be an improvement.
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Project # SCS-02: Component Standard Research and Development
Robert Burgess; National Renewable Energy Laboratory

Brief Summary of Project
Overall Project Score: 3.3 (7 Reviews Received)

The objective of this project is to develop 4

component level hydrogen codes and

standards by identifying gaps and working

with industry to close those gaps via sl
national laboratory R&D support. Hydrogen
infrastructure technology gaps include: 1) a

new addition to the American Society of 1
Mechanical Engineers (ASME) Boiler and
Pressure Vessel Code test standard for

composite overwrapped pressure vessels; 2)

new non-communication fill tables for !
hydrogen vehicle fueling for the Society of
Automotive Engineers (SAE) J2601 Fueling . ‘ ‘ ‘ ‘

Protocol, designed to insure temperature

. Relevance Approach Accomplish- qulabor- Future
limits are not exceeded; 3) new ments Honand Work

performance-based standard for temperature

activated pressure relief device; and 4)
hydrogen sensor performance requirements for hydrogen leak detection for safe alarm and shutdown.

Question 1: Relevance to overall DOE objectives

This project earned a score of 3.6 for its relevance to DOE objectives.

e  The four projects discussed in the presentation do address areas in codes and standards development where data

or adequate hardware (sensors) is lacking.

e This project provides vital technical work which helps to overcome gaps in the current codes and standards for
hydrogen and fuel cell technologies. As such, the results are essential to the DOE Fuel Cell Technologies
Program.

e The project is aligned with Program needs.

e Hydrogen system component testing performed in this project is critical to the development of performance
standards for SAE, CSA and ASME. The test program is generally aligned with industry.

e  The project appropriately addresses a number of subjects requiring standardization.

e Component standards are essential to safe and cost effective development of hydrogen and fuel cell
technologies.

Question 2: Approach to performing the research and development

This project was rated 3.4 on its approach.

e These projects are focused on specific technical barriers that need to be addressed.

e The project is directly linked with the national codes and standards template development and addressed gaps
which have been identified through that effort. The approach taken in each of the four gap analyses that were
discussed is thorough, comprehensive and unbiased.

e The overall approach needs to be clarified and better articulated.

e The work is subcontracted to appropriate outside experts.

e A direct line of communication between the standards development organization (SDO) and National
Renewable Energy Laboratory (NREL) technical staff is helpful to industry. Regular updates to those SDOs
allow corrective feedback from industry. I would like to see targeted briefings more frequently during the
project lifetime summarizing work-to-date and emphasizing results relevant to that SDO.
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The topics addressed respond to priorities expressed by stakeholders. They seem to be appropriately covered
either by in-house activity or by subcontracting.

The technical work appears to be rigorous and well done and based on previous research and experience. The
laboratory work is state-of-the-art.

The primary effort appears to be on sensors.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.0 based on accomplishments.

The progress made is good. The rate of progress is a little slow.

Most of the accomplishments discussed were for the work on sensor testing. This work has made significant
advances in the last year and specifically on the sensor analysis.

There was little discussion on the progress of the pressure relief device (PRD) hydrogen service suitability.
Though it is understood this is ongoing work, more detail would have been appreciated.

There was too much technical data in the accomplishments section. Bullets are needed regarding specific
components under consideration. The presentation makes it hard to discern exactly what has been accomplished
in the past year.

Various subcontractors are providing results.

Safety sensor testing is showing progress.

Fueling protocol testing will need to be expanded to include industrial trucks. This is a need for the industry.
In the absence of any communicated performance indicators or milestones it is difficult to quantitatively assess
the degree of progress. From a qualitative point of view, progress certainly seems positive.

All progress appears to be timely and continues to support industry needs.

The use of round-robin testing for sensors appears to be an excellent approach. This is a project strength.

Question 4: Technology transfer/collaborations with industry, universities and other laboratories

This project was rated 3.6 for technology transfer and collaboration.

The collaborations are well coordinated, and all the right entities are involved (SAE, CSA, National Institute of
Standards and Technology (NIST), etc.).

This project has a long list of collaborators. It was especially nice to see interaction with the international
community. The round-robin testing with Joint Research Center (JRC) is a good illustration of how
international collaboration can be used to further a technology.

It is hard to tell from the presentation how well partners are coordinated and if they are full participants or
simply subcontractors.

The project has good working relationships with subcontractors and some of the many sensor manufacturers.
Industry and government are both represented in working groups within individual SDOs.

The project allows for informal updates and real-time information exchange.

There was collaboration with relevant partners beyond the United States.

Based on the presentation, the sources of research topics are all good, but could be expanded to include more
comprehensive polling of industry stakeholders in order to include more industry and standards developers as
well as all national labs and the research community.

The collaboration on round-robin testing is a strength.

Question 5: Approach to and relevance of proposed future research

This project was rated 3.1 for proposed future work.

The plan to collaborate with National Aeronautics and Space Administration (NASA) on tank level stress
rupture testing is a good one. Some research to verify a leak before burst failure mode for composite overwrap
pressure vessels would improve safety by preventing catastrophic rupture of Type IV cylinders.
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The future work is well presented, and takes into account further progress which must be made on the PRD
task. It would have been nice to see some timelines suggested for the work.

The inclusion of computational fluid dynamics (CFD) modeling for sensor placement is also a very good idea as
the project moves forward.

This was an appropriate continuation of existing subcontracts and collaborations.

I would like to see permeation testing of plastic materials for use in low-pressure hydrogen applications.
Completing the sensor work is essential. The next sets of work topics will most likely change as industry input
is received. The Program needs to be flexible and funded for emerging issues. One good example is forklift fuel
tanks where the issue developed quickly and DOE was quick to implement vital research. This component
program needs to be funded at a level that allows such flexibility.

Strengths and weaknesses

Strengths

The project provides much needed technical information to address gaps in hydrogen and fuel cell codes and
standards. The thoroughness of the work, as well as the collaboration with industry and international
laboratories, are all project strengths.

The specific component work is crucial to overall DOE objectives.

There are appropriate subcontracted efforts. The collaboration with international experts should improve project
output.

There is close cooperation between industry and performing labs.

The project follows stakeholder prioritization.

The international collaboration is a strength.

The technical excellence on display was a noticeable strength.

The round-robin testing was beneficial.

The collaboration with national and international stakeholders and labs is a project strength.

Weaknesses

Is funding sufficient to continue sensor and composite overwrap pressure vessel testing?

A comprehensive list of components under consideration would be helpful in identifying gaps in hydrogen-
specific component needs.

It seems like a lot of work is required on sensors to generate an "abstain" vote at the international level. One
would like to see more active presentation of data to support international standards.

It is always difficult to ferret out the needs of industry. Additional outreach to industry stakeholders will almost
always bear fruit. Additional outreach is encouraged.

Specific recommendations and additions or deletions to the work scope

Add component testing in a low-pressure hydrogen environment.

Add permeation testing of plastics for low-pressure hydrogen applications and industrial truck refueling
protocols.

There needs to be microstructural investigations on failed or inadequately responding sensors to clarify limiting
factors for detector performance and durability (preferentially to be done in collaboration with external
partners).

More outreach to stakeholders and industry partners is encouraged.
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Project # SCS-03: Codes and Standards Training and Outreach and Education for Emerging Fuel Cell

Technologies

Carl Rivkin; National Renewable Energy Laboratory

Brief Summary of Project

The objectives of this project are to: 1)
advance renewable energy safety, code
development and market transformation
issues by distribution of information; 2)
facilitate the safe deployment of renewable
energy technologies; and 3) overcome
barriers to emerging fuel cell technologies,
and specifically fuel cell-powered forklift
vehicles and stationary fuel cells used for

Overall Project Score: 3.5 (4 Reviews Received)

4

back-up power.

Question 1: Relevance to overall DOE

objectives

I

. . . Relevance Approach Accomplish- qulabor— Future
This project earned a score of 3.8 for its ments donand Work

relevance to DOE objectives.

This is a keeper. The PI has done an outstanding job with this program as he came onboard during the first
"hard lesson" session then refined it to the value-added product that it is today!

Providing information on safe deployment to code officials and project developers is critical to furthering the
implementation of hydrogen and fuel cell technologies. Offering practical guidance on how to apply hydrogen
and fuel cell codes and standards will speed up the time required for project development and final reviews.
This work is critical to the efforts in implementing hydrogen and fuel cell technologies (vehicles and fueling
stations, stationary applications, etc.).

DOE coordinating and leading this project is key. This emphasizes the move to commercialization and
demonstrates a real leadership and progressive role of the government.

The project directly correlates to addressing DOE objectives. The focus on forklifts and backup power is
relevant and needed at this stage of commercialization.

Question 2: Approach to performing the research and development

This project was rated 3.5 on its approach.

It took several iterations to hammer out a professional and palatable (to the target audience) product, but the
final product is truly outstanding!

Holding workshops in locations where there are actual hydrogen and fuel cell applications makes good sense.
Such workshops will make code officials and project developers aware of the codes and standards and how to
apply them, facilitate safe technology deployments and help define future R&D needs.

There was good coverage of many types of hydrogen projects (stationary, forklift and passenger vehicle
fueling). It is important to demonstrate the similarities in the permitting processes of these various technologies.
In-person interactions are proven time and again to be the best way to work with authorities having jurisdiction
(AHJs). It's good to see such a focus on those interactions and to see positive results as indicated by the
workshop participants. The web-based part is also important since the folks in the workshop and others will
have a way to access the same information if they are unable to attend the workshops.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.3 based on accomplishments.
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Continued focus on feedback and perhaps targeted "revisits" are the correct and chosen approach. Well done!
Several workshops were held and others are planned. The project works directly with the local fire departments
and the California Fuel Cell Partnership (CaFCP). The web-based information compendium was developed and
maintained and the code official training course was successfully deployed. A site visit and case study report on
stationary fuel cells for backup power was completed.

Keep the progress moving. This project is needed on an ongoing basis with the advancement of technology
implementation (i.e. as new technologies are developed and the current technologies become more widespread).
Accomplishments and progress are really hard to measure, but from the information given it appears that the
project has been quite successful. I am troubled by the use of the term "electric vehicles", which seems to only
apply to battery vehicles. Electric vehicles include fuel cell electric vehicles. Every time we use this term
incorrectly (as so many people do), we're teaching the wrong perspective to our target audience. I suggest
changing the language to use electric vehicles when actually referring to vehicles powered by fuel cells and/or
batteries; and using battery vehicles or fuel cell vehicles when only referring to those individual technologies.

Question 4: Technology transfer/collaborations with industry, universities and other laboratories

This project was rated 3.5 for technology transfer and collaboration.

The initial efforts ran through a gambit of stakeholder groups and individuals. The core team seems to be doing
a splendid job.

Collaboration with local and regional fire departments and the CaFCP is good.

It is difficult to address the challenge of reaching the exact right people. It is critical to have the input of the
collaborators to correctly target the geographical locations (cities) and individuals in those areas.

It's quite clear that the coordination is far reaching including all the major organizations that are involved in
safety, codes and standards development. The only improvement that I can see is incorporating speakers from
other organizations in the agenda. The Jefferson Parish workshop agenda, for example, only NREL speakers. I
realize there are cost restrictions and the current approach seems to work well, but that would be one place to
improve collaboration especially as it's perceived by the audience.

Question 5: Approach to and relevance of proposed future research

This project was rated 3.5 for proposed future work.

The project plan appears to be on-track and still targeted to the correct audience in order to bring the most
value-added outreach and education where needed. Again, well organized and well done!

A site visit and report on indoor hydrogen forklift refueling is planned. NREL plans to continue the workshops
and safety reviews and collaborate with local and regional organizations. The workshops will be used to help
define potential hydrogen and fuel cell codes and standards issues and future R&D needs.

It can be beneficial to the permitting officials to demonstrate similar features in the permitting process between
hydrogen and other alternative fuels, however, the other alternative fuels tend to be more similar to
conventional fuels permitting (compressed natural gas, ethanol, natural gas, etc.), where hydrogen is/can be
quite different. For this reason, the primary focus should remain on hydrogen.

Approach and relevance are very good. The current work should continue.

Strengths and weaknesses

Strengths

Brings "real-time" expertise and information to "real-time" installations and projects. The work supports where
it is actually needed.

The key project strength is getting out into appropriate locations in the field to provide information directly to
code officials and project developers on hydrogen and fuel cell technologies. It helps these individuals to then
understand the context so they can more efficiently apply the codes and standards in their own projects.

Good early outreach. Good early outreach is much needed both from an educational perspective and in a
practical sense.
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The project gives permitting officials good resources of information, which will ultimately instill confidence in
the technology (some evidence of this is in the comments slide).

A strength of the project is tracking the changing codes and standards and updating AHJs as needed through
both the workshops and the online resources. This keeps progress advancing.

This project represents the main ways that we know work well to develop codes and standards and aid their
implementation; workshops and online materials. This bread and butter approach works and simply needs to be
executed more often to more people.

Weaknesses

An additional team would be beneficial.

Code officials wanted to know how the information might affect their daily lives. Thus, more attention should
be focused on this issue during the workshops.

Moving away from the hydrogen focus and adding other alternative fuels potentially expands the scope to a
degree that makes it very difficult to organize and manage.

There are very few weaknesses. There could be some increased collaboration and volume of outreach to more
people and the change in terminology with "electric vehicles”.

Specific recommendations and additions or deletions to the work scope

Add more funding to allow for return/follow-up sessions.

Perhaps an occasional outreach to a regional training center that caters to a number of volunteer stations and
shops.

NREL needs to develop materials to publicize the availability of the web-based code official training and the
local workshops.

My preference is for the focus to remain on hydrogen fuel cell vehicles, fueling stations and stationary
installations.

This bread and butter approach works and simply needs to be executed more often to more people.
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Project # SCS-04: Hydrogen Safety Sensors
Eric Brosha; Los Alamos National Laboratory

Brief Summary of Project
Overall Project Score: 3.1 (6 Reviews Received)

The objectives of this project are to: 1)

develop a low-cost, low-power, durable and )
reliable hydrogen safety sensor for vehicle

and infrastructure applications; 2) 3l
demonstrate working technology through
application of commercial and reproducible
manufacturing methods and rigorous life oL
testing results guided by materials selection,

sensor design and electrochemical research

and development investigation; 3) i3
recommend sensor technologies and
instrumentation approaches for engineering

design; and 4) disseminate packaged 04 : : : :

prototypes to DOE laboratories and Relevance Approach Accomplish- Collabor. Future
commercial parties interested in testing and Coordination

fielding advanced commercial prototypes
while transferring technology to industry.

Question 1: Relevance to overall DOE objectives

This project earned a score of 3.3 for its relevance to DOE objectives.

e The development of accurate, low-cost and robust hydrogen gas sensors is important for both stationary and
mobile applications.

e  There is a critical need for a low-cost, low-power, durable and reliable hydrogen sensor for vehicles and
stationary applications to help foster the transition to the hydrogen economy. This project directly addresses
several key barriers identified in the DOE Multi-Year Program Plan by developing robust solid-state
electrochemical hydrogen sensors.

e This is an issue that may be better served by the efforts of private industry. This project should not be viewed as

a critical path in support of the hydrogen program goals.

e Development of sensors that can meet DOE targets is an important part of the Fuel Cell Technologies Program.
The project, if successful, will provide robust and low-cost solid-state sensors for vehicular applications. It is
not clear how much value the success of developing and commercializing such sensors will have for stationary
applications, such as fueling stations, above commercially available safety sensor technology.

e Cost-effective hydrogen sensor technology is an enabler for more robust hydrogen safety practices.

e Sensors appear to be a necessary component of vehicle and stationary and portable fuel cell systems. Some
developers are unwilling to include standards due to concerns regarding reliability, false alarms, stability and
cost. Having reliable and cost-effective sensors is essential.

Question 2: Approach to performing the research and development

This project was rated 3.3 on its approach.

e  The approach taken is sound.
e The project objectives are to develop and demonstrate the sensor and then disseminate it to other national

laboratories for testing while simultaneously transferring the technology to industry for commercialization. The

approach utilizes two national laboratories with unique and complementary expertise, as well as an industry
partner with the ability to engineer commercial prototypes. That appears to be a smart and integrated approach.
e Approach is fine but may be better with more involvement of private industry.
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e Integration of commercialization parameters into the RD&D is an approach that should be encouraged,
particularly for projects that should lead to widespread deployment in one or more industries. The partnership
between Los Alamos National Laboratory (LANL) and Lawrence Livermore National Laboratory (LLNL) is a
good example of combining complementary expertise and experience. The presentation could have shown
better how the project is addressing not only the identified technical barriers, but also each of the DOE
hydrogen sensor targets.

e  The project is claiming to be 60% complete, yet there is no manufacturability, packaging or cost information
presented. Some assessment of these aspects should have occurred by this point. The durability technical
performance target of five years between calibrations is suitable for vehicular applications but is overly
stringent for fixed installations.

e Using a DOE workshop to set the goals could be a good method provided that industry was involved.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.0 based on accomplishments.

e  The accomplishments to date are encouraging.

e  One question comes to mind. One example given has a high operating temperature. If the operating temperature
is above the autothermal ignition point of the gas being sampled, does the sensor become the ignition source
during a catastrophic failure of the gas containment (e.g. hose break)? Is this being considered in the
development process?

e In Fiscal Year (FY) 2009 the team completed an early commercial pr