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ARCHES Technical Submission to DOE - April 2023 

The following document “Technical Volume” was initially submitted as part of our application to 
the U.S. Department of Energy (DOE) in April 2023 to become one of the Regional Clean 
Hydrogen Hubs.   

This document now, August 2024 is being released publicly as ARCHES has reached agreement 
with Office of Clean Energy Demonstrations (OCED) the award and has entered into Phase 1 of 
the H2Hub. This document demonstrates a true hub approach, bringing together a diverse set 
of partners to help kickstart the hydrogen economy in California and the nation.  

A few important notes: 

● This document has been redacted to protect the business confidential information of 
ARCHES’ partners. 

● This document is a static document dated from April 2023. Our understanding of exact 
metrics, partners, timelines, and other variables are subject to change, and, indeed, have 
changed, since this initial submission. This document will not be updated to reflect 
current H2Hub plans. 

If you have any questions about this document, please let us know! 

● General inquiries: info@arches.org 
● Press inquiries: media@arches.org 
● Governmental (local, state, federal): government.affairs@arches.org  
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1. ARCHES H2 LLC 

1.1 The Alliance for Renewable Clean Hydrogen Energy Systems 
California, as the fourth-largest global economy, has taken a leadership position in climate 
change by committing to a carbon-free economy with 100% clean electric grid (Senate Bill SB 
1020), 85% greenhouse gas (GHG) reduction (baseline 1990; Assembly Bill AB 1279), and 
emissions reduction mandates for ports, trucks, and transit buses by 2035−2045, including the 
recently approved Advanced Clean Trucks Rule. The features of hydrogen are critically required 
to achieve these ambitious climate goals. Recognizing this, California has enacted many laws that 
support hydrogen for zero emissions, renewably fueled transportation, energy storage, and 
decarbonization (SB1014, SB1020, AB1279, SB905, executive orders N-79-20, B-48-18). With 
broad industry support, the state has authorized billions of dollars to support its future zero 
emissions economy and is one of the only commercial hydrogen fuel-cell vehicle markets in the 
world. However, California’s hydrogen investments have been small in comparison to its 
investments in battery electric vehicle and grid-scale battery energy storage, so its nascent 
hydrogen market has not reached critical mass. Federal hub funding will catalyze, unlock, and 
build upon and scale California’s success and demonstrate that clean hydrogen is essential for 
zero emissions. The Alliance for Renewable Clean Hydrogen Energy Systems (ARCHES) has been 
formed to actualize California’s vision to produce and deploy renewable, clean H2 at scale across 
multiple sectors to realize a self-sustainable marketplace and ecosystem while reducing local air 
pollution in the most challenging heavy-duty sectors in the most disadvantaged communities and 
providing strong community benefits for all.  
 
ARCHES H2 LLC is a public-private nonprofit corporation founded by the CA Governor’s Office of 
Business and Economic Development, the University of California system, The State Building and 
Construction Trades Council of California, and the Renewables 100 Policy Institute, working in 
partnership with utilities (e.g., LADWP, SoCalGas, NCPA), and private large and small businesses 
(e.g., Air Products, Chevron, FirstElement, Universal Hydrogen). ARCHES combines California’s 
legacy of environmental leadership and community engagement; the University system’s deep 
hydrogen expertise (including two of its affiliate DOE National Laboratories); and leadership in 
community engagement and diversity equity, inclusion, and accessibility (DEIA); the State 
Building and Construction Trades (with its 157 affiliated unions) leadership in organized labor, 
workforce development, and construction practices; and Renewables 100’s leadership in 
renewable energy enactment and analysis. ARCHES’ core principles are statewide, renewable, 
connected, multi-dimensional, objective unbiased governance, stakeholder and community 
engaged, solution-oriented, and equity- and justice-centered.   
 
Starting from an initial core of interconnected Tier 1 projects seeded by DOE funding, ARCHES 
will unleash dramatic growth in hydrogen production and consumption by 2045. Building upon a 
core of three key sectors—(1) power, (2) transportation (including transit), and (3) ports—we 
expect significant hydrogen demand growth in these and adjacent hard-to-decarbonize sectors—
industry, maritime, aviation, agriculture (ammonia), and others. Dispatchable, distributed, and 
seasonal storage for power is estimated to result in demand for 4 million metric tons per year 
(MMTPY). Hydrogen use in the transportation sector is expected to expand rapidly, with aviation 
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details are discussed in the accompanying community benefit plan, it is worthwhile to 
acknowledge here the importance that ARCHES-Hub will have in communities across California.  
 
2.1 ARCHES Project Proposal Process  
Since the submission of the concept paper, ARCHES organized and conducted an internal call for 
proposals with clear guidelines and metrics (aligned with the FOA and ARCHES goals) for future 
hub hydrogen projects. ARCHES received over 96 viable proposals, with a combined U.S. DOE ask 
of $23B in federal share and more than $29B in cost share. Independent and critical reviews by 
recognized experts and community members concerning whether each proposal “Enables a 
Sustainable H2 Economy” and the ARCHES Ecosystem “Realizes Co-Funding and Market 
Viability,” “Provides Realizable and Ready Actualization,” and “Provides Strong Community 
Benefits” narrowed down the slate of initial projects to those that are most impactful and 
essential for initiating and activating the hydrogen ecosystem in the region (Tier 1 projects). The 
criteria used to evaluate projects also depended upon initial system analyses efforts regarding 
whether each project enables a greater ecosystem both within and outside of the DOE hub 
funding and timeframe. Projects not selected for initial funding are either located far away, have 
entirely balanced production and distribution at a single site, are relatively small scale, or did not 
have significant community benefits or interactions. Some of these projects are denoted as Tier 
2 in section 3 and will be considered to replace selected Hub projects should ARCHES, working 
with U.S. DOE, determine that it is necessary to replace certain projects with others or add 
projects to the ARCHES-Hub as additional funding becomes available.  
 
Projects focused on ammonia were deemed too nascent for the initial tranche of funding and 
large-scale deployment of aviation and maritime are likewise considered early for significant hub 
funding. While all of these are critical future industries that renewable clean hydrogen can enable 
and while the ARCHES-Hub infrastructure can facilitate both during and following the U.S. DOE 
hub effort and timeframe, they are not the focus of the ARCHES-Hub. Similarly, rail transport, 
which is expected to comprise a mixture of fuel cell, electric, and battery technologies in the zero 
emissions future, is not included significantly in this proposal; however, ARCHES is in close 
communication with Caltrans and their zero emission rail plans. We also note that many of the 
production locations and some of the use cases have been chosen based upon proximities to rail 
lines and anticipated future deployment of hydrogen along these rail corridors, which can also 
serve as mobile generators to add to overall energy system resilience in California. Similarly, 
although a large statewide interconnected pipeline network is not included within the hub 
timeframe and funding request due to the magnitude of funding and timeframe required to 
realize such an enterprise (although 165 miles of new regional pipelines are included as an initial 
investment in the network), the initial projects are chosen to be able to realize and use such a 
common carrier system as it is introduced in parallel efforts of both utility and private companies 
in the future.  
 
A balance was also chosen between different pathways (i.e., projects, feedstocks, and 
technologies in proximity) to ensure closely matched production and offtake requiring only 
buffering storage. Similarly, a balance amongst different operation paradigms was also chosen 
to be seeded from the hub funding so that they can flourish together and complement one 
another. Such diversity enables the desired resilience due to some redundancy as well as an 
ability to bring together various technologies and enable both their specific as well as their overall 
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system cost reduction. This diverse set of pathways and operating paradigms inherently reduces 
risk across the set of projects, reducing the likelihood that a single technological problem or 
failure will cause them all to fail together, making the entire ecosystem more robust, reliable, 
and resilient. The demand side is driven by power, ports, and transportation. The supply side is 
driven by electrolysis via solar and grid as well as biogenic production. None of the demand or 
supply pathways or paradigms works in isolation; for example, power is intricately related to the 
grid that sources production as well, and some production assets will operate to provide grid-
firming to the increasingly renewable and clean utility grid network.  

 
2.2 ARCHES-Hub   
Identified Tier 1 project end-uses occur within four main sectors: heavy-duty transportation, 
transit, power, and three marine ports. The production of clean hydrogen will be based on 
renewables and biomass inputs with careful consideration of water stress for the region and 
neighboring regions (e.g., along the Colorado 
River). The required distribution infrastructure 
will initially include pipelines and trucking and 
storage of gaseous and liquid hydrogen to the 
deployment locations as appropriate. For the 
hub, we have classified the various deployments 
into four main regions as shown in the map in 
Figure 2.3: Southern California (SoCal), Southern 
Central Valley (SCV), Northern Central Valley 
(NCV), Northern California (NorCal).  

Figure 2.4 shows the overall hydrogen flow from 
the 13 production projects through to the four 
regions and then to offtake in the three ports, 
transportation (including 13 transit agencies, 
aviation, maritime, and heavy-duty fuel-cell 
electric trucks (FCETs)), and six power projects. 
As seen, significant production is expected in the 
CA Central Valley due to its abundant solar 
resources (Figure 2.3), along with some grid-
connected electrolytic production in industrial 
areas, including evaluation of smaller-size distributed generation. Grid connection and dispatch 
is important to support increasing grid adoption of sun and wind power and to manage 
curtailment and grid congestion, especially since California is bound by law to produce an electric 
grid with zero emissions by 2045. In addition to electrolysis, there will also be clean hydrogen 
production via non-thermal gasification of woody biomass that will also enable fire mitigation, 
and also production via municipal waste gasification. These two latter bio-derived hydrogen 
production projects are driven by the need for larger, steady capacities in the project and will 
result in life-cycle emission carbon intensity scores of less than zero. It should be noted that in 
general a key issue for ARCHES-Hub and especially production in the Central Valley is that of 
water usage and type. Thus, technologies in ARCHES-Hub strive to be water efficient and 
approach thermodynamic limits of water use for production as much as practical, and, more 

Figure 2.3: Map of four ARCHES-Hub 
deployment regions 
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region alone and that can be seen as replacements or additional projects that can be added to 
those in Tier 1 upon further discussion and negotiation in Phase 1 of the DOE effort and for state 
and local support throughout. The specific Tier 1 project deployments discussed in detail 
throughout the proposal are summarized in Table 3.1. 
 

3.1.1 Renewable, Clean Hydrogen Production  
Critical to ARCHES is the production of renewable, clean hydrogen within the ARCHES region. This 
production and their deployments build confidence among potential producers that they would 
be able to reliably deliver renewable clean hydrogen to end users at a fair and transparent price 
via transportation infrastructure constructed as discussed in sections 3.1.3 and 3.1.5. Production 
will also build confidence among potential end users that they will be able to reliably source 
sufficient renewable clean hydrogen at a fair and transparent price for their respective 
transportation, industrial, power generation, and other end-use applications. Currently, there is 
an estimated 17 MTPD of clean hydrogen produced in the ARCHES region, mainly dispensed to 
light-duty fuel-cell electric vehicles. Renewable, clean hydrogen is predicted to grow by about 10 
MTPD by the start of the hub, based on plants under construction. 
 
As shown in Figure 3.1, renewable, clean hydrogen in the ARCHES-Hub will be primarily produced 
by direct connection of mainly solar power systems to electrolyzers in the CA Central Valley that  
contain high-quality solar resources (140 GW annual solar potential by 2035). Most electrolyzers 
will also be connected to the California grid, which contains a very high amount of renewable 
primary energy today (well over the 30% annual average as required by the current law) and 
whose renewable fraction will continue to increase over time to reach completely zero carbon 
emissions by 2045 as mandated by law (SB100). In fact, hydrogen can also help in terms of 
curtailment issues (more than 2.44 million MWh in 2022) and thus help with the further 

Figure 3.1: Diagram of the proposed ARCHES-Hub with capacity projections for 2030 in 1000’s of 

MTPY (kMTPY)  
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3.1.8 ARCHES-HUB Project Team 
The ARCHES-Hub project management team is described in detail in section 3.3.3. 
 
3.1.9 Impact of DOE Funding and Other Funding Sources 
DOE funding is the key that unlocks and charges the ARCHES ecosystem. DOE-funded deployment 
projects in ARCHES will become anchor projects to lead and guide the full decarbonization of 
fossil fuel-based sectors by 2045 in California. These projects provide risk reduction for all 
stakeholders of hydrogen industry-wide deployments by demonstrating technical, economical 
and societal benefits, and proof of feasibility, and thus legitimize and incentivize hydrogen use 
across multiple sectors. For programs of this nature focused on driving market transformation, 
government funding is critical, especially in early stages of technology development and 
deployment. The size, complexity, diversity, and community benefits of this proposal justify the 
federal ask of the maximum of $1.25B as does the ability of ARCHES-Hub to act as an exemplar 
for an interconnected national clean hydrogen-hub network and provide lessons learned at a 
scale and maturity that no other single hub can realize today. DOE funding is critical for the 
success of ARCHES and the existence of ARCHES-Hub. The funding will be used to mitigate 
effectively the technical, market, financial, and/or regulatory risks that project and technology 
developers face, realize economies of scale to buy-down the risk, and reduce the cost of new 
technologies. For about 20 years, California has been working to develop hydrogen fueling 
infrastructure. This has been significantly hampered by hydrogen suppliers being unwilling to 
take the market risk that enough hydrogen-fueled vehicles would be available to justify investing 
in hydrogen fueling infrastructure, and the OEM FCEV manufacturers are unwilling to scale 
hydrogen-fueled vehicle production aggressively due to an inadequate hydrogen fueling 
infrastructure. ARCHES intends to break this cycle by using the DOE funds to mitigate the risk of 
“pre-investing” in large-capacity hydrogen production and the associated infrastructure to 
catalyze the development of end use hydrogen consumer technologies, including evaluation of 
possible new markets such as ammonia. Evolution of these end-use technologies will lead to 
further investments and further emissions reductions, job creation, and other benefits to the 
local disadvantaged and frontline communities. Federal funding, through the accelerated 
deployment of hydrogen in many sectors—such as in power, transit, transportation, and ports—
will significantly reduce GHG emissions and, more importantly, criteria pollutants at the local 
level, thereby providing an immediate much healthier work environment and tangible 
community benefits while substantially increasing the number of green energy jobs and careers 
in California. ARCHES will catalyze a much-needed increase in the quality of life for many DACs 
that are directly exposed to high-polluting emissions today. DOE-funded ARCHES deployment 
projects will accelerate the learning curve, identify and resolve unforeseen challenges, and lead 
to detailed, proven implementation of techno-economical roadmaps for future hydrogen 
projects in California and serve as best-in-class example for other regions around the country. 
DOE support of the ARCHES proposal will also be a critical signal to California that hydrogen is a 
viable path forward to decarbonize the hard-to-directly-electrify sectors. In fact, the substantial 
cost share from the state ($1.9B) and subsequently from private ($8.1B) and other public ($1.3B) 
is dependent upon the federal funds, providing an immediate 10x return on the federal 
investment.  
 

Case 3:25-cv-04737-RFL     Document 158-9     Filed 11/24/25     Page 38 of 100



Case 3:25-cv-04737-RFL     Document 158-9     Filed 11/24/25     Page 39 of 100



 
            

             
       

               
               

               
                

             
            

             
             

               
              

             
           

             
            

               
     

   
                

            
           

              
                

                 
              
            

             
            

            

            
                  
               

                    
       

       
              

          
             

             

Case 3:25-cv-04737-RFL     Document 158-9     Filed 11/24/25     Page 40 of 100



Case 3:25-cv-04737-RFL     Document 158-9     Filed 11/24/25     Page 41 of 100



Case 3:25-cv-04737-RFL     Document 158-9     Filed 11/24/25     Page 42 of 100



 
            

                 
             

               
              

            
     

      
              

             
              

                 
           

               
              
               

             
       

   
              
               

              
            

             
          

             
                 

               
                  

              
           

           
              

               
               

              

             

Case 3:25-cv-04737-RFL     Document 158-9     Filed 11/24/25     Page 43 of 100



                                                                                                                                                                                   0002779-1538 
Contains Trade Secrets, Confidential, Proprietary, or Privilege Information Exempt from Public Disclosure 

   

42            Contains Trade Secrets, Confidential, Proprietary, or Privilege Information Exempt from Public Disclosure 

    

projects described above are scalable in their locations and expected to grow as additional 
adjacent sites can be negotiated after successful closing of the hub funding or more end-use 
procurements as comfort and familiarity with the technology as well as the increased 
infrastructure occur. The various ARCHES-Hub deployments are backed by organizations with a 
commitment towards hydrogen and their clean energy goals.  
 
 

3.3 Management Plan 

ARCHES has assembled initially 51 partner recipients within 39 deployment projects and 5 
crosscutting efforts to rationally deploy hydrogen technologies in production, transportation 
(FCEB, FCET, aviation, maritime), power, and three ports. As part of this process, ARCHES has 
already had numerous negotiations and formed a level of support amongst its partners that will 
enable rapid advancement through Phase 1 of the hub. ARCHES would kick-off a first hub meeting 
with its founders, stakeholders, and partner recipients, estimated to be in January 2024 or earlier, 
to organize the hub, provide ways of working together, communication plans, meeting schedules 
and hub short, medium, and long-term targets, and rollout requirements for the detailed hub 
planning phase, including community benefits plan actions. ARCHES will provide the stewardship 
needed to navigate a project of this size to a successful hydrogen hub ready to interconnect with 
other hubs and ready to lift-off towards commercial success.  
 
3.3.1 Organization 
The ARCHES-Hub executive team and management structure is designed to provide oversight 
and execute on the projects in a timely, agile, and robust manner (Figure 3.10). Although its 
umbrella organization, ARCHES H2 LLC, is a new organization, it is backed and supported by 
organizations (e.g., UC, State of California) with a long history in complex and large (multi-billion 
dollar) federal- and state-funded projects and is teamed with key industrial partners that have 
extensive hydrogen experience, and, as shown in Figure 1.3, in a network of over 280 public and 
private organizations. This structure provides experience and guidance for the ARCHES-Hub 
executive team.  
 
The Chief Executive Officer of the hub will have oversight of the entire hub project and will be 
supported by an executive team in charge of community benefits, operations, finance, 
technology, and deployments (especially engineering, construction, and operations). Below 
those levels, key personnel such as analysis lead, safety officer, etc. will support the activities and 
project management. Oversight will be conducted by dedicated project liaisons assigned to each 
project and reporting to the executive team. Finally, appropriate staffing (contracting, finance, 
legal, administration, etc.) will ensure rapid and responsive organization. Overall, the ARCHES 
organization itself is relatively lean. The crosscutting activities such as workforce development; 
safety, codes, and standards; security and risk issues; systems analysis; market development; and 
community benefits and engagement will interact across projects and report through a 
respective executive officer as shown in Figure 3.10. Finally, the hub will engage knowledgeable 
expert advisors and organizations taken from the hydrogen ecosystem (cognizant of any conflicts 
of interests) to help inform and monitor overall sector deployments and markets.  
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3.3.2 Management Team 
Ms. Angelina Galiteva—CEO. Founder and Board Chair of Renewables 100 Policy Institute, 

dedicated to accelerating global transition to 100% renewable energy. Eleven years on the 

California Independent Systems Operator Board overseeing large-scale renewable integration. 

As Executive Director of Strategic Planning for LADWP, she oversaw the utility’s renewable 

energy program. She has extensive executive leadership experience and is an attorney with JD 

and LLM degrees in International and Energy Law. Dr. Scott Brandt—Chief Operating Officer. 

Associate VP of Research & Innovation at UC Office of the President. Professor and former Vice 

Chancellor at UC Santa Cruz. He has held many leadership positions, including as PI of UC’s NASA 

UARC with Ames Research Center, and has had extensive collaborations with UC’s DOE National 

Labs. Fellow of the National Academy of Inventors. Dr. Adam Weber—Chief Technology Officer. 

He has over 20 years of experience in hydrogen and is a Senior Scientist at LBNL, where he is the 

Program Manager in charge of Fuel Cell and Hydrogen Technologies, Energy Conversion Group 

Lead, and co-Director of the DOE Million Mile Fuel Cell Truck Consortium. He is also a Fellow of 

the Electrochemical Society. Those outside activities result in his time (~35%) being less than full 

time. Ms. Joy Langford—Chief Community Officer. She is president of Joy Langford and 

Associates, a firm dedicated to increasing Public Private Partnerships to underserved 

communities in the State of California. Currently, she is also the Director of Water for Water 

Replenishment District, Division 1, serving over 4 million residents in South Los Angeles with 

clean, safe, and affordable water.  Previously she was a senior environmental policy advisor for 

the California Legislature.  She is a trained economist with a specialty in Race Studies and Urban 

Figure 3.10: Organization chart for the Arches-Hub.  
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Planning from UC Santa Barbara. Her other commitments result in her time (40%) being less than 

full time.  

The Chief Financial Officer and Chief Development Officer will be confirmed and hired in Phase 1 
after an international search.  
 
Key personnel and other advisers include:  
Mr. Tyson Eckerle—CA State Liaison. Governor’s Office of Business & Economic Development 
Senior Advisor for Clean Infrastructure and Mobility, Hydrogen Hub lead, and hydrogen market 
implementation and policy lead. Lead author of California’s initial Hydrogen Station Permitting 
and Electric Vehicle Charging Station Permitting Guidebooks and ZEV Market Development 
Strategy. Dr. Anne Bessman—Lead Program Manager. Strategic Advisor in the Strategy and 
Program Management Office at the UC Office of the President with a dual appointment to the 
Research & Innovation Department. With over 10 years of program management experience and 
a background in research science (including at the NIH and Sandia National Laboratory), she 
brings extensive experience in organizational and process design. She will be 50% time on 
ARCHES and the rest conducting other opportunities and activities with UCOP. Mr. John Harriel 
Jr.—Senior Advisor on Community Benefits. “Big John” is Chair of the IBEW Local Union 11 Board 
and Superintendent and Diversity Manager for Morrow Meadows and mentor at South LA post-
prison re-entry program 2nd Call. Founder of the nonprofit Big John Kares, which promotes 
educational equality and job access for inner-city kids. Dr. Hanna Breunig—Systems Analysis lead 
that oversees the hub TEA/LCA efforts, including air quality, water resources, hydrogen 
production, use, and distribution, etc. She is the co-director of the HyMARC consortium and has 
over a decade experience in hydrogen-related TEA/LCA. She will be working 20% time with the 
rest focused on her other projects at LBNL. Mr. Jaimie Levin—Senior Advisor on Transportation. 
Senior Program Manager and Director of West Coast Office for the Center for Transportation and 
the Environment. Former Director of Environmental Technology at AC Transit. He spent 23 years 
developing and managing FCEB and hydrogen infrastructure projects. He will be in charge of 
coordinating with transit and advising on FCET rollout including leveraging extensive experience 
in existing NorCal Zero project and lessons learned. He will be 40% time as he will continue to 
focus on other related activities at CTE. Dr. Plamen Atanassov—Senior Advisor for Business 
Development and production. He will focus on nurturing business interactions and market 
analysis. He is Chancellor’s Professor at UCI and has led multiple projects and collaboratives, 
including those funded by the DOE. He has strong connections to the hydrogen industry and 
national laboratories. He is a Fellow of the National Academy of Inventors with 56 issued US 
patents, more than half of which are used by industry. He will be 40% time with the remaining 
being his academic responsibilities. Dr. Jack Brouwer—Senior Advisor for Technology 
Implementation including Ports and Power. He will advise on the implementation strategies and 
interactions, especially in the port and power sectors. He is Professor of Mechanical and 
Aerospace Engineering and Director of the National Fuel Cell Research Center (NFCRC) and 
Advanced Power and Energy Program (APEP) at UCI. He will be 40% time with the remaining 
being his academic responsibilities. Dr. Jay Keller—Senior co-Advisor for Safety, will help oversee 
the safety codes and standards in coordination with existing and future activities by the Building 
Trades. He is a former hydrogen lab program manager at Sandia National Laboratory and sits on 
various code bodies and consults with DOE on hydrogen safety. He will be 25% time with the rest 
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Process safety is critical to ARCHES and the safety of its and its partner employees, customers, 
and the communities in which ARCHES operates.  While it is recognized that it is not possible to 
eliminate all process safety risks, we will strive to reduce risks to a tolerable level.  To this end, 
ARCHES is committed to: 

• Being an industry leader in process safety.  
• Implementing a global process safety management system, applying best practices 

consistently across the hub. 
• Striving to prevent process safety incidents by working closely with all projects by 

designing, building, operating, and maintaining facilities and equipment through sound 
engineering practices and operating discipline. 

• Using a global risk management framework, applying hazard rate criteria consistently in 
addressing significant risks.  

 
To meet these commitments, ARCHES will use a comprehensive Process Safety Management 
(PSM) system to support its partners to manage process hazards and reduce risk in all activities 
associated with handling chemicals and/or energy, including manufacturing, processing, storage, 
and transportation. This integrated program involves five core activities of define work scope, 
identify hazards, determine hazard controls, perform work, feedback, and analysis to determine 
how to improve safety. Such a program is routinely applied by ARCHES partners including 
founding members of UC, which deals with substantial amounts of hazardous materials on their 
campus and affiliated national laboratories, as well as the State Buildings and Trades, which takes 
safety to be a core precept in all that they do.  
 
5.1.1 Development of a Comprehensive Safety Plan 
ARCHES will organize dedicated safety sessions early in the ramping up of the hub and work with 
its partners to establish hub-wide safety procedures leveraging the vast experience amongst all 
projects, the national lab participants, and its own hydrogen experts. Including the partner 
organizations, ARCHES including the subrecipients have many decades of experience of working 
with hydrogen safely in various applications. ARCHES will organize periodic hydrogen safety 
workshops and training programs as part of education, workforce development, and outreach 
that will be updated annually and will require mandatory participation by all project safety 
officers who in turn will roll out safety plans and procedures to their own employees. ARCHES 
safety will be overseen by a dedicated safety officer, who will also interface with the other hubs 
and DOE including the safety panel lead by Pacific Northwest National Laboratory. 
 
ARCHES’ safety plan will be developed following the latest version of PNNL-25279-1, Safety 
Planning for Hydrogen and Fuel Cell Projects, and it will create an environmental health and 
safety (EHS) program that follows the ISO 45001 standard. All operations are to be performed in 
line with local state, federal, OSHA, National Fire Protection Agency (NFPA), ASME, and 
Department of Energy regulations and standards. The comprehensive safety plan will be 
developed and finalized in collaboration with its partners during front-end loading (FEL) and 
front-and engineering design (FEED) stages and periodically updated as new safety measures 
emerge.  
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As presented earlier (see section 2), the ARCHES-Hub consists of Tier 1 partners. ARCHES 
recognizes that in some instances project sites may not be realizable at some point during the 
detailed project planning. Therefore, ARCHES has assembled a Tier 2 set of partners and projects 
(see section 3.1) that are able to replace those that cannot be realized. To minimize this from 
occurring and as part of this Plan B process ARCHES will: 

• engage in early and frequent communication with all applicable federal, tribal, state, and 
local authorities having jurisdiction (AHJs).  

• undertake a thorough review of all relevant federal, state, and local statutory and 
regulatory authorities. Relevant federal statutes and authorities could include but are not 
limited to Clean Air Act, Clean Water Act, Endangered Species Act (ESA), and National 
Historical Preservation Act (NHPA). 

• include in its proposals frequent and extensive consultation with local community 
stakeholders with a potential interest in the proposed site(s), aligned with activities in the 
Community Benefits Plan. 

• leverage the opportunity to use data from ARCHES projects to capture environmental 
data of benefit to regulatory agencies, as part of Justice40 goals, and the industry as a 
whole. ARCHES will monitor all its sites and the environmental effects of its projects from 
site assessment through commissioning and throughout the entire life of the H2 Hub. 

• continually evaluate the technical requirements, costs, safety, and other relevant 
concerns and issues as delineated throughout this proposal and in section 6. 

 
 

6. RISK ANALYSIS AND MITIGATION 

6.1 Risk Management Plan 
The ARCHES CDO (TBD) will be responsible for overseeing all hub risk-related aspects and will 
work in conjunction with the CTO and the various project liaisons, the systems analysis lead and 
team members, and the deployment partners. This team will ensure that risks are actively 
identified, analyzed, and managed throughout the life of the project.  Risk categories will include 
commercial, technical, construction, schedule, regulatory, permitting, safety, scale-up, 
infrastructure, financial, management, organizational, and market-related risks. Risks will be 
identified as early as possible in the project so as to minimize their impact.  Integrated project 
team members and liaisons are responsible for identifying risks, their dependencies within the 
project, and the context and consequence of the risks. The team members will also be 
responsible for determining the impact, timing, and priority of the risks as well as formulating 
the risk statements. Risks will be assigned to risk owners who will determine which risk will 
require mitigation and contingency plans and perform a cost benefit analysis of the proposed 
mitigation strategies. The risk owner is responsible for monitoring, controlling and updating the 
status of the risks throughout the project lifecycle. The risk management approach will include a 
risk register. An initial risk register is described in the next section. 
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value of 20 gCO2eq/kWh for PV sourced energy. No criteria air pollutants are associated with solar 
based hydrogen production. Criteria air pollutants from the grid are estimated using eGRID 
emission factors for CAMX where utility specific forecasts for 2030 could not be acquired. NOx 
emissions range from 0.03-0.23 g/kWh, while PM10 range from 0.005-0.01 g/kWh. The regional 
liquid storage facilities are assumed to be powered by the regional grid. Key emission factors 
used in the preliminary LCA for producers are summarized in Table 7.2. 
 

GHG emissions and criteria air pollutants emissions for biomass facilities are proprietary data, 
and include diesel truck biomass transport, diesel truck waste transport, PPA-solar electricity, 
natural gas, chemical feedstock life cycles, CO2 treatment compression and sequestration, 
hydrogen conditioning and direct emissions from the facility. CO2 emissions from biogenic 
sources are not counted. CO2 captured from biomass regrowth, that may be recalcitrant over 100 
years in gasification solids, and emissions that might be avoided from forest fires are not counted. 
We assume 400 kgCO2eq are avoided per m.tonne MSW waste to landfill. 
 
Net emissions from replacing natural gas in power plants assumes no change in efficiency, and a 
MJ displacement of natural gas. Net emissions from HDV trucks assumes hydrogen trucks are 
40% more fuel efficient. Emission factors from the EPA are used to reflect the aging fleet of class 
8 and class 6 trucks in California.17 Net emissions from transit buses were estimated using GREET 
and we assume a 1:1 displacement of CNG and diesel buses due to their higher efficiencies, which 
may be conservative; net avoided CNG and diesel bus miles were provided by CTE for the 13 
transit agencies. Emissions from natural gas and California’s low sulfur diesel were estimated 
using CA GREET. It is important to note that the emissions provided in GREET are for new buses, 
which is not representative of the degrading buses expected to be taken out of circulation that 
have much higher emissions. Net emissions from port equipment assumes a 1:1 displacement of 
the same type of equipment; emissions profiles were provided by the ports. Emissions factors for 
ground transport and takeoff of planes were collected from literature for jet fuel similar to 
kerosene.18,19,20 Electricity necessary for pipeline compressors, centralized liquefaction facilities, 
port, truck and bus refueling stations are assumed to use local grid electricity, requiring local grid 
emission factors be applied. Trailers transporting gas or liquid H2 are assumed to have zero direct 
emissions. However, if these trailers are fueled by diesel, we note the average CI of our hub 
hydrogen would increase to 0.31 kgCO2eq/kgH2. 
 
7.3 Data Collection and Reporting 
To inform market adoption and evaluate progress towards the ARCHES-Hub goals, ARCHES will 
collect project, environmental, technical, financial, operational, and socio-economic data and 
report these to the DOE and communicate findings to all stakeholders. For example, during 
operation, mass and energy flows into, out of, and between major subsystems (e.g., electrolyzer, 

 
17 https://nepis.epa.gov/Exe/tiff2png.cgi/P100EVY8.PNG?-r+75+-
g+7+D%3A%5CZYFILES%5CINDEX%20DATA%5C06THRU10%5CTIFF%5C00001432%5CP100EVY8.TIF 
18 https://pubs.acs.org/doi/10.1021/es101325r 
19 https://pubs.acs.org/doi/10.1021/acs.est.7b05719 
20 https://iopscience.iop.org/article/10.1088/2515-7620/ac6938/pdf 
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two years (Phase 4, end of federal funding) and then, in Phase 5, operate and grow the hub 
indefinitely.  
 
Over the past several months, ARCHES has extensively negotiated the scope and associated 
funding of work with its many Tier 1 partners (and also Tier 2 partners) that required multiple 
iterations to align the scope of work with available funding for each partner. In many cases, 
projects proposed a larger scope of work than funding would permit. For this reason, detailed 
project schedules were not available from projects at the time of the writing of this proposal 
which prevented ARCHES from producing a fully integrated project schedule.  
 
As an interim approach we provide a first-level schedule for the ARCHES-Hub organization tasks 
with the associated work breakdown structure (WBS) and, then representative project schedules 
from the sectors (production, power, transportation, ports, infrastructure) in section 8.6. Arches 
will organize and facilitate all four Phases of the hub supported by the DOE and continue to grow 
in Phase 5 on a self-sustaining basis.  

Phase 1 - Project Organization and Planning 
Phase 2 - Detailed Hub Design 
Phase 3 - Engineering, Procurement and Construction 
Phase 4 - Ramp-up and Operation 
Phase 5 - Lift-off and Accelerated Growth (self-sustaining) 
 

8.3. WBS and Task Summary Description 
The WBS for the entire hub is multi-dimensional and has a high degree of complexity mainly due 
to the 39 Tier 1 projects, and the fact that projects are currently in different stages. It is more 
appropriate to create a WBS for each project on its own in the future, as will be fine-tuned in 
Phase 1. These plans could be linked using the conceptual WBS in Figure 8.1, as they are joined 
both by cross-cutting interactions as well as interdependencies as production and offtake are 
balanced. 
 
The WBS and task summary description here describes the ARCHES tasks as presented in the 
Integrated Project Schedule (IPS) in section 8.6. ARCHES is planning annual go/no-go decision 
points synchronized with the end of each budget period, and each project will have their own 
phase go/no-go decision.  
 
Budget Period 1: Q1 – Q4 
ARCHES Phase 1 (Q1-Q4) 
Task 1: Hub Coordination (Q1-Q4) 
ARCHES will organize a kick-off meeting in Q1 to begin the integration of ARCHES and each 
hydrogen project into the hub, establish ground rules, ways of working and begin the process of 
detailed planning of the entire hub. ARCHES will establish a monthly hub meeting (virtual meeting 
due to the large geographic region of the hub) to further coordinate the hub, provide actionable 
agenda items, and keep records of next steps and tasks for tracking purposes. 
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The full proposal TEA and LCA analyses and assumptions will be refined, more detailed 
production and consumption data will be included in the models, and more accurate pollution 
and cost date will be integrated. This task will result in more refined performance projections for 
the ARCHES-Hub. 
 
Task 4: Establish Safety Plan (Q3-Q4) 
As part of fully staffing arches, a highly qualified (hydrogen) Safety Program Lead will be recruited 
during the first two quarters. The Safety Program Lead will organize a safety committee 
consisting of counterparts at the partner projects that will be tasked to establish a hub safety 
plan based on best practices and identify gaps and risks as they emerge during the 
design of the hub. The safety plan will be completed at the end of Q4 in Phase 1. 
 
Task 5: Hub Concept Validated (Q4) 
As partner projects provide their detailed hub plans throughout Phase 1, ARCHES will continue 
to monitor and model the hub evolution to provide a high level of confidence that the planned 
hub will be executable within the eight-year timeframe and on budget. At the end of task 5, the 
hub will be fully validated. 
 

Milestone 1.1: BP, MP, FP, RMP, SP, TEA & LCA updates completed. 
Milestone 1.2: Hub concept validated to enable start of Phase 2. (SMART milestone) 
Go/no go decision budget period 1 (Q4) 
 

Budget Periods 2: (Q5-Q8) and Budget Period 3: (Q9 - Q12) 
ARCHES Phase 2: (Q5 – Q12) 
Task 6: Agreements (Q3 – Q11) 
ARCHES will arrange and support the formation of agreements for different aspects of the hub, 
production agreements, hydrogen offtake agreements, hydrogen transportation agreements as 
well as hydrogen storage agreements. ARCHES will facilitate these agreements, having the 
complete view of the hub, so that the production, distribution/storage and offtake are optimized, 
that is that produced hydrogen spends minimal time in storage and while transported.  
 
Task 7: 90% Engineering Design (Q5 – Q12) 
Although most of the engineering design of the hub will be managed by project partners, ARCHES 
will keep accounting of their status to make sure that it will reach at least 90% completion at the 
end of Phase 2 in preparation for the implementation phase. ARCHES will record and archive all 
engineering plans and drawings to be available long after the funded hub period. 
 
Task 8: Class 1 Cost Estimate (Q9–Q12) 
As part of the engineering design, specific equipment and contractors will be identified that will 
enable an accurate cost estimate (Class 1) for the entire hub. This cost estimate will include lead 
times and supply chain factors as well as near term inflation. The contingency budget will also be 
updated. 
 
Task 9: Permits in Place (Q6–Q12) 
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The ARCHES-HUB will require numerous permits for land use, water use, air and soil impacts, and 
to meet all local, regional, state, and federal regulations. The hub will have a permit register and 
permitting plan that will support each project through the permitting process. ARCHES will use 
the permit register to start permitting processes based on their lead times so to reach a 
completed hub permitting process with all required permits approved and in place. 
 
Task 10: Safety Plan Executable (Q10–Q12) 
The safety plan established in Phase 1 (Task 4) will be further refined and laid out in such a way 
that it can respond to safety incidents in an actionable, effective manner to address issues and 
to learn from such incidents. There will be a built-in feedback-loop to update safety rules and 
measures to avoid repeating former incidents and practice ISM. 
 
Task 11: Updated Risk Analysis (Q11–Q12) 
The initial risk management plan and register established initially in the full proposal and then 
updated during Phase 1 will be further updated and analyzed with inputs from the engineering 
design to address any remaining risks in the order of priority. Risk mitigation strategies will be 
employed as outlined in the risk register.  
 
Task 12: Mature TEA and LCA (Q12) 
Detailed performance data from the engineering design will be included in the TEA and LCA 
analysis and lead to a mature TEA and LCA providing a more accurate overview of the anticipated 
performance of the hub. 
 
Task 13: Technical Verification and Validation Plan (Q12) 
Along with the TEA and LCA ARCHES will work with its partners to verify and validate all hub 
elements and their operational readiness. For this purpose, the ARCHES cross-cutting activities 
will establish tests and models to predict operational readiness of the hub before committing 
major resources for its full implementation in the next Phase. 
 
 Milestone 2.1: Class 1 cost estimate completed and submitted to the DOE 
 Milestone 2.2: Mature TEA and LCA and V&V plan in place (SMART milestone) 
 Go/no go decision 2 Budget period 2 (Q8) 
 Go/no go decision 3 Budget period 3 (Q12) 
 
Budget Period 4: (Q13- Q16), Budget Period 5: (Q17–Q20) and Budget Period 6: (Q21–Q24) 
ARCHES Phase 3: (Q13–Q24) 
Task 14: Regular Status Reporting (Q2–Q32) 
ARCHES will deliver quarterly high-level hub status reports to the DOE to inform the DOE about 
progress, potential changes and issues. This report will include an operational, technical, and 
financial (actual spending versus planned spending) summary. 
 
Task 15: EPC Progress Reporting (Q13–Q24) 
Engineering, procurement and construction reports will be provided on a quarterly basis during 
this period with special attention to supply chain bottlenecks and spending rate. This phase is 
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expected to experience the highest spending rate of all phases and thus needs to be closely 
monitored. 
 
Task 16: Safety and Permit Reports (Q13–Q24) 
As the construction and installation of hydrogen facilities progresses, the safety and permit teams 
will further assess safety and permit needs for each unique site. This will be an ongoing process 
during this period and ARCHES will continue to coordinate and record these activities. 
 
Task 17: RMP, TEA & LCA Updates (Q21–Q 24) 
As the construction of various hub elements and the installation of hydrogen related equipment 
progresses, the risk register will be further updated with many risks resolved and newly emerging 
risks and associated mitigation plans recorded. Towards the completion and initial testing of 
completed hub elements TEA and LCA models will be further refined by ARCHES and reported to 
the DOE.  
 
 Milestone 3.1: Hub construction, equipment installations and initial testing completed 
 Milestone 3.2: Updated risk register and updated TEA & LCA analysis reports 
 Milestone 3.3: Hub is ready to ramp-up and move towards operational phase (SMART  

milestone) 
 Go/no-go decision 4 Budget period 4 (Q16) 
 Go/no-go decision 5 Budget period 5 (Q20) 
 Go/no-go decision 6 Budget period 6 (Q24) 
 
Budget Period 7: (Q25–Q28) and Budget Period 8: (Q29–Q32) 
ARCHES Phase 4: (Q25–Q32) 
Task 18: Financial Model Updates (Q25–Q32) 
With the construction, installation and final testing activities largely concluded the hub is ready 
for ramp-up and operation for the initial two years. At this point a recap of the actual CAPEX 
compared to the planned CAPEX will be provided and the OPEX will be refined based on 
conditions in 2029 and 2030. Financial models will be refined and run to forecast OPEX spending. 
 
Task 19:  Revised growth Plan (Q31–Q 32) 
Throughout the ARCHES-Hub development and as part of the BP and FP the hub growth plan will 
be further developed and refined. As the hub (along with other hubs) drives down the cost of 
hydrogen and demonstrates the financial and technical viability of hydrogen in hard-to-
decarbonize sectors and, as it demonstrates benefits to the affected communities and gains their 
support, support the demand for it will increase. ARCHES will proactively communicate the many 
benefits of hydrogen and begin to draw in new investments especially from the private sector 
when green hydrogen becomes cost-competitive with fossil fuel-based energy resources. 
ARCHES will use scenario analysis to prepare various possible growth strategies and revise the 
growth plan on an annual basis. A final version will be delivered to the DOE and the investment 
communities in Q32 of the hub area.  
 
Task 20: TEA and LCA update with real hub data (Q30–Q 32) 
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During this operational phase of the hub, myriad valuable data will become available to prove 
system models based on real-time data. This will allow ARCHES to improve the models so they 
can be used for the planning of its own growth and for future hydrogen enterprises in California 
and elsewhere. The TEA and LCA analysis will be provided based on actual, real data of the hub. 
Gaps between models and real data will be identified and necessary correction to the models will 
be made to further improve the accuracy of the models. 
 
Task 21: Ongoing Data Collection and Monitoring (Q30–Q32 and beyond) 
With the hub in full operation in this phase, periodic and routine data collection will be instituted 
to further improve and perfect the hub and to make it a showcase for new hydrogen investments. 
ARCHES will organize and collect all critical hub data and will analyze it, identify findings, and 
produce conclusion and recommendations.  
 
Task 22: Community Benefits Plan Implementation (Q1–Q32) 
Throughout the development of the hub, ARCHES will also implement the CBP that is included in 
a separate document in this proposal and has a more detailed schedule of activities. The CBP is 
an integral component of ARCHES that will steadily increase support for hydrogen further 
accelerating its growth. 
 
Task 23: Final Report (Q32) 
By the end of 2031 ARCHES will submit a final report about the hub outcomes, the hub 
experience, its tremendous efforts, and the impact of DOE funding on hub and California. 
 
 Milestone 4.1: Revised Growth Plan to grow California to 1.64MMTPD of H2 by 2045 
 Milestone 4.2: TEA and LCA for the hub based on real operating data 
 Milestone 4.4: Final ARCHES-Hub report (SMART milestone) 
 Final go/no-go decision point 7 Budget period 7 (Q28) 
 
8.4. Go/No-Go Decision Points 
There will be six go/no-go decision points starting with Q4, 2024, and then in each subsequent 
year. The last go/no-go decision will be in Q24 focused on full hub operation. The hub will have 
four budget periods starting with 2024 and ending in 2031 that cover the four hub phases.  
 
8.5. End-of-Project Goal 
The end-of-project goal for the ARCHES-Hub will be having achieved the planned production 
(~515 MTPD), distribution infrastructure (pipeline extension, H2-carrier FCETs, tanks, temporary 
storage, etc.) and offtake of hydrogen (515 MTPD) with the initiation of a self-sustaining 
hydrogen economy in California ready to grow exponentially towards 47,000 MTPD in 2045, and 
ready to also physically connect with other hubs to begin building a nationwide hydrogen 
network. ARCHES will have achieved wide-ranging community benefits and support for hydrogen 
in all impacted communities.  
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