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CHAPTER 1 1 

PREPARED DIRECT TESTIMONY OF YURI FREEDMAN,  2 

AUSTIN HASTINGS AND JOSEPH C. VARELA 3 

(Policy) 4 

I. PURPOSE 5 

Southern California Gas Company (SoCalGas), San Diego Gas & Electric Company 6 

(SDG&E), Pacific Gas and Electric Company (PG&E), and Southwest Gas Corporation 7 

(Southwest Gas) (collectively, the Joint Utilities) provide preliminary information and 8 

recommendations in the form of testimony to respond to the California Public Utilities 9 

Commission’s (Commission) November 21, 2019 Assigned Commissioner’s Ruling Opening 10 

Phase 4 (Phase 4 Ruling) of the Order Instituting Rulemaking to Adopt Biomethane Standards 11 

and Requirements, Pipeline Open Access Rules, and Related Enforcement Provisions 12 

(Rulemaking).1  The Phase 4 Ruling requires the Joint Utilities to “submit an Application with 13 

the following proposed additions or revisions to the Standard Renewable Gas Interconnection 14 

Tariff (SRGI Tariff):  15 

a. A definition of renewable hydrogen for purposes of the Tariff; 16 

b. A Preliminary Renewable Hydrogen Injection Standard; 17 

c. Any modification to the hydrogen standard for biomethane; and 18 

d. Any modifications to the interconnection protocols and agreements.” 19 

The Joint Utilities believe that development of a hydrogen injection standard is an 20 

important early step in progressing toward meeting the state’s climate goals.  To that end, the 21 

Joint Utilities are united in our efforts towards advancing real solutions in California’s progress 22 

toward carbon neutrality.  At this time, the Joint Utilities do not propose any additions or 23 

revisions to the SRGI Tariff that was adopted by the Commission in Decision (D.) 20-08-035 24 

(Decision) on August 27, 2020; however, the Joint Utilities intend to propose future 25 

modifications to the SRGI Tariff and identify a hydrogen injection standard as critical research is 26 

conducted and additional information is gathered, to ensure the safety of the public and 27 

 
1 Assigned Commissioner’s Scoping Memo and Ruling Opening Phase 4 of Rulemaking 13-02-008, 
R.13-02-008 (Nov. 21, 2019), 
https://docs.cpuc.ca.gov/PublishedDocs/Efile/G000/M320/K307/320307147.PDF. 
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reliability of our systems.  This approach was communicated to the public and members of the 1 

Commission’s Energy Division during public workshops held pursuant to Paragraph 5 of the 2 

Phase 4 Ruling which requires the Joint Utilities to “hold at least two meetings of a technical 3 

hydrogen interconnection working group, open to all parties of the proceeding, to assist in 4 

developing the Application required by Paragraph 4 based on evaluation of available research 5 

and practices in other locations.”  The first technical hydrogen working group (working group) 6 

meeting was held on January 15, 2020, and an initial report was submitted to the Commission on 7 

February 19, 2020.  The second working group meeting was held on June 16, 2020, and a 8 

subsequent report was filed August 14, 2020.  Both working group reports are attached hereto as 9 

Attachment 1.   10 

The purpose of this testimony is to (1) present a framework of what will be included and 11 

considered in a future hydrogen injection standard, (2) provide a definition of renewable 12 

hydrogen, (3) provide an overview of the Joint Utilities’ current efforts in advancing the use of 13 

hydrogen within their respective systems, and (4) provide the rationale for why hydrogen can 14 

and should be an essential component of the future carbon neutral energy economy.  15 

II. FRAMEWORK FOR A PRELIMINARY HYDROGEN INJECTION STANDARD 16 

The Joint Utilities have been actively involved in studying and promoting hydrogen prior 17 

to the Phase 4 Ruling.  This includes studying various hydrogen production pathways and 18 

actively promoting and engaging in efforts to investigate compatibility of hydrogen within the 19 

Joint Utilities’ respective systems.  Herein, the Joint Utilities elaborate on the current hydrogen 20 

trigger level for biomethane injected into the Joint Utilities’ systems. 21 

A. Current Biomethane Injection Standard 22 

Currently, there is no maximum allowable hydrogen limit in the Joint Utilities’ tariffs.  23 

Hydrogen is identified as a Pipeline Integrity Protective Constituent in the Joint Utilities’ SRGI 24 

Tariffs with a trigger level of 0.1 vol%.2  Exceeding the trigger level results in additional 25 

monitoring and measurement controls at the specific interconnector(s) that exceeds the 26 

threshold.3  These controls may include increased frequency of the hydrogen testing from 27 

 
2 See PG&E Gas Rule 29, SoCalGas and SDG&E Gas Rule 45, and Southwest Gas Rule 22. 
3 See Decision Regarding the Biomethane Implementation Tasks in Assembly Bill 1900, D.14-01-034 
(Jan. 16, 2014). 
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annually to quarterly, an impact study or installation of corrosion monitoring probes.  1 

Additionally, these controls are based on the specific interconnector’s gas stream that is 2 

exceeding the threshold, rather than a system-wide deviation.  As described in Chapter 4, each 3 

gas system is unique and therefore further research needs to be conducted in order for the Joint 4 

Utilities to safely blend higher amounts of hydrogen into their systems.  5 

The Joint Utilities are committed to conducting the necessary work to safely introduce 6 

higher blend percentages into their respective systems; however, at this time, the Joint Utilities 7 

are not ready to propose a preliminary hydrogen injection standard or modifications to the 8 

hydrogen trigger level for biomethane, including modifications to the interconnection protocols 9 

and agreements.4  Instead, as presented at the working group5 meeting held on June 17, 2020, the 10 

Joint Utilities are requesting approval of a plan for developing a hydrogen injection standard 11 

with the proposed framework and milestones for next steps (see Section D, infra).  As the Joint 12 

Utilities progress through the plan, fill the gaps of knowledge, and prepare the gas system for 13 

injection of hydrogen, proposed modifications to the SRGI Tariffs will be submitted to the 14 

CPUC for review and approval.  15 

B. The Joint Utilities Prioritize Safety, System Integrity, Affordability, 16 
Reliability, and Carbon Neutrality 17 

The Joint Utilities prioritize the following while working toward the introduction of 18 

hydrogen in the gas system:  safety, system integrity, affordability, reliability, and carbon 19 

neutrality. 20 

 Safety:  Protecting the public, employees and contractors is the Joint Utilities’ 21 

number one priority.  As explained below, the Joint Utilities are following their American 22 

Petroleum Institute (API) 1173 Pipeline Safety Management Systems (PSMS) plans that 23 

provide for consistent and deliberate change management around the introduction of 24 

hydrogen.  25 

 System Integrity:  The Joint Utilities develop codes, standards, procedures and 26 

perform assessments of the gas pipeline system to mitigate integrity risk to the pipelines 27 

and keep the pipelines transporting gas safely.  The Joint Utilities need to determine what 28 

 
4 Notably, the SRGI Tariff already provides a foundation for future changes to such protocols and 
agreements. 
5 See Attachment 1. 
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changes and updates need to be made to minimize risks to the gas system prior to 1 

injecting hydrogen into the system at various levels.  2 

 Affordability:  Expanding renewable energy in any form will be more expensive 3 

than relying solely on traditional energy sources.  By utilizing existing infrastructure and 4 

by considering rate impacts in developing the hydrogen injection standard, the Joint 5 

Utilities demonstrate their commitment to providing scalable and affordable carbon 6 

neutral solutions. 7 

 Reliability:  As the use of intermittent renewable energy sources such as wind 8 

and solar increases, California must consider increasing challenges of maintaining 9 

reliability and resiliency.  By creating a structured plan for safely increasing hydrogen 10 

injection into the gas system, the Joint Utilities will continue to deliver affordable and 11 

reliable energy to our customers and communities every single day, at the same time 12 

leveraging current investments in infrastructure, enhancing system reliability, and 13 

meeting customer expectations.   14 

 Carbon neutrality:  For California to achieve its carbon neutrality goals in less 15 

than three decades, hydrogen must have a significant role in the state’s energy mix.  The 16 

hydrogen injection standard is an important early step in progressing toward these goals.  17 

To that end, the Joint Utilities are united in our efforts towards advancing real solutions 18 

in California’s progress toward carbon neutrality. 19 

The Joint Utilities intend to utilize their respective API 1173 PSMS, which provide for a 20 

systematic approach to managing safety, including the policies and procedures for changes in 21 

how the Joint Utilities will incorporate hydrogen into their operations.  API 1173 provides a 22 

framework for integrated and optimized asset, risk and operational management and provides 23 

structure and consistency around continuous improvement.  24 

For hydrogen blending, the API 1173 Plan-Do-Check-Act model is realized in the Joint 25 

Utilities’ research efforts described in Chapter 4, and the SoCalGas and SDG&E Hydrogen 26 

Blending Demonstration Program described in Chapter 3.  Plan-Do-Check-Act is a continuous 27 

loop, and the Joint Utilities may choose to expand demonstration programs, expand risk 28 

modeling, and as noted above, will revise standards, policies, and procedures to safely blend 29 

hydrogen.  30 

 31 
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C. Future Hydrogen Injection Standards  1 

1. Safety, system integrity, and reliability will guide future hydrogen 2 
injection standards. 3 

The Joint Utilities propose to increase the hydrogen percentage blend over time as critical 4 

research is conducted and additional information is gathered from on-going analysis, research (as 5 

identified in the research matrix provided in the February 19, 2020 working group report 6 

provided in Attachment 1), and demonstration projects (see Chapter 3, Hydrogen Blending 7 

Demonstration Program).  Updates and modifications to the SRGI Tariff will be required to 8 

include key elements for the interconnection and injection of hydrogen into the Joint Utilities’ 9 

pipeline systems.  At this time the Joint Utilities are not proposing modifications to the SRGI 10 

Tariff; however, work being done to understand the technical aspects of injecting and blending 11 

hydrogen into the gas system, as discussed in Chapter 4, will help define the modifications 12 

needed as we progress through the PSMS using the Plan-Do-Check-Act framework.  13 

D. Proposed Schedule Progression and Future Approval of Hydrogen 14 
Blending Percentage 15 

Foundational to the Joint Utilities’ proposed framework is the successful and timely 16 

completion of research such that its findings and results can be safely integrated into each of the 17 

Joint Utilities’ pipeline systems.  As previously mentioned, the Joint Utilities intend to utilize 18 

this Application to lay the foundation for a hydrogen injection standard that prioritizes safety, 19 

system integrity, and reliability.  The Joint Utilities believe that ongoing research will establish 20 

safe and innovative ways to re-purpose much, if not all, of our existing gas infrastructure for 21 

transport of a blend of Renewable Gas (RG) and natural gas.  The demonstrations will be the 22 

primary vehicle for establishing the blending limit of similar systems such as comparable 23 

infrastructure components, materials, and customer equipment.  Therefore, the Hydrogen 24 

Blending Demonstration Program proposed by SoCalGas and SDG&E in Chapter 3 will help 25 

guide our next steps towards a blending limit for similar plastic systems of all the Joint Utilities. 26 

The Joint Utilities also propose to continue to hold an annual technical hydrogen working 27 

group open to the public and provide a follow up report to track progress on the demonstrations 28 

and research being conducted in support of achieving higher hydrogen percent blends.  As more 29 

information becomes available through the research and demonstrations, the Joint Utilities will 30 

perform effectiveness reviews to determine when hydrogen blending can proceed forward. 31 
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The Hydrogen Injection Progression figure below (Figure 1) shows the path of ongoing 1 

research studies, demonstration projects (Chapter 3) and similar research (Chapter 4) and will 2 

validate current knowledge and test research results in operating conditions that reflect the 3 

diverse and complex natural gas infrastructure of each of the Utilities.  It is possible that at the 4 

end of the scheduled studies, the result will lead to more questions with the need to conduct 5 

additional studies and testing to support the development of a hydrogen injection standard.  The 6 

progression of work is dependent upon receiving approval for adequate funding mechanisms for 7 

the work to be completed.  Chapter 4 contains broader technical details for the ongoing research.  8 

Figure 1  9 

Hydrogen Injection Progression 10 

 11 

 12 

Although at this time the Joint Utilities are not seeking approval of a hydrogen injection 13 

standard, the Joint Utilities believe that future approval of a hydrogen injection standard should 14 

be approved via a Tier 3 Advice Letter with the appropriate technical information to support 15 

timely approval of the Utilities’ request.  A Tier 3 Advice Letter is appropriate as it is subject to 16 

Commission approval via adoption of a resolution during a voting meeting.  This process 17 

involves a higher level of scrutiny and analysis, and the decision-making process is more 18 

transparent, as a resolution is subject to public comment.  Therefore, the Joint Utilities request 19 

authorization from the Commission to submit a Tier 3 Advice Letter when the Joint Utilities 20 

have gathered enough supporting technical information to propose and defend a hydrogen 21 
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injection standard.  1 

III. RENEWABLE HYDROGEN 2 

Herein, the Joint Utilities propose a definition for renewable hydrogen as required by the 3 

Phase 4 Ruling and describe the various production pathways to obtain renewable hydrogen. 4 

A. Definition of Renewable Hydrogen 5 

Renewable hydrogen means hydrogen derived from one of the following:  6 

1) Electrolysis of water using renewable electricity. In this context, renewable 7 

electricity refers to electricity produced from sources which are eligible renewable 8 

energy resources as defined in California Public Utilities Code sections 399.11- 9 

399.36.6 10 

2) Steam methane reforming (SMR), autothermal reforming (ATR), or methane 11 

pyrolysis of renewable gas (RG). 12 

3) Thermochemical conversion of biomass, including the organic portion of 13 

municipal solid waste (MSW). 14 

Although hydrogen produced by SMR, ATR, methane pyrolysis and thermochemical 15 

conversion of conventional methane with carbon capture and utilization or storage (CCUS)7 is 16 

not included in the Joint Utilities’ proposed definition of renewable hydrogen, CCUS can be 17 

employed to reduce greenhouse gas (GHG) emissions or to produce carbon negative hydrogen 18 

and should be included in any hydrogen injection standard approved by the Commission.  A 19 

recent report by Lawrence Livermore National Laboratory8 and a study by the Energy Futures 20 

Institute and Stanford9 both strongly suggest that CCUS has a significant role in achieving 21 

California’s carbon neutrality goals. 22 

 
6 Adapted from 17 Cal. Code Regs. § 95481. 
7 Carbon capture, utilization, and storage refers to technologies that can reduce carbon dioxide 
(CO2) emissions by capturing carbon emissions, transporting essentially pure carbon dioxide streams, and 
either storing it in underground reservoirs or using the carbon dioxide as a feedstock for commercial 
products including advanced materials.  
8 Sarah E. Baker et al., Lawrence Livermore National Laboratory, Getting to Neutral: Options for 
Negative Carbon Emissions in California  (January 2020) at , available at https://www-
gs.llnl.gov/content/assets/docs/energy/Getting_to_Neutral.pdf. 
9 Webinar, Energy Futures Initiative and Stanford University, An Action Plan for Carbon Capture and 
Storage in California: Opportunities, Challenges, and Solutions (October 22, 2020) at S-1, available at 
https://sccs.stanford.edu/sites/g/files/sbiybj7741/f/efi-stanford-ca-ccs-full-rev1.vf-10.25.20.pdf. 
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The hydrogen resulting from any of these methods can be blended and injected into the 1 

natural gas system.  Downstream, it could be separated out and used as fuel for fuel cell electric 2 

vehicles or remain as a blend and provided to end-use customers.  In the future, it may be 3 

beneficial to consider 100% pure hydrogen pipelines to meet carbon neutrality targets as 4 

hydrogen demand increases. 5 

B. Renewable Hydrogen Production Pathways 6 

Below we elaborate further on each renewable hydrogen production pathway included in 7 

the Joint Utilities’ definition. 8 

1. Electrolysis  9 

Water electrolysis uses electricity to split the water molecule into hydrogen and oxygen. 10 

This process takes place in an electrolyzer.  Electrolyzers consist of an anode and cathode 11 

separated by a membrane, in an electrolyte solution.  There are three main types of electrolyzers: 12 

(1) Polymer Electrolyte Membrane (PEM); (2) Alkaline; (3) Solid Oxide (SO).10  Water 13 

electrolysis using renewable electricity allows for the storage of energy from the renewable 14 

electricity, that could otherwise be curtailed, in the form of hydrogen. 15 

2. SMR, ATR, and Methane Pyrolysis 16 

SMR involves methane (e.g. from natural gas or RG) reacting with high-temperature 17 

steam, 1292-1832oF (700°C – 1,000°C) under 44 – 363 psi (3–25 bar) of pressure in the presence 18 

of a catalyst to produce hydrogen, carbon monoxide, and carbon dioxide.11  Steam reforming is 19 

endothermic and requires heat to be supplied.  In the “water-gas shift reaction,” carbon monoxide 20 

and steam react over a catalyst to produce carbon dioxide and more hydrogen.  Finally, in 21 

“pressure-swing adsorption,” carbon dioxide and other impurities are removed from the gas 22 

stream, leaving marketable hydrogen.  ATR combines SMR (endothermic) and partial oxidation 23 

(exothermic) reactions.  Unlike SMR, ATR does not require external heat input because of the 24 

heat provided within the reaction vessel.  The heat generated when methane is partially oxidized 25 

 
10 Office of Energy Efficiency & Renewable Energy, Hydrogen Production:  Electrolysis, available at 
https://www.energy.gov/eere/fuelcells/hydrogen-production-electrolysis. 
11 Office of Energy Efficiency & Renewable Energy, Hydrogen Production:  Natural Gas Reforming, 
available at https://www.energy.gov/eere/fuelcells/hydrogen-production-natural-gas-reforming. 
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facilitates the endothermic SMR reaction.12  Compared to SMR, ATR can be started and shut 1 

down more rapidly.13  ATR also yields less NOx and net carbon dioxide emissions in comparison 2 

to SMR.14  Methane pyrolysis involves the thermal decomposition of methane (e.g., from natural 3 

gas or RG) in the presence of a catalyst at temperatures ranging from 572 – 1832oF (300oC – 4 

1000oC), into separate solid carbon and gaseous hydrogen streams.  The solid carbon can be used 5 

in many old and new industrial processes including as an advanced material feedstock for 6 

materials such as carbon fibers and carbon nanotubes.15 7 

3. Thermochemical Conversion 8 

Biomass gasification is a thermochemical process by which biomass is heated in the 9 

presence of oxygen to break it into its constituent molecules.  Biomass pyrolysis is similar to 10 

biomass gasification, except the process occurs in the absence of oxygen.  For biomass 11 

gasification, some oxygen is used for combustion/incineration within a certain part of the reactor.  12 

The process uses partial oxidation at high temperatures >1292oF (>700oC) with oxygen, air or 13 

steam.16  Gasification produces an intermediate product gas called synthesis gas or syngas as its 14 

primary output consisting mostly of carbon monoxide and hydrogen with a small amount of 15 

methane and other constituents.  In the “water-gas shift reaction” that follows, carbon monoxide 16 

and steam react over a catalyst to produce carbon dioxide and more hydrogen.  A final step is to 17 

remove the carbon dioxide and other impurities from the gas stream, leaving marketable 18 

hydrogen. 19 

  20 

 
12 Cristina Antonini et al., Royal Society of Chemistry, Hydrogen production from natural gas and 
biomethane with carbon capture and storage – a techno-environmental analysis (March 11, 2020), 
available at https://pubs.rsc.org/en/content/articlehtml/2020/se/d0se00222d. 
13 Christos M. Kalamaras & Angelos M. Efstathiou, Power Options for the Eastern Mediterranean 
Region, Hydrogen Production Technologies: Current State and Future Developments (June 6, 2013), 
available at https://www.hindawi.com/journals/cpis/2013/690627/.  
14 Steven F. Rice & David P. Mann, Sandia National Laboratories, Autothermal Reforming of Natural 
Gas to Synthesis Gas (April 13, 2007), available at https://www.osti.gov/servlets/purl/902090-j09VTQ/.   
15 Geoffrey Ozin, Decarbonizing Natural Gas: Methane Fuel without Carbon Dioxide, Advanced Science 
News (March 20, 2018), available at https://www.advancedsciencenews.com/decarbonizing-natural-gas-
methane-fuel-without-carbon-dioxide/. 
16 William Harris, How Gasification Works, HowStuffWorks (June 2, 2009), available at 
https://science.howstuffworks.com/environmental/green-tech/energy-production/gasification.htm. 
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IV. THE ROLE OF HYDROGEN IN A CARBON NEUTRAL FUTURE 1 

A. Introduction 2 

As a preliminary hydrogen injection standard is being developed, it is important to 3 

consider that hydrogen is an essential component of the energy economy of the future.  In 4 

California and in other parts of the world, hydrogen will be integral to achieving energy 5 

decarbonization at scale.  As indicated in Figure 2 below, hydrogen has the potential to provide 6 

emissions-free sustainable energy in a variety of end uses, such as fuel cell electric vehicles, 7 

stationary power and heat for buildings, backup power, industrial heat and feedstock, and 8 

distributed as well as central station generation.17  Further, hydrogen is an attractive carbon 9 

neutral solution for hard to abate industries (e.g., shipping, aviation, heavy-duty long-haul 10 

transportation, iron and steel production, chemicals, and manufacturing processes that require 11 

high-temperature industrial heat such as aluminum, glass and cement).18   12 

 
17 M.W. Melaina et al., National Renewable Energy Laboratory, Blending Hydrogen into Natural Gas 
Pipeline Networks: A Review of Key Issues (March 2013), available at 
https://www.nrel.gov/docs/fy13osti/51995.pdf. 
18 Kobad Bhavnagri, Bloomberg NEF, Hydrogen Economy Outlook (2020), available at 
https://data.bloomberglp.com/professional/sites/24/BNEF-Hydrogen-Economy-Outlook-Key-Messages-
30-Mar-2020.pdf.  The technical information/findings in the report have not been fully vetted by the Joint 
Utilities and are not meant to be representative of the Joint Utilities’ current knowledge of how hydrogen 
impacts their respective systems.  
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Figure 2  1 

Hydrogen Applications19 2 

 3 

The flexibility of hydrogen as an energy carrier across multiple sectors makes it a unique 4 

carbon neutral energy solution enabling transportation, distribution and storage of clean energy.  5 

By decarbonizing multiple sectors of the economy, hydrogen is uniquely positioned to transform 6 

California’s future energy system. 7 

The Commission has acknowledged that “existing efforts and research status on 8 

hydrogen affirm that the issue is ripe for consideration”20 and has directed the Commission’s 9 

Energy Division to coordinate a third-party technical study to further assess the impacts of 10 

increased hydrogen concentration in California’s gas storage and pipeline delivery system.  The 11 

Commission has also indicated that any impacts to the safety of the gas systems or to customer 12 

end-uses must be clearly understood before a hydrogen injection standard could be implemented, 13 

in addition to the impacts and benefits on the environment and to customers.  The Joint Utilities 14 

 
19 Office of Energy Efficiency & Renewable Energy, H2@Scale, available at 
https://www.energy.gov/eere/fuelcells/h2scale. 
20 November 21, 2019 Ruling at 7. 
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agree with this position and are undertaking steps to achieve this end.  1 

B. Hydrogen Can Enable California’s Climate Goals While Maintaining 2 
Energy Resiliency and Addressing Energy Generation Inefficiency 3 

The Joint Utilities support California’s climate and energy goals, including reducing 4 

emissions to 40% below 1990 levels by 2030 (SB 32)21 and fulfilling the 100% Clean Energy 5 

Act of 2018 by 2045 (SB 100).22  The Joint Utilities recognize the various challenges that will 6 

need to be addressed in order to meet these targets.  To fully implement California’s vision of a 7 

carbon neutral energy future and to provide energy resiliency, both clean electrons (through 8 

renewable electricity) and clean molecules (through RG, including hydrogen) will be required.23   9 

According to Bloomberg New Energy Finance (BNEF), to achieve the Intergovernmental 10 

Panel for Climate Change’s (IPCC)24 global warming reduction target of 1.5-degrees 11 

(centigrade) by 2050, global energy consumption would need to decrease, and technological 12 

changes would need to occur (Report provided in Attachment 2).  BNEF analysis suggests there 13 

is a role for both clean molecules and clean electrons by 2050 (as shown in Figure 3 below) and 14 

that the contribution of these two energy sources to global energy consumption under the IPCC 15 

1.5-degree scenario is about equal (53% clean electrons and 47% clean molecules).25   The 47% 16 

or 190 exajoules (EJ) of energy consumed in the form of molecule-based fuels would need to 17 

have a very low emissions intensity.  Therefore, as a scalable energy carrier with a broad range 18 

of end uses, clean hydrogen is well positioned to play a prominent role in California’s carbon 19 

neutral future.  20 

  21 

 
21 Cal. SB-32, Chapter 249 (2016), available at 
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201520160SB32.  
22 Cal. SB-100, Chapter 312 (2018), available at 
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201720180SB100. 
23 Bhavnagri, supra.  The technical information/findings in the report have not been fully vetted by the 
Joint Utilities and are not meant to be representative of the Joint Utilities’ current knowledge of how 
hydrogen impacts their respective systems.).  
24 Valerie Masson-Delmotte et al. (eds.), Intergovernmental Panel for Climate Change, Global Warming 
of 1.5℃ (2018), available at https://www.ipcc.ch/sr15/. 
25 Bhavnagri, supra.  The technical information/findings in the report have not been fully vetted by the 
Joint Utilities and are not meant to be representative of the Joint Utilities’ current knowledge of how 
hydrogen impacts their respective systems.  
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Figure 3 1 

Projections for Global Final Energy Consumption in 2050 (source: BNEF) 2 

 3 

In California, hydrogen can also address energy generation surplus and reliability 4 

concerns, as there are times when renewable energy cannot be consumed by the electric grid.  To 5 

prevent overloading, excess renewable energy is either curtailed or given away to nearby states.  6 

Between 2018 and 2019 alone, the amount of curtailed energy from solar and wind more than 7 

doubled, according to the California Independent System Operator (CAISO).26  In order to 8 

address this issue, consideration should be given to long-duration energy storage solutions.  9 

Battery storage alone, with its short discharge duration (4 to 6 hours), may not be able to meet 10 

this challenge.  Therefore, hydrogen as a form of long-duration and large-scale energy storage 11 

could be a critical component to addressing renewable energy generation inefficiencies while 12 

California works toward achieving its clean energy goals.  Figure 4 below shows capacity versus 13 

discharge duration for various types of energy storage solutions, including batteries and 14 

hydrogen storage. 15 

 16 

 17 
 18 
 19 

 
26 Managing oversupply, California ISO, available at 
http://www.caiso.com/informed/Pages/ManagingOversupply.aspx. 
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Figure 4  1 

Comparison of Energy Storage Alternatives2 

 3 

To continue to provide Californians with reliable and resilient energy, hydrogen for long-4 

duration energy storage should be considered part of the state’s mix of energy solutions.  5 

Moreover, gas infrastructure and storage are becoming increasingly important to resilience, a 6 

critical component of any energy supply strategy and one that is gaining momentum in the 7 

context of today’s increased wildfire risk and other climate-driven natural disasters.  Diversity in 8 

the state’s energy portfolio is important for prudent risk management to support resilient energy 9 

infrastructure.  California must leverage its existing energy infrastructure, technological 10 

expertise, and skilled workforce to maintain resilience and reliability while transitioning to a 11 

deeply decarbonized economy and mitigating the impacts of climate change. 12 

C. Leveraging the Joint Utilities’ Existing Gas Systems 13 

In addition to other efforts, the blending of hydrogen into the existing gas systems will 14 

provide a significant boost towards achieving gas pipeline decarbonization in California.  15 

Furthermore, blending, where feasible, could be a lower cost option of transporting hydrogen 16 

than developing new hydrogen transmission and distribution infrastructure.  With technological 17 

progress and sufficiently large, sustained, and localized demand, gas pipelines can be one of the 18 

most cost-effective long-term choices for hydrogen delivery.  The advantage of hydrogen as a 19 

form of stored energy is that it can be transported, stored for long periods of time, and used as 20 
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energy across a broad range of applications.  Integration of hydrogen into the gas system will 1 

provide larger scale energy storage compared to battery storage, utilize existing infrastructure to 2 

allow for more locations for injection and dispensing hydrogen, as well as provide wider 3 

dispersion and access. 4 

D. Hydrogen Is Being Used Around the World to Test Its Viability and 5 
Further Energy Goals, and California Can Learn from these 6 
Examples 7 

In many nations, hydrogen has been increasingly seen as a driving force in the fight 8 

against climate change.  Many utilities, energy companies, and nations are prioritizing the 9 

development of hydrogen infrastructure as an integral component of large scale decarbonization.  10 

A major step in the adoption of hydrogen in Europe was made in July 2020 when the European 11 

Commission released its ambitious hydrogen strategy.  In particular, the strategy sets aggressive 12 

goals for production of electrolytic hydrogen in the European Union (EU): 6 gigawatts (GW) of 13 

electrolyzers by 2024 and 40 GW by 2030, plus additional 40 GW in neighboring countries to 14 

import hydrogen into the EU.27  This strategy builds on significant progress toward adoption of 15 

hydrogen that was made across Europe over the last several years.  Leeds, one of the largest 16 

cities in the United Kingdom (U.K.), launched the Leeds H21 City Gate hydrogen project in 17 

2016,28 targeting the conversion of the existing natural gas supply and distribution system to 18 

deliver hydrogen to consumers.  Leeds H21 has examined the engineering, transition 19 

requirements, production, transportation, end use applications and related costs, while also 20 

assessing the initiative’s impact on GHG emissions reduction.29   As further described below, 21 

California can also learn from other hydrogen strategies, initiatives and investments being 22 

pursued throughout the world. 23 

The Australian Government recently established a 300 million Australian dollar funding 24 

mechanism to support hydrogen-powered projects to “support the growth of a clean, innovative, 25 

 
27 European Commission, Communication from the Commission to the European Parliament, the Council, 
the European Economic and Social Committee and the Committee of the Regions:  a hydrogen strategy 
for a climate-neutral Europe, (Aug. 7, 2020), available at  
https://ec.europa.eu/energy/sites/ener/files/hydrogen_strategy.pdf.  
28 Northern Gas Networks, Watch our H21 Leeds City Gate film (July 12, 2016), available at 
https://www.northerngasnetworks.co.uk/2016/07/12/watch-our-h21-leeds-city-gate-film/.  
29 H2FCSUPERGEN, Hydrogen in the North:  the H21 Leeds City Gate report launces (July 15, 2016), 
available at http://www.h2fcsupergen.com/news/hydrogen-in-the-north-the-h21-leeds-city-gate-report-
launches/.  
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safe and competitive Australian hydrogen industry,”30,31 as part of their national strategy.  1 

The European Commission,32 as illustrated in Figure 5 below, has set a goal to build-out 2 

40 GW of electrolyzers and produce 10 million metric tons of zero-carbon hydrogen within the 3 

EU by 2030.33 4 

Figure 5 5 

Electrolyzer deployment targets by the EU and member countries (source:  BNEF) 6 

 7 

Recently, Spain and Portugal announced draft hydrogen strategies that would help deliver 8 

~6 GW to meet the EU goals.  Together, they will include electrolyzer deployment targets of 9 

4 GW and 2.1 GW respectively by 2030, which is equivalent to 15% of the EUs 40 GW goal.  In 10 

addition, Portugal is considering hydrogen blending targets between 10% and 15% by volume by 11 

2030, with a goal to ramp up to 50% by 2040 and 80% by 2050.  Spain has set targets of up to 12 

10% blending volume by 2030.34 13 

Germany’s National Hydrogen Strategy states that hydrogen is a multi-purpose energy 14 

carrier that can be used in fuel cells to power hydrogen-based mobility and serve as a basis for 15 

synthetic fuels, but also to store renewable energies.35  To that end, Germany has allocated 9 16 

 
30 CEFC, CEFC welcomes launch of new $300 million Advancing Hydrogen Fund (May 4, 2020), 
available at https://www.cefc.com.au/media/media-release/cefc-welcomes-launch-of-new-300-million-
advancing-hydrogen-fund/. 
31 Australia’s National Hydrogen Strategy, COAG Energy Council (2019), available at 
https://www.industry.gov.au/sites/default/files/2019-11/australias-national-hydrogen-strategy.pdf. 
32 See Bloomberg NEF, Europe’s $500 Billion Plan Will Scale Up Green Hydrogen (July 13, 2020),  
https://www.bnef.com/insights/23661. 
33 See Bloomberg NEF, Spain and Portugal Approve Sunny Hydrogen Strategies (Oct. 13, 2020), 
available at https://www.bnef.com/insights/24463. 
34 See id. 
35 Federal Ministry for Economic Affairs and Energy, The National Hydrogen Strategy (June 2020), 
available at https://www.bmbf.de/files/bmwi_Nationale%20Wasserstoffstrategie_Eng_s01.pdf. 
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billion euros to hydrogen, including 2 billion euros for international partnerships in this sector.  1 

Germany is looking to develop up to 5 GW of hydrogen capacity by 2030, and an additional 5 2 

GW by 2040.36 3 

The French government’s hydrogen strategy involves 7 billion euros in investments by 4 

2030 with a target to build 6.5 GW of electrolysis for hydrogen production.  In addition, the 5 

French government aims to create between 50,000 to 150,000 direct and indirect jobs over the 6 

next ten years.37,38 7 

Netherlands aims to produce renewable hydrogen using renewable electricity generated 8 

by a 3 – 4 GW offshore wind farm in 2030, and 10 GW by 2040 as part of the objectives of the 9 

Dutch Climate Accord.39 10 

Another example in the U.K. is the setup of two 20 million British Pounds Sterling 11 

(GBP) funds for innovation in low-carbon hydrogen supply and innovation in storage at scale, 12 

including Power-to-X40.  The U.K. has been at the forefront of hydrogen blending, with testing 13 

of up to 20% hydrogen and has also announced decarbonizing industrial clusters supported by 14 

170 million GBP of public investment from the Industrial Strategy Challenge Fund.41 15 

Japan has also developed a strategic roadmap to implement a hydrogen strategy.  The 16 

strategy includes new cost and deployment targets for hydrogen and fuel cells and utilizes 17 

hydrogen as an energy carrier in power generation.  According to the International Energy 18 

Agency (IEA), the Development Bank of Japan has joined a consortium of companies to launch 19 

 
36 Reuters, Germany earmarks $10 billion for hydrogen expansion (June 4, 2020), available at 
https://www.reuters.com/article/us-health-coronavirus-germany-stimulus/germany-earmarks-10-billion-
for-hydrogen-expansion-idUSKBN23B10L?. 
37 Bernd Radowitz, France’s $7bn hydrogen strategy could feature role for nuclear, Recharge (Sep. 9 
2020), available at https://www.rechargenews.com/transition/frances-7bn-hydrogen-strategy-could-
feature-role-for-nuclear/2-1-872014. 
38 Chris Randall, France presents national hydrogen strategy, Electrive (Sep. 14, 2020, 3:13 PM), 
available at https://www.electrive.com/2020/09/14/france-presents-national-hydrogen-strategy/. 
39 Renews.biz, Shell consortium eyes 10GW offshore wind-hydrogen giant (Feb. 27, 2020), available at 
https://renews.biz/58847/dutch-unveil-green-hydrogen-offshore-wind-mega-project/. 
40 Power-to-X (as defined by the European Commission) is the conversion of power from the electricity 
sector into another energy carrier which could include power to hydrogen gas, power to methane, power 
to liquids (hydrocarbons).  Power-to-X can also refer to power-to-chemicals, power-to-ammonia and 
power-to-heat etc. See European Commission, METIS Studies, The role and potential of Power-to-X in 
2050 (April 30, 2019), available at  
https://op.europa.eu/en/publication-detail/-/publication/1e6b9012-6bbc-11e9-9f05-
01aa75ed71a1/language-en/format-PDF/source-96288622. 
41 IEA, The Future of Hydrogen (June 2019), available at https://www.iea.org/reports/the-future-of-
hydrogen at 22. 
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Japan H2 Mobility42 with a target to build 80 hydrogen refueling stations by 2021 under the 1 

guidance of the Japanese central government’s Ministerial Council on Renewable Energy, 2 

Hydrogen and Related Issues.43  Consistent with this direction, on October 13, 2020 JERA, a 3 

joint venture of major Japanese power companies and the world’s largest liquified natural gas 4 

buyer, recently announced plans to reach carbon neutrality by 2050, with hydrogen as one of 5 

their major pathways to reaching this goal.44 6 

Wood Mackenzie, based in the U.K., noted in their latest report on hydrogen, an 7 

estimated 15 GWs of global hydrogen projects that are currently in the pipeline.  The pipeline 8 

project capacity has quadrupled from 3.2 GWs since 2019.45  The report further states that 9 

twenty-two 100 MW+ green hydrogen projects have been announced, which in total include 10 

targets for 48 GW of electrolyzer deployments by 2030.  The global interest and momentum 11 

towards transitioning to a hydrogen economy is accelerating due to hydrogen’s versatility 12 

coupled with strong scaling potential and falling costs of renewable generation and hydrogen 13 

technologies, such as electrolyzers.  According to the BNEF, the learning rates of Alkaline and 14 

PEM electrolyzers show 18 - 20% in potential cost reductions46 considering the manufacturing 15 

scaling effect.  16 

BNEF, in its analysis on the cost economics of hydrogen production, states that the 17 

rapidly declining costs of renewable energy globally can make it possible to achieve cost 18 

economic scaling of renewable hydrogen production.  BNEF forecasts the production costs of 19 

renewable hydrogen (at large scale) will reduce from $2.5-6.8/kg (2019) to $1.4-2.9/kg (2030).  20 

As shown in Figure 6 below, the costs are expected to be just $0.8-1.0/kg by 2050, ensuring a 21 

 
42 Ministry of Economy, Trade and Industry, Eleven companies to collaborate in accelerating the 
development of hydrogen stations (March 5, 2018), available at  
https://www.meti.go.jp/english/press/2018/0305_001.html. 
43 The Future of Hydrogen, supra at 22.  
44 Eric Yep & Jia Hui Tan, Japan’s largest power producer JERA plans net zero CO2 by 2050, S&P 
Global:  Platts (Oct. 13, 2020), available at https://www.spglobal.com/platts/en/market-insights/latest-
news/coal/101320-japans-largest-power-producer-jera-plans-net-zero-co2-by-2050.  
45 Wood Mackenzie, Hydrogen production costs to 2040:  Is a tipping point on the horizon? (2020), 
available at https://www.woodmac.com/our-expertise/focus/transition/hydrogen-production-costs-to-
2040-is-a-tipping-point-on-the-
horizon/#:~:text=Hydrogen%20production%20costs%3A%20is%20a,of%20green%20with%20fossil%20
generation. 
46 Learning rates show cost reduction trends with every doubling in manufactured volumes. 
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competitive and cost economic future for hydrogen.47  From an energy equivalency perspective, 1 

the costs would reduce from $19-50/MMBTU (2019) to $10-21/MMBTU (2030).  This would 2 

further decline to $6-7/MMBTU by 2050.48 3 

Figure 6 4 

Forecast levelized cost of renewable hydrogen production from large projects  5 

(Source:  BNEF)49 6 

 7 

 8 
The global push for hydrogen as an integral component of decarbonization is evolving 9 

not only through published national strategies, but also through development of demonstration 10 

projects across Europe and Asia.  Additional information on hydrogen blending initiatives 11 

around the world is detailed in Chapter 3 under the International Hydrogen Blending 12 

Demonstrations section.  SoCalGas and PG&E are actively collaborating with European 13 

companies in order to bring their experience to California and facilitate the adoption of hydrogen 14 

 
47 BNEF, Hydrogen:  The Economics of Production From Renewables (2019),  
https://www.bnef.com/core/insights/21213?query=eyJxdWVyeSI6ImZ1dHVyZSBvZiBoeWRyb2dlbiIsIn
BhZ2UiOjIsImZpbHRlcnMiOnsiY29udGVudCI6WyJpbnNpZ2h0Il0sIm9yZGVyIjpbImRhdGUiXSwiZ
GF0ZXMiOls1XX19. 
48 Assuming energy equivalency conversion of 7.4 MMBTUs per kg of H2. 
49 Hydrogen:  The Economics, supra.  
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into California’s energy mix. 1 

V. CONCLUSION 2 

This concludes our prepared direct testimony.  3 
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VI. QUALIFICATIONS 1 

Yuri Freedman 2 

In my current role as Senior Director, Business Development, I manage the portfolio of 3 

growth initiatives and Research & Development activities for SoCalGas.  Prior to this, I held the 4 

position of Director, Commercial Development for Sempra LNG and Midstream, and previously 5 

held the positions of Director, Infrastructure Investments for Sempra US Gas and Power, and 6 

Director, Corporate Mergers & Acquisitions for Sempra Energy.  7 

Prior to joining Sempra Energy, I was a Managing Director on the energy team of 8 

Fortress Investment Group and a Vice President in General Electric's energy investment arm, GE 9 

Energy Financial Services.  I began my career as a geologist working in Arctic regions of 10 

Western Siberia on the development and construction of oil and gas pipelines.  I hold an MS in 11 

Engineering Geology from Moscow University (Russia), a PhD in Environmental Science and 12 

Energy Research from the Weizmann Institute of Science (Israel), and an MBA from the Yale 13 

School of Management. 14 

I have not previously testified before the Commission.   15 

Austin Hastings 16 

Currently I hold the role of Director of Wholesale Marketing and Business Development 17 

for Pacific Gas and Electric Company.  Among other responsibilities I am the PG&E Gas 18 

Operations lead for natural gas strategy.  I have been with PG&E for over 23 years, all in the 19 

natural gas line of business.  During this time, I have held numerous technical and leadership 20 

positions some of which include project management, pipeline engineering, liquified and 21 

compressed natural gas, gas standards, operator qualifications, cross bore and other construction 22 

technology and support departments.  I hold a degree in Mechanical Engineering from CSU 23 

Fresno and am a registered professional engineer in the state of California. 24 

Joseph C. Varela 25 

I am a Director in the Energy Solutions Department for Southwest Gas Corporation.  My 26 

business address is 3400 East Gas Road, Tucson, Arizona 85714.  I have been employed with 27 

Southwest Gas for 30 years.  In my current position, I am responsible for promoting the use of 28 

natural gas by educating the public, legislators, key decision makers and general industry on 29 

emerging natural gas technologies and renewable energy supplies.  I hold a Bachelor of Science 30 
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in Civil Engineering from The University of Arizona and a Master of Business Administration 1 

from the Eller College of Management at The University of Arizona.  I hold board seats on 2 

Natural Gas Vehicles of America, Gas Technology Institute and the Renewable Natural Gas 3 

Coalition. 4 
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1. Introduction 
Pursuant  to  Ordering  Paragraph  (OP)  5  of  the  Assigned  Commissioner’s  Scoping  Memo  and 
Ruling Opening Phase 4 of Rulemaking (R.) 13-02-008 (Scoping Memo) issued on November 21, 
2019, Pacific Gas and Electric Company (PG&E), Southern California Gas Company (SoCalGas), 
San Diego Gas & Electric Company (SDG&E), and Southwest Gas Corporation (Southwest Gas) 
(collectively,  the  Investor-Owned  Utilities  [IOUs])  submit  this  Technical  Hydrogen 
Interconnection Working Group Report (Report) which is due to the California Public Utilities 
Commission (Commission) 90 days from the Scoping Memo.1  

The  first  technical  hydrogen  interconnection  working  group  (working  group)  meeting,  as  also 
directed in OP 5 of the Scoping Memo, was held on January 15, 2020 via webinar.  This Report 
contains the following information which was presented during the working group meeting: 

 General hydrogen knowledge 

 Utility-specific hydrogen knowledge 

 International hydrogen blending efforts 

 IOU engineering work group 

 IOU Hydrogen Research Action Plan 

 Discussion of next steps 

1.1. Working Group Meeting Summary 
The working group meeting was open to all parties of the proceeding and was intended to assist in 
developing  the  preliminary  hydrogen  injection  standard  application  (Application)  due  by 
November  21,  2020.  The  IOUs  presented  information  on  their  hydrogen  knowledge  and  R&D 
efforts.  During  the  public  discussion  period,  representatives  from  Common  Ground  Energy 
Corporation  (a  Canadian  oil  and  gas  company)  and Green  Hydrogen  Coalition  expressed  their 
interest in hydrogen. Common Ground Energy Corporation mentioned the storage and transport 
of hydrogen as ammonia or toluene and the United Kingdom’s HyDeploy hydrogen blending pilot 
project. Green Hydrogen Coalition asked how hydrogen will be integrated in other proceedings 
(i.e. SB 100, Integrated Resource Plan [IRP]) and the extent to which the Commission is working 
with  the  California  Energy  Commission  (CEC).  The  Commission  representative  mentioned 
Assembly Bill (AB) 8 coordination efforts with the CEC and instructed that the IOUs may include 
in the Application a section on the larger role of hydrogen in other proceedings.  A copy of the 
slide deck presented during the working group meeting is provided in Appendix A. 

 

  

                                                            
 

1 Pursuant to OP 5 of the Scoping Memo, “The Joint Utilities shall hold additional technical working 
group meetings as needed and submit progress reports every 60 days thereafter.” 
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2. General Hydrogen Knowledge 
Hydrogen is widely seen as a pivotal component of the future clean energy economy. It has the 
potential to provide emissions-free sustainable energy in a variety of end uses, such as fuel cell 
electric  vehicles,  stationary  power  and  heat  for  buildings,  backup  power,  and  distributed 
generation.2  Hydrogen  produced  via  electrolysis,  where  electricity  is  used to  split  water  into 
hydrogen  and  oxygen,  can  result  in  zero  greenhouse  gas  (GHG)  emissions  if  produced  using 
renewable  energy.  Power-to-gas  (P2G)  is  the  process  in  which  this  renewable  hydrogen  or 
electrolytic hydrogen can also be converted into renewable gas via methanation. 

P2G provides a pathway to allow for power generation from intermittent renewable power sources 
such as wind and solar (thereby increasing the use of surplus renewable electricity) that would 
otherwise be curtailed, by storing it for later use in existing gas infrastructure, where it can be 
used for electric generation or other end-use applications of highest need. As California continues 
to meet its renewable portfolio standard requirements, it is faced with an increasingly urgent need 
to  deploy  utility-scale  energy  storage  solutions  to  support  intermittent  renewable  power 
generation. P2G should be evaluated for its potential to provide large-scale storage.   
 
In addition, hydrogen can also be produced with natural gas or renewable natural gas (RNG) in a 
process called steam-methane reformation (SMR). Hydrogen produced via SMR is a valuable low-
carbon fuel used today in various sectors (i.e. industrial, transportation) and can potentially be a 
solution to decarbonize the most difficult to abate sectors. RNG can also be reformed to create 
renewable hydrogen, which can be a negative carbon vehicle fuel with zero tailpipe emissions.3 
Today, 95% of the hydrogen produced in the United States is made by natural gas reforming in 
large central plants.4 

Blending  hydrogen  into  the  existing  natural  gas  pipeline  network  has  been  proposed  by  many 
associations  as  a  means  of  increasing  the  output  of  renewable  energy  systems.5  However, 
introduction  of  hydrogen  at  any  specific  blend  concentration  into  a  given  system  requires 
appropriate  study,  testing,  and/or  modifications  to  existing  infrastructure,  monitoring  and 
maintenance practices.6 Hydrogen presents critically important opportunities as a carbon-free fuel 

                                                            
 

2 Melaina, M.W., Antonia, O., and Penev, M. Blending Hydrogen into Natural Gas Pipeline Networks: A 
Review of Key Issues (March 2013). Available at: https://www.nrel.gov/docs/fy13osti/51995.pdf.  
3 Depending on the pathway. RNG can have a negative Carbon Intensity.  California Air Resources Control 
Board  Low  Carbon  Fuel  Standard  Certified  Pathways  are  available at:  
https://ww3.arb.ca.gov/fuels/lcfs/fuelpathways/pathwaytable_test3.htm 
4 U.S. Department of Energy. Office of Energy Efficiency & Renewable Energy. Hydrogen Production: 
Natural Gas Reforming. Available at: https://www.energy.gov/eere/fuelcells/hydrogen-production-natural-
gas-reforming.  
5 Hydrogen Europe. Hydrogen Europe Vision on the Role of Hydrogen and Gas Infrastructure on the Road 
Toward  a  Climate  Neutral  Economy  (April  2019).  Available  at: 
https://hydrogeneurope.eu/sites/default/files/2019_Hydrogen%20Europe%20Vision%20on%20the%20rol
e%20of%20Hydrogen%20and%20Gas%20Infrastructure.pdf.  
6 Ibid. 
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that can provide long-term energy storage and help the State meet Executive Order B-55-18 goals 
and Senate Bill (SB) 100 requirements. 

3. Utility-Specific Knowledge 
3.1. Southern  California  Gas  Company  (SoCalGas)  and  San  Diego  Gas  & Electric 
Company (SDG&E) 

In  2019,  SoCalGas  announced  its  vision  to  be  the  cleanest  gas  utility  in  North  America  and 
committed to a 5% RNG core throughput by 2022 and 20% RNG core throughput in the system 
by 2030.  SoCalGas' commitment to develop RNG is part of a broader, integrated vision for the 
future of clean energy that keeps energy affordable, expands consumer choice, and develops long-
term and seasonal renewable energy storage using existing infrastructure.  SoCalGas is exploring 
how hydrogen can be part of the Company’s vision, its relationship with the existing natural gas 
infrastructure,  how  it  can  help  reduce  reliance  on  fossil-based  resources  and  be  used  in  cross-
sectoral  applications  in  residential,  commercial,  industrial,  and  power  generation  applications. 
However, before SoCalGas determines the extent to which hydrogen injection and blending can 
occur in its system, there are topics that require continued research and testing to ensure safe and 
reliable operation of the utility system.  

 

3.1.1. SoCalGas Hydrogen Research 
SoCalGas’ hydrogen research encompasses the entire scope of the value chain, from the backbone 
pipeline infrastructure to end user appliances and equipment. Research also includes studying the 
potential benefits of hydrogen generation and fueling to make positive contributions across various 
sectors, from transportation to power generation. 
 
SoCalGas understands that research should not be done in silos and has established partnerships 
across  the  gas  industry  and  academia  to  help  understand  the  potential  impacts  of  hydrogen 
injection and blending in the natural gas system. Some of the research topics studied with these 
partners include hydrogen embrittlement, P2G, underground storage, engines, operational safety, 
gas interchangeability, and system integrity. SoCalGas’ partnerships and key studies are briefly 
described below and summarized in Table 1. 
 
 The American Gas Association (AGA) and Canadian Gas Association (CGA) performed a 
literature review of hydrogen blending in the natural gas system. Topics reviewed include 
potential  hydrogen  impact  on  steel  pipelines,  plastic  pipelines,  underground  storage 
operations, and system equipment. 

 The Fuel Cell & Hydrogen Energy Association (FCHEA) worked together with a coalition 
of major oil & gas, power, automotive, fuel cell, and hydrogen companies to develop a 
Road Map to a US Hydrogen Economy.  This comprehensive Road Map details how the 
U.S. can expand its global energy leadership, by scaling up activity in the rapidly emerging 
and evolving hydrogen economy, as policy makers and industry work together and take the 
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right steps. Analytical support was provided by McKinsey and scientific observations and 
technical input was provided by the Electric Power Research Institute (EPRI). 

 Gas  Technology  Institute  (GTI)  performed  a  risk  analysis  to  determine  a  hydrogen 
blending percentage that would not significantly increase overall risk. The analysis was 
completed for distribution and transmission pipelines (i.e. low, medium, high pressures) 
constructed using plastic and steel. 

 GTI also completed a study to evaluate the material integrity and operational compatibility 
of a natural gas system with natural gas blended with 5 vol% hydrogen and to determine 
any actions needed to reduce risks and support hydrogen blending. 

 The HYREADY project is a collaborative effort by several North American and European 
utilities  to  assess  the  impacts of  introducing  hydrogen  into  natural  gas  systems.  It 
developed guidelines and decision trees to help determine if specific components of the 
system would be compatible with various percentages of hydrogen.  

 University of California, Irvine (UC Irvine) constructed a P2G hydrogen blending pilot to 
evaluate  the  feasibility  of  generating  hydrogen  using  an  electrolyzer  and  blending  the 
hydrogen into the university’s natural gas network.  

 DNV  GL  performed  a  gas  interchangeability  analysis  to  determine the minimum and 
maximum hydrogen content that can be added to natural gas within the SoCalGas service 
territory without increasing the risk of flame flashback. 

 University  of  Southern  California  (USC)  performed  a  literature review  on  several 
mechanisms of hydrogen embrittlement. Tensile and fracture tests on pipes and welds were 
also reviewed.  

 USC also performed experiments to evaluate the impact of a hydrogen blend on storage 
formation  materials.  Permeability  and  porosity  measurements  were  taken  on  samples 
before and after incubation in hydrogen-natural gas blends.  

 University of Illinois at Urbana-Champaign performed a literature review and computer 
simulation of fatigue crack growth rates for line pipe steels. The analysis focused on long 
axial cracks on the pipe’s inner surface and used SoCalGas historical pressure data. The 
gases compared were natural gas and pure hydrogen. 

 Sandia National Laboratories investigated if hydrogen-natural gas blends can be used in 
existing on-board fuel tanks of natural gas vehicles. All four types of tanks were studied. 

 Colorado State University performed a literature review and tests to determine the impact 
of  using  hydrogen-natural  gas  blends  in  spark-ignited  natural  gas  engines.  Engine 
performance and emissions compliance were recorded. 

 The NYSEARCH RANGE™ model (Range of Acceptability for Natural Gas Equipment) 
utilizes the composition data of a proposed gas supply to generate graphical depictions of 
the  performance  characteristics  of  appliances  in  a  service  area,  so  that  the  range  of 
acceptable gas supplies can be determined. The model incorporates the in-service appliance 
database from NYSEARCH’s study on the impacts of varying gas compositions on the 
performance of installed residential appliances. 
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Partner Scope 
AGA/CGA Blending of Hydrogen into Natural Gas Delivery Systems (2018)

FCHEA/McKinsey/EPRI 
Development of a Comprehensive Road Map to a US Hydrogen 
Economy (2019)

GTI 

Hydrogen Blending into the Natural Gas Network—A Risk Analysis 
(2010)
Initial Assessment of the Effects of Hydrogen Blending in Natural Gas 
on Properties and Operational Safety (2015)

HYREADY 
Engineering Guidelines—For the Preparation of Natural Gas Systems 
for Hydrogen/NG Mixtures (2018)

UC Irvine Pilot project for power-to-gas with solar PV

DNV GL 
Mathematical Demonstration of the Amount of Hydrogen That Can Be 
Added to Natural Gas (2017)

USC 
Hydrogen Embrittlement Literature Review (2014) 
Permeability and Porosity Measurements of Gas Storage Rock 
Samples (2010)

University of Illinois at 
Urbana-Champaign 

Evaluating Hydrogen Embrittlement of Pipeline Steels (2016) 

Sandia National Laboratories  Hydrogen Effects on Materials for CNG/H2 Blends (2010) 

Colorado State University 
Impact of H2-NG Blending on Lambda Sensor NSCR Control and 
Lean Burn Emissions (2015)

NYSEARCH RANGETM 
Interchangeability study for hydrogen-natural gas blends on SoCalGas 
customer equipment

Table 1: SoCalGas Hydrogen Research Partnerships and Key Studies 

Note  that  available  studies  and guidelines  on  hydrogen  blending  in the natural  gas system  still 
recommend  system-specific  studies  prior  to  beginning  hydrogen  blending  because  of  the 
variability of utility systems. 

 

3.2. Pacific Gas and Electric Company (PG&E) 
PG&E’s Gas Research and Development (R&D) and Innovation group developed the PG&E R&D 
RNG roadmap in 2018.7 The RNG Roadmap encompasses the key segments covered in the RNG 
Value Chain and lays out PG&E’s plan in the RNG and clean fuels space over the next 10 to 15 
years. It also highlights the focus areas where PG&E sees opportunities and initiatives. 

The last subject of the RNG roadmap  is  hydrogen.  PG&E  is  exploring the potential of P2G to 
produce  hydrogen.  Storage  of  renewable  energy becomes  more  important  as  renewable  energy 
dominates our electricity portfolio. Hydrogen can also be blended and injected into the natural gas 
system  as  a  means  of  storage  and  transportation.  Once  downstream,  the  hydrogen  could  be 
separated from the natural gas to be used as fuel for vehicles for transportation purposes or remain 
as a blend to be delivered to end use customers. 

                                                            
 

7 PG&E Renewable Natural Gas Roadmap.  Available at: www.pge.com/biomethane 



 

9 
 
 

The  roadmap  covers  three  focus  areas  for  hydrogen:  production  of  hydrogen  (i.e.  via  P2G 
applications, SMR, etc.), hydrogen standards for blending and interconnection for transportation 
of hydrogen, and utilization of hydrogen by customers. At a high level, there is a need to develop 
a  portfolio  of  hydrogen  generation  technologies;  understand  the  safety  impact  of  hydrogen 
blending  in  the  natural  gas  system  and  on  end  use  customer  equipment;  and  develop 
hydrogen/natural gas extraction technologies for utilization of each fuel separately. Initial research 
is focused on obtaining scientific data from laboratory testing where there are knowledge gaps. 
However, we have had preliminary discussions with the California Energy Commission to start 
planning for the development of a real-world hydrogen pilot. This pilot will either demonstrate 
hydrogen injection on a small part of our low-pressure distribution system or involve designing a 
separate system for the test.  

These  are  the  different  companies  that  PG&E  has  partnered  with so  far  that  are  spearheading 
research:  Brimstone Energy, CZERO, Gas Technology Institute (GTI), DNV GL (Netherlands), 
NYSEARCH,  Opus12,  Operations  Technology  Development  (OTD)  under  GTI,  Pipeline 
Research  Council  International  (PRCI)  and  UC  Irvine.    The  other  California  utilities  are 
collaborating with PG&E on some of these as well.  

One project under each focus area is highlighted below. 

 Hydrogen Production: GTI is developing a compact hydrogen generator that takes methane 
and converts it into hydrogen and carbon dioxide. This compact hydrogen generator could 
be co-located at a power plant to utilize excess renewable electricity to create hydrogen, 
store it and then convert it back to electricity using a turbine when there is no solar or wind 
power available. The concentrated carbon dioxide byproduct could be sequestered or used 
to create other valuable products such as carbon nanotubes and entrained concrete. 

 Hydrogen  Transportation  Via  the  Natural  Gas  System:  A  new  ad  hoc  committee  under 
Pipeline Research Council International was formed last year to focus on emerging fuels 
which includes hydrogen. In 2019, PG&E led the effort to put together a hydrogen roadmap 
focused on preparing existing natural gas infrastructure for the transportation of hydrogen 
at incremental blending limits starting with 1%. This year, PG&E will propose an evolving 
emerging  fuels  strategic  research  project  to  execute  the  roadmap  starting  with  an 
exhaustive state of the art assessment focused on data from pilot projects. 

 Hydrogen Utilization by Customers: NYSEARCH has partnered with Stanford University 
to look at long term viability of biological electrolysis using methanogenic microbes that 
take  carbon  dioxide  (CO2)  captured  from  any  CO2  emitting  source,  combine  it  with 
hydrogen produced in situ to create additional methane that is completely interchangeable 
and can be injected into the natural gas system without further research or additional risk 
to system integrity. 
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3.3. Southwest Gas Corporation (Southwest Gas) 
Southwest Gas proudly serves natural gas to more than 2 million customers in California, Arizona 
and  Nevada,  including  approximately  200,000  customers  in  the  state  of  California.  Although 
Southwest Gas is new to the hydrogen-blending arena, it recognizes it has an important role to play 
in sustainability and is invested in the use of green technologies to reduce our GHG emissions.  
Southwest Gas’ companywide goal is to achieve a 20% reduction in GHG emissions from fleet, 
facilities and other initiatives by the year 2025.  

 

3.3.1. Southwest Gas Hydrogen Research 
Southwest  Gas  is  contributing  to  several  hydrogen  R&D  studies  to  understand  the  viability  of 
hydrogen  injection  into  natural  gas  systems.  The  topics  being  evaluated  include  the  effects  of 
hydrogen embrittlement, as well as other effects of blending in natural gas systems.  

Because  hydrogen  can  have  potential  impacts  on  infrastructure  and  the  end-user  appliances, 
Southwest Gas is most concerned with maintaining a safe and reliable network while fulfilling its 
engagement to sustainability.  To that end, for example, Southwest Gas is partnering with multiple 
utilities  (including  Dominion  Energy,  Duke  Energy,  National  Grid,  Nicor  Gas,  Northwest 
National, and Washington Gas) on the OTD 7.19.h project (OTD 7.19.h project), with the goal of 
establishing    a  strategic  roadmap  at  the  utility  level  to  prioritize  the  steps  required  to  utilize 
hydrogen as a safe energy source in a natural gas distribution system.  

Southwest Gas will be hosting the kick-off workshop for the OTD 7.19.h project in April 2020 in 
Las Vegas, Nevada.  All direct project sponsors and all OTD members will be invited to join the 
1-day workshop with the goal of identifying the issues and technical challenges utilities face to 
incorporate hydrogen into their energy portfolio.  The workshop is intended for member utility 
companies to identify knowledge gaps from their perspective. 

Other hydrogen projects Southwest Gas is participating in are listed in Table 2 below. 

 

Partner Scope 

Operations Technology Development (OTD)/GTI 

7.19.h: Hydrogen Working Group 

6.14.b.2: Effects of Hydrogen Blending in Natural 
Gas on Material Properties and Operational 
Safety, Phase 2: Metallic Materials 

Operations Technology Development (OTD)/ 
Sustaining Membership Program (SMP) 
 

22378: Develop Hydrogen Embrittlement Agent 
for Steel Piping 

Table 2: Southwest Gas Hydrogen Research Partnerships 
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4. International Hydrogen Blending Efforts 
The IOUs are closely monitoring hydrogen blending projects happening around the world. The 
IOUs hope to learn the characteristics and experiences of these pilot projects that can be applied 
to the California utility system and determine any knowledge gaps that need to be addressed.  

Most  active  and  planned  hydrogen blending  pilot  projects  abroad  are  injecting  hydrogen  into 
natural gas distribution systems. Figure 1 displays active and planned hydrogen blending pilots 
with  published  hydrogen  percentages  as  of  December  2019.    Italy’s  Snam  is  the  only  entity 
blending  hydrogen  into  a  transmission  system.    The  IOUs  are  in the  process  of  contacting  the 
project owners to learn more about their pipeline system designs. 

 

Figure 1: Hydrogen Blending Pilots Around the World 

A brief description of these international hydrogen blending projects is provided below:  

 The Wind to Gas Brunsbüttel project in Germany is injecting up to 2 vol% hydrogen into 
a natural gas distribution grid and supplying a hydrogen fueling station.8 

                                                            
 

8 FuelCellsWorks. Wind2Gas Energy Inaugurates Electrolyzer in Brunsbüttel: More Green Hydrogen for 
Customers  of  Greenpeace  Energy.  Available  at:  https://fuelcellsworks.com/news/wind2gas-energy-
inaugurates-electrolyzer-in-brunsbuttel-more-green-hydrogen-for-customers-of-greenpeace-energy/ 
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 The Thüga plant project in Germany is injecting up to 2 vol% hydrogen into a natural gas 
distribution network.9 

 The Hydrogen Park SA project in Australia plans to inject up to 5 vol% hydrogen into a 
natural  gas  distribution  network that  will  feed  710  properties.  The  first  hydrogen 
production and injection are expected in mid-2020.10 

 Snam’s pilot in Italy is injecting 10 vol% hydrogen into a natural gas transmission system 
that feeds two industrial customers (a water bottling plant and a pasta factory).11 

 The Energiepark Mainz project in Germany is injecting up to 15 vol% hydrogen into a 
natural gas distribution network.12 

 The ENGIE GRHYD project in France plans to inject up to 20 vol% hydrogen into a natural 
gas distribution network that will feed 100 households and a boiler for a health center.13 

 The HyDeploy project in the United Kingdom is injecting up to 20 vol% into a private 
natural gas distribution network at the Keele University campus, feeding 101 homes and 
30 faculty buildings.14 

 E.ON/Avacon Netz’s pilot in Germany plans to inject up to 20 vol% into a natural gas 
distribution network.15 

More recent data points that have surfaced since January 2020 includes: 

 Germany gas transmission operators are drafting a decarbonization strategy with a goal of 
transitioning 90 percent of their existing gas pipelines to all hydrogen. 

 France’s  gas  operators  are  recommending  the  country  set  higher targets  for  hydrogen 
blending from 6 percent to 10 percent by 2030 and 20 percent post-2030. 

                                                            
 

9 Thüga. Thüga-Gruppe: Bundesweit erste Einspeisung von Wasserstoff in Gasverteilnetz. Available at: 
https://www.thuega.de/pressemitteilungen/thuega-gruppe-bundesweit-erste-einspeisung-von-wasserstoff-
in-gasverteilnetz/    
10  Australian  Gas  Networks.  About  the  project.  Available  at:  http://blendedgas.agn.com.au/about-the-
project 
11  Snam.  Snam:  Hydrogen  blend  doubled  to  10%  in  Contursi  trial.  Available  at: 
https://www.snam.it/en/Media/news_events/2020/Snam_hydrogen_blend_doubled_in_Contursi_trial.html 
12  Energiepark  Mainz.  Technical  Data.  Available  at:  https://www.energiepark-
mainz.de/en/technology/technical-data/ 
13 ENGIE. Partners in the GRHYD project inaugurate France’s first Power-to-Gas demonstrator. Available 
at:  https://www.engie.com/en/journalists/press-releases/grhyd-inaugurate-frances-first-power-to-gas-
demonstrator 
14 HyDeploy. About HyDeploy. Available at: https://hydeploy.co.uk/faq-category/about-hydeploy/ 
15 E.ON. Hydrogen levels in German gas distribution system to be raised to 20 percent for the first time. 
Available at: https://www.eon.com/en/about-us/media/press-release/2019/hydrogen-levels-in-german-gas-
distribution-system-to-be-raised-to-20-percent-for-the-first-time.html 
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5.     Developing a Hydrogen Injection Standard 
Currently,  a  uniform  hydrogen  injection  or  blending  standard  does  not  exist  to  define  rules  or 
requirements  for  allowable  hydrogen  concentrations  in  the  natural  gas  system,  injection  or 
blending  technology,  uniform  blend,  pipeline  systems  material, measurement  equipment, 
appliance and end use equipment compatibility, and the interconnection process, even where there 
are active pilot projects.16 Thus, it leads the IOUs to set the groundwork for the actions needed to 
take place in order to create a hydrogen injection standard in California. 

To  start  on  the  allowable  hydrogen  concentration,  the  IOUs  have  broken  the  California  utility 
system into four common variable system elements. These system elements are:  

 Long-term system integrity impacts; 

 Industrial customers, natural gas vehicles, and system equipment; 

 End use appliances (residential and commercial); and 

 Regulatory rules and tariffs. 

Utility systems have variability in pipeline and equipment characteristics and customer equipment 
profiles that need to be researched prior to injecting or blending hydrogen into the system. For 
these elements, there are published limits for hydrogen blending. Figure 2 displays some of the 
published limits in order of concentration by volume, from 0.03 to 30 vol%.  

 

 
Figure 2: Current Knowledge of Hydrogen Limits 

There are a wide range of limits across a utility system. It is important to note that the limits in 
Figure 2 were determined by external parties through laboratory environments or new installation 
and therefore not conclusive for the California utility system. Further studies distinctly profiled for 
the variability and dynamics of each IOU’s natural gas system are warranted. 

                                                            
 

16 Hydrogen Europe. Hydrogen Europe Vision on the Role of Hydrogen and Gas Infrastructure on the Road 
Toward a Climate Neutral Economy – A Contribution to the Transition of the Gas Market. Available at: 
https://fsr.eui.eu/wp-content/uploads/2019_Hydrogen-Europe-Vision-on-the-role-of-Hydrogen-and-Gas-
Infrastructure.pdf 
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6. IOU Engineering Work Group 
The  IOUs  presented  information  on  hydrogen  and  hydrogen  blending  at  a  Commission  RNG 
Workshop on May 24, 2019.  Shortly after this workshop, the IOUs formed an engineering work 
group, which meets monthly to brainstorm and discuss priority and key research topics. FortisBC, 
a Canadian electricity and natural gas utility, recently joined the work group, expanding the IOUs’ 
collaborative efforts with an industry partner facing similar challenges. 

 

6.1. Hydrogen Research Action Plan 
The central component resulting from the formation of this work group is the Hydrogen Research 
Action Plan (see Appendix B). The purpose of this action plan is to help identify, prioritize, and 
track  knowledge  gaps  for  hydrogen blending.  This  plan  is  built upon  four  categories:  system 
integrity, system and industrial equipment, residential and commercial end use equipment, and 
general. With regards to prioritization, the IOUs have indicated a timeline for conducting research 
and  obtaining  results.  These  timelines  are  categorized  as  in  progress  (completion  dates  are 
estimations), near-term (one to three years), and long-term (beyond three years).  

Note that this action plan is a dynamic document and that priorities, timelines, and scopes may 
shift as the IOUs learn and understand more about hydrogen. The action plan contains the IOUs’ 
current collective thoughts.  

Some highlights of the Hydrogen Research Action Plan are: 

 Hydrogen  embrittlement  and  crack  growth  in  steel  pipelines  at  various  hydrogen  blend 
levels and pipe grades representative of the IOUs’ utility systems 

 Impacts on underground and aboveground storage infrastructure 

 Feasibility of in-service welding while operating with hydrogen blends 

 Impacts on leakage rates and leak detection equipment 

 Effects on elastomers and rubbers 

 Impact on cathodic protection on steels 

 

7. Next Steps 
While the Hydrogen Research Action Plan identifies items to be investigated, the IOUs are aware 
that one or more of the projects may or may not provide conclusive and/or favorable results. It is 
possible  that  additional  research  and/or  the  exploration  of  potential  mitigative  measures  or 
technologies  is  necessary  to  begin  hydrogen  blending  without  compromising  safety  or  system 
integrity. 

Between now and when the IOUs submit the Application to the Commission (by November 21, 
2020), the IOUs will host one or more all-party technical hydrogen interconnection working group 
meetings similar to the meeting held on January 15, 2020.  
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Technical Hydrogen 
Interconnection 
Working Group

PG&E, SDG&E, SoCalGas, Southwest Gas

January 15, 2020
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Introduction

•On November 21, 2019, Assigned Commissioner’s 
Scoping Memo and Ruling opened Phase 4 of R.13‐02‐
008

•Joint IOUs are starting to develop a Preliminary 
Hydrogen Injection Standard and related modifications 
to its tariffs and protocols

•Joint IOUs are inviting parties to join the Technical 
Hydrogen Interconnection Working Group (as described 
in Ruling Paragraph 5)
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Utility‐Specific Knowledge 
(PG&E)

Utility‐Specific Knowledge 
(PG&E)
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PG&E R&D Roadmap: Hydrogen

Power‐to‐Gas 
Applications 
for Hydrogen

Standards for 
Blending and 
Interconnection

Hydrogen Provided to 
Customers using Natural 

Gas System



PG&E R&D Hydrogen Partnerships



PG&E R&D Hydrogen Highlights

PRODUCTION

TRANSPORTATION

UTILIZATION

Modular heat engine system to 
convert natural gas into hydrogen 
with carbon capture (2019)

Emerging fuels hydrogen roadmap 
(2019) and Strategic Research Project 
(2020)

Biological electrolysis of CO2and 
hydrogen into methane (2019)



Utility‐Specific Knowledge 
(SWG)

Utility‐Specific Knowledge 
(SWG)
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Partner Scope OTD Project number Status

Operations 
Technology 
Development 
(OTD) & GTI

Hydrogen Working Group will 
include an initial workshop to 
memorialize challenges and 
goals, map out a strategic 
roadmap at the utility level, 
and prioritize next steps for 
developments of research 
projects/programs, position 
(white) papers, and other 
studies. 

7.19.h: Hydrogen Working Group
Active Project –
started in 2019

Effects of Hydrogen Blending in 
Natural Gas on Material 
Properties and Operational 
Safety, Phase 2: Metallic 
Materials

6.14.b.2: Effects of Hydrogen Blending in 
Natural Gas on Material Properties and 

Operational Safety, Phase 2:
Metallic Materials

Active Project –
started in 2019

Initial Assessment of the 
Effects of Hydrogen Blending in 
Natural Gas on Properties and 
Operational Safety

6.14.b: Initial Assessment of the Effects of 
Hydrogen Blending in Natural Gas on 
Properties and Operational Safety 

Completed in 2015



Utility‐Specific Knowledge 
(SoCalGas/SDG&E)

Utility‐Specific Knowledge 
(SoCalGas/SDG&E)
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SoCalGas Vision

Be the cleanest gas utility in North America

» Balanced Energy approach to create a resilient, reliable, and 
affordable infrastructure for our energy future.

» Using green hydrogen technology, California can capture the excess 
wind and solar energy to be used when it is needed most. The 
excess wind and solar power can be converted into green hydrogen, 
which can be used alone, or mixed with traditional natural gas, or 
combined with excess carbon dioxide (CO2) to be stored in the 
current natural gas pipeline infrastructure.

» Prior to introducing more hydrogen to SCG/SDG&E natural gas 
system, we are pursuing further studies distinctly profiled forthe 
SCG/SDG&E gas system to understand impact of variability and 
dynamics.
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SoCalGas Hydrogen Research Areas
» Renewables

 Biomass to hydrogen

» Hydrogen Generation
 Electrolysis
 Solar steam methane reforming
 Methane pyrolysis

» Gas Infrastructure
 Pipeline materials impact
 Gas blending

» Hydrogen Vehicles
 Fuel Cell electric vehicle 
development

 Fueling station infrastructure

» Synthetic fuel
 Co-electrolysis
 Bio-methanogenesis
 Electro-methanogenesis

» Heating
 Hydrogen blending for residential 
and commercial space and water 
heating

» Power generation
 Hydrogen blending for DG
 Stationary fuel cells
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Partnerships & Key Studies

12

Partner Scope

AGA/CGA: Blending of Hydrogen into Natural Gas Delivery Systems (2018)

Gas Technology Institute: Hydrogen Blending into the Natural Gas Network – A Risk Analysis (2010)

Initial Assessment of the Effects of Hydrogen Blending in Natural Gas on Properties and 
Operational Safety (2015)

HYREADY:  Engineering Guidelines – For the preparation of natural gas systems for hydrogen / NG mixtures 
(2018)

University of California, Irvine:  Pilot project for power‐to‐gas with solar PV

DNV‐GL:  Mathematical demonstration of the amount of hydrogen that can be added to natural gas 
(2017)

University of Southern California: Hydrogen Embrittlement Literature Review (2014)

Permeability and Porosity Measurements of Gas Storage Rock Samples (2010)

University of Illinois at Urbana‐Champaign: Evaluating Hydrogen Embrittlement of Pipeline Steels (2016)

Sandia National Laboratories:  Hydrogen Effects on Materials for CNG / H2 Blends (2010)

Colorado State University:  Impact of H2‐NG Blending on Lambda Sensor NSCR Control and Lean Burn Emissions (2015)

NYSEARCH RANGE™ Interchangeability study for hydrogen‐natural gas blends on SoCalGas customer equipment.



Pilots Around the World
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Hydrogen Injection Standard

•Currently, there is no standard defining rules for 
allowable hydrogen concentrations in the natural gas 
system, domestic or international

•Identify information needed in order to develop and 
finalize a hydrogen injection standard in California
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Common Variable System Elements

Issues that apply to most Utility Systems:

•Long‐Term System Integrity Impacts
•Industrial Customers, NGVs, and System Equipment
•End‐Use Appliances (Residential and Commercial)
•Regulatory Rules and Tariffs

Utility Systems have variability in pipeline and equipment 
characteristics and customer equipment profiles. 
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Current Knowledge of Limits*

Valves, Flanges, 10% H2

High Concentration Low Concentration

NGV Engine (sparkplugs), 0.03% H2
Cummins Westport

Microturbine, 1% H2
Capstone

Turbine, 4% H2
Solar Turbines

Turbine, 5% H2
General Electric

Meters, 30% H2 Plastic Pipe, 30% H2 Steel Pipe, 5 to 20% H2 CARB 2292.5 CNG spec, 0.1% H2

Turbine, 30% H2
Mitsubishi

* Limits are determined by external parties through lab environment or new installation and therefore 
not conclusive for California utility systems. Warrants further studies distinctly profiled for the variability 
and dynamics of each utilities’ natural gas system.

Turbine, 5 to 20% H2
Siemens
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Joint IOU Engineering Work Group

Established after May 
2019 CPUC RNG 
Workshop.

Participants: PG&E, 
SDG&E, SoCalGas, 
Southwest Gas, 
(FortisBC)

Meet once a month to 
share information, 
research, project 
ideas, etc.

Drafted hydrogen 
research action plan to 
study key areas
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Hydrogen Research Action Plan

•Identifies knowledge gaps where further research is needed

•4 categories
•System Integrity

•System & Industrial Equipment

•End User

•General

•Focus areas include:
•Hydrogen embrittlement

•Underground and aboveground storage

•In‐service welding

•Elastomers and rubbers

•Leak detection/measurement equipment

•Timeline
•Near‐term: 1 to 3 years out

•Long‐term: Beyond 3 years

•In progress: Completion dates are estimations
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Moving Forward

•Projects listed in action plan may or may not yield 
conclusive/favorable results
•Possibly require additional research and/or exploration of potential 
mitigative measures/technologies

•Initial status report 
•February 19, 2020

•Bimonthly progress reports

•Future meetings with the technical hydrogen interconnection 
working group
•Open to all parties

•Preliminary hydrogen injection standard
•November 21, 2020
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Thank You For Your Time!
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System Element Research Topic Objective/Goal Status Estimated Completion

Odorant
Determine if hydrogen will impact the effectiveness of 

odorant currently used for natural gas
In progress 2020

Determine crack growth rates at various hydrogen blend 

levels (1%, 5%, 10%) with base metal, long seam, and 

girth weld testing for X70 

In progress Q2 2020

Determine the effects of 5% hydrogen blending in natural 

gas on metallic materials
In progress April 2021

Determine crack growth rates at various hydrogen blend 

levels (1%, 5%, 10%) with base metal, long seam, and 

girth weld testing for X42 and X65

Near‐term TBD

Determine crack growth rates at various hydrogen blend 

levels (1%, 5%, 10%) with base metal, long seam, and 

girth weld testing for vintage grade B and vintage X52

Near‐term TBD

Identify mitigation measures for embrittlement and 

levels of effectiveness
Long‐term TBD

Underground storage (reservoir)
Evaluate impact of hydrogen on underground storage 

reservoir characteristics and integrity
Near‐term TBD

In‐service welding
Study how hydrogen would impact the likelihood of 

hydrogen induced cracking during in‐service welding
Near‐term TBD

Determine the impact on the integrity of rubbers and 

elastomers using hydrogen‐natural gas blends
Near‐term TBD

Determine the impact on leakage rates at 

transmission/storage pressures using hydrogen‐natural 

gas blends

Long‐term TBD

Permeation from plastic pipelines
Study change in flammability range when more hydrogen 

is added to natural gas (e.g. >20%)
Long‐term TBD

Minimum ignition energy and hot tie‐ins

Minimum ignition energy is reduced when hydrogen is 

added to natural gas; study how hydrogen would impact 

the feasibility of performing hot tie‐ins

Long‐term TBD

Cathodic protection (overprotection)

Study the possible embrittlement impact resulting from 

the combined effect of having hydrogen in the gas supply 

and hydrogen generated by improperly applied CP

Long‐term TBD

Hydrogen blending injection skid

Develop and assess the economic feasibility of a certified 

low‐carbon fuel standard pathway for hydrogen 

(generated via P2G) blended on the natural gas system; 

develop a blending system design

In progress Q2 2020

Demonstrate robustness of operation and extent of low 

emissions performance of an existing rotary engine based 

microCHP (combined heat and power) system when using 

various hydrogen‐natural gas blends

In progress Q4 2020

Determine how injector/combustor configuration of a 

microturbine can be changed to remain in compliance 

with emission regulations when using various hydrogen‐

natural gas blends

In progress Q4 2020

Determine the maximum H2 levels that will not affect 

performance and/or remain in compliance with emission 

regulations

Long‐term TBD

Current fuel specification for Solar turbines has a 

hydrogen limit of 4%. Collaborate with Solar to test 

turbine compatibility with hydrogen blends containing 

more than 4% hydrogen.

Long‐term TBD

Evaluate effectiveness of commercially available portable 

leak detection devices with hydrogen measurement 

capabilities, if equipment can handle diffusion of 

hydrogen; test compatibility of equipment currently used 

in company operations with hydrogen blends

Near‐term TBD

Evaluate commercially available Btu analyzers compatible 

with hydrogen
Near‐term TBD

Evaluate commercially available gas chromatographs 

with hydrogen measurement capabilities to see if they 

can be adopted for hydrogen blending operations

Near‐term TBD

Compressors
Determine the impact on the operation and efficiency of 

compressors using hydrogen‐natural gas blends
Long‐term TBD

Hydrogen separation

Determine feasibility of installing hydrogen separation 

systems for gas equipment/facilities that cannot accept 

hydrogen

Long‐term TBD

Ultrasonic meters
Assess the accuracy of ultrasonic meters when used for 

natural gas blended with hydrogen
Long‐term TBD

Determine appliance characteristics based on gas supply 

composition data
In progress 2020

Test common types of residential, commercial, industrial 

equipment using hydrogen blends
Near‐term TBD

Emissions of residential, commercial, and industrial equipment 

(i.e. NOx, CO)

Determine the impact on emissions of residential, 

commercial, and industrial equipment when using 

hydrogen blends

Near‐term TBD

NGV engine (CWI)

Study how replacing platinum spark plugs with iridium 

spark plugs can make CWI NGV engines more compatible 

with hydrogen blends; study potential impact of 

hydrogen on general engine performance

Near‐term TBD

Feedstock customers
Interview customers with strict gas quality requirements 

and might not be able to accept hydrogen
Near‐term TBD

Natural gas vehicle on‐board fuel tanks
Determine the impact on integrity of NGV tanks made 

from high‐strength steels (Types 1 and 2)
Long‐term TBD

TBD

Combustion/flame stability (e.g. flame flashback, flame lifting, 

flame yellow tipping)

Near‐term

Valves, flanges, fittings, gaskets, sealants (elastomers, rubbers) 

used for transmission, distribution, underground/aboveground 

storage operations

Determine the maximum H2 levels that will not affect 

accuracy of meters and pressure regulators

Embrittlement/crack growth (transmission, distribution, 

storage)

End User

Equipment/measurement accuracy 

Engines/turbines

System and Industrial Equipment

System Integrity



Hydrogen blending working group

Facilitate working group to establish a comprehensive 

strategy for hydrogen blending. Develop a 

research/project roadmap that outlines the elements 

needed for successful implementation of hydrogen 

blending into natural gas pipelines (domestic members). 

In progress Ongoing

Hydrogen roadmap

Identify conditions and develop tools and technologies to 

ensure the capability of injecting and transporting 

hydrogen and hydrogen‐natural gas blends, including 

safe, reliable, and cost‐effective operation of existing 

pipelines.

In progress Ongoing

Safety procedures

Determine the applicability of current natural gas safety 

procedures and safety zones for natural gas blended with 

hydrogen

Near‐term TBD

In‐line inspection tools and traps
Determine if hydrogen will impact the capabilities and 

performance of in‐line inspection tools and traps
Long‐term TBD

System capacity

Determine the impact on the pipeline system capacity 

when there will be a greater demand for gas due to the 

decreased energy content with hydrogen added to 

natural gas

Long‐term TBD

CARB NGV fuel specification
Current CARB NGV fuel spec has a hydrogen limit of 0.1% 

hydrogen; justify modification of fuel specification
Long‐term TBD

       

General
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BEFORE THE PUBLIC UTILITIES COMMISSION 
 

OF THE STATE OF CALIFORNIA 
 
Order Instituting Rulemaking to Adopt 
Biomethane Standards and Requirements, 
Pipeline Open Access Rules, and Related 
Enforcement Provisions. 

R.13-02-008 
(Filed February 13, 2013) 

 

TECHNICAL HYDROGEN WORKING GROUP REPORT OF SOUTHERN 
CALIFORNIA GAS COMPANY (U 904 G), SAN DIEGO GAS & ELECTRIC 

COMPANY (U 902 G), PACIFIC GAS AND ELECTRIC COMPANY (U 39 G), AND 
SOUTHWEST GAS CORPORATION (U 905 G) 

Pursuant to Ordering Paragraph 5 of Assigned Commissioner’s Scoping Memo and 

Ruling Opening Phase 4 of Rulemaking 13-02-008 (Scoping Memo), Southern California Gas 

Company (SoCalGas), San Diego Gas & Electric Company (SDG&E), Pacific Gas and Electric 

Company (PG&E), and Southwest Gas Corporation (Southwest Gas) (collectively, the Joint 

Utilities)1 respectfully submit their second Technical Hydrogen Working Group Progress Report 

attached hereto as Attachment A.   

 Respectfully submitted, 
   
 By: /s/Ismael Bautista, Jr. 

  Ismael Bautista, Jr.  

August 14, 2020 

ISMAEL BAUTISTA, JR. 
ELLIOTT S. HENRY 
 
Attorneys for: 
SOUTHERN CALIFORNIA GAS COMPANY 
SAN DIEGO GAS & ELECTRIC COMPANY 
555 West Fifth Street, Suite 1400, GT14E7 
Los Angeles, California 90013 
Telephone: (213) 244-8540 
Facsimile:  (213) 629-9620 
E-Mail: IBautista@socalgas.com 
             EHenry@socalgas.com 

 

 
1 Pursuant to Rule 1.8(d), SoCalGas and SDG&E have been authorized to file this document on behalf of 
the Joint Utilities. 
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1. Introduction 

Pursuant to Ordering Paragraph (OP) 5 of the Assigned Commissioner’s Scoping Memo 
and Ruling Opening Phase 4 of Rulemaking (R.) 13-02-008 (Ruling) issued on November 21, 
2019, Pacific Gas and Electric Company (PG&E), Southern California Gas Company (SoCalGas), 
San Diego Gas & Electric Company (SDG&E), and Southwest Gas Corporation (Southwest Gas) 
(collectively, the IOUs) submit this Technical Hydrogen Interconnection Working Group Progress 
Report (Report). The Ruling provides direction on the reporting requirement as follows:  

The Joint Utilities shall hold at least two meetings of a technical hydrogen 
interconnection working group, open to all parties to the proceeding, to assist in 
developing the Application required by Paragraph 4 based on evaluation of 
available research and practices in other locations. The technical working group 
shall submit an initial report to the Commission 90 days from this Ruling. The Joint 
Utilities shall hold additional technical working group meetings as needed and 
submit progress reports every 60 days thereafter. The Joint Utilities shall 
collaborate with Energy Division to ensure that public workshops or webinars are 
hosted at appropriate times.1 

The first technical hydrogen working group (working group) was held on January 15, 2020, 
and an initial report per the Ruling was submitted to the Commission on February 19, 2020. The 
second working group meeting was held on June 17, 2020 via webinar. The IOUs aggregated all 
of the information in this Report, which contains the following information that was presented 
during the working group meeting: 

 Working group meeting summary 
 Joint IOU Technical Update 

o Research Action Plan Matrix Update 
o Preliminary Hydrogen Injection Standard Development 
o Hydrogen Blending Demonstration Proposal 

 Presentations from Technical Guests 
o Shell 
o Solar Turbines 
o Fortis B.C. 

 Next Steps 

2. Working Group Meeting Summary  

The second working group meeting was noticed to all parties in the Biomethane Order 
Instituting Rulemaking (R.13-02-008). The purpose of this second technical workshop was to 
provide a public forum for discussion on available research and industry knowledge to inform 
stakeholders on this proceeding and assist the gas utilities to develop a preliminary hydrogen 
injection standard. The IOUs presented an update on hydrogen research projects (part of the 

1 Assigned Commissioner’s Scoping Memo and Ruling Opening Phase 4 of Rulemaking (R.) 13-02-008, 
at 12 (Ordering Paragraph #5). 
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Hydrogen Research Action Plan Matrix), shared their respective approaches toward the 
preliminary hydrogen injection standard Application (Application) the IOUs are required to submit 
within 12 months of the Ruling,2 and discussed proposing demonstration projects in the 
Application.   

In order to better inform the proceeding, the IOUs collaborated with Shell, Solar Turbines, 
and Fortis B.C. (collectively, Guests) to present their hydrogen blending efforts. The Guests shared 
a similar vision that hydrogen can be an integral part of a viable solution in achieving a carbon 
neutral future, and that more research and demonstration projects are needed. Shell focused on its 
international efforts; Solar Turbines shared safety, integrity and reliability information regarding 
using hydrogen in its manufactured equipment; and Fortis B.C. shared upcoming demonstration 
efforts both at its campus and distribution system.  

The IOUs and Guests emphasized that while hydrogen blending can be a critical 
component to meeting both their and the State’s carbon-neutral future, it must be done with safety, 
system integrity, and reliability as the top priorities. The IOUs also stated that because more 
substantial research needs to be conducted to safely blend hydrogen into the gas systems, (1) the 
current 0.1% Biomethane Trigger Level will not be changed at this time, and (2) no blend 
percentage will be included in the preliminary hydrogen injection standard. The IOUs are 
committed to conducting the necessary work to safely introduce higher blend percentages into 
their respective systems, or portions thereof, as soon as it is feasible to do so safely. They are 
proposing to increase the percent blend over time for all, or portions of, their gas systems as more 
research is completed, more information is gathered from smaller-scale feasibility projects, and 
the IOU gas system training, standards, procedures, and assets (or portions thereof) are replaced / 
updated / modified accordingly.  

During the public discussion period, representatives from University of California, Irvine 
(UCI) asked clarifying questions regarding why a blend percentage would not be proposed in the 
Application, and if there would be opportunities to do smaller scale demonstrations concurrently 
with research. In the joint Application, the IOUs will recommend research, assessment, and 
piloting plans with proposed timeframes to determine safety and operational considerations and 
the most attractive environments to safely introduce hydrogen into the existing gas pipeline 
system. Proper technical analysis with supporting ground truth assessments will be required 
evaluations. A question was also posed regarding the economics of Power-to-Gas (P2G) and the 
reduced roundtrip efficiency of hydrogen. UCI generally stated that forecasted costs of hydrogen 
are decreasing, and Solar Turbines clarified that the performance of a gas turbine itself does not 
change with the introduction of hydrogen. Rather, it is the compressors that have to run 
longer/harder to deliver an equivalent amount of energy. The IOUs mentioned that this effort is 
more focused on the technical details and it was noted that SoCalGas’ and PG&E’s research, 
development, and demonstration (RD&D) groups are closely following production technologies 
and the economics of hydrogen. Further, the IOUs and UCI noted that resiliency is a strong 
technical point for why hydrogen needs to be adopted. Even with lower roundtrip efficiency, 

2 Assigned Commissioner’s Scoping Memo and Ruling Opening Phase 4 of R. 13-02-008, at 12 (Ordering 
Paragraph #4). 
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hydrogen can be a less expensive solution for low-energy, high-power applications. UCI 
mentioned how hydrogen energy storage can be significantly cheaper for large amounts of energy 
even with low roundtrip efficiencies, and the gravimetric density or energy per mass of hydrogen 
makes hydrogen an attractive fuel source for use in heavy duty transportation and aviation, as 
batteries cannot meet these high-power demands. 

3. Joint IOU Technical Update 

3.1. Research Action Plan Matrix  

In the first Working Group Meeting, the IOUs shared their Hydrogen Research Action 
Plan. The purpose of this action plan is to help identify, prioritize, and track knowledge gaps for 
hydrogen blending. As emphasized in the second working group on June 17, 2020, the Hydrogen 
Research Action Plan Matrix focuses on safety, system integrity, and reliability – the primary 
priorities for the IOUs in all efforts.  

This research plan is built upon four categories: (1) system integrity, (2) system and 
industrial equipment, (3) residential and commercial end use equipment, and (4) general. With 
regard to prioritization, the IOUs have indicated a timeline for conducting research and obtaining 
results. These timelines are categorized by their planning horizon, as completion dates are 
estimates: near-term (one to three years), and long-term (beyond three years).  

Note that this action plan is a dynamic document and that priorities, timelines, and scopes 
may shift as the IOUs learn and understand more about hydrogen blending. The action plan 
contains the IOUs’ current collective thoughts.  

On June 17, 2020, the IOUs shared updates of select projects tied to the Hydrogen Research 
Action Plan Matrix, summarized here: 

3.2 Ongoing Research Collaborations 

3.1.1. Pipeline Research Council International – Emerging Fuels Hydrogen 
Roadmap and State-Of-The-Art Study 

In 2019, a new ad hoc committee under Pipeline Research Council International (PRCI) 
was formed to focus on emerging fuels, including hydrogen. Last year, PG&E led a team of 
other PRCI members to develop a hydrogen roadmap focused on preparing existing natural gas 
infrastructure for the transportation of hydrogen at incremental blending limits starting with 1%. 
In 2020, PG&E and SoCalGas are supporting a long term (2020-2045) PRCI emerging fuels 
strategic research program to execute the roadmap, starting with an exhaustive state-of-the-art 
assessment. The state-of-the-art study kicked off in April 2020 and is scheduled to be completed 
by August 2020. PRCI has completed Task 1, which is mapping of all RD&D projects and an 
external bibliography relevant to hydrogen blending in the natural gas system. The team 
identified approximately 90 RD&D projects and 250 references pertaining to hydrogen blending. 
As part of ongoing external outreach, Task 1 (Mapping), will remain open to allow for additional 
companies to participate and to capture anything that was missed during the initial mapping 
stage. In parallel, Task 2, state-of-the-art analysis, has started. This involves experts from each 
company reviewing the identified references and providing their expertise on the data (i.e., key 
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results, discrepancies, gaps) to identify areas where there is sufficient information and areas 
where there are discrepancies or knowledge gaps. Results will be incorporated into 2021 PRCI 
research proposals and presented to the membership for a vote in Fall of 2020.   

3.1.2. OPUS 12 – Chemical Electrolysis of Carbon Dioxide and Hydrogen 
into Methane 

Opus 12 is developing an electrochemical process to convert carbon dioxide (CO2) into 
chemicals and fuels. Using only CO2, with water and electricity as inputs, electrochemical 
reduction of CO2 could form the basis of an artificial carbon cycle that replaces a wide range of 
projects currently derived from fossil fuel resources, such as methane. PG&E and SoCalGas 
collaborated with Opus 12 to focus on increasing the production of methane from CO2 by 
improving partial current density. The final report for this project was received on February 23, 
2020. Opus 12 screened various novel catalysts produced in house or with partners, as well as 
commercial catalysts. In addition, the optimization of membrane electrode assemblies (MEA) 
manufacturing and testing conditions were evaluated to further boost methane production. Eight 
hours of stability at 50-60% faradaic efficiency at 300 milliampere per square centimeter 
(mA/cm2) and a new internal record of twelve hours of stability at 200 mA/cm2 was achieved. A 
scale-up of performance was also achieved from 25 (square centimeters (cm2) to 100 cm2 in this 
project, replicating a setpoint 3-hour stability at 50-60% faradaic efficiency at 300 mA/cm.2 
Further work on assessing stability at 100 cm2 will be performed in future phases. 

3.1.3. NYSEARCH – Biological Electrolysis of CO2 and Hydrogen into 
Methane 

PG&E and SoCalGas partnered with multiple utilities and Stanford University on an 
NYSEARCH project to look at long-term viability of biological electrolysis using methanogen 
microbes that take captured CO2 from any CO2 emitting source and combine it with hydrogen 
produced in situ to create additional methane that is completely interchangeable and can be 
injected into the natural gas system. The final report for this project was issued on May 13, 2020.  

The Phase I final report reviews the motivation and background for this research and the 
short-term benefit to utilities of investigating the potential of power-to-gas microbial operation. 
Microbial power-to-gas has been commercially realized by a company called Electroarchea, but 
Stanford presents an innovation to this microbial power-to-gas process by directly integrating the 
electrolysis process into the same microbial electrode reactor. Furthermore, the catalytically 
produced hydrogen (from the nickel-molybdenum cathode) is consumed almost instantaneously 
upon production, thus eliminating the need to transport hydrogen from the electrolysis process 
into a separate microbial reactor. This also contributes to an increase in overall energy efficiency 
of the microbial power-to-gas process compared with current state of the art processes. The 
results from Phase I show a reliable and repeatable integrated microbial power-to-gas system 
with very high and sustained Columbic efficiency throughout the operating timeline of the 
reactors. Stanford University also summarizes the biological findings to further understand how 
the cells are processing the hydrogen and carbon dioxide with the supply of electrons and the 
effects of its outside environment. The success of Phase I shows promise for this integrated 

                             9 / 14



7 

microbial power-to-gas approach and NYSEARCH has initiated further Phase II work to test the 
inherent intermittency of renewable electric supply for microbial power-to-gas operations. 

3.1.4. OTD and GTI – Hydrogen Working Group (Postponed due to 
COVID-19) 

Southwest Gas is partnering with multiple utilities (including Dominion Energy, Duke 
Energy, National Grid, Nicor Gas, Northwest National, and Washington Gas) on the Operations 
Technology Department (OTD) 7.19.h project (OTD 7.19.h project), with the goal of establishing 
a strategic roadmap at the utility level to prioritize the steps required to utilize hydrogen as a safe 
energy source in a natural gas distribution system. Southwest Gas planned to host the kick-off 
workshop for the OTD 7.19.h project in April 2020 at its headquarters in Las Vegas, NV. This 
project was postponed due to COVID-19. The working group is starting to meet remotely to 
address focus areas and alignment with other industry efforts.  

3.1.5. NYSEARCH – Supplemental Study: Blended H2 Gas 
Interchangeability for Local Distribution Company (LDC) 
Infrastructure Integrity 

Southwest Gas and PG&E voted to approve funding along with 11 NYSEARCH member 
utilities. This project kick-off will start in the third quarter of 2020 with the intention of studying 
the effects of various levels of methane/hydrogen blends in materials used to distribute natural 
gas under realistic conditions to establish the level of response of these materials in the presence 
of hydrogen. The work will continue throughout 2020 and 2021.  

3.1.6. DNV GL – In Service Welding onto Methane-Hydrogen Mixture 
Pipelines 

SoCalGas joined a joint industry project led by DNV GL to investigate the effect of 
hydrogen blends on the ability to make safe in-service welds. The objective of this study is to 
determine if welding onto an in-service pipeline containing hydrogen and methane will lead to an 
increased risk of hydrogen cracking, and if so, develop mitigative measures. This project is 
estimated to be completed by end of 2021. 

3.1.7. GTI – Hydrogen Blending Impacts on Residential & Commercial 
Combustion Equipment 

SoCalGas is supporting a GTI-led project on hydrogen impacts on residential and 
commercial combustion equipment. This study will focus on emissions, efficiency, and 
performance of various common appliances in the residential and commercial sectors and will 
provide design guidance to manufacturers for lowering NOx emissions. This project is estimated 
to be completed by end of 2020. 

3.1.8. SoCalGas – Evaluation of Methane Detection Technologies with 
Hydrogen-Methane Blends, Evaluation of Gas Chromatographs 
Capable of Detecting Hydrogen 

SoCalGas is evaluating leak detection equipment using various hydrogen blends to 
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determine impacts to accuracy, performance, and lifespan. Leak detection equipment are critical 
tools for day-to-day operations. There are several types and technologies deployed that need to be 
evaluated with hydrogen blends. The types of technologies that will be evaluated include infrared 
(IR), thermal conductivity, flame ionization detector (FID), and catalytic reaction. This project is 
estimated to be completed by end of 2020. 

SoCalGas also plans to evaluate two gas chromatographs capable of detecting and 
measuring hydrogen. Since CPUC-approved heating value measurement devices cannot analyze 
hydrogen in natural gas, SoCalGas has selected two gas chromatographs for evaluation. The 
devices that pass SoCalGas’ evaluation will be submitted to the CPUC for approval.3 This project 
is estimated to be completed by end of Q1 2021. 

3.3 Preliminary Hydrogen Injection Standard  

Hydrogen blended into natural gas is most compatible with newly installed, plastic 
infrastructure that is isolated from legacy materials. The natural gas network in California is 
interconnected, and consequently, the system is limited by its assets that have the lowest tolerance 
for blended hydrogen. Based on their work to date, the IOUs intend to propose in their Application 
a framework structure for what a hydrogen injection standard should look like. The IOUs intend 
the Application to serve as a plan to lay the foundation for an injection standard that prioritizes the 
three pillars: safety, system integrity, and reliability, and can be implemented to introduce 
hydrogen blending into the gas system in the future. This will include a structure of research 
milestones based on increasing blend percentages. The Application will also include a regulatory 
mechanism (i.e., Advice Letter-approval approach) to permit timely updates to the Hydrogen 
Blending Standard with focus on safety, system integrity, and reliability while advancing 
California’s climate policy goals. 

During the June 17, 2020 presentation, the IOUs discussed leveraging research completed 
on hydrogen blending internationally. The PRCI State of the Art Study discussed previously 
includes a critical technical evaluation of all available hydrogen research to catalogue boundary 
conditions for each project. This information will be used to determine the applicability and 
limitations of findings going forward. One of the largest differences between natural gas systems 
in Europe and California is that Europe is using relatively newer infrastructure (post-World War 
2) with more hydrogen compatible materials, whereas California is looking to re-purpose steel and 
plastic piping networks that often include older piping and more variation in grades and welding 
techniques. Studies that focus on higher grade steels (generally known to be less tolerant of 
hydrogen) may not be applicable to lower grade steels (generally known to be more tolerant of 
hydrogen).   

The IOUs believe that ongoing research will establish safe and innovative ways to re-
purpose much, if not all, of our existing gas infrastructure for transport of hydrogen / methane 
blends. The results of ongoing / proposed research projects and pilots will provide the technical 

3 General Order 58-B requires devices measuring heating value of gaseous fuels for billing purposes be 
approved by Energy Division. 
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means to achieve this goal, build confidence in our approach, and maintain the safety and reliability 
of our systems.   

3.4 Hydrogen Demonstration Proposal 

In order to help inform an increased hydrogen injection blending standard, the IOUs 
propose to allow for demonstrations of hydrogen blending. The initial demonstrations will be led 
by SoCalGas. The IOUs’ literature review and outreach show that current and planned 
international demonstrations range from 5% to 20% hydrogen blend in plastic pipeline (fed into 
Universities and residences); and 5% to 10% hydrogen blend in brand new steel pipeline connected 
to an industrial end user. The demonstrations/pilots will allow SoCalGas/SDG&E to collect data 
and inform other systems in California. They will also allow the ability to test new hydrogen 
injection equipment.   

During the working group meeting, there was discussion of involving third parties in the 
demonstrations. The IOUs are not yet ready for pilots allowing third parties to interconnect their 
hydrogen to the IOUs’ systems. More work is needed by the IOUs to vet the safety of injection 
and its impacts to system integrity and reliability. However, third parties are encouraged to 
continue to collaborate with the IOUs and work together to determine whether there are parts of 
the IOUs’ systems where third party projects may be able to proceed before an increased hydrogen 
injection blending standard is proposed. The goal is for demonstrations to run concurrently with 
research efforts and help achieve milestones based on blend percentages.   

4. Technical Guests 

Shell, Solar Turbines and Fortis B.C. presented at the Technical working group held on 
June 17, 2020. These three companies are actively engaged in their own hydrogen efforts and share 
a similar vision that hydrogen is an international answer to a carbon neutral energy future, a similar 
goal of collaboration, and a similar understanding that more work is needed on hydrogen injection 
and blending.   

4.1. Shell 

Dr Wayne Leighty of Shell provided a high-level overview of Shell’s hydrogen blending 
efforts and vision. Follow up questions may be directed to:  

Wayne Leighty, MBA, PhD 
Hydrogen Business Development Manager, North America 
Shell New Energies 
650 California Street, Suite 2250 
San Francisco, CA 94108 
832-680-9825 
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4.2. Solar Turbines 

Dr. Rainer Kurtz spoke on behalf of Solar Turbines. Dr. Kurtz discussed4 the impact of 
mixing hydrogen into natural gas, combustion in the gas turbine, safety, centrifugal gas 
compressors, emissions, and pipeline hydraulics. Dr. Kurtz stated that new Solar Lean Premix 
centrifugal gas compression units are compatible with up to 10% hydrogen / methane blends. It 
should be noted that few, if any, new Solar Lean Premix centrifugal gas compression units are 
currently installed / operating on IOU systems. Dr. Kurtz noted that older centrifugal gas 
compression systems, to include systems not manufactured by Solar, would have to be evaluated 
on a case-by-case basis to determine whether such systems could be upgraded for use of hydrogen 
/ methane blends. 

Relative to natural gas, hydrogen is lighter, carries less energy per unit volume, more 
energy per unit mass, has a higher heat capacity, and different viscosity. In terms of transport 
efficiency, centrifugal gas compressors will have to run faster and consume more power (i.e., burn 
more fuel gas) to maintain an equivalent energy throughput. Dr. Kurtz concluded that hydrogen 
blending can be achieved but Dr. Kurtz did not discuss the feasibility of compressing hydrogen / 
methane blends with reciprocating gas compression equipment.   

4.3. Fortis B.C.  

John Quinn, Senior Manager, spoke on behalf of Fortis B.C. Highlights of the Fortis B.C. 
presentation5 included an overview of Fortis B.C., Hydrogen Research and Development, 
Appliance Performance Testing, and Pilot/Demonstration Efforts – University of British Columbia 
(UBC) Okanagan Campus H2 Lab, UBC Vancouver Campus H2 Hub, and a planned Hydrogen 
Deployment Demonstration Project. The appliance demonstration focused on models utilized in 
their service territory, testing increasingly higher blends of hydrogen. A subset of models 
experienced flashback at 10% hydrogen blend, resulting in a recommendation of a 5% blend limit 
at this time for the residential appliance population. The UBC Okanagan H2 Lab is planned as a 
laboratory to investigate hydrogen enriched natural gas from injection to combustion. The UBC 
Vancouver Hydrogen Hub will serve as a city scale integrated energy demonstration site and test 
bed for hydrogen injection. Lastly, Fortis B.C. is planning a Metro-Vancouver located 
demonstration project to inform necessary knowledge gaps to move from the requirement to 
survey, test, and trial all parts of the gas distribution network prior to hydrogen injection, to the 
ability to inject in an untested network. A key objective is to support development of standards 
allowing a third party to inject.   

5. Conclusion and Next Steps 

The IOUs are supportive of the concept of blending hydrogen into the natural gas pipelines 
and believe there will be viable options to do so. However, safety, reliability and system integrity 
concerns remain to be resolved and the IOUs are committed to resolving these concerns first. Per 

4 Natural Gas-Hydrogen Mixtures: Combustion and Compression, presented by Solar Turbines on June 
17,2020. 
5 Renewable Gas Supply – Hydrogen, presented by Fortis B.C. on June 17, 2020. 
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the Ruling,6 the IOUs plan to submit their joint Application to the Commission by November 23, 
2020. As previously mentioned, the IOUs intend to propose a framework structure for what a 
hydrogen injection standard should look like and will utilize the Application to serve as a plan to 
lay the foundation for an injection standard. Verbal feedback from Energy Division staff during 
the second technical workshop included a request to identify milestones within the Application 
that will better inform timing for a Final Hydrogen Injection Standard. The Joint IOUs will provide 
recommendations within the Application on a plan for determining steps required to safely blend 
hydrogen into the gas system with proper technical backing based on completed research and 
ground truth assessments in controlled environments.  

 

6 Assigned Commissioner’s Scoping Memo and Ruling Opening Phase 4 of R. 13-02-008, at 12 (Ordering 
Paragraph #4). 
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