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Forward Looking Statement

This Climate Change Action Roadmap Part 2, prepared solely for Washington Gas
operations in the District of Columbia, contains forward-looking statements, which are
subject to the inherent uncertainties in predicting future results and conditions. Such
statements are based on our current expectations as of the date we filed this document,
and we do not undertake to update or revise such forward-looking statements, except
as may be required by law. Statements contained in this document concerning
expectations, beliefs, plans, objectives, goals, strategies, expenditures, recovery of
expenditures, future environmental matters, regulatory and legislative proposals, future
events or performance and underlying assumptions and other statements that are other
than statements of historical fact are “forward-looking statements.” Forward-looking
statements are based on management’s beliefs and assumptions based on information
available at the time the statement is made and can often be identified by terms and
phrases that include “anticipate,” “believe,” “intend,” “estimate,” “expect,” “continue,”
“should,” “could,” “may,” “plan,” “project,” “predict,” “will,” “potential,” “forecast,” “target,”
“guidance,” “outlook” or other similar terminology. The Company believes that it has
chosen these assumptions or bases in good faith and that they are reasonable.
However, actual results almost always vary from assumed facts or bases, and the
differences between actual results and assumed facts or bases can be material,
depending on the circumstances. Important factors that could cause actual results to
differ materially from those projected in the document include (but are not limited to),
changes in United States and District of Columbia laws and regulation, the inability to
timely recover costs through utility rate proceedings, the impact of future legal
proceedings, competitive pressures, compliance costs, changes in the structure of
capital and/or energy markets, technological advancements and advances in new
technologies, changes in consumer preferences, the availability of alternative or lower-
priced energy options, access to capital, and existing and future environmental
requirements, including those related to potential, anticipated or known impacts of
climate change. You should not place undue reliance on forward-looking statements.
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Preface

Washington Gas Light Company (“Washington Gas”) has prepared this Climate Change Action
Roadmap, Part 2 (“CCAR”) pursuant to the Public Service Commission of the District of Columbia (“PSC”,
or “Commission”) Formal Case No. 1167, Order No. 20754.

Washington Gas Climate Change Action Program, Part 1, submitted to the PSC December 15, 2021,
provides a description of Washington Gas’ near-term (5-year, 2021-2025) climate initiatives. Washington
Gas’ CCAR, presented here, broadens this planning ‘aperture’, providing perspective and detailed
information describing Washington Gas’ long-term, 2050 focus areas that support the District’s climate
action goals.

Washington Gas’ CCAR is focused on ten (10) roadmaps discussed more fully below. These roadmaps
provide our longer-term focus on key areas of activity, including end use and efficiency, sourcing and
supply, improvements in infrastructure and operations and support for decarbonizing transportation.

The CCAR re-affirms Washington Gas’ efforts to helping meet the District’s climate goals and highlights
how a portfolio of innovative options will help to continue to provide our customers with safe, reliable, and
affordable energy.

It is worth noting that by 2050 the energy system will place an even higher value on system reliability and
resiliency than today. Given a greater reliance on renewables, which are more variable in nature,
integrating affordable sources of clean, firm, reliable energy supply will be highly valued.

Within the CCAR, Washington Gas remains focused on its ‘fuel neutral’ approach outlined in earlier
filings. Our 30-year Roadmap builds on our 5-year plan and addresses the key markers, milestones, and
market dependencies required to develop, pilot, and validate innovative supplies and new end use
technologies.

To prepare the CCAR, Washington Gas challenged its employees from across the business—including
operations, energy supply, strategy and innovation, marketing, and other areas—to define a range of
potential roadmaps that would result in greenhouse gas (“GHG”) emissions reduction. Whereas the Part 1
initiatives include “ready-now” actions and research opportunities, CCAR captures broad, carbon-
impactful “destinations” along with many of their enabling dependencies

Washington Gas is committed to its customers, the communities it serves and its stakeholders, all of
whom are working to help deliver on the District’s climate goals. Washington Gas firmly believes that its
infrastructure, assets, operational know-how, and people will play a key role in building a safe, reliable,
and affordable clean and equitable low-carbon energy ecosystem. These three long-standing planning
precepts, in fact, will continue to serve the public well in meeting the demands of decarbonizing the
energy system today and tomorrow.
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1. Executive Summary

Washington Gas Light Company (“Washington Gas”) is pleased to present its Climate
Change Action Roadmap Part 2 (“CCAR”), which builds on the Climate Change Action
Program, Part 1 submitted to the Public Service Commission of the District of Columbia
(the “PSC” or “Commission”) on December 15, 2021.

Washington Gas is committed to meeting the needs of its customers and supporting the
policies and goals of the District. This includes the complex challenges presented by
climate change. Washington Gas is taking immediate and concrete actions to address
decarbonization and stands fully ready to invest in the pursuit of decarbonization
pathways as emerging markets and technologies continue to develop, mature, and
become commercially viable.

These actions include fulfillment of its obligations pursuant to the PSC’s FC No. 1167.
The CCAR presented here focuses on strategic and longer-term climate roadmaps.

1.1 Guide to Washington Gas’ CCAR

The CCAR is focused on Washington Gas’ ten (10) long-term climate roadmaps, which
span a 30-year planning horizon. As in Part 1, these are organized around four (4) main
program areas, as shown in Figure 1.

End Use and
Efficiency

Infrastructure
and Operations

Sourcing and Transportation
Supply

Educate and
support customers
in their pursuit of
more efficient
energy use

Improve operations
and pipeline
performance to
reduce GHG
emissions

Support low Support the
carbon fuels District’'s goals on
throughout our decarbonizing
market transportation

Figure 1: CCAR Four Program Areas

The CCAR describes the aspirations and key market and policy sector dependencies
related to these long-term climate roadmaps. The CCAR also explains the alignment of
the roadmaps to the District's 2050 climate action goal milestones in a manner
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consistent with Washington Gas’ prior analysis within its 2020 Climate Business Plan
(“CBP”).

Each roadmap in the CCAR describes the developments and supporting actions within
three spheres of influence (Washington Gas, Policy & Regulatory, and Partnerships &
Collaborations) and four key verticals (Infrastructure, Markets, Customers, Policy &
Regulatory) that contribute towards each roadmap’s progress through 2050.

Many programs, projects, budgets, affiliations, and collaborations will need to be piloted,
assessed, developed, implemented over time to achieve these roadmaps’ goals. In the
CCAR, the emphasis is on how a multi-fuel, integrated energy ecosystem using low
carbon fuels will contribute to the District’'s 2050 goals, not on the precise contribution
from any particular source or roadmap.

1.2 CCAR Overview — Key Roadmaps

The CCAR identifies ten (10) roadmaps organized around the same four (4) program
areas. These 30-year roadmaps reflect Washington Gas’ long-term activities to support
the District’s climate vision.

Washington Gas’ role in a decarbonized future includes actively and aggressively
supporting end use conservation, supplying ever-increasing volumes of low-carbon
fuels to the natural gas delivery system, modernizing our infrastructure and operations,
and supporting new transportation markets and alternative fueled vehicles.

Washington Gas’ roadmaps also recognize the continuation of PROJECTpipes
investment program, which is replacing aged pipes and services, and reducing the
climate impact of an aging infrastructure. Washington Gas’ infrastructure roadmaps will
continue to place a focus on removing fugitive emissions through improved leak
detection systems and other means. Washington Gas’ roadmaps also address the
development of standards and protocols for blending hydrogen.?

1 Washington Gas recognizes that this future will involve significant analysis and design related to
industry operation and organization. Washington Gas expects that it will work with key stakeholders,
regulators, and industry participants to help define the future industry structure and operations.

CLIMATE CHANGE ACTION ROADMAP
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Washington Gas’ roadmaps also include essential investments and upgrades to the in-
District delivery and storage system infrastructure, which are essential to support the
delivery of a decarbonized future.?

1.3 Guiding Policy Framework

Washington Gas reprises from Part 1 its recommendations that climate change actions
in the District follow five (5) foundational compass points:

1. Respecting Customer Choice

2. Keeping Aligned to Core Utility Principles

3. Leveraging Washington Gas as a Vital Regional Asset
4. Thinking about the Energy System Holistically

5. Partnering with the District and Our Community

These compass points help guide long-term strategically oriented planning. For
example, climate action, to be impactful, must provide customers with choices about
how to meet their comfort and energy security needs within an option-rich environment.
Similarly, to be prudent, sustainable, climate actions must adhere to core utility
planning principles of safety, reliability, and affordability.

Washington Gas’ network of assets are an essential part of the region’s
decarbonization ‘toolkit’. As of 2017, natural gas provides 27% of the total energy used
in the District (and 18% of GHG emissions).3 In 2050, this energy delivery system will
continue to be a key part of the region’s energy backbone, delivering low carbon fuels to
hybrid, flexible end use solutions that expand markets and economic activity, while
reducing carbon emissions.

As the energy (and transportation) systems undergo transformative changes that alter
traditional ecosystems, sources of fuels, and energy services, the electricity and gas
systems will, in fact, become more tightly integrated than they are today and provide the

2 Washington Gas recognizes that this future will involve significant analysis and design related to
industry operation and organization. Washington Gas expects that it will work with key stakeholders,
regulators, and industry participants to help define the future industry structure and operations.

3 Based on 2017 emissions and energy inventories and balances. Opportunities for Evolving the Natural
Gas Distribution Business to Support the District of Columbia’s Climate Goals. An ICF Technical Study
Report prepared by AltaGas, Page TS-3, April 2020, https://sustainability.wglholdings.com/wp-
content/uploads/Technical-Study-Report-Opportunities-for-Evolving-the-Natural-Gas-Distribution-
Business-to-Support-DCs-Climate-Goals-April-2020.pdf
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energy, reliability and resiliency services that a regional economy that is 50% larger
than todays will demand.*

In Washington Gas’ view, climate action policy that is mindful of these compass points
will help encourage customers, solution and technology providers, policy makers and
others to develop and pursue good plans and policies. On the other hand, climate policy
based on predisposed assumptions favoring a singular pathway over another could
result in various combinations of:

e Lower likelihood of achieving climate reduction goals and targets

e Fewer and more expensive customer choices

e Less innovation

e Less direct investment and jobs

e Less effective outcomes re: reliability and resiliency

e Less equitable access to climate change-related opportunities

e Lower customer and stakeholder confidence in achieving climate progress

1.4 Focus on Fuel Neutral Decarbonization

The proposed 2050 roadmaps are aligned to Washington Gas’ Fuel Neutral
Decarbonization Scenario analysis, presented in the 2020 CBP. The Fuel Neutral
Decarbonization Scenario analysis documents how Washington Gas’ diverse climate
action approach leads to cost-effective and affordable GHG emission reductions.®

1.5 Improving Energy System Resiliency

Energy system resiliency is of great importance to the regional economy and public
health and safety, particularly as the risk of gas and electric systems outages increases
in a changing climate. Washington Gas’ infrastructure provides a unique, highly reliable
and resilient, on-demand energy delivery system, which can be leveraged to meet the
region’s gas and electricity energy needs and its decarbonization goals.

4 The statement assumes a real growth rate of 1.5% per year, compounded, over a 28-year period, 2022
— 2050.

5 See Appendix C of Washington Gas’ Natural Gas and its Contribution to a Low Carbon Future. Climate
Business Plan for Washington, D.C. March 2020. Appendix C of the CBP describes the difference
scenarios and how were determined and evaluated. It also presents summary of emissions reduction and
plan costs by scenario. Washington Gas’ Fuel Neutral Decarbonization scenario was estimated to be
$2.7B less expensive than the “Policy-Drive Electrification” scenario.
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Leveraging Washington Gas’ existing infrastructure to deliver low carbon fuels together
with support hydrogen production and storage are essential elements of a resilient and
flexible integrated energy system for tomorrow. This is particularly relevant as the
energy system becomes more diverse, interconnected, interactive, distributed,
renewable dependent (and hence intermittent), storage-dependent, and responsive to a
much larger, always-on economy.

1.6 Collaboration, Innovation, Funding

Washington Gas’ CCAR requires innovation working with the Commission, customers,
and other stakeholders across numerous planning and project delivery dimensions.
Washington Gas also recognizes that it must further enhance partnerships within the
energy research community to make certain Washington Gas is well positioned to take
advantage of emerging low carbon technologies, issues, and trends.

This includes working with policy leaders, other energy providers, private industry, and
communities to explore and incentivize site-specific development opportunities and
innovative collaborations that capitalize on larger cross-industry opportunities. This is
particularly true in relation to the work needed to compose a hydrogen solution set in
the District and surrounding communities.

Washington Gas recognizes that climate action requires utility investment in a wide
range of areas, such as energy efficiency, and in new innovative markets for low carbon
fuels. Washington Gas will develop detailed costs for its future initiatives in support of its
2050 roadmaps as projects and programs are developed. Such investments will require
full and current cost recovery to help promote and encourage innovation. Washington
Gas can lever a variety of existing funding vehicles, which can help provide regulatory
certainty and associated cost recovery.® Washington Gas and the Commission will also
need to add other funding vehicles to support new activities and initiatives

The CCAR considers numerous emergent grant funding opportunities by the federal
government (through DOE, DOT, EPA, and other agencies) to promote low carbon fuels
and advanced transportation systems. Billions of dollars in new funding authorizations
provide a tangible demonstration of the importance policy makers are placing on the
nexus of the gas distribution infrastructure and meaningful progress on climate actions.

6 Washington Gas describes the current cost-recovery mechanisms within Part 1 of the CCAP. This
discussion is not repeated in the CCAR.
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1.7 Engagement with Washington Gas Stakeholders

Washington Gas has created its CCAR with keen awareness of the need to listen to and
learn from Washington Gas’ multiple stakeholders. In fact, its CCAR is grounded on the
importance of customers and their choices in our common energy future. Washington
Gas is confident it can achieve a meaningful and substantial level of inclusiveness for all
of its valued stakeholders in its planning and implementation of the actions described
herein.

To this end, Washington Gas will continue to engage with its customers about
Washington Gas’ vital role as part of the District’'s energy ecosystem and the physical
nature of its systems and operations, as these inform what is feasible. Washington Gas
will also continue to listen to customers to better understand their needs and
preferences today and tomorrow.

CLIMATE CHANGE ACTION ROADMAP 11
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2. Washington Gas 30-Year Climate Change
Action Roadmap

2.1 CCAR Overview

Washington Gas supports the region’s decarbonization efforts through a wide range of
initiatives and activities, which reflect the needs and demands of an increasingly
complex energy system in an economy that is projected to be 50% larger than today’s
(by 2050). The roadmaps proposed in the CCAR are consistent with the analysis
Washington Gas presented in its CBP, which documents, as illustrated in Figure 2
below, a pathway to significantly reduce the 2020 GHG emissions attributable to the
natural gas sector.’

1,600,000
1,400,000
1,200,000
1,000,000

800,000

600,000

Metric Tons CO2e

400,000

200,000

0 B
202 2030 2040 2050

" Remaining Natural Gas Emissions m Energy Efficiency m Hybrid Heating

B RNG - Renewable Natural Gas ® Power to Gas m Hydrogen

m Distribution System m Certified Gas CHP and Renewable Power
mEmerging Technology and Offsets

Figure 2: Emission Reductions Attributable to Natural Gas Sector

7 Opportunities for Evolving the Natural Gas Distribution Business to Support the District of Columbia’s
Climate Goals, ICF Technical Study Report prepared on behalf of AltaGas, Page TS-5, Table 1. 2050
Natural Gas Emission Reductions by Measure. Also Figure 2. Emission Reductions Attributable to Natural
Gas Sector, April 2020, https://sustainability.wglholdings.com/wp-content/uploads/Technical-Study-
Report-Opportunities-for-Evolving-the-Natural-Gas-Distribution-Business-to-Support-DCs-Climate-Goals-
April-2020.pdf
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Washington Gas’ role in a decarbonized future includes supporting end use reduction
through energy efficiency appliances and processes, supplying ever-increasing volumes
of low-carbon fuel to the gas delivery system, and expanding the use of alternative fuel
vehicles. To meet these needs, Washington Gas will have to prudently transition its
delivery infrastructure in a phased approach that meets the constraints of capital,
customer costs, and market readiness. The transition will require infrastructure
upgrades and repurposing, new gas delivery laterals, and the building of new local low
carbon gas production and storage facilities.

Washington Gas’ CCAR is focused on ten (10) long-term roadmaps, as seen in Figure
3. The roadmaps:

(1) represent feasible ‘vectors’ for achieving meaningful GHG emission
reductions,

(2) encourage market innovation across fuels and end use market sectors,

(3) imply and foster synergies with the growth of distributed and renewable
energy and microgrids,

(4) support the region’s overall energy system reliability and level of resilience,
(5) provide affordable pathways for the District’s future energy needs,

(6) support customer choice in energy solution decision making, and

(7) provide for a glidepath that can be equitable at each stage

Washington Gas recognizes that the roadmaps will, over time, require the development
of detailed programs, projects, budgets, affiliations, contracts, and collaborations. At this
time, the roadmaps simply help frame a strategic direction, explaining dependencies,
desired outcomes, and providing early organizing coherence to Washington Gas’
internal program governance for helping address to support the District’s goals.

CLIMATE CHANGE ACTION ROADMAP 13
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30 YEAR ROADMAP >

- Customer Demand (Energy Efficiency & Demand Response)
End Use & Heat P
Energy . eat Fumps
Efficiency - Dedicated Hydrogen End Use
- Integrated Energy Systems

- Certified Gas (CG)
- Renewable Natural Gas (RNG)
Hydrogen

Sourcing &
Supply

Infrastructure
& Operation

Transportation

COI'I'IPESS Points
Respecting Customer Choice = Thinking about the Energy System

Holistical
Keeping Aligned to Core Utility Principles ty

Partnering with the District and our

Leveraging WG as a Vital Regional Asset Community

Figure 3: Climate Change Action Roadmap

2.2 Resiliency: A Key Benefit of a Fuel Neutral Energy Future

“‘Resiliency” is an important energy system planning, policy and investment concept and
priority. Resiliency refers to the ability of the energy system “to prevent, withstand,
adapt to, and quickly recover from a high-impact, low-likelihood event.”® The long-term
efforts to decarbonize the gas and electric system require that utility planners and
regulators consider the overall resiliency of the energy system, and how both systems
complement and support each other in the face of major events such as increasingly
variable and severe weather conditions.

8 Building a Resilient Energy Future: How the Gas System Contributes to US Energy System Resilience.
An American Gas Foundation Study, Guidehouse, Page 2, January 2021,
https://gasfoundation.org/2021/01/13/building-a-resilient-energy-future/
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Resiliency is critical for regulators and policy makers to consider given the impact of
recent events. Weather storms, and other high-impact and low-probability events,
create significant economic and social costs. For instance, there are three examples
that each, in their own way, motivated significant attention about the role of resiliency in
the energy industry:

e Superstorm Sandy: Direct losses associated with Hurricane Sandy (2011) in
the mid-Atlantic have been estimated from $70 to $90 Billion.° Regional
utilities have made large investments to rebuild and harden infrastructure to
lower outage risks from similar storm events in the future.

e Wildfire Shutoffs: Northern California customers face severe physical
hardship and massive economic losses during now routine public safety
power shutoff events due to wildfires.° Significant attention is being paid to
how to best re-design and re-configure the electric power grid to sustain it
over the long term from these circumstances.

e Storm Uri: Texas power blackout in 2021 due to extreme cold temperatures
during Storm Uri contributed to estimated direct and indirect losses between
$80 and $130 Billion. ! Significant effort is underway to identify the underlying
causes of these outages and ensure they do not recur under similar, future
conditions.

This focus on resiliency is particularly true over the long-term as the nature of electric
system assets and services are changing rapidly with the move towards renewable and
distributed resources and the adoption of electric vehicles (“EVS”). The system needs
further integration with the gas infrastructure and system; and greater, not less fuel
diversity as the energy system transforms, becomes more distributed, seeks to satisfy
increasing demand, including transportation, and is subject to greater intermittency.

The need for improved resiliency influences utility capital spending and risk
management activities in relation to a wide range of hazards (or “perils”). In broad
terms, resiliency improvements reduce risk in two general ways. Resiliency is improved
by helping the system withstand the impact that, left unaddressed, would cause a large
outage (including outages that cause significant levels of physical damage and/or

9 Hurricane Sandy Event Recap Report, 2013,
http://thoughtleadership.aon.com/Documents/20130514 if hurricane_sandy_event_recap.pdf

10 For a description of the economic losses due to recent PSPS events, see Growing Impact of PSPS on
California, 2021, https://www.psehealthyenergy.org/news/blog/preventing-wildfires-with-power-outages-2/

11 Cost of the deep freeze justifies weatherization, 2021,
https://www.dallasfed.org/research/economics/2021/0415.aspx
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harm). Alternatively, resiliency is improved when helping the system ‘get back up and
running’ after the impact (and outage) occurs. While customers may be interrupted in
this later circumstance, the extent and duration of the outage condition is reduced.
Electric and gas utilities have a significant role to play in evaluating the hazards their
systems are exposed to (supply disruption, storm, cyber, bad actor, etc.), assessing and
estimating impacts and event probabilities, and determining the best risk management
strategy taking these factors into account.

An example of a risk management strategy focused on improving system resiliency is
the use of non-firm, interruptible gas service. The gas utility can reduce service to these
non-firm customers (with alternative fuel capability) under extreme conditions (such as
very low temperatures causing potential demand spikes) to protect service to firm
customers (such as residential customers). The resiliency of the system is improved
through such mechanisms, as service to firm customers is protected.

The electric and gas distribution systems face both common (e.g., cyber, bad actor) and
unique threats (wind events, flooding, etc.) that reflect their respective system’s unique
assets and operating conditions. It is beyond the scope of this report to provide an
analysis of the multitude of hazards and risks each system faces and all the system
interactions associated with them.'? However, decarbonization policy and planning
should start broadly by appreciating the tremendous direct and indirect losses
(economic, operational, etc.) that do routinely occur during major events. Establishing
good policy that prioritizes resiliency is critical.

Careful consideration is warranted on the role of resiliency “services” provided by both
electric and gas systems in the face of a variety of system threats, especially as major
outage concerns grow as suggested above. This is especially true as jurisdictions
throughout the United States embark on aggressive policies to decarbonize the energy
system.

Attention will be needed across the entire spectrum of energy delivery services as the
integrated system becomes more complex, interconnected, and diverse. This attention
will lead, in Washington Gas’ opinion, to a deep appreciation for the tremendous value
that the Washington Gas natural gas delivery network provides to lower and diversify
risks to overall energy system resiliency. This value will recognize today’s strong
starting point, namely that the gas delivery system is highly safe, reliable, and resilient.

12 Of additional relevance is the fact that examining the nature of electric distribution system and gas
distribution system level risks requires examining how the entire electric and gas value chain operates to
provide the system functions necessary to meet core reliability and resiliency services across all time
scales.
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An account reported by the American Gas Foundation (AGF) helps to illustrate this
value. As part of the January 30, 2019, Midwest cold snap, People’s Gas, North Shore
Gas, and Nicor Gas delivered 3.5 times the amount of energy in their natural gas
delivery as compared to the energy delivered by the overlapping electricity provider on
its peak historic day.*® This amount of energy -- demanded by customers under
stressful circumstances during a brief, very cold period — suggests at least anecdotally
the magnitude of expansion that would be required of the electric grid to replace these
gas energy services in order to meet this kind of system resiliency challenge (were the
gas delivery system not fully available to provide the needed energy).

The value of diversity is also suggested in this example. Not only would the expansion
in capacity and electrical energy delivery need to be secured, but this capacity
expansion would also need to be equally if not more secure from a system resiliency
perspective. Today, the integrated gas and electric energy system delivers tremendous
value because of its inherent diversity, which lowers overall societal risks in relation to a
wide range of threats as compared to what alternative system arrangements could
provide.

Integrated resiliency planning will also need to acknowledge the fact that the gas and
electric systems operate very differently, using unique assets and different types of
operations to secure adequate resiliency levels on their respective systems. The nature
of resiliency tactics will also change as the electric system expands during the next
several decades as it integrates ever greater levels of electric vehicles, renewables and
distributed and variable resources. A system characterized by higher levels of
intermittent wind and solar generation, for example, will demand more local energy
storage to meet day-to-day system balancing and reliability requirements.

Washington Gas believes that an evaluation of this future, more complex energy system
will place a high degree of value on integrated end use services provided by a
distributed, low carbon gas delivery system capable (for example) of supporting
hydrogen production and use, local energy storage, and microgrids.

13 Building a Resilient Energy Future: How the Gas System Contributes to US Energy System Resilience.
An American Gas Foundation Study Prepared by Guidehouse, Page 4, January 2021,
https://gasfoundation.org/2021/01/13/building-a-resilient-energy-future/
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2.3 Guiding Policy Framework: Compass Points

Washington Gas recommends that climate change actions in the District follow five (5)
foundational compass points to guide long-term strategically oriented planning and
lead to better outcomes than what is achievable otherwise.

1. Respecting Customer Choice. Customer choice must be a fundamental
principle informing climate action plans. Providing customers with energy service
options creates an essential ‘engine’ for driving positive and lasting climate
change actions.

2. Keeping Aligned to Core Utility Principles. The core utility principles of safety,
reliability, and affordability must remain central to the District’s climate actions.
The drive towards decarbonization also needs to embrace other vital energy
service attributes, including energy system resiliency and environmental justice.

3. Leveraging Washington Gas as a Vital Regional Asset. Washington Gas’
infrastructure, organizational capabilities and people represent essential regional
assets in service of climate action. From delivering low carbon gaseous fuels to
driving energy efficiency and novel end use technologies, Washington Gas is
well positioned to bring resources, innovation, and skills to bear on this critical
issue.

4. Thinking about the ‘Energy System’ Holistically. The energy system is
interwoven and must be considered holistically across markets, sectors, and
communities. Failing to consider decisions framed around a holistic
understanding of energy markets will lead to sub-optimal decisions for customers
and communities.

5. Partnering with the District and our Community. Washington Gas believes
that a long-term preferred energy system transformation, one that meets the
urgency of climate action, will be built on a partnership amongst Washington
Gas, the Commission, its Customers, and the Communities it serves.

These are not novel principles that require radical realignments of the utility compact.
Rather, they are reminders of what it will take to achieve meaningful long-term
outcomes as the energy system transforms to decarbonize.

Customers are becoming more active in their energy decision making and are seeking
out greater choice of providers. In an MIT study on energy market reform researchers
observe: “Formerly passive customers will be able to match their utilization of energy
with their preferences and priorities because, for the first time, they will have substantial
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choice. The same can be said of other markets where end users have choices, such as
markets for cars, personal computers, and mobile phones.”

Washington Gas also emphasizes the importance and relevance of core utility principles
of safety, reliability, and affordability: they must remain central to the District’s climate
plans actions. Plans, actions, investments, and programs that violate these precepts will
not enjoy the sustained support of customers and other stakeholders. Rather,
decarbonization actions must meet these tried-and-true utility investment precepts if
they are to be supported and sustainable.

Washington Gas’ network of assets are an essential part of the region’s decarbonization
‘toolkit’. As of 2017, natural gas provides 27% of the total energy used in the District
(and 18% of GHG emissions).® In 2050, this energy delivery system will continue to be
a key part of the region’s energy backbone, delivering low carbon fuels to hybrid,
flexible end use solutions that expand markets and economic activity, while driving out
carbon emissions. As the energy (and transportation) systems go through
transformative changes that displace traditional systems and sources of energy
services, the electricity and gas systems will, in fact, become more tightly
integrated than today, providing the energy, on-call power, reliability and resiliency
services that a regional economy -- that is 50% larger than today’s -- will demand. 1

Partnering with the District and the Community is also essential as part of
decarbonization. It is through these actions that Washington Gas can identify
meaningful and innovative opportunities to create equity and wide scale involvement in
its end use and energy efficiency programs. Such outcomes will engender confidence,
further collaboration, and good will, all of which helps sustain long term programs and
lead to further innovation.

In Washington Gas’ view, climate action policy that is mindful of these compass points
will help encourage customers, solution and technology providers, policy makers and

14 Utility of the Future. An MIT Energy Initiative Response to an Industry In Transition, Page 38-39, 2016,
https://energy.mit.edu/research/utility-future-study/

15 Based on 2017 emissions and energy inventories and balances. Opportunities for Evolving the Natural
Gas Distribution Business to Support the District of Columbia’s Climate Goals. An ICF Technical Study
Report prepared by AltaGas, Page TS-3, April 2020, https://sustainability.wglholdings.com/wp-
content/uploads/Technical-Study-Report-Opportunities-for-Evolving-the-Natural-Gas-Distribution-
Business-to-Support-DCs-Climate-Goals-April-2020.pdf

16 The 50% increase in GDP assumes a real growth rate of 1.5% per year, compounded, over a 28-year
period, reflecting the 2022 — 2050 timeframe.
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others to develop and pursue good plans and policies. Alternatively, less efficient, and
effective plans and policies are possible, leading to various combinations of:

e Lower likelihood of achieving climate reduction goals and targets

e Fewer and more expensive customer choices

e Less innovation

e Lesser direct investment and jobs

e Less effective outcomes re: reliability and resiliency

e Less equitable access to climate change-related opportunities

e Lower customer and stakeholder confidence in achieving climate progress

2.4 Washington Gas’ Fuel Neutral Decarbonization Scenario

Washington Gas designed its 2050 roadmaps to align with the Fuel Neutral
Decarbonization Scenario analysis as presented in Washington Gas’ CBP. '’

The Fuel Neutral Decarbonization Scenario analysis documents how Washington Gas’
diverse climate action approach achieves the District’'s 2050 carbon neutrality goals
through a much more cost-effective pathway (relative to achieving the goals through a
policy driven electrification or other competing pathways). In comparison to an all-
electric scenario, the study found:

“Among its many benefits, a Fuel Neutral Decarbonization strategy
provides the desired GHG emission reductions at a fraction of the cost of
full electrification, while maintaining energy reliability for District residents,

businesses, government agencies, and visitors. In addition, it preserves
customer choice, empowering all energy consumers in the District to select
an energy source most suited to their needs.”!8

This finding builds on progress documented in the District’s recent Emissions
inventories. First, the use of clean, efficient natural gas — and significant declines in the
GHG emissions from natural gas use over the past several years'® — has put the District
in a strong position to meet its long term GHG emission reduction targets moving

17 Climate Business Plan, March 2020, Page 41, https://washingtongasdcclimatebusinessplan.com/wp-
content/uploads/2020/04/Climate-Business-Plan-March-16-2020-FOR-WEB.pdf. Also see Appendix C of
the CBP.

18 |pbid. Page 2.
19 |bid. Page 23.
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forward, so long as Washington Gas’ 30-year plan is activated. Secondly, natural gas
delivers more energy more efficiently than other sources, in terms of GHG intensity. For
example, using a 2017 emissions inventory, natural gas use within the District
accounted for 17.7 percent of the District's GHG emissions while delivering 27.1 percent
of the energy used. This compares to electricity, which provided 55.1 percent of GHG
emissions while accounting for 46.7 percent of the energy consumed. This means
natural gas use in the District results in fewer emissions per each unit of energy
consumed. ?°

To further appreciate these emission and energy use comparisons, it may help to
consider a typical District home relying on natural gas vs. electricity for a range of
services: heating, cooking, hot water, clothes drying. A home with these natural gas
appliances currently produces fewer GHG emissions than a home that relies on
electricity powered appliances.

As both gas and electric systems decarbonize over the 2050 horizon, the GHG
emissions profiles of both systems will evolve over time. Also, given the nature of
investments that need to be made across the value chain of both energy systems,
affordability of the energy service will also be impacted over time. Washington Gas
believes a decarbonizing gas system preserves customer choice, continues to provide
affordable energy, and promotes a resilient overall energy ecosystem, while contributing
to the District’'s GHG reduction goals.

Plans that leverage the strong energy position of natural gas reflected in these data and
examples, -- while also taking careful account of the essential and integrated nature of
the gas and electricity systems, -- provide a much stronger blueprint for success in
reaching the 2050 climate goals.

2.5 Federal Government Support for Decarbonization

The Infrastructure Investment and Jobs Act (“llJA”) of 2021 signed into law on
November 15, 2021, provides funding opportunities for Washington Gas to pursue in
support of its efforts to meet the District's GHG reduction goals. IIJA includes $8B USD
for the development of large, regional hydrogen production and distribution hubs, the

20 Climate Business Plan. Table: Comparison of Fuel Source Energy Content and GHG Emissions. Page
24,
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location of which is unknown currently. There is also funding available within the [IJA
($5B USD) for decarbonizing emissions from school buses. ?*

Washington Gas recognizes the importance of competing for a share of this new federal
funding, including a portion of that dedicated to hydrogen, such as the hydrogen hub
initiative. To be competitive, Washington Gas is investigating the benefits of forming a
hub team, the aim of which is to pair itself with hydrogen producers and consumers in
the region to pursue a hydrogen hub pilot. It is also investigating options for pursing
and/or participating in the school bus low emissions grant funding.

The 11JA provides a wide range of grant funding opportunities, both large and small.
Accordingly, Washington Gas intends to prioritize 11JA project and program
opportunities using several basic criteria including:

e Level of effort to contribute towards the Washington Gas’ and District's GHG
emissions reductions targets

» Job opportunities creation for District residents and workers

e Level of contribution to Washington Gas and District goals concerning the
adoption of programs that reflect equity criteria, including the rollout of climate
action efforts to disadvantaged communities

Washington Gas will continue to investigate 1IJA funding opportunities but recognizes
that clarity about the extent of the opportunities may not become available until
implementing regulations and rules are promulgated (by various federal agencies,
including the Department of Energy and the Department of Transportation). Washington
Gas expects that these implementing regulations should be finalized during the first half
of 2022.

Finally, to be successful in these grant funding opportunities, Washington Gas expects
that its applications will be more competitive than otherwise to the extent that it can
garner the support of the Commission and the District’s stakeholders. By demonstrating
that its grant funding applications enjoy such support, Washington Gas’ applications will
be viewed as more credible and promising. To accomplish this goal, Washington Gas
looks forward to working with District stakeholders in reviewing and pursuing such
opportunities. It is one thing for Washington Gas to provide important and noteworthy
commitments for how it will use grant funding in pursuit of the criteria noted above. But if
it can go further, and document how the opportunity will increase District employment

2! Investments in Electric and Low-emission School Buses, 2021,
https://www.epa.gov/infrastructure/investments-electric-and-low-emission-school-buses
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(or address climate action equity considerations). Such efforts will make the application
more likely to be approved.

2.6 Considerations with Policy Driven Electric Pathways

Washington Gas recognizes that there are areas of the energy ecosystem more
conducive to electrification, assuming technology and costs continue to improve over
time. Yet, there is a growing consensus among academia, industry and political leaders
that designing a decarbonization path that exclusively or heavily depends only on
electricity networks (an ‘electricity only’ model) is unrealistic and would be cost
prohibitive.

Many energy-intensive processes cannot easily switch to all-electric, or it is impractical
if not infeasible to do so. This is particularly true for heavy industry, commercial
operations, and heavy-duty transportation. Similarly, and while recognizing the benefit
for some new building construction applications, upgrading, and retrofitting homes and
buildings to all-electric may be impractical and too costly to make large inroads as a
carbon-friendly policy.

Within the energy community, there is also a growing recognition of the constraints that
present themselves in meeting future capacity and reliability needs through an over-
reliance on wind and solar energy, coupled with the challenges of meeting long-duration
energy storage requirements.

The National Academies of Sciences, Engineering and Medicine recently reported on
the work of energy experts from Princeton University, Stanford University, and Energy
and Environmental Economics (E3), which reveals some of these challenges. Teams of
experts independently studied the California energy system, which they observe needs
to expand in peak capacity from 50 GW to 100 GW by mid-century. Each team reached
similar conclusions, the most important one being that it is not feasible or cost-effective
to achieve California’s emissions reductions and a 100 GW peak capacity relying on
solar and wind power alone. Rather, the study authors exposed the importance within
their models of adequate “clean firm power”, which is necessary for securing the
needed GHG emission reductions in any reasonable and cost-effective way. ??

22 See Clean Firm Power Is the Key to California’s Carbon-free Energy Future. Issues in Science and
Technology. National Academies of Sciences, Engineering, and Medicine. March 24, 2021.
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Deep decarbonization, therefore, will require careful consideration and from an
economic point of view, a ‘hybrid’ model will be far less expensive than an ‘electricity
only’ model. 23

While these multi-fuel needs are apparent in many markets and with a growing number
of policy decision makers, the push for “all electrification” is also occurring, especially at
the residential level. As the AGA reports: “As states and local municipalities pursue
“deep decarbonization” of their economies and as the electric grid becomes less
carbon-intensive some policy-makers and environmental advocates are looking at
mandated residential electrification as one option for reducing residential greenhouse
gas (GHG) emissions.” 24

Mandatory residential all-electric removes customer choice will stifle innovation, blunt
investment in low carbon fuels and related end use technologies, drive higher consumer
costs, and ultimately frustrate progress on achieving GHG emission reductions.

The American Gas Association (AGA), in fact, studied a proposed natural gas
moratorium in residential and commercial buildings in the Baltimore metro area, and
found that such a policy will increase annual energy-related cost in all-electric homes
$320-$490, representing a cost increase between 29% and 46% compared to natural
gas-equipped homes. Furthermore, the AGA’s analysis found that the total net cost of
$2 billion of the policy over 20 years would result in a 1.1% reduction in the state’s
inventory of GHG emissions (compared to a 2017 baseline). %°

Washington Gas believes a low-carbon fuels pathway that does not rely on policy-driven
mandatory electrification will achieve carbon emission reductions at a more attractive
(i.e., lower) level of cost-effectiveness, and otherwise provide a more feasible pathway
to achieve decarbonization goals.

23 This is suggested by the CBP’s Fuel Neutral Decarbonization Scenario analysis, which relies on
assumptions that include a diverse array of services from both electricity and gas. The scenario savings is
relative to an all-electric scenario.

24 Implications of Policy-driven Electrification. An American Gas Association Study prepared by ICF. July
2018. Page iii.

25 The Baltimore metro area results can be found on this website and within the paper: Grounded in
Reality the Impacts of Electrification in Baltimore, Maryland Executive Summary. Pages 1-2.
https://www.aga.org/research/reports/implications-of-policy-driven-residential-electrification/grounded-in-
reality-the-implications-of-electrification/
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3. Roadmaps to 2050

Washington Gas identified several near- and intermediate-term opportunities—
especially when looking out 30 years—for it to initiate, facilitate or collaborate on
decarbonizing its gas supply, infrastructure and customer end uses. As illustrated in
Figure 4, reducing GHG emissions would initially focus on energy efficiency,
conservation, and other related end use activities to reduce gas use. At the same time,
Washington Gas would look to reduce methane emissions through pipeline leak
detection/repairs and the procurement of certified gas. Eventually, as economics and
source availability improve, Washington Gas would transition its supply to even lower
carbon gases by blending renewable natural gas (RNG), hydrogen and synthetic natural
gas with carbon capture in its delivery system.

Methane emissions continue to decline through
‘pipeline modernization and advanced leak detection
and'repair efforts

‘e,
.
.
.
‘e
-
.

GHG Emissions

Increasing levels of low-carbon gases

integrated into gas pipelines, begi pilots
and R&D and scaling to larger voiumes
...‘ :
Carbon neutrality
by 2050
2020 2030 2040 2050

Figure 4. Washington Gas Staging of Decarbonization Activities 2°

26 Redrawn from graphic in Michael J. Bradley & Associates, The Role of Natural Gas Networks in Low-
Carbon Future (December 2020).
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In this CCAR, these Washington Gas decarbonization opportunities are defined in ten
(10) roadmaps grouped into four (4) program areas: End Use and Efficiency; Sourcing
and Supply; Infrastructure and Operations; and Transportation. Within each roadmap,
Washington Gas identifies markers and dependencies for the development of the
roadmaps in different areas of planning and development: infrastructure, markets,
customers, and policy. For instance:

e Inthe area of infrastructure: What are the implications for Washington Gas’
infrastructure as the roadmap activities progress?

e Inthe area of markets: What developments are needed within markets, and what
dependencies exist, for the market(s) to support and sustain the roadmap?

e Inthe area of customers: What role do customers play in helping the initiatives
suggested by the roadmap progress?

e Inthe area of policy directives: What are the policy drivers that contribute to (or
frustrate) progress and hold Washington Gas accountable?

Figure 5 depicts the estimated implementation timelines for the roadmaps within the 30-
year period. These roadmaps are diverse in scope and nature. Collectively, they
represent Washington Gas’ strategic direction to support a multi-fuel integrated and
carbon-neutral energy ecosystem within the District.
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2021 2025 2030 2035 2040 2045 2050

End Use & Efficiency E

Milestone
Customer Demand Market
(EE & DR) EE Pilot Programs & Deployment > > 3
Heat Pumps Develop Programs to Incentivize Heat Pump Installations >> 4
Lol Bubiir Bvelop Programs To Support Transition to Hydrogen >»>
End Use
LD BT Develop Programs to Incentive Installations >»>

Systems

Sourcing & Supply 6

Hydrogen ‘ Sourcing of Hydrogen >»

Infrastructure & Operations rx-|

Pipeline Replacement &
Upgrading

Pipeline Replacement :

Decarbonized Gas Milestone
Blending)

Transportation h

Commercial Fleets — Milestone
Medium & Heavy-Duty

Transportation

Applications

HFCEV Adoption >»>

Figure 5: CCAR 2050 Roadmaps Timeline Overview
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3.1 End Use and Efficiency

Washington Gas believes its End Use and Efficiency efforts are an important initial
component of its activities to support the District’'s 2050 GHG emission reduction goals.
Washington Gas’ End Use and Efficiency roadmaps focus on encouraging and
incentivizing Washington Gas customers to reduce their natural gas consumption and
support low-carbon fuel-based end use applications in residential, commercial, and
industrial markets.

Washington Gas recognizes and emphasizes the need for improved customer and
stakeholder engagement, and incentive-focused policies for these roadmaps to be
successful. These roadmaps also involve partnerships to advance the industry’s
innovation around ever-more emissions efficient and hydrogen blend ready appliances,
equipment, and systems in serving space heating and cooling, water heating, combined
heat and power (CHP) systems, process, and other end use needs.

Washington Gas has defined four (4) roadmaps within this area: Customer Demand
(Energy Efficiency & Demand Response), Heat Pump, Dedicated Hydrogen End Use,
and Integrated Energy Systems.
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Washington Gas, and the industry generally, recognizes that decarbonized gas
networks are a critical strategy towards conserving and reducing natural gas
consumption. Energy efficiency and demand response programs help reduce total gas
consumption and associated emissions. It also reduces peak demand. These positive
impacts — reducing peak demands or average loads - alleviate pipeline constraints,
thereby reducing or avoiding the need for new gas infrastructure to deliver gas to
existing and/or new customers. Figure 6 Customer Demand (Energy Efficiency and
Demand Response) defines the Washington Gas roadmap for customer-related energy
efficiency/demand response activities over the next 30 years.

Energy efficiency programs are crucial tools for utilities to manage and reduce energy
consumption. In 2018, there were 125 natural gas energy efficiency programs spanning
42 states in the United States and 7 in Canada, contributing to savings of 425 million
therms (or 42.5 trillion Btu), the equivalent of 2.25 million metric tons of avoided CO2
emissions in 2018.27

State regulatory commissions are pressing hard on the continued importance of energy
efficiency programs and conservation across all utility sectors. One example of
accelerating energy efficiency requirements to achieve GHG emissions reduction is the
New York Climate Leadership and Community Protection Act. This Act mandates a 40
percent reduction in statewide GHG emissions by 2030 (below 1990 levels) with
approximately one-third of the required target to be achieved through energy efficiency.

Low natural gas prices, the nature of cost-effectiveness tests, and existing rate
structures are key barriers to realizing these reductions. State regulators can help
address these barriers and provide a regulatory environment that improves incentives
for utilities to increase their investments in energy efficiency. For example, regulators
can provide utilities with incentives through performance-based ratemaking, for
surpassing energy efficiency targets at levels that are commensurate with or exceed
incentives currently offered for other investments (such as pipeline expansion).

Gas utilities have also implemented demand response (DR) programs to reduce energy
usage during peak periods. DR programs provide customers with incentives to reduce
or shift their energy usage during peak periods. These incentives are in the form of

27 The Role of Natural Gas Networks in a Low-Carbon Future, December 2020, MIB&A,
https://mjbradley.com/sites/default/files/MIBA_Long-term-Vision-of-Gas%20Networks-in-a-Low-Carbon-
Future_December2020.pdf
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time-based rates or other forms of financial incentives, or by direct load control by the
utility (in exchange for some form of compensation).

End Use & Efficiency: Customer Demand (Energy Efficiency & Demand Response)

=+ INFRASTRUCTURE

Invest in tooke/means to
accurately, & in (near) real
time, track & capture
meter readings (e.g.,
Advanced Metering
Infrastructure). Energy
Efficiency & DR will
mitigate delivery
infrastructure investment
required
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recovery of new
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uzage measurement
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vendors for deployment
of advanced real time
usage measurament
technology and other loT
devices and/systems to
support meter reading
usage management
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m @ CUSTOMER POLICY & DELIVERY
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Energy
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reach 65%*
of natural
gas
customers

*Per ICF Report in
Washington Gas CEP
Appendx E

Figure 6: Customer Demand (Energy Efficiency and Demand Response)

For example, DR programs provide incentives to customers that, during periods of peak
demand, reduce their use of gas for heating (e.g., via thermostat control or water heater
temperature settings within the residential and commercial sectors) or curtail loads (e.g.,
through interruptible service or fuel switching, commonly in the commercial and
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industrial sectors). Another way to potentially achieve the goals of more formal DR
programs is by modifying rate to better recognize and allocate among customers the
costs of serving peak loads to incentivize customers to reduce consumption during
these periods.

While DR has been more commonly associated with efforts to manage peak electric
demand on the hottest summer days, natural gas DR can also offer significant
opportunities for utilities to manage peak natural gas demand, during the coldest winter
days. For example, within the New England region, a decrease in thermostat
temperature by a modest one degree during the winter could lead to a roughly 2
percent, or 40 MMcf/day, reduction in gas demand, resulting in a significant energy and
emissions savings. 28

Beyond energy efficiency and DR programs it has been estimated that other highly
efficient end use technologies could reduce residential natural gas emissions by 24
percent, with an average net savings of $51 per metric ton of CO2. New, more efficient
natural gas technologies continue to be developed, including those summarized in
Figure 7. These technologies include gas heat pumps, hybrid heat pumps and smart
thermostats, together with the need to develop hydrogen-ready appliances.

28 |bid
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Description

Condensing gas furnaces and boilers are commercially available high-efficiency appliances for space
and water heating. These technologies have an Annual Fuel Utilization Efficiency (AFUE) of 90 to 99
percent (compared to the AFUEs of 65 to 70 percent held by their non-condensing counterparts).
Condensing appliances achieve these higher efficiencies by using a second heat exchanger to
condense the water vapor in exhaust gases, thus recovering more of the energy released during
combustion. These appliances also produce fewer NOx emissions than standard, non-condensing
gas furnaces and hot water heaters.

Gas heat pumps

Gas heat pumps are a subset of heat pumps whose primary input energy is natural gas, instead of
electricity, to power a compressor. While less common than their electric heat pump counterparts,
there are a variety of gas-fired models, including those that use vapor compression, absorption,
adsorption, and thermal compression. Gas heat pumps can provide both space and water heating
and can often operate reversibly to provide cooling and heating with the same product. Gas heat
pumps also operate efficiently in colder temperatures.

Combination gas space and
water heaters

Combination heaters enable advances in gas heat pump, furnace, and boiler technology to be used
to provide both space and water heating efficiently. Designed for residential and small commercial
use, a wide variety of system configurations are coming to market.

Hybrid heating systems

Hybrid systems combine high-efficiency gas-fired appliances with an electric heat pump. An
emerging technology, hybrid heating systems offer specific advantages over single-fuel heat pumps:
because they can vary fuel supply depending on specific circumstances, they can operate more
efficiently, reduce emissions, and lessen infrastructure impacts. For example, gas can be used during
cold temperatures when electric efficiencies are sub-optimal or during peak electric load periods
when electric costs and grid emissions are high. In this way, hybrid heat pumps offer opportunities to
both reduce gas consumption and eliminate stress on the electricity network infrastructure during
times of high thermal load.

Smart thermostats

Smart thermostats are critical resources to enabling demand response in addition to allowing users
greater control over their energy consumption and comfort. Many smart thermostat products are
commercially available including products from Nest, EcoBee, Honeywell, and others. A study by
Enovation Partners found that smart thermostats, when combined with building envelope measures,
can deliver GHG emission reductions for residential and commercial buildings from 10 to 45 percent.

Hydrogen-ready appliances

Hydrogen-ready appliances are emerging technologies designed to operate on both natural gas and
hydrogen. In recognition of efforts to integrate low-carbon fuels like hydrogen onto the distribution
system, many entities are working to develop residential and commercial appliances, such as stoves,
furnaces, and hot water heaters, that are “hydrogen ready.” Some of these appliances are intended
for low levels of hydrogen blending, while others are designed to tolerate up to 100 percent hydrogen
with no adverse impacts to the appliance. The installation of these appliances can help to advance
integration of hydrogen into the gas networks by reducing the barriers of technology lock-in. Other
entities are developing standardized conversion kits that could be used to readily convert natural
gas-fired appliances to hydrogen equivalents.

Figure 7: Advanced Natural Gas Technologies Overview 2°

2 |bid
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Washington Gas’ roadmap for heat pumps and hybrid heating systems is outlined in
Figure 8. No infrastructure investment is required for heat pumps but there is important
market, customer, policy/regulatory and technology partnership activities needed to
scale the adoption of heat pumps.

While additional technology enhancements will be forthcoming, hybrid heating systems
are a relatively mature sustainability technology that is available now and based on
experience in Europe can provide energy savings of approximately 19% and carbon
savings of 25% for grid connected systems and up to 60% for off grid systems. 30 31

30 Benefits of Hybrid Heating Systems in a Low Carbon Energy System, an Evidence-Based Analysis,
Guidehouse, July 2020, https://guidehouse.com/-/media/www/site/downloads/energy/2020/gh_-benefits-
of-hybrid-heating-systems.pdf

31 Hybrid Heating Europe, Unlocking the Hybrid Heating Potential in European Buildings, Guidehouse,
March 2021, https://hybridheatingeurope.eu/wp-content/uploads/2021/03/hhe_vision-paper_final.pdf
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End Use & Efficiency: Heat Pumps
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Figure 8: Heat Pumps

Beyond increased reliance on natural gas heat pumps and hybrid heating systems for
efficiency and carbon emissions reduction benefits, Washington Gas is exploring the
transition—over the next 30-year horizon—to hydrogen-fueled end uses. This transition
will occur along two distinct paths: (1) dedicated end use that requires pure hydrogen
such as medium / heavy duty hydrogen fuel cell vehicles (e.g., transit buses) and power
production from hydrogen-based fuel cells, and (2) evolution of appliances, heating
equipment and other natural gas end uses plus upgraded gas delivery system to accept
higher levels of methane-hydrogen blends.

The Washington Gas roadmap for the former dedicated hydrogen end use depicted in
Figure 9. This end use would require a dedicated hydrogen network connecting
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hydrogen production to demand. Appliances can currently accommodate 5-15%
hydrogen blends. 3? 32 Growing evidence indicates that appliances can use increasing
amounts of hydrogen and natural gas without significant problems; for example, modern
European domestic appliances, certified as complying with the European Gas Appliance
Regulation (GAR), have been tested with 23% hydrogen (gas G222, as defined in EN
437).34 For higher hydrogen blends, upgrades or replacement of infrastructure will be
required to accommodate the unique properties of hydrogen, coupled with efforts to
engage the market, customers, vendors and policy/regulatory stakeholders that address
technologies/end uses, customer adoption, pricing/tariffs and safety.

Some of the hydrogen-ready appliances being tested today are intended for low levels
of natural gas/hydrogen blending, while others are designed to tolerate up to 100
percent hydrogen with no adverse impacts to the appliance. The installation of these
appliances can help to advance integration of hydrogen into the gas networks by
reducing the barriers of technology adoption. Most of the hydrogen appliance
development, testing and deployment is ongoing in England3® and the European
Union. 36 37

32 Blending Hydrogen into Natural Gas Pipeline Networks: A Review of Key Issues” National Renewable
Energy Laboratory, March, 2013, https://www.nrel.gov/docs/fy130sti/51995.pdf

33 Appliance and Equipment Performance with Hydrogen-Enriched Natural Gases” CSA Group, May
2021, https://www.csagroup.org/wp-content/uploads/CSA-Group-Research-Appliance-and-Equipment-
Performance-with-Hydrogen-Enriched-Natural-Gases.pdf

34 Assessment of Hydrogen Enriched Natural Gas Air-Conditioning, Heating and Refrigeration Institute
(AHRI) Report No. 8024, Jan 2021,

https://ahrinet.org/App Content/ahri/files/RESEARCH/Technical%20Results/AHRI-

8024 Final%20Report.pdf

35 Helping to Fuel a Green Revolution, New York Times, November 2021,
https://www.nytimes.com/2021/11/15/climate/hydrogen-green-revolution.html

36 Hydrogen Boilers and Other Appliances — What are They Like to Use?, Hydrogen Central, December
2021, https://hydrogen-central.com/hydrogen-boilers-appliances-use/

87 Hy4Heat. https://www.hy4heat.info/appliances
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End Use & Efficiency: Dedicated Hydrogen End Use
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Figure 9: Dedicated Hydrogen End Use

Hydrogen fuel cells for backup power were initially tested in spring 2018, when
researchers at the National Renewable Energy Laboratory (NREL) in Golden, Colorado,
powered a rack of computers with a Proton Exchange Membrane, or PEM, hydrogen
fuel cell. This research has continued with megawatt scale tests for residential

applications. 38

38 MW-Scale PEM-Based Electrolyzers for RES Applications, National Renewable Energy Laboratory,
Technical Report NREL/TP-5B00-79055, February 2021, https://www.nrel.gov/docs/fy210sti/79055.pdf
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There have also been several manufacturers that have been stepping up investment in
fuel cell technology; Hydrogéne de France (HDF) Energy recently raised $156m
(through the largest clean energy IPO in France) to develop its first factory in for utility-
scale (1MWH+) fuel cells using PEM technology. HDF said that this will give it the
necessary funds needed to step up its development in the hydrogen-power market,
which is booming worldwide and maintain its forefront position in investing in R&D to
enhance the performance and reliability of its fuel cells.

In the U.S., the Gas Technology Institute (GTI)3° and NREL“° are two research centers
investigating hydrogen appliances. Researchers are testing appliances to identify how
specific equipment reacts to increasing levels of hydrogen, assess their ability to retain
normal operations and document any operational or potential safety issues
encountered. Research is also ongoing to demonstrate solutions to utilize high-
hydrogen blends (> 50% H2 by volume) and 100% Hydrogen in residential and
commercial combustion equipment in a controlled laboratory environment.

In terms of gas utilities, Southern California Gas (SoCalGas) recently announced that it
is blending hydrogen to power a household system and appliances at its Engineering
Analysis Center and Centralized Training Facility. "Investing in tests that aim to
demonstrate the potential of hydrogen is key to identifying solutions that can help us
address our current climate crisis. SoCalGas' commitment to decarbonization
innovations help advance the energy transition.” 4!

As part of SoCalGas’ testing, technicians are measuring the performance of common
household appliances like stoves, wall heaters and forced-air furnaces when they are
fueled with a blend of hydrogen and natural gas. Preliminary results show the
household natural gas appliances are compatible with up to a 20% hydrogen blend.
These initial findings are consistent with previous international research and lab
testing. SoCalGas is among the first utilities in the U.S. to test the effects of a hydrogen

39 Gas Research Institute Hydrogen Technology Center, https://www.gti.energy/hydrogen-technology-
center/focus-areas/end-use/

40 Blending Hydrogen into Natural Gas Pipeline Networks: A Review of Key Issues, Technical Report
NREL/TP-5600-51995, National Renewable Energy Laboratory,
https://www.nrel.gov/docs/fy130sti/51995.pdf

41 Statement by California Assembly member Bill Quirk, Sept. 2021, PRNewswire.
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blend on natural gas infrastructure and equipment in a controlled field environment. %2 In
the UK, up to 20% blended hydrogen is expected to be delivered through their gas
network beginning in winter 2023.43

All these market trends will inform and guide Washington Gas in its effort to engage
customers, regulators, and other stakeholders to promote hydrogen end use.

42 SoCalGas Tests Hydrogen Blending in Real-World Infrastructure and Appliances, Power & Gas Utility,
September 2021, https://newsroom.socalgas.com/press-release/socalgas-among-first-in-the-nation-to-
test-hydrogen-blending-in-real-
world#:~:text=LOS%20ANGELES%2C%20Sept.,Center%20and%20Centralized%20Training%20Facility

43 GB gas operators ready to supply blended hydrogen from 2023, Smart Energy International, January
18, 2022, https://www.smart-energy.com/industry-sectors/energy-grid-management/gb-gas-operators-
ready-to-supply-blended-hydrogen-from-2023/
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Energy planners recognize that investments in energy efficiency and demand response,

together with singular technology advancement, will not be sufficient to achieve carbon
neutrality. Rather, integrated energy systems (IES) that consider the entire energy
ecosystem and supply chain, and that optimize electric and natural gas end use
appliances/equipment, are necessary. Figure 10 provides Washington Gas’ approach to
such integrated systems analysis over the next 30 years. It will require collaboration
between multiple utilities, technology vendors, customers, policymakers/regulators, and
third-party program implementors.

End Use & Efficiency: Integrated Energy Systems
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Figure 10: Integrated Energy Systems
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Given its state of maturity, Combined Heat & Power (CHP) will be Washington Gas’
initial IES focus. In 2020, approximately 22 utilities (covering 12 states) administered
CHP incentive programs. These programs provide customers with financial incentives to
install efficient CHP systems; many also offer technical assistance, including
engineering or feasibility studies, to help evaluate options and provide information about
whether to proceed with a project. Figure 11 shows the states and utilities that currently
offer CHP incentive programs. 44
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Figure 11: Location of Utility CHP Programs, 2020 4%

As part of the 22 utilities noted above, five are gas utilities—Philadelphia Gas Works,
Nicor Gas, Southern California Gas Company (SoCalGas), Southwest Gas, and UGI
Utilities. These utilities include CHP as an eligible efficiency measure within their
custom energy efficiency programs available to C&l customers. As an example,
Baltimore Gas and Electric’'s (BGE) CHP program accounted for approximately 20% of
the overall C&l program savings in the 2015-2017 program phase. For the current

44 Utility Combined Heat and Power Programs Issue Brief, USDOE, April 2020,
https://betterbuildingssolutioncenter.enerqgy.gov/sites/default/files/attachments/Issue Brief Utility CHP P
rograms_May2020.pdf

45 bid
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program phase (2018-2020), BGE anticipates achieving more than 72,000 MWh of
savings through the installation of more than 10 MW of CHP at 22 customer sites.

46 BGE Combined Heat and Power Program, https://www.ase.org/category/buildings/bges-combined-
heat-and-power-program
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3.2 Sourcing and Supply

Washington Gas’ supply decarbonization is predicated on its ability to source and
supply increasing volumes of reasonably priced certified gas (CG), renewable natural
gas (RNG) and hydrogen (and its derivative synthetic methane). The sourcing and
supply of these low carbon fuels will play a large role in meeting the District’'s 2050
climate action goals. Washington Gas has also identified a set of near-term actions
related to sourcing and supply in its CCAP, Part 1 report; many of those actions will
continue in this longer-term 30-year Roadmap.

Washington Gas intends to focus on energy sourcing and supply stack changes as
between various low carbon fuels (CG, RNG, clean hydrogen and synthetic methane).
This will include consideration of care, custody and operation of its physical
transmission and distribution assets, together with fuel source availability,
interconnection of and uncertainties in fuel supply/cost, and customer demand. These
considerations will need to be balanced with reliability of its gas network in compliance
with the District’s goals.

Washington Gas’ initial focus will be on CG and RNG from the readily-available sources
such as landfills and wastewater treatment. RNG supply will potentially expand as
production from additional waste streams such as food waste and woody biomass
becomes technically feasible over the 2030 horizon.

As hydrogen’s cost drops significantly over this decade, given the increasing levels of
interest and investments as well as the federal government support, Washington Gas
anticipates clean hydrogen to become a viable supply option by 2030.4” Hydrogen is
scalable given the many ways it can be produced including by electrolysis using
renewable energy. This particular production method has a great potential as solar, and
wind based renewable energy production is expected to increase dramatically in future.
Utilizing excess renewable energy offers an inexpensive pathway for clean hydrogen
production while helping stabilize the power grid during the oversupply periods. Post-
2030, synthetic methane may become a viable option, driven by low clean hydrogen
costs. 48

47 Hydrogen Energy Earth Shot—"Hydrogen Shot’—launched June 7, 2021, defines a “1 1 1” program: $1
for 1 kg clean hydrogen in 1 decade, https://www.energy.gov/eere/fuelcells/hydrogen-shot

48 Synthetic methane is defined as the methanization for renewable gas synthesis

CLIMATE CHANGE ACTION ROADMAP 42



Washington
Gas’

AWGL Company

Washington Gas’ first level of effort in pursing low carbon fuels begins with efforts to
secure Certified Gas (CG). Currently, 1-5% of natural gas is emitted to the atmosphere
during its extraction, processing and transportation. In contrast, CG is produced using
operationally effective upstream extraction practices that have been certified to
differentiate wells and wellheads that mitigate methane leaks during extraction resulting
in lower GHG intensity. Purchasing verified CG, therefore, reduces upstream natural
gas GHG emissions (both methane and carbon) by as much as 60 to 80%, relative to
average geologic gas levels.*®

Washington Gas has signed a large volume contract with Chesapeake Energy
Corporation, in partnership with Project Canary, to procure and deliver CG. This
transaction is estimated to eliminate 4,609 metric tons of CO2e when compared to the
industry average for non-certified natural gas. Washington Gas anticipates that it will be
able to complete additional transactions with Chesapeake Energy/Canary Project and
other market participants, thereby leveraging its procurement strength to help drive
market behavior.

Building on this initial CG purchase Washington Gas plans to continue to increase
procurement of CG (Figure 12). As discussed in therein, Washington Gas does not
need to make any infrastructure investments to source CG. However, various market,
policy/regulatory and customer activities would permit Washington Gas to scale the
guantity of CG it can source and deliver to its customers. For example, one critical
requirement in CG market development is a standardized certification process, which
verifies through independent third parties that the gas has been sourced and injected
into the transmission system responsibly.

49 Opportunities for Evolving the Natural Gas Distribution Business to Support the District of Columbia’s
Climate Goals, ICF, April 2020, https://sustainability.wglholdings.com/wp-content/uploads/Technical-
Study-Report-Opportunities-for-Evolving-the-Natural-Gas-Distribution-Business-to-Support-DCs-Climate-
Goals-April-2020.pdf.
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Sourcing & Supply: Certified Gas (CG)
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Figure 12: Certified Gas

As reflected in the degree of industry support and collaboration in the Project Canary

effort, Washington Gas is not alone in turning to the CG market to decarbonize its fuel
supply and work to develop certification standards. However, at this time, there is not a
single accepted certification standard across the industry >°

The three major entities that focus on CG certification are: Project Canary’s TrustWell
Standard; Equitable Origin EO 100 Standard; and the MiQ Standard. As of early 2022,
32 Bcf/d of natural gas production are certified by Project Canary, EO and MiQ

50 There is also momentum on certifying LNG supplies. Washington Gas and the District will not be
involved in LNG directly but could have to compete with it for CG supplies and potentially impact market
prices.

CLIMATE CHANGE ACTION ROADMAP 44



Washington

Gas’

AWGL Company

accounting for more than 30% of 2021 US daily natural gas production. 5* High-level
differences in the standards are identified in Figure 13.

MAJOR CERTIFICATIONS STANDARDS
Focuses on methane _De.:ployment_ Of. Qualitative ESG
emissions? emissions monitoring criteria?
technology?
Project Canary’s
TrustWell Standard
Equitable Origin’s
EO100 Standard x x
The MiQ Standard x

Figure 13: High Level Overview of Major Certified Gas Certification Standards 52

Focusing on utilities, Xcel Energy and Colorado Springs have announced they will buy
responsibly sourced gas from certified producers. While certification occurs at the well
or well pad, entities upstream of the utilities are also partnering with the various
certifiers to ensure the gas is certified across the entire value stream. 3

Xcel Energy recently partnered with Project Canary and Crestone Peak Resources
where they agreed to purchase CG from Crestone Peak for its Colorado operations.
Xcel indicates this will contribute to meaningful GHG emissions reduction through its
natural gas supply chain, leveraging its buying power. Crestone will utilize Project

51 U.S. Seen Gaining Momentum in 2022 on Imperative to Better Measure LNG Emissions. J. Cocklin.
January 2022, https://www.naturalgasintel.com/u-s-seen-gaining-momentum-in-2022-on-imperative-to-
better-measure-Ing-emissions

52 Certified natural gas: Midstream sector begins embracing concept, standards. K. Hallhan, E. Corral,
S&P Global Platts. October 14, 2021. https://www.spglobal.com/platts/en/market-insights/latest-
news/natural-gas/101421-certified-natural-gas-midstream-sector-begins-embracing-concept-standards

53 Project Canary and the Energy Supply Chain, Project Canary, November 2021,
https://www.projectcanary.com/project-canary-and-the-energy-supply-chain/
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Canary’s independent, real-time methane emissions monitor and associated
certification process. >

Another example of where CG is gaining traction is the activity of Colorado Springs
Utilities. It entered into an agreement in 2021 to pilot certified gas with Bayswater
Exploration, Rimrock Energy Partners and Kinder Morgan.®® This pilot is aimed at
demonstrating the full value stream participating in CG to deliver clean energy to local
communities.

Non-utility organizations also recognize the future of CG and are beginning to prepare
for it. EQT Corp.—the largest supplier of natural gas in the United States—recently
launched a pilot to certify 4 Bcf/d gross from 200-plus well pads in Pennsylvania. These
well-pads will be certified using the 10 and MiQ standards. This work is done in addition
to the pilot that EQT already has underway with Project Canary at two other gas well
pads.>® This would make EQT one of the first suppliers to be certified using multiple
standards. Additionally, Bloom Energy is in the process of converting its entire fleet to
CG through the MiQ and EO standard. >’

Figure 14 highlights a subsection of the different midstream entities in the U.S. who
intend to join the CG movement. Demonstrating that momentum is growing across the
gas industry. As the demand for CG continues to increase, it will begin to put pressure
on producers and suppliers to deliver larger quantities of CG, thereby reducing overall
system GHG emissions.

54 Xcel Energy, Crestone Peak Resources and Project Canary Form Certified Low-Emission Intensity
Natural Gas Partnership, May 2021, https://www.projectcanary.com/xcel-crestone-peak-partnership-
program/

55 Colorado Energy Organizations Launch First-Of-Its-Kind Responsibly Sourced Natural Gas
Partnership, March 2021, https://www.projectcanary.com/colorado-energy-organizations-launch-first-of-
its-kind-reponsibly-sourced-natural-gas-partnership/

56 EQT Looking to Lead in Certifying U.S. Natural Gas Supply. April 2021,
https://www.naturalgasintel.com/eqt-looking-to-lead-in-certifying-u-s-natural-gas-supply/

57 Certified Low-Methane Natural Gas. Bloom Energy
https://www.bloomenergy.com/applications/certified-gas/
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Figure 14: Subset of Midstream Companies Participating in Certified Gas 5¢

58 Certified natural gas: Midstream sector begins embracing concept, standards. K. Hallhan, E. Corral,
S&P Global Platts. October 14, 2021. https://www.spglobal.com/platts/en/market-insights/latest-
news/natural-gas/101421-certified-natural-gas-midstream-sector-begins-embracing-concept-standards
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RNG is carbon-neutral, versatile, and fully compatible with Washington Gas’ pipeline
infrastructure from a safety, ease of operations and fuel handling standpoint.
Additionally, RNG provides GHG emissions reduction without requiring customers to
modify or change their appliances or other equipment. By capturing and injecting
methane into the natural gas pipeline system, RNG makes beneficial use of waste gas
that would otherwise be emitted into the atmosphere.

Washington Gas sponsored a supply assessment that determined there is sufficient
RNG available to meet a significant portion of its customers’ natural gas demand by
2050.%° This assessment took into consideration the location and delivery point access
to RNG production by region, along with the market competition from other utilities ©°
and natural gas customers. 6%

Washington Gas anticipates RNG price to decline over time, from relatively expensive
$12 to $18 per MMBtu for landfill- and wastewater-based production, due to expanded
supply. Given the cost differential (relative to geologic natural gas), Washington Gas
intends to target customer segments that would be willing to pay a price premium for
RNG: for example, transportation customers currently using CNG or LNG, C&l
customers with strong sustainability goals and residential customers willing to pay more
for the green products.

Transportation customers would be ideal since they receive a credit (based on market
conditions) through the Renewable Fuel Standard Program on the purchased RNG,
which typically, if not completely, offsets the RNG-geologic gas cost differential.
Renewable ldentification Numbers (RINS) are credits used for compliance and are the
“currency” in the RFS Program.

59 Opportunities for Evolving the Natural Gas Distribution Business to Support the District of Columbia’s
Climate Goals. ICF Technical Study Report prepared on behalf of AltaGas, April 2020,
https://sustainability.wglholdings.com/wp-content/uploads/Technical-Study-Report-Opportunities-for-
Evolving-the-Natural-Gas-Distribution-Business-to-Support-DCs-Climate-Goals-April-2020. pdf

60 For example: Duke Energy is securing RNG from dairy farms; Dominion has a joint venture with
Smithfield Farms for RNG production from hog farms; NW Natural is in partnership with Tyson Foods;
DTE has commissioned the first combined dairy RNG processing and pipeline injection facility in
Wisconsin.

61 Based on 2017 emissions and energy inventories and balances. Opportunities for Evolving the Natural
Gas Distribution Business to Support the District of Columbia’s Climate Goals. An ICF Technical Study
Report prepared by AltaGas. April 2020. Page TS-3.
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RNG could be delivered to the District by Washington Gas and/or third-party natural gas
marketers, who currently supply approximately 60% of the fuel to District gas
customers. However, today, certain disincentives exist for third party natural gas
marketers to offer RNG-based green products. Under Washington Gas’ current
regulatory structure, Washington Gas’ delivery of RNG to District customers would
increase their cost relative to customers of third-party marketers, who may not choose
RNG, thereby working against and potentially defeating the decarbonization program
objectives. Washington Gas is investigating options to remedy this disincentive and will
work with the Commission and third-party marketers to address it.

During the 2021-2025 period (described CCAP Part 1), Washington Gas plans to
secure both in-territory and out-of-territory sources of RNG, thereby providing a near-
term sustainable alternative fuel that contributes to the District’'s decarbonization goals.

For the CCAR, Washington Gas developed a Roadmap to explain how it aspires to
develop and increase the delivery of RNG to its customers (see Figure 15). Due to
locational access and supply availability, Washington Gas plans to focus on landfills,
wastewater treatment plants for RNG development.

Washington Gas envisions (1) working with RNG resource owners/developers on
structuring off-take agreements; (2) providing procurement contracts that would
underpin and otherwise support the RNG projects from a financing and
commercialization standpoint; and (3) encouraging upstream gas supply wholesale
market development to secure, procure and transport RNG to Washington Gas’ city
gate).
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Sourcing & Supply: Renewable Natural Gas (RNG)
p i s 3
WASHINGTON GAS
Assess inferconnection Prigritize RNG sourcingflong | Educale consumers on Explore altermative new
with viable RMG sources,  term contracts to facilitate benefits of RNG (reduced sources (food waste,
develop "heat map” to development of projects and =~ GHG emissions) with no biosolids, agriculiure
inform market of reliable supplyfdelivery to negative impact on residue, animal manures)
interconnection points end use customers through appliances [ equipment; in advancing RNG projects
requiring no/minimal existing and new launch campaign to inform | and delivery. Explore
delivery infrastructure at a fair market  use of RNG; implement alternative decarbonized
system infrastructure price voluntary and mandated fuel technologies and RNG
upgrades, and invest in programs options (Power to Gas,
interconnection as green propane, efc.)
necessany Use of T Bcf per
POLICYMAKERS & REGULATORS year ';LE;'G by
Clarify policy ! regulatony Recognize alternative RNG Promote customer Continued regulatory RNG will
frameworks re RNG sources as "renewable” and awareness and support for recognizing account for
interconnection and "low caroon” in compliance acceptance of RNG as RMNG's decarbonization ~41% of the
delivery costs to support with District's decarbonization vector potential (and related natural gas
systemwide decarbonization goal; create | through policy opportunities for capiuring supply portfolio
decarbonization; develop  incentives to encourage and regulatory value from various waste Expected to
measurement metrics greater reliance on—and communication. Define sireams) and procurement contribute a
and to frack remove barmers to — regulatory policy that of RNG with cost recovery 21% reduction
decarbonization progress | alternative sources of RNG allows LDCs / CSPs to in GHG
and gas quality limits that  {e.g., food waste, biozolids, procure RMNG, allow cost emissions from
enzure constituents of etc.) recovery and offer the natural gas
CONCern are remaoved voluntary programs gector in DC*
before entering the
pipeline system
PARTNERS & COLLABORATORS
Partner with potential on- | Explore alternative markets With building owners / Encourage, support and
system and off-system of RNG including in operators explore RNG promote local RMNG
RMG sites to capture transport, marine, aviation, applications production opportunities;
methane produced etc. through market encourage
during their processes evaluations, aggressive inter-agency
(e.g., water treatment, technology pilots/demonstr coordination and policy
food waste, landfill, etc ) ations, joint ventures and collaboration to facilitate
infrastructure RNG delivery *Per ICF Report in
interconnections Washington Gas
CEP Appendix E

Figure 15: Renewable Natural Gas (RNG)

As part of these efforts, Washington Gas also plans to facilitate customer engagement
to accelerate the uptake of RNG by customers and enhance Washington Gas’ billing

system to track RNG volumes, purchased costs, customer prices (per tariffs) and other
metering and billing attributes. 62 Washington Gas also plans to explore alternative cost

62 Study on the Use of Biofuels, ICF, March 2020, https://washingtongasdcclimatebusinessplan.com/wp-
content/uploads/2020/04/200316-WGL-RNG-Report-FINAL.pdf
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recovery mechanisms to address the cost of interconnection and procurement, together
with new products and services to manage ratepayer impact.

Many RNG production technologies are mature, with feedstocks and technologies
currently producing RNG throughout the U.S. current production is not approaching
technical market potential due to current economics. Some examples of recent
developments to scale RNG development and delivery:

e Groennfell Meadery (St. Albans, VT)—a brewery that produces mead, a honey-
based beer—is now being produced using Vermont Gas System’s first-in-the-
nation renewable natural gas (RNG). Groennfell is using 100% renewable natural
gas to power its custom-designed brewing system to become NetZero by 2030.
VGS began offering RNG in 2018 and since that time, many business and
residential customers have signed on, displacing over 60,000 MCF of traditional
natural gas. %3

e Southern California Gas (SoCal Gas) conducted a study to estimate the amount
of RNG needed to achieve its GHG emission goals under three different
scenarios: Normal replacement 100% - most aggressive; normal replacement
50%; and normal replacement 25% - least aggressive. The scenario analysis
determined that RNG delivered to residential and commercial buildings could
achieve similar reduction targets in 2030 as appliance electrification, and that it
could be accomplished at comparable or lower costs. Based on these findings,
SoCal Gas determined that RNG deserves further consideration as part of its
low-carbon buildings strategy. 64

e National Grid has defined a plan to transition away from geologic natural gas to
low carbon fuels to leverage the carbon reduction capability of its $26 billion rate
base tied to 36,000 miles of gas distribution network in Massachusetts, New York
and Rhode Island serving its 3.6 million gas customers. NGRID is currently
facilitating over a dozen customer requests to produce and interconnect about 10
million dekatherms/year of RNG, which would displace approximately 53,000
metric tons of CO2 from the abatement of geologic natural gas. It intends to
spend $1.35 million to assist with RNG interconnections in downstate New York,

63 VGS's First-in-the-Nation Renewable Natural Gas Program Helps Local Meadery Achieve Energy
Goals, Vermont Gas, November 2020, https://www.vermontgas.com/vgss-first-in-the-nation-renewable-
natural-gas-program-helps-local-meadery-achieve-energy-goals/

64 Analysis of the Role of Gas for a Low-Carbon California Future, Navigant, July 2018,
https://www.socalgas.com/1443741887279/SoCalGas_Renewable_Gas_Final-Report.pdf
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and an additional $2 million in upstate New York. % Ultimately, NGRID intends to
have 30 million dekatherms of RNG by 2030; three times the amount in the
current queue and equivalent to 5% of its annual delivered gas supply. This RNG
supply could meet 10% to 15% of U.S. Northeast residential heating demand. ¢
67

e Northwest Natural formed a nonregulated subsidiary to invest $50 million in RNG
projects at two landfills. This investment is separate from NW Natural’s
investment in RNG projects and procurement through its Northwest Natural Gas
Co. regulated utility. In the Fall (2021) NW Natural began construction on the
first-of-four projects to extract RNG from water treatment processes at Tyson
Foods plants. The project requires regulatory review by a process established in
Oregon Senate Bill 98, which allows NW Natural to invest up to 5% of its annual
sales volume in Oregon on RNG projects and purchases. NW Natural has the
option to invest up to $38 million in these RNG projects; regulators have
approved two RGN procurement contracts through the purchase gas adjustment
mechanism in SB98. 58

e Dominion Energy Inc. is focused on developing RNG facilities at dairy and hog
farms under its 10-year plan to invest $500 million in RNG. Dominion has five
projects under construction and two slated to enter services in Q1 2022. Align
RNG, a joint venture of Dominion and Smithfield Foods Inc. began producing

65 National Gird is a member of Low Carbon Resources Initiative, a five-year initiative--led by the Electric
Power Research Institute (EPRI) and the Gas Technology Institute (GTI)—to develop and demonstrate
key clean energy technologies and decarbonization solutions including green hydrogen, bioenergy, and
renewable natural gas.

66 How National Grid plans to Advance US Renewable Gas, Hydrogen Deployment, S&P Global, January
2021, https://www.spglobal.com/marketintelligence/en/news-insights/latest-news-headlines/how-national-
grid-plans-to-advance-us-renewable-gas-hydrogen-deployment-62227805

67 National Grid USA, Net Zero Plan, November 2021, https://www.nationalgridus.com/net-zero

68 Gas utilities expand renewable natural gas projects in Q3, S&P Global, November 2021,
https://www.spglobal.com/marketintelligence/en/news-insights/latest-news-headlines/gas-utilities-expand-
renewable-natural-gas-project-investments-in-q3-67492573
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RNG from about two dozen hog farms in Utah in December 2020; it consists of a
network of 26 family farms and has a total capacity of 650 MMBtu per day.%° 7°

69 Blending Hydrogen into Natural Gas Pipeline Networks: A Review of Key Issues, Technical Report
NREL/TP-5600-51995, National Renewable Energy Laboratory,
https://www.nrel.gov/docs/fy130sti/51995.pdf

70 Renewable Natural Gas Emerging as Serious Decarbonization Contender, Power Magazine, May
2021, https://'www.powermag.com/renewable-natural-gas-emerging-as-serious-decarbonized-gas-
contender/
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Development of the hydrogen supply market — one that will eventually support long-term
contracts at volumes adequate to support large end users -- requires nurturing today’s
mature but relatively small industrial and special use market with the right combinations
of large-scale hydrogen production projects, development expertise, financing support,
and commercial off-take contracts for the hydrogen fuel.

Figure 16 provides the roadmap by which Washington Gas plans to explore the end use
applications for hydrogen. This includes direct delivery of hydrogen to end use
customers and the blending of hydrogen in the Washington Gas network. Washington
Gas also will work with technology vendors, policymakers, and regulators to remove
technology and market barriers through demonstration projects and collaborate with
customers to co-site hydrogen facilities.
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Sourcing & Supply: Hydrogen

#: INFRASTRUCTURE m @ CUSTOMER & POLICY & DELIVERY
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POLICYMAKERS & REGULATORS low carbon
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hubs, power generation
and blended use)
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transport; fuel quality;
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operations risk (as they
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based fuels)
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interest and adoption.
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infrastructure local production and

storage

Figure 16: Hydrogen

The hydrogen market is at a point in its transition where it is set to undergo rapid
change and expansion as production starts to ramp up to meet an expanding range of
industrial and commercial market needs. Soon enough this will include an important role
in power markets for reasons tied to both market fundamentals and decarbonization
policy needs.

A tabulation of active hydrogen production pilots/demonstrations (as of September
2021) is provided in Figure 17. It documents that there are 26 hydrogen pilot projects
underway sponsored by natural gas utility operators; 15 have a production component.
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The production projects represent a diverse set of gas and gas/electric utilities:
CenterPoint Energy, Duke Energy, National Grid, New Jersey Resources, Northwest

Natural, San Diego Gas & Electric (2), South Jersey Industries, Southern California Gas
(5), Southern Co Gas, SoCal Gas, and Texas Gas Services.
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US hydrogen pilot projects

announced by natural gas

ower genaration

Transportation

Hydrogen production _ Hydrogen storage

Ut“lty OPefatO rs Fipeline ransmission and distribution Appliance end use
Company Description Location Announced Partners
Produce green hydrogen, blend less
CenterPoint Energy Inc. than 5% into low-pressure portions of : :
| HEEN CenterPoint's Minnesota distribution ~ MInneapolis  08/06/20  None
system.
ch ke Utilities Corp. Use 4% blend of hydrogen to fuel gas
esapeake LLIINES LOIP- turbine at Eight Flags Energy combined ‘:{:"“a Island,  57/25/21 ﬁ::"" Tubines
(ITT] heat and power plant. .
; Four-phase pilot project aiming for 5%
i
Dmom g0 Eren. hydrogen blending capability inUtah  SaltLake City Q3’20 None
distribution system by 2030.
; Test 5% blend of hydrogen in training North Carolina
Domi E
%‘e ey facility system before blending NorthCarolina 04/19/21  Utilities
hydrogen into distribution system. Commission
— . Study hydrogen production, storage; Siemens
uke Energy Corp. produce green hydrogen to power Energy AG,
gas turbine at Clemson University's Clemeon, S.C.. 12/10/20 Clemson
cogeneration plant. University
: ; Pilot the Energy Transfer System: a
National Grid PLC . Capital Region Standard
combined hydrogen production, storage 03/1/21
L BN N and distribution facility. of New York Hydrogen Corp.
Produce hydrogen from solar power,
New J R C
S TRENGY NROUIRA SO blend supplies into gas distribution Howell, N.J. 11/30/20  None
system.
Eugene Water
Northwest Natural Holding Co. 'l:s: local ;enewa!i)leopower :;? g:i%du:fe € o 10/08/20 goEal;.:,mc
T EEEN ys ‘r:gen or use in Oregon dis' on Eugene, Ore. Bonneville
e : Environmental
Foundation
Blend hydrogen into natural gas Vév:::em
Puget Sound Energy Inc. training facility system; test for leaks, ¢ .\ April 2021 InstiE‘the
air al?:ngt;: quality, impact on end-use Afherican Gas
app : Association
Produce green hydrogen on-site at
San Diego Gas & Electric Co.  microgrid, inject supplies into storage  Borrego
| B HN | containers for use in fuel cells to Springs, Calif. OREREZ1  ‘hione
produce electricity.
Produce green hydrogen on-site at
San Diego Gas & Electric Co.  palomar Energy Center to power fuel  Escondido, 0419/21 None
| B HN cellvehicles, blend hydrogen into Calif.
plant's gas stream, cool turbines.
Produce hydrogen using electric power Atlantic Shores
so-‘"%"j’j‘? dustriss inc. from offshore wind, study blendingin  New Jersey 12/15/20  Offshore Wind
gas grid. LLC
Southern California Gas Co.,  Blend hydrogen into isolated
San Diego Gas & Electric sections of gas pipeline at 1%1t020%  California 11/23/20 None
concentrations.
Cummins
Southern California Gas Co.  Develop prototype fuel celldesignto ..o . 08/26/20 'nc- US.
HEE R power heavy-duty trucks, transit buses. Energy
Department
Port of Long Zero Emission
Southern Calif ia Gas Co. Beach, Calif.; Industries,
EOEI:lm:D orniafasto x‘°:;fgr°°::““f3;f'§;{g‘”“° vesseltorun poryofsan  04/27/21  California
o8 : Francisco, Energy
Calif. Commission
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; Demonstration test a modular 200-kw H2U
Southern California Gas Co.
.%D:ED ' electrolyzer that can be stacked foruse California 04/20/21  Technologies
in microgrid. Inc.
" Produce hydrogen on-site to power . )
Southern California Gas Co.
.EE.:D ' hydrogen fuel cell buses using ;gfnlf‘saggm 0421721 gugrl‘.ma Traneit
renewable natural gas as feedstock. 8, ) gency
i Demonstrate hydrogen-natural gas
Southern California Gas Co. blend's potential to power systems, Downey, Calif. 12/15/20 ATCO Ltd.
(m P . o
appliances in model home.
S Field-test technology that separates, -
Southern California Gas Co. Pico Rivera,
compresses hydrogen from natural gas 12/16/20  HyET Hydrogen
m blends. ca“f'
Southern California Gas Co. Produce green hydrogen using solar, University of
- ' wind power to create zero-emissions  Irvine, Calif. ~ 07/26/21  California,
L § NN energy system on college campus. Irvine
Demonstrate, commercialize technology O
Southern California Gas Co.  ysing solar power to separate hydrogen University of
- EEEEn from natural gas, capture CO2 in solid Los Angeles 07/26/21 :alrf?mla.Los
form. ngeles
National
Renewable
Energy
Laboratoryt u.s.
Southern Co. Gas, National Evaluate impact of hydrogen blends in Eagma National gnergy
Grid PLC, One Gas Inc., New gas pipelines; study life-cycle emissions Pa pfgatorles, 1/18/20 :gz;)tmem
Jersey Natural Gas Co. from blending; quantify costs and N:cr:h:rest 30 in duz‘.tl::y
(MI1T] opportunities. National academia alnd
Laboratory, public partners
Argonne
National
Laboratory
Advance microbial electrolysis system Electro-Active
Southern Co. G
.o;]j.:m[:]] as technology to produce hydrogen from  East Tennessee 08/03/21  Technologies,
food waste; test end uses. T2M Global
Inject hydrogen into gas grid at
Southwest Gas Holdings Co.  training facility to assess optimal Tempe Ariz. 05/07/21  Avizona State
H BN B blend percentages, safety, economics, pe, University
performance.
Inject hydrogen into gas grid at University of
Southwest Gas Holdings Co.  training facility to assess optimal Henderson, 08/06/21 N bl
evada, Las
H BN N blend percentages, safety, economics, Nev. Vegas
performance. 82
Frontier Energy
Inc., Gas
h Produce hydrogen from electrolysis Technology
;?ﬂifﬁsc?%?:iﬁ;ﬁ?‘éa and renewable natural gas to power Austin. Texas  09/15/20 Institute, U.S.
*  computing center fuel cell, supply fuel i Department
BN cell electric vehicle filling station. of Energy,
University of
Texas at Austin

Figure 17: US Hydrogen Pilots, S&P Global Market Intelligence (Sept. 20, 2021)

A sign of market development is the degree of maturity of its contractual and
commercial arrangements. As the market starts to develop for the large-scale
production of hydrogen, Washington Gas anticipates this market will evolve in a manner
like that of the LNG market with the use of tolling agreements and sale-and-purchase
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agreements. 't Generally, the growth in the type and sophistication of commercial
arrangements is important for the hydrogen fuels market development. These
arrangements help entities participate in the market in a way that is well aligned to their
expertise, organizational and financial capacity, and appetite for risk. It is typically a sign
that markets are maturing when the range and nature of commercial arrangements
expand

Encouraging the development of the hydrogen market may also require policy makers
to recognize the value hydrogen brings to decarbonization efforts by explicitly pricing in
this value. This is already taking place. For example, California has developed a low-
carbon fuel standard (LCFS) under which suppliers of low-carbon fuels earn financial
credits. The value of the credits is negatively correlated to the carbon intensity of the
fuel.”? These types of mechanisms can also help support the verification of quality
standards.

The development of standards also plays an important role in helping markets grow,
and this is true with the hydrogen fuels market as well. Well-developed standards for
differentiating natural gas and low-carbon hydrogen blended into the natural gas system
are needed, along with interagency coordination necessary to develop rules and
standards to support export markets.

71 Under the LNG tolling model, an LNG production facility provides natural gas liquefaction capacity to its
customers. Each customer is responsible for sourcing natural gas, arranging for its delivery it to the
liquefaction facility, and shipping and marketing the LNG end product (produced with that natural gas).
Under this arrangement, the customer retains the ownership of the gas. In the hydrogen market, clean
hydrogen would be produced through electrolysis, with the customer purchasing the needed electricity
and arranging for product delivery.

72 See Financing California Hydrogen Projects Using LCFS Credit” in NewsWire, December 2020
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CG, RNG, hydrogen and synthetic methane "3 will all contribute to creating a more
resilient and decarbonized energy system, with CG playing a more immediate role in
decarbonizing Washington Gas supply, and RNG and hydrogen initially supplying
targeted customer demand for decarbonized gaseous fuels —especially those without a
viable electric option. These low carbon fuels will play an increasing role with the
deployment of more advanced space heating and commercial and industrial process
needs, and the deployment of CHP for large facilities and industrial processes,
especially as CHP is embedded within microgrids for local grid resiliency. Further,
hydrogen use will increase as fuel cells are used as an “on-call resource” to provide
local reliability and resiliency (in lieu of batteries) since they can be more flexible in
scale to permit/site in urban areas and building-constrained envelops.

Long-term, a strategic approach to develop RNG and hydrogen markets will require: 1)
bringing forward investment in response to the technology/deployment lead times; 2)
ensuring customers are well-informed and engaged; 3) energy markets are open, fair,
and interoperable; 4) there is effective government policy to drive widespread uptake
and supply chains of RNG/hydrogen production technologies; and 5) delivery
infrastructure is compliant with locational and gas composition requirements. Through
these roadmap activities, Washington Gas will ensure that decarbonized gas is both
affordable and readily available.

The need for a multi-fuel future is recognized in many markets elsewhere. For instance,
the UK plans to secure power from 100% renewable sources by 2035.74 Such an
increasing level of intermittent generation on the electricity grid, however, requires high
levels of system balancing services to keep the grid synchronized. In this instance,
hydrogen will most likely have an important role to play. Hydrogen can also be expected

3 Synthetic methane definition - Methanation for renewable gas synthesis — Synthetic methane is
produced though a thermo-catalytic or biologic process of methanation, which converts carbon dioxide
(CO2) and hydrogen (H2) to methane (CH4). When hydrogen is produced from renewable sources, the
resulting product is renewable gas.

74 “Hydrogen Economy Outlook, finds that clean hydrogen could be deployed in the decades to come to
cut up to 34% of global greenhouse gas emissions from fossil fuels and industry — at a manageable cost.
However, this will only be possible if policies are put in place to help scale up technology and drive down
costs.” https://about.bnef.com/blog/hydrogen-economy-offers-promising-path-to-decarbonization
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to play an important role in long-term and seasonal electricity storage, required by high
levels of intermittent renewables.
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3.3 Infrastructure and Operations

Washington Gas has described within several of its CCAR roadmaps the importance
and role of its infrastructure and operations in supporting the District’s low carbon future.
Specifically, Washington Gas’ infrastructure roadmaps reflect (a) a continued focus on
improvements to core infrastructure, (b) upgrades to accommodate hydrogen blends,
and (c) opportunities to support dedicated hydrogen networks (thru hydrogen delivery
segments focused exclusively on C&l).

By way of context, Washington Gas’ natural gas distribution system can deliver 61%
more energy on a peak winter day than the electric grid is designed to deliver during a
peak summer day. ’®

Washington Gas will continue to upgrade the infrastructure and operations system
through such programs as PROJECTpipes to further reduce residual fugitive methane
emissions. Washington Gas will also explore how its infrastructure can connect
locational-specific carbon-neutral RNG from renewable sources and hydrogen, as these
gas sources become available and cost-effective. In addition, Washington Gas will
evaluate the feasibility of accommodating high volumes of hydrogen (or other) blends.
Washington Gas will continue to upgrade the distribution network to deliver clean
hydrogen to dedicated areas of its service territory (e.g., opportunities for dedicated
hydrogen segments such as C&l customers). These efforts will help Washington Gas
take longer-term actions (over the next 30 years), recognizing that there must be pilots
and learnings from them to ensure these new supplies come to fruition in a safe,
reliable, and affordable manner. (See Figure 18 and Figure 19).

75 Climate Business Plan. Page 26.
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Infrastructure & Operations: Pipe Replacement & Upgrading
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ng-":tﬁb'e F’tiil?esﬁi"d'-'di"g serices (with progressively Pipe
evaluating ullizanon decarbonized fuel)
pressure systems Re place;lment
dan
POLICYMAKERS & REGULATORS Upgrading
Commitments for Suppert of policies that Appropriate policies in Incentives and policies Reduce
Washington Gas to recognize the critical place to suppor the cost supporting decarbonized methane
continue to recover cost importance of continued recovery of infrastructure gas production and emissions
for PROJECTpines zafe operations of gas upgrade needs and for distribution; promotion of associated
through a Surcharge / delivery infrastructure in the hydrogen infrastructure safety standards. Long with
Rider Mechanism, and service of progressively readiness term policy framework distribution
general rate case decarbonized fuels, supporting decarbonized pipe system
process and proceedings | including regulatory safety gas econamy to promote by 80%* per
standards market growth in equitable unit of
fashion throughput

Washington Gas to
engage with infrastructure
and product manufactures
to promote decarbonized
gas use

*Per ICF Report in
Washingion Gas
CEP Appendix E

Figure 18: Pipeline Replacement and Upgrading
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Infrastructure & Operations: Decarbonized Gas Delivery (Hydrogen Blending)

&+ INFRASTRUCTURE

Waszhington Gas modifies
and upgrades the gas
network to interconnect
with hydrogen

Investment for network
readiness to move high
volumes of blends
needed to support
market; subject to
regulatory funding
approvals. Establish
policies! incentives such
as low-carbon fuel
standard (LCFS) to
promote decarbonization

Demonstrate that
hydrogen blends are zafe
and reliable for use in
homes and businesses

m @ CUSTOMER POLICY & DELIVERY

WA SHINGTON GAS

Washington Gas' initiatives
encourage ‘upstream’
hydrogen fuel market growth
and development.
Washington Gas coniracts
for hydrogen fuel delivery at
required commercial
volumes to support blending

Customer participation in
pilots and demenstrations
further stablish the safety,
refiability, and minimal
digruption to customers
using hydrogen blends in
homes and businesses

POLICYMAKERS & REGULATORS

Establish and facilitate
hydrogen fuels market that
encourages and promotes
hydrogen end use across
multiple economic sectors

Establish necessary
standards and
requirements for the safe
use of hydrogen blending
across applications.
Educate end use
customers on benefits of
hydrogen

PARTNERS & COLLABORATORS

Rapidly scaling the
hydrogen markets reguires
broad engagement across
multiple stakeholders to
remove barriers and
educate suppliers and end
USErs

Rapidly scaling the
hydrogen markets
requires close
engagement with
customer groups to
address matters of
safety, reliability,
functionality and cost, to
gain customer
acceptance

Washington Gas rolls out
programs (re: developers and
builders) promoting the safe
utilizaticn of hydrogen blends
as part of a wide range of
building applications (new
and retrofit)

Decarbonized

Gas Delivery
Promote equitable access {Hyd rc:gen
to low-carbon hydrogen, by Blending)
working with developers
and builders, and 15%
! hydrogen
stakeholder groups. Work blend

to secure regional
coordination to remove
barriers to market adoption.
Support granting franchizes
for hydrogen gas piping
and delivery

Washington Gas to
engage with appliance
and product manufactures
to promote hydrogen
blend use

Figure 19: Decarbonized Gas Delivery (Hydrogen Blending)

This section provides perspective about the future role of Washington Gas’ gas delivery
infrastructure in supporting the energy system transformation in support of the District’s
decarbonization goals. To provide this perspective Washington Gas provides examples
of projects that are investing in the low carbon fuels value-chain. These examples help
illuminate the fact that investment in low-carbon infrastructure is occurring and is
producing tangible results (in ways that go well beyond pilot and demonstration stages
of effort). These examples also help reveal -- at least at an anecdotal level -- how
complex and diverse the infrastructures are that support a low-carbon fuel future.

Washington Gas will need to invest in its infrastructure to deliver the low carbon fuels
suggested by the CCAR, especially as it pertains to a future with a large role for
hydrogen. At its operational core, Washington Gas’ District of Columbia business
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involves running a complex and extended physical network that moves and safely
handles natural gas from multiple city-gates to nearly 165,000 distributed end use
customers -- safely, affordably, and reliably on a 24 x 7 basis under all types of weather
and other environmental and physical conditions. Moreover, the decades of safe and
reliable operation of this multi-billion-dollar network are a testament to the expertise of
Washington Gas’ employees, who know how to plan, design, build, operate, maintain,
and repair this network, and who otherwise operate this network on a constant hour-by-
hour and minute-by-minute basis.

Meeting the challenges of a low-carbon fuel future will be challenging. But Washington
Gas’ employees have the expertise needed to address the challenges of carefully,
incrementally, and prudently transitioning and repurposing Washington Gas’
infrastructure to meet the demands implicit in the assumptions of delivering ever-greater
guantities of low-carbon fuels to District customers.

A focus on Infrastructure as part of decarbonization planning

To support this multi-fuel (and more feasible and less costly) path, however, requires
careful consideration for the investment in infrastructure. Consider the observations of
the National Academy of Sciences, Engineering and Medicine, in its recent report:
Accelerating Decarbonization of the U.S. Energy System, published in 2021. The
Academy observes the need for a wide range of immediate actions (meaning actions
during the next 10 years) across a large number of integrated planning, policy and
technology fronts. This includes observations concerning the important role of
infrastructure to support the delivery of low carbon fuels, expanding hydrogen
infrastructure, and leveraging the current natural gas pipeline infrastructure to operate
with five percent hydrogen (on an energy basis).’® The Academy also highlights the
need to build connections from points of hydrogen production (via electrolysis or other
renewable sources) to the user base, and expanding hydrogen refueling for medium-
and heavy-duty vehicles.

The Academy also observes the wisdom and general importance of supporting the
repurposing of existing energy infrastructure, which could play a key role in enabling a
clean energy future by reducing the overall costs of the transition to clean energy. For
example, upgrading or converting natural gas pipelines to carry hydrogen/natural gas
blends or one hundred percent hydrogen could help retain the use of those pipelines in
a low-carbon energy system. This would avoid the need for more costly and difficult-to-

76 Accelerating Decarbonization of the U.S. Energy System. National Academies of Sciences,
Engineering, and Medicine. Washington, DC: The National Academies Press, 2021, Page 77.
https://doi.org/10.17226/25932.
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site “new builds” while also preventing the risk of stranded assets for pipeline owners. It
would also preserve jobs in natural gas utilities. In addition, using residual oil and gas
basins for permanent underground storage of carbon dioxide could help oil companies
transition into carbon management. These considerations around repurposing and re-
use also help create greater buy-in for companies and their employees who benefit from
the current carbon-intensive economy. ”’

A growing long-term focus on Hydrogen

Producing, storing, blending, transporting, and delivering hydrogen will become more
and more relevant to local distribution utilities like Washington Gas. Hydrogen is not a
new fuel. In fact, today there are substantial amounts of hydrogen used in heavy
industries such as chemicals (ammonia and methanol), oil refineries, and iron and steel
manufacturing. ”® As noted earlier, for energy-intensive applications such as these,
relying on electricity is simply not feasible from a practical, commercial, and technical
standpoint, and is unlikely to become so. Alternatively, hydrogen represents a very
flexible energy and can be transported on the existing gas network with some
modifications.

Governments are catching on and recognizing the need to help encourage hydrogen
market development. Certainly, government intervention has underpinned the
development of clean energy technologies, particularly renewable wind and solar
electricity generation. Renewable electricity production technologies were first backed
by direct government support, including funds and mandatory targets, so such
government intervention is not in any way unprecedented. Overtime, as the markets
mature and become more stable and competitive, government support can recede. This
iS now beginning to occur in the renewable electricity market, where there are
challenges afoot to wind down certain government support mechanisms for wind and
solar farms.

Parallels can be drawn between hydrogen’s position within the energy market today and
the position of solar panels and wind turbines at the beginning of the century. This

7 |bid, page 66.

78 The global industrial hydrogen market is valued at over $135B in $USD 2018. See: Shaping
Tomorrow’s Global Hydrogen Market, Baker McKenzie. 2020. Page 10. The U.S. Department of Energy
estimates that the United States market produces 10 million metric tons (MMT) of hydrogen per year with
the primary demand being related to petroleum refinery and ammonia production. See
https://www.energy.gov/eere/fuelcells/hydrogen-production.
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experience may serve as a blueprint to policy and business leaders to consider how the
hydrogen market could be supported, in the support of common clean energy goals.

Hydrogen policy support is emerging, particularly as the gaps in meeting the
requirements within power markets for long duration storage and “clean firm power” are
growing (see observations provided in next section). Additionally, as noted earlier, the
Infrastructure Investment and Jobs Act (11JA) of 2021, passed by the U.S. Congress and
signed into law by President Biden, also signals the expansion of policy support for
hydrogen, providing a range of funding opportunities, supporting hydrogen markets
(including the conversion of fleets to new low carbon transportation fuels).

Investment in hydrogen has already begun

Washington Gas is not alone in its consideration of hydrogen as a component in a long-
term decarbonization strategy. The use of hydrogen — and the transition of the physical
assets within the Washington Gas system to support the delivery of hydrogen — may not
appear as futuristic when considering some of these developments, and the pace of
investment activity.

It is safe to say, in fact, that internationally there is already widespread support for the
need for hydrogen, and the commensurate need to encourage the growth of hydrogen
markets. This has created momentum in the use of government-sponsored innovation
funds, the establishment of mandatory hydrogen production targets and the formation of
public-private partnerships. This support is already showing results:

Production: Clean hydrogen production facilities such as SGH2 Energy Global, part of
the Solena Group, is proposing to build the world’s largest green hydrogen plant in
Lancaster, CA’® and Nel & Statkraft are proposing to build a large-scale electrolyzer
plant of 40-50MW, with the green hydrogen produced by the plant to be used in a
production process of steel reinforcing products as an alternative to fossil fuels. &
SoCalGas is partnering with C-Zero, a firm focused on converting natural gas into

79 The World’s Biggest Green Hydrogen Plan is Planned For California. Its Prospects for Electric Power
And Transportation. Forbes. May 26 ,2020. https://www.forbes.com/sites/kensilverstein/2020/05/26/the-
worlds-biggest-green-hydrogen-plant-is-underway-in-california-its-prospects-for-electric-power-and-
transportation/

80 Nel signs Lol with Statkraft for a green hydrogen project with up to 50Mw of electrolyser capacity.
October 2020. https://nelhydrogen.com/press-release/nel-signs-loi-with-statkraft-for-a-green-hydrogen-
project-with-up-to-50mw-of-electrolyser-capacity/
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hydrogen & solid carbon (Methane Pyrolysis). 8 US company Emerson is working to
develop new technologies, which will manage the desalination and electrolyzer units,
gas blending and balance of plant equipment, for the PosHYdon project. A landmark
project, to validate the integration of offshore wind power and offshore natural gas and
hydrogen production at sea on the Neptune Energy platform, believed to be the first fully
electrified platform in the Dutch North Sea. 8

Storage: Existing gas storage and depleted oil fields are being explored for hydrogen
storage. The storage of hydrogen in depleted oil fields has been studied extensively, in
fact, with literature dating back to 1979.83 More recently, a 2021 study from Australia
provides an extensive examination of the potential for hydrogen storage on a
commercial scale suitable for supporting a large hydrogen storage need to support the
electrical grid. 8

Road and Rail Transportation: Heavy transport is a notoriously hard industry to
decarbonize, but hydrogen transportation applications are beginning to emerge.
Hydrogen fuel cells suitable for heavy duty transportation are developing and improving.
(Of note, hydrogen fuel cell electric vehicles (HFCEVSs) drastically reduce air pollution,
since they have zero tailpipe emissions and can be CO, free). In Northern Ireland,
Wrightbus has invested heavily in the development of hydrogen fuel cell powered
buses.® Nedstack, in collaboration with LAVO, is developing Australia’s first utility-scale
hydrogen PEM fuel cell to support the commercialization of utility scale fuel cells for the
growing domestic and international (transportation-related) hydrogen market. 2 Stadler
and San Bernardino County Transportation Authority (SBCTA) have recently signed the

81 soCal Gas Webinar: Co-producing Hydrogen and Valuable Solid Carbon from Natural Gas, June
2021, https://cafcp.org/content/socal-gas-webinar-research-webinar-co-producing-hydrogen-and-
valuable-solid-carbon-natural

82 Emerson supports PosHYdon hydrogen project with automation technologies. January 2022.
https://www.gasworld.com/emerson-supports-poshydon-hydrogen-project-with-automation-
technologies/2022481 .article

83 See Brookhaven Study, 1979.
84 See Australian study, 2021.

85 NI firm's game-changing hydrogen buses have prevented a million kilograms of C02 emissions, 2021,
https://www.belfastlive.co.uk/news/northern-ireland/ni-firms-game-changing-hydrogen-22308068

86 Nedstack Australia to receive $825,000 from the Advanced Manufacturing Growth Centre to develop
Australia’s first hydrogen utility scale PEM fuel cell in collaboration with LAVO™, 2021,
https://lavo.com.au/nedstack-australia-to-receive-825000-from-the-advanced-manufacturing-growth-
centre-to-develop-australias-first-hydrogen-utility-scale-pem-fuel-cell-in-collaboration-with-lavo/
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first ever contract to supply a hydrogen-powered train, to run in the United States. 8’
French industrial conglomerate Alstom already has hydrogen-powered Coradia iLint
trains running in Germany on a commuter rail line, with more headed to France and the
United Kingdom.

Heating: Buildings account for a significant proportion of energy usage in the DC
region, mostly for heating and cooling. Hydrogen will be a significant low-carbon
contributor for decarbonizing buildings, most notably in the near term by blending
hydrogen into existing natural gas networks. Whole-town trials for residential end use
are already being explored. As part of the UK Hy4Heat innovation program, two homes
have been built which are supplied with 100% hydrogen. The project aims to
demonstrate the readiness, ease-of-use, and safety of a home operating with fully
hydrogen-fed appliances, including boilers, stoves, and an outside grill. The project
opened in July 2021 and forms part of the Government’s Ten Point Plan to establish a
hydrogen neighborhood by 2023, hydrogen village by 2025 as well as a hydrogen town
before 2030.88

Multi-application - Wartsild is actively developing a project to integrate electricity,
heating, transportation, and gas networks to maximize the value of synthetic methane
production, creating 80,000 MWh of fuel per year in the City of Vantaa in Finland. 8 It
will run 24/7 and is already cost competitive. It's also a versatile asset that can perform
multiple tasks and applications, creating the ability to ‘revenue stack’—gain multiple
revenue streams from these different applications— which has long been discussed as
a key enabler of strong business cases for battery-storage projects.

As these examples highlight, (and as suggested by SoCalGas’s hydrogen blending real-
world demonstration described earlier) there has been a surge in low-carbon and
decarbonized hydrogen end use technologies (and associated hydrogen fuels

89 Green-Tech for the US: Stadler Signs First Ever Contract for Hydrogen-Powered Train, November
2019. https://www.gosbcta.com/green-tech-for-the-us-stadler-signs-first-ever-contract-for-hydrogen-
powered-train/

88 East Coast Hydrogen Feasibility Report, December 2021,
https://energycentral.com/system/files/ece/nodes/516964/1638311389910.pdf

89 Finland's largest Power-to-Gas plant, 2021, https://www.wartsila.com/media/news/15-06-2021-finland-
s-largest-power-to-gas-plant---wartsila-and-vantaa-energy-to-continue-planning-towards-an-investment-
decision-2931814
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production) for energy and climate purposes. ®® These trends will continue as interest in
hydrogen end use applications grow.

%0 SoCalGas, 2021, https://newsroom.socalgas.com/press-release/socalgas-among-first-in-the-nation-to-
test-hydrogen-blending-in-real-world
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3.4 Transportation

Washington Gas’ transportation roadmap focuses on the importance and its role of
supporting commercial fleets for medium- and heavy-duty applications using low carbon
fuels. Specifically, Washington Gas’ roadmap—see Figure 20—captures (i) a focus on
sourcing and procuring low carbon fuels at affordable prices to meet potential
transportation market demand, (ii) building out private/public refueling stations at scale,
(i) development of policy and regulations to stimulate commercial fleets to consider
low/carbon-neutral carbon fuels, and (iv) participate in large-scale public-private
partnerships with infrastructure providers, vehicle manufacturers, and private or public
investors to achieve adoption at scale.

Initially, Washington Gas anticipates promoting the use of RNG as a transportation fuel
through its use as compressed natural gas (CNG). Over time the focus will shift to the
reliance on hydrogen fuel cell vehicles (HFCEV). Washington Gas will identify viable
refueling stations with access to its gas infrastructure to minimize interconnection costs.

It would also look to source, via long-term contracts at competitive prices, RNG and
ultimately hydrogen to supply the refueling stations. The potential conversion of
medium/heavy-duty internal combustion engine (ICE) vehicles to RNG or hydrogen is
predicated on vehicle manufacture development and commercialization of such
vehicles.

Evidence of such conversion to low carbon fuels for fleets exists in California where
SoCalGas opened its 16th fueling station in November 2021 offering exclusively RNG.
A 2021 report by Natural Gas Vehicles for America (NGVA) highlights that RNG used as
a transportation fuel in California has increased 177 percent over the last five years. In
2020, over 92 percent of natural gas trucks in California were fueled by renewable gas,
some through SoCalGas fueling stations, which displaced 1.83 million tons of carbon
dioxide equivalent (CO2e) emissions. %!

In October 2021, SoCal Gas released a study, The Role of Clean Fuels and Gas
Infrastructure in Achieving California’'s Net Zero Climate Goal, which underscores the

°1 Decarbonizing California with Natural Gas Transportation. https://ngvamerica.org/wp-
content/uploads/2021/05/NGV-RNG-CA-Decarbonize-2020-FINAL-6.2.21.pdf
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Transportation: Commercial Fleets - Medium & Heavy-Duty Transportation

=& INFRASTRUCTURE

Support build out of
private and publichy
accessible refueling
stations at scale. Provide
sufficient low carbon fuels
{e.g., hydrogen, RNG) to
support decarbonization
efforts of MDV J/ HDW
flieets

Commitment to support
government incentives
for infrastructure build-out

Carbon-neutral medium /
heavy duty vehicles
market can deliver the
decarbonization needed,
but only if publichy
accessible refueling
infrastructure is available

m @ CUSTOMER POLICY & DELIVERY

WA SHINGTON GAS
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PARTNERS & COLLABORATORS
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transportation of goods)
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manufacturing process of
the fuel cell system to
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associated carbon
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to achieve adoption at
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to capture emerging
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Carbon
Neutral
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Heawvy Duty
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and GHG
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through 2050
as the fleet
turns over to
new, more
efficient
vehicles

MNote: %
represents long
term trends of
what market could
be by 2050

Figure 20: Commercial Fleets — Medium & Heavy-Duty Transportation Applications
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essential role that clean fuels like hydrogen and renewable natural gas (RNG) will play
in decarbonization.®? Key takeaways include:

e Electrification combined with clean fuels, carbon management, and technologies
like fuel cells deliver the most affordable, resilient, and technologically proven
path to full carbon neutrality.

e California, by leveraging the gas system to deliver clean fuels and to manage
carbon, can reach its carbon-neutral goals more affordably, more equitably, and
with less risk of power disruptions, customer conversion barriers, and
technological limitations.

e Rapidly scaling up clean fuels initiatives today is vital towards putting a clean
fuels network in place in time to help California meet its climate goals. The faster
stakeholders can collaborate to expand and accelerate clean fuels initiatives, the
quicker California can decarbonize.

Besides supporting natural gas-fueled commercial fleets, Washington Gas is also
investigating the use of RNG and hydrogen in various off-road applications: aviation,
airports, rail, port transit and marine.

For instance, hydrogen is the only near-term, scalable, true carbon-neutral fuel for
aviation. Lightweight hydrogen contains three-times (3x) more energy per weight than
jet fuel and enables vastly longer trips than battery power. At the airport, hydrogen is
loaded directly into the aircraft using existing cargo handling equipment. 93 94 95

Also, at the airport there are many airport vehicles operating on natural gas today.
Airside NGVs include runway street sweepers, baggage tows, dump and plow trucks,
grounds keeping tractors, food service vans, security and parking enforcement cars,

92 The Role of Clean Fuels and Gas Infrastructure in Achieving California’s Net Zero Climate Goal, Final
Report. Southern California Gas. October 2021. https://www.socalgas.com/sites/default/files/2021-
10/Roles_Clean_Fuels_Full_Report.pdf

98 McKinsey, Hydrogen-powered aviation A fact-based study of hydrogen technology, economics, and
climate impact by 2050, May 2020,
https://www.fch.europa.eu/sites/default/files/FCH%20Docs/20200507_Hydrogen%20Powered%20Aviatio
n%20report_FINAL%20web%20%28ID%208706035%29.pdf

% Turning the Airport into a Hydrogen Ecosystem. H2Hub Airport.
https://www.chooseparisregion.org/calls-for-applications/h2-hub-airport

95 Getting hydrogen in airports — Who are the 11 H2 HUB Airport initiative winners making it happen?.
The Digest. May 30, 2021. https://www.biofuelsdigest.com/bdigest/2021/05/30/getting-hydrogen-in-
airports-who-are-the-11-h2-hub-airport-initiative-winners-making-it-happen/
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and other airport staff vehicles. Curb-side applications include airport-owned and
privately operated parking, hotel and rental car shuttles, door-to-door shuttles, and
taxicabs. Denver International Airport (DIA) currently operates and maintains 165 NGVs
(16% of fleet) and there are over 1,000 CNG vehicles supporting DIA operations. Six
CNG stations are available on property including one open to the public which services
at least 45 local companies.

While these examples may not be directly applicable to transportation system needs of
the District, they illustrate that hydrogen technology and related applications for clean,
low-carbon fuels are being pursued in many off-road application areas, both
domestically and globally.

9% NGVAmerica, https://ngvamerica.org/vehicles/

CLIMATE CHANGE ACTION ROADMAP

74



Washington
Gas’

AWGL Company

4. Washington Gas’ 30-year Vision

Washington Gas’ long-term vision for the region is of a multi-fuel and integrated energy
ecosystem, one that includes prominent roles for a low carbon gaseous fuel system as
well as an electric system characterized by higher levels of renewable electricity
generation and increased reliance on distributed resources.

Washington Gas’ CCAR presents critical roadmaps that collectively reveal its forward
direction and focus areas so that Washington Gas can work collaboratively with the
District to achieve its long-term climate goals.

Washington Gas’ roadmaps build upon its plans identified within Part 1 and are aligned
with Washington Gas’ earlier Climate Business Plan and its Fuel Neutral
Decarbonization Scenario analysis. These roadmaps involve a diverse set of program
areas and recognize the multiple paths of action to address the District’s climate change
goals. These roadmaps align with the direction of energy industry developments in
multiple areas, including the significant opportunity of customer engagement and energy
efficiency. The roadmaps also address how Washington Gas must continue to
modernize and upgrade its infrastructure as well as bring forward new sources of low
carbon fuels, such as renewable natural gas, and the critical conversation the energy
industry is having related to hydrogen and its potential to be a key part of the future
energy ecosystem. Washington Gas’ roadmaps also include helping the transportation
sector decarbonize.

Washington Gas believes its long-term approach provides a promising pathway for
reducing the District's natural gas related GHG emissions. Washington Gas also
believes its strategy is the most affordable approach for District customers compared to
other alternatives. Washington Gas remains bullish on our fuel neutral pathway and
integrated energy ecosystem as the long-term destination.

Our approach has many merits, including providing customers with choice, providing for
on-going reliability and improved resiliency, and providing as many options as possible
to help support energy affordability for customers.

Washington Gas is proud of its CCAR, and it looks forward to continuing the dialogue
with the Commission, our valued customers, and other Stakeholders to help the District
achieve its climate goals.
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