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 (Almost) everything – population growth, commerce, 
war, nation building, technological advancement, 
health care, transportation, buildings, recreation – is 
intractably tethered to burning fossil fuels 

 Well being = wealth = energy = fossil fuels

• Always has, still does, everywhere

 Fossil fuels = GHGs = potential social and 
economic catastrophe

 Increasingly, legislators and policy makers accept 
the risks and urgency: net zero by mid-century to 
avoid 1.5oC warming or more

 This will not be easy

• Transition timelines are inconceivable relative to 
historical change in the energy sector

• The technological solutions for full decarbonization are 
not readily apparent

• Hydrogen is a potential holy grail, given its energy 
density, portability, potential GHG profile

What got us here? 

EBC September 2021
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Being Honest?  It Looks Like a Fossil Fuel

Energy density: extreme energy content per unit volume, exceeding fossil fuels

Ubiquity: H2O is everywhere, so are low/zero-carbon energy input sources (wind, sun, etc)

Storage:  can be stored for multiple applications in a variety of settings

Transportability:  energy density and phase flexibility provide for high transportability

Applications:  can be used in transportation, buildings, industry, electricity generation

Infrastructure: can make use of existing pipeline infrastructure; uses similar fueling 
infrastructure as gasoline, diesel

Renewable utilization:  effective use of “spilled” renewables; transportability allows for 
utilization of renewable electricity potential distant from load

The last “power mile:”  can support reliable power system operations during periods of high 
loads and low variable power production

Cost?:  Can it be a cost-effective GHG abatement option?

Why Hydrogen?

Source: Noah D. Meeks, Hydrogen & Integrated Electrolyzer Systems Panel, 
presentation to the  Hydrogen Shot Summit,September 1, 2021,
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 Ultimate goals, estimated interim levels

Northeast State Goals for Decarbonization to 2050 

- ~ 85% reductions (from 

1990) by 2050

- Economy-wide; all 
sectors 

- Still ratcheting down –

MA net zero by 2050

- States increasingly 

looking to binding 

interim targets

EBC September 2021
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 Pathway du-jour: convergence around one idea for 
decarbonization of the economy
̵ Electrification of transportation sector through organized buildout of vehicle 
charging (roadside and at-home), and direct subsidies for EV purchases

̵ Electrification of building sector, through heat pump requirements in new 
construction, and funding for replacement of existing non-electric heating

̵ Simultaneous rapid decarbonization of electric sector

• Including massive build out of variable production resources (wind, solar)

Key Question:  Can the electric sector sustain this 
without thermal generation?

Starting Point for Decarbonization Efforts
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 Possible result – over next 10-15 years in Northeast U.S.
̵ Background: more frequent and severe major weather events (coastal 

storms, ice storms, severe heat), increased need for resilient system

̵ Rapid increase in demand as electric sector acts as GHG sponge for 
transportation, building sectors

̵ Changing load profile – shift to winter peak, demand highest in early 
evening (no sun) as people plug in cars and turn on heat

̵ 10-15 GW on- and off-shore wind

̵ 10-15 GW grid-connected and BTM solar

̵ 2-4 GW HVDC hydro, with questionable availability in cold weather

̵ 5-10 GW Battery storage?

̵ Loss of coal and oil-fired resources; no new natural gas infrastructure, 
challenges to siting even transmission

̵ Loss of some gas resources, and stored energy (oil tanks, LNG)?

 Is this an operable system? Can we squeeze the 
remaining GHGs out of the electric system?

What Might it Look Like?

EBC September 2021



7

 EV most significant GHG 
reductions (when do folks 
charge?)

 Heating increases load in
all hours, with smaller
spikes

 Peak quickly shifts to 
winter evenings

 Major load ramp 
challenges emerge within 
a decade

 Thermal generation (or 
some other flexible 
resource) remains vitally
important

Need for Flexible Resource

13,000 

MW in 3 

Hrs –

average; 

daily 

ramps 

worse

EBC September 2021
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The Obvious Need for Hydrogen in Power Sector

Analysis Group studies of rapid expansion of variable resources in New England and New York

In both cases, multiple extended periods of low solar/wind output, when even extensive storage capacity  
insufficient to meet reliability needs 

New YorkNew England

EBC September 2021
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Hydrogen in Electricity: There is Time to Make it Work

Natural gas “bridge” absolutely needed

 Avoid the temptation to “just say no” - carefully assess the role of natural gas in the 
transition  
• In supporting electrification of the transportation and other sectors

• In sustaining power system reliability and “having the back” of rapid renewable integration

• In mitigating the cost of a rapid transition while technologies – particularly hydrogen – evolve to capture 
the later – and undoubtedly more difficult – phases of decarbonization

Hydrogen:  seamless end to the natural gas bridge?
• Is it technically and economically feasible to operate sufficient generating capacity (infrequently) on 

hydrogen?

• If so, it can phase gas out as the power system’s flexible backstop resource

• Take advantage of existing infrastructure (plants, pipelines, locations vis-à-vis load and transmission)

• Source (in whole or in part) with excess generation from mismatch of renewable capacity and demand

EBC September 2021
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Hydrogen’s Great Potential

Photo Credit: UPS

September 30, 2021
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State of Hydrogen Safety

3September 30, 2021

Its Use as a Fuel is New to Many
► Users may lack experience or expertise for 

its safe use
► Some users have misconceptions… and 

may not know that they don’t know

Stable Foundation
► Hydrogen can be used safely… It has been 

for nearly a century by industry
► Safety knowledge and best practices exist

Dangerous Assumptions
► “We already know how to use hydrogen safety” (apathy - established users)
► “Hydrogen is like any other flammable gas” (misconceptions - new players)
► “Hydrogen is too dangerous” (fear - general public/AHJ’s)

Safety issues can be a ’deal breaker’ and must be addressed for successful hydrogen 
technology acceptance and deployment

Failure to address the knowledge gaps can result in impactful incidents and industry 
setbacks
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The Impact of Incidents

4September 30, 2021

► Jan. 28, 1986, the Space Shuttle Challenger exploded 73 
seconds after take-off, killing all seven crewmembers and 
forever changing the space industry.

► June 30, 1956, two airliners, TWA Flight 2 and United Airlines 
Flight 718 collided in mid-air near the Grand Canyon, killing 
128 persons. Known as the 1956 Grand Canyon Collision, 
this disaster changed the airline industry forever.

► Dec. 2, 1984, the Union Carbide pesticide plant in Bhopal, India, released more than 
40 tons of highly toxic methyl isocyanate gas, killing 3,800 people, causing significant 
morbidity and premature death for many thousands more, and forever changing the 
chemical industry.
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► Electrolyzer
• Personnel did not fully understand the interrelation 

of electrolyzer membrane gas permeability, 
membrane degradation, and dynamic operating 
range

► Hydrogen Vehicle Fueling Station
• Assembly error of an end plug for the high-pressure 

hydrogen tank
► Hydrogen Transport

• Incorrect pressure relief devices installed during 
maintenance

► Hydrogen Tanker Loading
• Unauthorized repair and failure to follow procedures

► Hydrogen Bus Fueling Station
• Incompatible pressure relief device installed

Hydrogen Incidents… Seeing the Common Thread

5September 30, 2021

Damage from Electrolyzer Incident



/

Human Error/Factors as a 
Contributing Cause to Accident:

Cybersecurity Breaches: 90 – 95 %

Nuclear Industry: > 90%

Chemical Industry: 80%

Maritime Industry: >75%

Airplane Accidents: 60 - 80%

Industry Total Incidents – 
Nonfatal

Incidence Rate* - 
Nonfatal

Total Incidents - 
Fatal

Agriculture, forestry, fishing 
and hunting 64,200 3.7 574

Oil and Gas Extraction 1,100 0.8 13

Construction 199,100 3.0 1,008
Petroleum and coal 

products manufacturing 900 1.3 5

Chemical Manufacturing 16,100 1.9 18
Industrial Gas 

Manufacturing (Hydrogen) 200 1.0 1

Grocery Stores 86,000 4.5 38

Gasoline Stations 17,100 2.4 47

Power gen., trans., & distr. 6,800 1.7 5
Investment Banking and 

Securities 1,900 0.2 4

September 30, 2021
[1] Data Retrieved from U.S. Bureau of Labor Statistics

United States Occupational Incidents in 2018[1]

* Incident rate is number of incidents per 100 full time employees per year

Perspective on Incidents Throughout Industry

6
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► Gasoline
• ~1,000 fueling station fires per year in the U.S. as 

a result of gasoline ignition (2004-2008) (NFPA)
• ~171,500 highway vehicle fires in the U.S. 

between 2014 and 2016 (FEMA)
o 345 deaths
o 1,300 injuries
o $1.1 billion USD in property loss
o 13% of all fires responded to by fire departments

► Natural Gas – average/year (U.S. 2007-2011) 
(NFPA)
• 13,730 fires
• 35 deaths
• 254 injuries
• $303 million USD property damage

Common Fuels Incidents

7September 30, 2021

All fuels contain energy and can be hazardous if handled improperly

2019 Gasoline Station Fire



/ 8September 30, 2021

Utilize 
Best Safety 
Practices

Implement 
Regulations, 
Codes and 
Standards

Be 
Invested 
in Safety

A threefold cord is not quickly broken

   Three Parts, One Purpose, Strong Together
Safety…
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Implement Regulations, Codes and Standards

► RCS provide the information needed to 
safely build, maintain, and operate 
equipment, systems, and facilities

► Ensures uniformity of safety 
requirements

► Provides inspectors and safety officials 
the information needed to approve 
systems and installations

► Bolsters public and stakeholder 
confidence and helps protect 
investments

Hydrogen regulations, codes and standards (RCS) are maturing quickly for many mainstream fuel cell 
applications

Example codes and standards

Did you know? Many codes and standards were developed using industry best practices.

See http://www.fuelcellstandards.com/... a database of international codes and standards

http://www.fuelcellstandards.com/
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ISO/TC 197 Standards

Info source: CSA Group

10September 30, 2021
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Best practice… a technique or methodology that has 
reliably led to a desired result

Utilizing Best Safety practices:
► Implements the benefits of extensive experience in 

the safe use of hydrogen
► Protects people, equipment and environment and 

minimizes risk of incidents
► Is demonstrated by their incorporation into designs, 

standard operating procedures, etc.

Utilize Best Safety Practices

11September 30, 2021

A best practice record from h2tools.org

Those who cannot remember the past are condemned to repeat it. 
- George Santayana

Did you know? Hydrogen best safety practices 
are based on a wealth of knowledge and 
experience related to safe use and handling of 
hydrogen exists as a result of an extensive history 
in a wide variety of industrial and aerospace 
settings.

More info… https://h2tools.org/bestpractices/best-practices-overview

https://h2tools.org/bestpractices/best-practices-overview
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Investment in Safety:
► Is directly impacted by your 

organization’s:
• Beliefs
• Perceptions
• Values

► Is critical for:
• Building a sustainable legacy
• Maximizing an organization’s 

impact and reaching goals
• Ensuring long-term acceptance 

of the hydrogen industry
► Must be demonstrated

• A culture of safety

Be Invested in Safety

12September 30, 2021
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► Safety planning should be embraced as an 
integral part of the design, construction, 
operation and maintenance of a system rather 
than being considered an after thought or a 
barriers to overcome

► Safe practices in the production, storage, 
distribution, and use of hydrogen are essential to 
protect people from injury or death, and to 
minimize damage to facilities

► Safe practices will also help avoid negatively 
impacting the public’s perception of hydrogen 
systems

► Helpful guidance on safety planning can be 
found at https://h2tools.org/bestpractices/
safety-planning.

General Safety Planning

13September 30, 2021

https://h2tools.org/bestpractices/safety-planning
https://h2tools.org/bestpractices/safety-planning
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Hydrogen Safety Video

14September 30, 2021
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Hydrogen Gas Natural Gas Gasoline
Color No No Yes

Toxicity None Some High

Odor Odorless Yes (mercaptan) Yes (benzene)

Buoyancy
Relative to Air

14X
Lighter

2X
Lighter

Vapor is 3.75X
Heavier

Autoignition
Temperature (C) 585○ 539○ 232○

Minimum Ignition 
Energy (mJ) 0.017 0.288 0.250-0.300

Energy
by Weight

2.8X
> Gasoline

~1.2X
> Gasoline 43 MJ/kg

Energy
by Volume

4X
< Gasoline

1.5X
< Gasoline 120 MJ/Gallon

September 30, 2021 15

Hydrogen Properties: A Comparison
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100806040200

Hydrogen in Oxygen

Hydrogen in Air

Propane

Methane

Flammability Range Comparison
(% volume at ambient temperature and pressure)

Hydrogen Natural Gas Propane Gasoline 
Vapors

Impact of Vapor Density

Hydrogen’s low vapor density 
results in the gas being very 
buoyant compared to other 
fuels and vapors

4-95%

4-75%

Air

16September 30, 2021

Flammability and Vapor Density
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The Safety Basics

Hydrogen safety, like all flammable gas, 
relies on these key safety considerations:

► Eliminate hazards or define mitigation 
measures

► Ensure system integrity

►Provide proper ventilation to prevent 
accumulation

►Manage discharges

►Detect and isolate leaks 

► Train personnel Photo courtesy of Cummins

September 30, 2021
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However, There is Much to Consider
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Resources to Help You Navigate to Safety

An online hydrogen information portal

An international nonprofit focused on 
applied hydrogen safety
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Significant hydrogen safety resources in one location

► Supports implementation of the safe handling practices and procedures

► Brings together a variety of tools and web-based content on safety of hydrogen

► Informs designers, stakeholders and first responders

URL: h2tools.org

20September 30, 2021 20
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Vision
► The Center for Hydrogen Safety (CHS) 

is a global non-profit dedicated to 
promoting hydrogen safety and best 
practices worldwide

Mission
► Support and promote the 

safe handling and use of hydrogen
across industrial/commercial uses and 
applications in the energy transition

► Provide a common 
communication platform 
with a global scope to ensure safety 
information, guidance and expertise is 
available to all stakeholders

Bringing together a global membership to expand the body of safety knowledge

Global
Resources

/

Center for Hydrogen Safety

September 30, 2021 21
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MEMBERS EXECUTIVE MEMBERS

September 30, 2021 22
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Hydrogen Safety Course Deployment

23September 30, 2021

Developing a body of knowledge (BoK) 
and related courses for hydrogen safety

Courses in development

Training & Credential

► Fundamentals Technology Available now
► Properties and Hazards Available now
► Safety Planning Available now
► Facility Design and Construction 10/21
► Hydrogen System and Components 10/21
► Liquid Systems 10/21
► Material Compatibility 12/21
► Operating Systems 12/21
► Inspection and Maintenance 12/21
► Laboratory – Safe Design & Operations 2022
► Chemical Hydrogen Storage and Metal 

Hydrides 2022
► Fuel Cell Forklifts and Indoor Refueling 2022
► Electrolyzer Safety 2022
► Fueling Stations Safety 2022

Courses
Supporting a
Fundamental

H2 Safety
Credential

URL: https://www.aiche.org/academy 

https://www.aiche.org/academy
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Keep First Responders Informed & Prepared

24September 30, 2021

► Goal
• Support the successful implementation of hydrogen and fuel cell 

technologies by providing technically accurate hydrogen safety 
and emergency response information to first responders

► Integrated Activities
• Online, awareness-level training (https://tinyurl.com/yxfy66rp) 

and video-based training courses (https://tinyurl.com/y64q48ck) 
• Classroom and hands-on operations-level training
• Trainer material (PowerPoint slides with speaker notes)

A properly trained first responder community is critical to the successful introduction of 
hydrogen fuel cell applications and their transformation in how we use energy. 

https://tinyurl.com/yxfy66rp
https://tinyurl.com/y64q48ck
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CHS Working Groups

September 30, 2021

► Introducing H2 into Natural Gas Infrastructure
• 11 member organizations
• Answering key H2 safety questions related to blending H2 & NG

► Hydrogen Safety Credential
• 19 member organizations
• Reviewing courses that will become the CHS Hydrogen Safety 

Credential
► Hydrogen Equipment and Component Failure Rates

• 12 member organizations
• Developed a process for collecting failure rate data for  specific 

components
• Developing a document that contains recommended failure rate 

data for H2 specific equipment & components

25
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18 Years

575 Reviews

404 Projects

200+ Presentations

15 Guides

Background
► Formed in 2003 

► 17 members with 500+ yrs 
combined experience 

► Hydrogen safety reviews – 
hydrogen fueling, auxiliary power, 
backup power, CHP, portable 
power, and lab R&D

► White papers, reports, and guides

► Provides support on the 
application of hydrogen codes 
and standards

► H2 safety knowledge shared 
through the H2 Tools Portal 
(h2tools.org)

Hydrogen Safety Panel (HSP)

September 30, 2021

THE HSP PROMOTES SAFE OPERATION, HANDLING, AND USE OF HYDROGEN

Impact
► Non-regulatory, objective, and 

neutral
► Helps reduce costs

• Costs from over-engineering
• Delayed approvals
• Missed safety 

considerations/features
► Provides a balanced solution to 

questions and problems
► Helps projects avoid safety 

incidents
► Helps establish stakeholder and 

public confidence

26

http://h2tools.org/
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HSP Members

27September 30, 2021

The HSP is a multidisciplinary team of engineers, 
code officials, safety professionals, equipment 
providers, and testing and certification experts.

The Panel provides guidance for hydrogen 
projects and facilities, including design and 
process safety reviews, support/review of risk 
analyses, onsite safety presentations, and 
training. 

HSP at 2019 Panel Meeting

Name Affiliation

Nick Barilo, Manager Pacific Northwest National Laboratory

Rick Tedeschi, Chair Tedeschi Consulting Solutions, LLC

Harold Beeson WHA International, Inc

Ken Boyce UL, LLC

David Farese Air Products and Chemicals

Donald Frikken Becht Engineering

Livio Gambone Nikola Motors

Aaron Harris Air Liquide

Brian Ladds Calgary Fire Department

Chris LaFleur Sandia National Laboratories

Miguel Maes NASA-JSC White Sands Test Facility

Larry Moulthrop Proton Onsite (retired)

Spencer Quong Quong & Associates

Joseph Shepherd California Institute of Technology

Brian Somerday Somerday Consulting, LLC

Gary Stottler Stottler Development, LLC

Tom Witte Witte Engineered Gases and Cryogenics

Robert Zalosh Firexplo
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Hydrogen Safety Panel Activities

September 30, 2021

Potential Activities
► Design and document reviews
► Hazard analysis participation/review
► Site safety evaluations
► Safety training and webinars
► Outreach
► Incident investigation

Pre-
Project

Early 
Design

Early 
Operations

Program 
Support

Early Concept
Support

Successful
Project 
Implementation

28
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► CHS released its inaugural issue of our technical 
bulletin titled The Elemental: Placing Safety at 
the Center of Hydrogen on 10/08/2020. This 
bulletin provides a means to learn about and 
share hydrogen in an easy-to-access format.

► Available from www.aiche.org/chs. You can 
also subscribe to receive future newsletters and 
The Elemental at www.aiche.org/chsmailings.

► Let us know if you have suggestions for The 
Elemental? Email chs@aiche.org

29September 30, 2021

The Elemental

http://www.aiche.org/chs
http://www.aiche.org/chsmailings
mailto:chs@aiche.org
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Follow Us on LinkedIn

30September 30, 2021

CHS Showcase Page
► Follow us at www.linkedin.com/showcase/center-for-hydrogen-safety/
► Posts will include member highlights and news, h2tools resources, upcoming events, 

conference promotion and snapshots, among others
► Let us know if you have news for us to cross-post
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Webinar Series
► December 2021: Ventilation Considerations for 

Hydrogen Safety

Workshop
► Public Safety – Developing a Framework for Information 

Sharing

Conferences
► November 30-December 2: Asia-Pacific Hydrogen 

Safety Conference

Webinars, Workshops and Conferences

31September 30, 2021

September 2021
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▶� The future will likely see an increase in the use 
of hydrogen and fuel cell technologies

▶� Because hydrogen as a fuel is still relatively 
new, best methods of handling, storage, 
transport, and use may not be well 
understood by participants

▶� Safe practices for production, storage, 
distribution, and use of hydrogen are essential 
for deployment of hydrogen and fuel cell 
technologies

▶� Investing in the essential element of safety 
enables hydrogen’s emergence as the world’s 
most chosen and trusted fuel

Where Are We Headed?

September 30, 2021
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Executive Director | Center for Hydrogen Safety, AIChE 
120 Wall Street, 23rd Floor
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http://h2tools.org 

CHS LinkedIn Site: https://www.linkedin.com/showcase/center-for-hydrogen-safety/ 

Thanks for Your Attention!

33

Bringing together individuals and organizations to develop and share best 
safety practices and learnings

September 30, 2021

http://h2tools.org
https://www.linkedin.com/showcase/center-for-hydrogen-safety/
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Safe Harbor Statement

This presentation contains forward-looking statements within the meaning of the safe harbor provisions of the Private Securities Litigation Reform Act of
1995, including, without limitation, statements with respect to the Company’s anticipated financial results and statements regarding the Company’s plans
and expectations regarding the continuing development, commercialization and financing of its fuel cell technology and its business plans and strategies.
All forward-looking statements are subject to risks and uncertainties that could cause actual results to differ materially from those projected. Factors that
could cause such a difference include, without limitation, changes to projected deliveries and order flow, changes to production rate and product costs,
general risks associated with product development, manufacturing, changes in the regulatory environment, customer strategies, ability to access certain
markets, unanticipated manufacturing issues that impact power plant performance, changes in critical accounting policies, access to and ability to raise
capital and attract financing, potential volatility of energy prices, rapid technological change, competition, the Company’s ability to successfully implement
its new business strategies and achieve its goals, the Company’s ability to achieve its sales plans and cost reduction targets, changes by the U.S. Small
Business Administration or other governmental authorities to, or with respect to the implementation or interpretation of, the Coronavirus Aid, Relief, and
Economic Security Act, the Paycheck Protection Program or related administrative matters, and concerns with, threats of, or the consequences of,
pandemics, contagious diseases or health epidemics, including the novel coronavirus, and resulting supply chain disruptions, shifts in clean energy
demand, impacts to customers’ capital budgets and investment plans, impacts to the Company’s project schedules, impacts to the Company’s ability to
service existing projects, and impacts on the demand for the Company’s products, as well as other risks set forth in the Company’s filings with the
Securities and Exchange Commission. The forward-looking statements contained herein speak only as of the date of this presentation. The Company
expressly disclaims any obligation or undertaking to release publicly any updates or revisions to any such statement to reflect any change in the
Company’s expectations or any change in events, conditions or circumstances on which any such statement is based.

The information set forth in this presentation is qualified by reference to, and should be read in conjunction with, our Annual Report on Form 10-K for the
fiscal year ended October 31, 2020, filed with the SEC on January 21, 2021, our Quarterly Report on Form 10-Q for the fiscal quarter ended January 31,
2021, filed with the SEC on March 16, 2021, and our earnings release for the first quarter ended January 31, 2021, filed as an exhibit to our Current
Report on Form 8-K filed with the SEC on March 16, 2021.
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Our Purpose

Enable The World  To 
Live A Life  Empowered 
By  Clean Energy

Agenda:

• FuelCell Energy Overview

• Hydrogen Generation

• FCE Hydrogen

• Energy Storage

• Q&A



FuelCell Energy Overview

 FuelCell Energy delivers clean and affordable fuel cell solutions for the 
supply, recovery and storage of energy

 Carbonate fuel cell SureSource systems provide continuous, baseload 
power and are deployed with utility, municipality, university, industrial 
and commercial enterprise customers

 Advanced technologies under development include carbonate fuel cell 
based CO2 capture systems, Solid Oxide cell systems for power 
generation, electrolysis, and hydrogen-based energy storage

FACILITIES AND FLEET BUSINESS SEGMENTS AND TECHNOLOGIES

Danbury, CT Headquarters/R&D/Serv.

Torrington, CT Manufacturing

Taufkirchen, DE Manufacturing/Service

Calgary, AB Solid Oxide R&D

~380 Employees

>255 MW Deployed Capacity in Field

12M+ MWh Generated Since 2003

Distributed  
Generation

Distributed  
Hydrogen

Hydrogen &  
EnergyStorage

Carbon  
Capture
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Hydrogen Applications and FCE Hydrogen Portfolio

3 Platforms Capable of Delivering Hydrogen

• Carbonate - Tri-Gen

• Carbonate - REP

• Solid Oxide Electrolysis – SOEC / RSOFC

Differentiated Platforms

• Tri-Gen – Only known platform capable of producing 1) 
Hydrogen, 2) Water, and 3) Electricity 

• Tri-Gen and REP – Capable of producing Green and Blue 
Hydrogen utilizing fuel

• SOEC – Capable of delivering 100% efficiency with the 
addition of thermal energy

• RSOFC – One fuel cell stack to perform electrolysis and 
utilize the produced Hydrogen to generate zero-carbon, 
zero-emission power/electricity

• Distributed Hydrogen platforms – avoiding cost and 
emissions associated with delivery from central generation

Industry Feedstock

Transportation

Applications utilizing 
FuelCell Energy technology

Heating

Power Generation

Long Duration Energy 
Storage (H2)

• Shipping
• Aviation
• Cars
• Rail

• Trucks
• Buses

• Steel 
• Chemicals
• Refineries

H2

Blue
Hydrogen

H2

Green
Hydrogen

H2

Green
Hydrogen

H2

Grid
Hydrogen

Solid Oxide 
Platform

Solid Oxide 
Platform

Solid Oxide 
Platform

Carbonate 
Platform

Carbonate 
Platform

Grid

Nuclear

Renewable

Biogas

Natural Gas

Carbonate 
Platform

&

H2

Green
Hydrogen

Carbon 
Capture

Carbonate 
Platform

Natural Gas

H2

Grey
Hydrogen
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Hydrogen Generation Overview

High Temperature Fuel Cell and 
Electrolysis Solutions
• Fuel cells cleanly and 

efficiently convert energy in 
hydrogen rich fuels into 
electricity and high-quality heat

• A fuel cell stack is comprised of 
many individual cells grouped 
together.  Stack modules can 
have one or more stacks

• Fuels are converted to hydrogen 
in the stack by reforming using 
water and heat produced by the 
fuel cells

• Hydrogen not used in power 
generation can be exported to 
hydrogen users

• Fuel cell stacks can also operate 
in electrolysis mode – producing 
hydrogen from steam and power

Carbonate
• Large stacks provide economies of scale in 

MW-scale power generation applications
• Uniquely suited to operate with on-site 

renewable biogas
• Produces hydrogen through internal 

reforming or electrolysis/reforming 
combination

Solid Oxide
• Compact, lightweight and scalable 

stack design
• Can operate with natural gas, biogas, 

or hydrogen fuel
• Can produce hydrogen through 

internal reforming or electrolysis
• Can alternate between fuel cell and 

electrolysis modes in hydrogen-based 
energy storage systems
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FCE Hydrogen Solutions Compared at 1200 kg/day H2

1200 kg/day H2

1400 gallons
/day water

Trigeneration
• Two 4-stack Carbonate Modules
• Power and Hydrogen revenue streams
• Net water producer

Carbonate REP
• One single-stack Carbonate Module
• Combination of reforming and electrolysis
• Electrolysis purifies reformate and concentrates 

CO2 for easy capture
• Consumes fuel, power and water

1200 kg/day H2

22 MMBtu/h 
Fuel

400kW 
Power

2400 
gallons/day 

water
8 MMBtu/h 

Fuel

2.1 MW 
Power

2.3 MW Power

2900 
gallons/day 

water

1200 kg/day H2

Solid Oxide Electrolysis
• 48 compact stacks in two modules
• Consumes power and water
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Carbonate Trigeneration System

Natural gas 
or 
renewable 
biogas fuel

2.35 MW Clean and green power –
18 GWh/year
 1200 tons per year avoided grid CO2 emissions 

with natural gas fuel
 10,000 tons per year avoided grid CO2 emissions 

with biogas fuel
 5 tons per year avoided NOX

0.5 MMBtu/h thermal energy
 290 tons per year avoided boiler CO2

emissions
 200 lbs per year avoided NOX

1270 kg/day hydrogen
 1700 tons per year CO2 reduction vs SMR
 4200 tons per year CO2 reduction vs SMR with 

biogas fuel
 700 lbs per year NOX reduction vs SMR
 2 million gallons less water used per year vs 

SMR

1400 gallons / day water
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Toyota Tri-generation Project

• Project supports Toyota vehicle fueling activities 
at the Port of Long Beach, where Toyota is 
importing fuel cell passenger vehicles and 
operating fuel cell trucks

• Fueled with directed biogas, project will 
produce renewable power and renewable 
hydrogen, plus clean water for car washing 
operations

• The system will generate 2.3MW of electricity, 
1200kg of hydrogen, and 1400 gallons of water 
per day

• Enough to power ~ 2,250 average-sized homes 
and meet the daily driving needs of nearly 1,500 
vehicles
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Solid Oxide Applications

SOFC Stack

Common stack platform for power generation, electrolysis, and hydrogen-
based energy storage

Power Generation Stack Module – Only runs in power 
generation mode on a wide range of fuels, including natural gas, 

biofuels, propane, and hydrogen
200kW Power Generation System

Electrolysis Stack Module – Produces hydrogen from steam 
with power input

Electrolysis
4,000 kg/day H2 from 7.3 MW

Energy Storage System
1MW 8 MWh

7 kW DC Power Generation
36 kW DC / 25 kg H2/day electrolysis

350 cells, 17” height

17”
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FCE Solid Oxide Electrolysis Performance Advantage

• High current density, low weigh stacks = 
lower stack cost needed for given hydrogen 
production rate

• Low electrolysis voltage = less power needed 
for given electrolysis rate: Higher Electrical 
Efficiency

• Lower stack hardware requirement and lower 
power requirement  = 30 to 50% lower cost per 
kg for hydrogen depending on power cost

• At low current densities, Solid Oxide Electrolysis 
Cells (SOEC) are more than 100% electrically 
efficient and need thermal energy input to 
maintain temperature

• Provides opportunities for waste heat 
utilization in hydrogen production

• Allows high round trip energy efficiency in 
energy storage systems with thermal 
energy storage

High hydrogen production electrical efficiency can be increased further with use of waste heat

Actual System Performance
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Wide Range of Electrolysis Applications

Electrolysis will be deployed in distributed and large-scale applications

Distributed Electrolysis
4,000 kg/day H2 from 7.3MW

GW-scale electrolysis system for converting off 
peak nuclear power to hydrogen
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250kW Demonstration System

Packaged prototype of module repeated in larger systems

• 150 kg/day Hydrogen production from 270kW (or 250kW with 
thermal input)

• Demonstration of high efficiency prototype system at Idaho 
National Laboratory (INL) at nuclear plant operating modes, 
including thermal energy support for ultra high efficiency 
electrolysis

• Will demonstrate high efficiency without thermal input, and up 
to 100% efficiency with thermal input

Idaho National Laboratory Test Facility

© 2021 FuelCell Energy Inc. Not to be copied, distributed, or reproduced without prior written approval. All rights reserved.
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• In addition to operation in electrolysis mode Solid Oxide Fuel 
Cells (SOFC) can run in fuel cell mode, and can switch 
between modes, called Reversible Solid Oxide Fuel Cell 
(RSOFC).

• High efficiency in electrolysis and fuel cell mode enable high 
round trip efficiency

• RSOFC stacks with hydrogen and water storage are an 
advanced energy storage approach:

• High round trip efficiency

• Long duration achieved by adding low cost hydrogen and 
water storage capacity, without the need to add more stacks

• Inexpensive water is the only reactant – added as an initial fill 
and regenerated with each discharge cycle

Charging in electrolysis mode:

Discharging in fuel cell mode:

Stored 
water

Power input to stack

Oxygen

Hydrogen to Storage

Reversible 
Solid Oxide 
Cell Stack

Water 
to 

storage

Power output from stack

Air

Hydrogen from Storage

Reversible 
Solid Oxide 
Cell Stack

Hydrogen Based Energy Storage

With water as the only stored reactant, hydrogen-based storage has significant 
advantages for long duration storage
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Long Duration Energy Storage System

• Hydrogen during charge cycle can be used to 
provide power during discharge cycle or can 
be exported to hydrogen user

• Geological storage of hydrogen can provide 
weekly or seasonal storage

• The storage reactant is water, which is 
regenerated during power generation 
discharge – does not depend on limited 
quantities of lithium or cobalt

• Discharge duration is added by adding 
inexpensive hydrogen and water storage – so 
cost of storage capacity reduces significantly 
with longer duration

1MW SOFC/SOEC System

H2 can be converted back to 
power or supplied to H2 user, 
enhancing project economics

Charging power is 
converted to stored 

hydrogen by 
electrolysis of 
stored water

Stored hydrogen 
is converted back 

to power and 
water in fuel cell 

mode

Power

Power

Stack Modules and 
Mechanical 
Equipment

Electrical 
Equipment
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Valuing and Implementing the 

Production, Storage and 

Utilization of Green Hydrogen as 

A Zero Carbon Energy Carrier

Christopher Cavanagh, PE

Principal Engineer – Future of Heat
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The Ultimate Goals

 New York State Climate Leadership and Community

Protection Act – Signed by Governor July 18, 2019

 Statewide greenhouse gas (CO2e) emission limits

 60% of 1990 emissions by 2030; 15% of 1990 emissions by 2050

 Statewide electrical demand system will be zero emissions by 2040

 Ground source heat pump qualifies as a renewable energy system

 Rules and regulations to ensure compliance

 Regulatory measures for “beneficial electrification” of vehicles and buildings

 Cost-benefit calculations, including social cost of carbon

 Massachusetts Global Warning Solutions Act

“A level of statewide greenhouse gas emissions that is equal in quantity to 

the amount of carbon dioxide or its equivalent that is removed from the 
atmosphere and stored annually by, or attributable to, the Commonwealth” 

 Resilient Rhode Island Act and Heating Sector Transformation

 100% Renewable Electricity by 2030 

 80% GHG reduction overall by 2050

EBC Energy Resources Webinar
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NYC Decarbonization Pathways - 2021

EBC Energy Resources Webinar
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Our Plan: 

National Grid Net Zero by 2050

 Reducing demand through energy efficiency

and demand response;

 Decarbonizing the gas network with 

renewable natural gas and hydrogen;

 Reducing methane emissions from our

own gas network while working with the

industry to reduce emissions through the entire value chain;

 Integrate innovative technologies to decarbonize heat (heat pumps);

 Interconnecting large scale renewables with a 21st century grid;

 Enabling and optimizing distributed generation;

 Utilizing storage;

 Eliminating SF6 emissions;

 Advancing clean transportation; and

 Investing in large scale carbon management;

https://www.nationalgridus.com/media/pdfs/our-company/netzeroby2050plan.pdf

Honda Clarity FCEV

EBC Energy Resources Webinar
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New Decarbonization Projects and Proposals 

Hydrogen Blending Research  

ADG Market Animation Analysis  

Proposed 1 MW Multi-

Use Hydrogen Facility

Proposed 2.7 MW

Neighborhood

Hydrogen 

Demonstration

✓ Gas Demand Response

✓ Proposed RNG Purchasing

✓ Proposed Geothermal Loops

WWTP to RNG

H2 

Vehicles

Gas DR Evaluation 

H2 Heat Pump 

Thermolift

H2 Fuel Cell

BlueGen

HyBlend

✓ Gas Demand Response

✓ RNG Interconnection Support

✓ Proposed RNG Developer Support

✓ Proposed Geothermal Loops

✓ Proposed Distributed CCUS

GSHP Shared 

Loop, Riverhead, NY 

EBC Energy Resources Webinar
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Why Hydrogen?

 Hydrogen is very 

versatile

 Hydrogen has a 

strong safety 

record

 Wider flammability limits 
than natural gas and 
higher pressures but

 Disperses very quickly

 Hydrogen use has 

no GHG emissions

 Utilities have 

experience with 

hydrogen
EBC Energy Resources Webinar

Synchronous 
Condenser Coolant

Residential Fuel CellsSpace Launch System
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Hydrogen Sources and Pathways
Efficiency, % 

Energy 

Conversion

Carbon 

Intensity, 

gCO2e/MJ

80-90% 110

80-90% < 20

57-73% ~ 0

50-64% ~ 0

Rough Estimates

CI based on NREL 2013 H2 Pathways Paper

Green H2 and P2M conversions from 
SoCalGas 2015

✓

EBC Energy Resources Webinar

*

* ” Turquoise”  Hydrogen (i.e. pyrolysis of methane such as MAAT Energy)
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Until the 1950’s, US cities were 

heated with “town gas”, which could be 

>50% hydrogen

• Town gas, also known as synthetic natural gas (SNG), was used for heating in the 

US until the 1940’s and 1950’s, when natural gas supply was developed but was 

also used during the energy crisis of the 70’s with as much as 10% hydrogen.

• In the UK and Australia, the conversion off of town gas occurred in the 1960’s and 

1970’s

• There are still some areas that operate on SNG, including parts of Hawaii and 

Singapore

• North Dakota produces SNG and blends it into a methane-rich pipeline, resulting 

in a lower hydrogen blend

- Hawaii Gas WebsiteEBC Energy Resources Webinar
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Hydrogen: Gas Utility Background & Planning

• US Gas Utility Interest in Hydrogen

• A Zero-carbon alternative  

- Uses 40,000 mile gas network

- Works with RNG from Waste

- As affordable as Wind & Solar PV

• High confidence that Hydrogen can be safely blended in natural gas today

• Prior research that is now being updated for today’s gas systems.

• Directly informed by major R&D projects at GTI. NREL, Stony Brook etc.

• Other planned North American demonstrations 

- Enbridge Low Carbon Energy Project (2% by vol) 

- CenterPoint Energy (5%, start Q4 2021)

- SoCal Gas evaluations and $30 M proposals

• How much and how fast is the question

• Plan is to increase blend rates and expand demonstrations guided by the  

results of new R&D and ultimately enable a new option for GHG elimination.

Phase 1

1.3 km 6” & 8” dia.

3,600 Customers

EBC Energy Resources Webinar
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National Grid US Utility Experience with Hydrogen

 Produced Hydrogen at Greenpoint, Brooklyn site as part of the  
synthetic gas plant (70/80’s).

 United Technologies(Doosan), GE and other Fuel Cell Systems 
not Bloom  have onboard hydrogen production many were 
maintained by National Grid Energy Management through 2010 

 Temporarily owned Town of Hempstead Hydrogen Fuel Station 
(2011+)

 Proposed Atlantic Hydrogen Pre-combustion sequestration to 
ARPA-e and NYSERDA

 The Low Carbon Resources Initiative (epri.com/lcri)

 Identify and accelerate development of promising 
technologies from around the world (including electrolysis)

 Demonstrate and assess the performance of key technologies and 
processes and identify possible improvements

 Inform key stakeholders and the public about technology options 
and potential pathways to a low-carbon future.

 Center for Hydrogen Safety (AIChe)

 The Gas Technology Institute
Hydrogen Center  

EBC Energy Resources Webinar
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• All (3) proposed National Grid US Hydrogen blending 

demonstrations include on-site production of green 

hydrogen from onsite or purchased renewable power.

• NY State is supporting major new central hydrogen 

production initiatives.

• 40 tons per day

• 2.6 tons per day

• powerplant blending

• The US Government’s 

proposed infrastructure 

bill would provide $8 billion over four years for the 

creation of Regional Hydrogen Hubs

Where will the most economical green hydrogen come 

from?  

EBC Energy Resources Webinar



12National Grid US Hydrogen Hub
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Hydrogen Policy, Customer R&D, and Product 

Development in the US is Accelerating

• NREL HyBlend Consortium  (CRADA) 

• 22 participants, $12.65 Million approved Nov. 2020

• I-GIT (Stony Brook Univ.and GTI co-leading)

• Gas Technology Institute 

• Impact on Gas Appliances

• Sensor Development

• “Impact of Hydrogen/Natural Gas Mixtures on Legacy and Advanced 

Residential/Commercial Combustion Equipment”  (UTD)

• Synergies with Transportation

• Air Liquide- Toyota Hydrogen Stations in Northeast

• Alliance to Save Energy (example)

- 50x50: Reinventing U.S. Mobility Reducing Energy Use 50 Percent By 2050 in a 
New Transportation Paradigm, Alliance to Save Energy September 26, 2018

- “PEVs, hydrogen fuel cell vehicles, hybrids, and highly efficient vehicles running 

on RNG, E3Vs should be deployed to the maximum extent possible

Electrolysis and bio-methanation at NREL

EBC Energy Resources Webinar



Executive Summary

Gas Goes Green

Active members of:

• The Hydrogen Programme 
Development Group (HPDG, chaired 
by BEIS)

• Hy4Heat Programme to evaluate the 
technical viability of distributing 
hydrogen to decarbonise heat 
supply

01
Strong support for Net Zero
Among the general public, business, investors 
and cross-party political will

02
No silver bullet – gas or electric
Delivering Net Zero requires a range of 
technologies in all scenarios; clean gas or 
renewable power alone will be insufficient

03
Hydrogen is critical
There’s no realistic scenario for delivering Net 
Zero without a hydrogen economy at its core 

04
Huge opportunity for the UK – today
Pilot projects are underway and there’s private 
capital waiting to be deployed

07

Gas Futures can play a key role
We will work collaboratively with all 
stakeholders to deliver choice for consumers 
whilst improving system resilience and 
minimising cost and disruption

06
New policies are required
We have identified the policy changes 
needed 
to unlock private sector investment in the 
hydrogen economy

05
Cost of inaction is significant 
Further job losses in our industrial heartlands 
would be inevitable and our ability to hit Net 
Zero by 2050 in jeopardy

UK Efforts
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A hydrogen economy can play a key role across power, heat, 

industry and transport; improving system resilience and 

minimising disruption to consumers

UK Efforts
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UK Hydrogen Projects
- Network

H21 – Phase 2

NGN (Lead)
All GDNs and GT

HyDeploy 2

Cadent (Lead)
NGN

East Neuk

SGN (Lead)

Aberdeen Vision

SGN (Lead)
National Grid Hydrogen Feasibility 

in the NTS

National Grid (Lead)

Hydrogen 

Deblending

National Grid (Lead)
All GDNs

Hydrogen Injection in 

the NTS

National Grid (Lead)

Hydrogen Flow Loop

National Grid (Lead)

Project Cavendish

National Grid (Lead)
Cadent, SGN

HyNet – Phase 1

Cadent (Lead)Transmission

Distribution

Hydrogen blend

Up to 100% H2

Project close

Production / CCUS

HyDeploy 1

Cadent (Lead)
NGN

EBC Energy Resources Webinar
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UK Hydrogen Projects
- Non-Network & Clusters

Hy4Heat

BEIS (Lead)

Decarbonisation 

Pathways

ENA (Lead)
All GDNs and GT

IGEM Gas Quality  

extension

SGN (Lead)
All GDNs and GT

Transmission

Distribution

Hydrogen blend

Up to 100% H2

Project close

Production / CCUS

Acorn Project

Pale Blue Dot (Lead)
Chrysaor, Shell, Total 

Project Dolphyn

ERM (Lead)
Tractebel 

HySpirits

BEIS (Lead)
Orkney Distillery

Zero Carbon Humber

Phase 1

Equinor, Drax Group, 
National Grid Ventures

Zero 2050 South 

Wales

NGET (Lead)
WWU, WPD, NGGT

4

5

6

3

2

1

UK Industrial Clusters

1 Southampton (2.6 MtCO2)

2 South Wales (8.2 MtCO2)

3 Humberside (12.4 MtCO2)

4 Merseyside (2.6 MtCO2)

5 Teeside (3.1 MtCO2)

6 Grangemouth (4.3 MtCO2)

EBC Energy Resources Webinar
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Effort led by Cadent (UK Distribution 

Company) for Demonstration of a 20 v% 

hydrogen blend

Phase I: 10-month H2 blending 

Demonstration at Keele University, in 

operation

• Successfully tested 130+ properties and buildings, 
including 230+ appliances, prior to go-live

• No new appliance leakage detected

Phase II: ~700 homes on the distribution 

network in the North East UK, early 2020’s

Hydrogen Blending in the UK 

HyDeploy and HyDeploy2, 

Oct 14th, 2019 Finished Phase I 

commissioning, 

Keele Campus, Demonstration area in 
green – HyDeploy website

100 v% methane versus 28 v/v% hydrogen/methane –“HyDeploy: 

The UK’s First Hydrogen Blending Deployment Project”

EBC Energy Resources Webinar
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NYSERDA (PON 3249)

INTEGRATION OF HYDROGEN 
INTO NEW YORK STATE’S CLEAN 

ENERGY DISTRIBUTION SYSTEMS

Principal Investigator: 
Devinder Mahajan, Ph.D.

EBC Energy Resources Webinar

The Role of Academia

Power-to-Products (P2X) Initiative 
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 (Almost) everything – population growth, commerce, 
war, nation building, technological advancement, 
health care, transportation, buildings, recreation – is 
intractably tethered to burning fossil fuels 

 Well being = wealth = energy = fossil fuels

• Always has, still does, everywhere

 Fossil fuels = GHGs = potential social and 
economic catastrophe

 Increasingly, legislators and policy makers accept 
the risks and urgency: net zero by mid-century to 
avoid 1.5oC warming or more

 This will not be easy

• Transition timelines are inconceivable relative to 
historical change in the energy sector

• The technological solutions for full decarbonization are 
not readily apparent

• Hydrogen is a potential holy grail, given its energy 
density, portability, potential GHG profile

What got us here? 

EBC September 2021
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Being Honest?  It Looks Like a Fossil Fuel

Energy density: extreme energy content per unit volume, exceeding fossil fuels

Ubiquity: H2O is everywhere, so are low/zero-carbon energy input sources (wind, sun, etc)

Storage:  can be stored for multiple applications in a variety of settings

Transportability:  energy density and phase flexibility provide for high transportability

Applications:  can be used in transportation, buildings, industry, electricity generation

Infrastructure: can make use of existing pipeline infrastructure; uses similar fueling 
infrastructure as gasoline, diesel

Renewable utilization:  effective use of “spilled” renewables; transportability allows for 
utilization of renewable electricity potential distant from load

The last “power mile:”  can support reliable power system operations during periods of high 
loads and low variable power production

Cost?:  Can it be a cost-effective GHG abatement option?

Why Hydrogen?

Source: Noah D. Meeks, Hydrogen & Integrated Electrolyzer Systems Panel, 
presentation to the  Hydrogen Shot Summit,September 1, 2021,
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Hydrogen and Electricity
Panacea or Rabbit Hole?
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 Ultimate goals, estimated interim levels

Northeast State Goals for Decarbonization to 2050 

- ~ 85% reductions (from 

1990) by 2050

- Economy-wide; all 
sectors 

- Still ratcheting down –

MA net zero by 2050

- States increasingly 

looking to binding 

interim targets

EBC September 2021



5

 Pathway du-jour: convergence around one idea for 
decarbonization of the economy
̵ Electrification of transportation sector through organized buildout of vehicle 
charging (roadside and at-home), and direct subsidies for EV purchases

̵ Electrification of building sector, through heat pump requirements in new 
construction, and funding for replacement of existing non-electric heating

̵ Simultaneous rapid decarbonization of electric sector

• Including massive build out of variable production resources (wind, solar)

Key Question:  Can the electric sector sustain this 
without thermal generation?

Starting Point for Decarbonization Efforts
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 Possible result – over next 10-15 years in Northeast U.S.
̵ Background: more frequent and severe major weather events (coastal 

storms, ice storms, severe heat), increased need for resilient system

̵ Rapid increase in demand as electric sector acts as GHG sponge for 
transportation, building sectors

̵ Changing load profile – shift to winter peak, demand highest in early 
evening (no sun) as people plug in cars and turn on heat

̵ 10-15 GW on- and off-shore wind

̵ 10-15 GW grid-connected and BTM solar

̵ 2-4 GW HVDC hydro, with questionable availability in cold weather

̵ 5-10 GW Battery storage?

̵ Loss of coal and oil-fired resources; no new natural gas infrastructure, 
challenges to siting even transmission

̵ Loss of some gas resources, and stored energy (oil tanks, LNG)?

 Is this an operable system? Can we squeeze the 
remaining GHGs out of the electric system?

What Might it Look Like?

EBC September 2021
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 EV most significant GHG 
reductions (when do folks 
charge?)

 Heating increases load in
all hours, with smaller
spikes

 Peak quickly shifts to 
winter evenings

 Major load ramp 
challenges emerge within 
a decade

 Thermal generation (or 
some other flexible 
resource) remains vitally
important

Need for Flexible Resource

13,000 

MW in 3 

Hrs –

average; 

daily 

ramps 

worse

EBC September 2021
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The Obvious Need for Hydrogen in Power Sector

Analysis Group studies of rapid expansion of variable resources in New England and New York

In both cases, multiple extended periods of low solar/wind output, when even extensive storage capacity  
insufficient to meet reliability needs 

New YorkNew England

EBC September 2021



9

Hydrogen in Electricity: There is Time to Make it Work

Natural gas “bridge” absolutely needed

 Avoid the temptation to “just say no” - carefully assess the role of natural gas in the 
transition  
• In supporting electrification of the transportation and other sectors

• In sustaining power system reliability and “having the back” of rapid renewable integration

• In mitigating the cost of a rapid transition while technologies – particularly hydrogen – evolve to capture 
the later – and undoubtedly more difficult – phases of decarbonization

Hydrogen:  seamless end to the natural gas bridge?
• Is it technically and economically feasible to operate sufficient generating capacity (infrequently) on 

hydrogen?

• If so, it can phase gas out as the power system’s flexible backstop resource

• Take advantage of existing infrastructure (plants, pipelines, locations vis-à-vis load and transmission)

• Source (in whole or in part) with excess generation from mismatch of renewable capacity and demand

EBC September 2021
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Paul J. Hibbard

Principal

Analysis Group, Inc.

phibbard@analysisgroup.com

617.425.8171
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