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The Case for Hydrogen and Nuclear Cogeneration

For more than a decade, nuclear operators have faced an uphill battle to compete with low natural gas
prices and increasing renewable generation. Plants have been focused on reducing operating expenses
to manage costs and compete in bid-based and regulated markets. As we shared in the article, “While
You Were Sleeping: The Unnoticed Loss of Carbon-Free Generation in the United States,” the early
retirement of at-risk nuclear plants may give back gains in carbon-free generation from new wind and

solar. There is increasing urgency for nuclear plants to increase profitability and avoid premature
decommissioning.

Figure 1: Changes in U.S. Carbon-Free Generation
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What should plants do when cost savings alone will not achieve the results necessary to ensure nuclear
energy maintains its value proposition of carbon-free, reliable, baseload generation? Is there an
opportunity for nuclear sites to diversify their revenue streams by using carbon-free nuclear power to
make and sell goods other than electricity?

By reimagining the traditional nuclear business model, operators may be able to cut costs, diversify
revenue, and help save plants from early retirement.
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Several nuclear plants in the United States have begun to investigate the viability of on-site hydrogen
cogeneration. Cogeneration’s advantages are four-fold:

1 It provides needed flexibility to baseload plants by diverting power not used to meet electric
demand to electrolysis.

2 The hydrogen generated can be used to replace purchased hydrogen from third parties.
This is hydrogen used for generator cooling and water chemistry.

Hydrogen can be stored and transported to other generation assets in the company. Other
3 nuclear plants could benefit from self-supply, and natural gas plants can burn a blend of
hydrogen and methane in most turbines.

4 It can be sold to other industries that would use it as a feedstock and potentially welcome
a green alternative to traditional hydrogen made from fossil fuels.

A new type of thinking and innovation is necessary for nuclear generation to sustain its crucial role in
providing safe, reliable, and carbon-free energy well into the future.

Integrating Intermittent and Baseload Generation

Wind and solar generation presents a unique set of challenges for nuclear operators and grid managers.
Renewables produce intermittently. Changes in power output can be frequent and dependent upon local
weather patterns, which are hard to predict. This leads to a jagged power profile as seen in the chart
below. Solar and wind energy is produced on a semi-predictable day-to-night cycle, but the amplitude
varies, and overnight wind production is not consistent.

Figure 2: CAISO Daily Renewable Energy Generation
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Renewables also produce electricity instantaneously. When the sun shines or the wind blows, power is
produced. A renewable plant does not require a long start-up sequence or delicate heating of rotating
components. As soon as power is produced, it is sent to the grid. It is also inexpensive to produce the
next kilowatt-hour of renewable energy. Operating and maintenance costs are low as plants do not
require a large staff, and repairs made to individual components do not upset plant output.

Natural gas plants are able to respond quickly to changes in grid supply and demand. For this reason,
they have been billed as complementary to renewables. The decrease in natural gas prices since 2005
has only strengthened their position in the asset mix of many utilities as more wind and solar come online.

Nuclear generation, in contrast, does not produce instantaneously or intermittently. Nuclear plants are
not able to start up or shut down quickly. They are much more comfortable operating in a steady state
month after month. One way to highlight the differences is to compare capacity factors. The capacity
factor is the measure of a plant’s output versus its maximum capacity. U.S. nuclear plants have been
producing carbon-free power at a capacity factor close to or greater than 90% since 2000. Combined-
cycle natural gas plants in the United States operated at 57% in 2019. Wind and solar operated at 35%
and 25% capacity, respectively.

When wind and sun are prevalent across a region, the excess power generated can displace baseload
generation. Downward pressure on power prices is often the result. California consistently experiences
negative prices, especially on sunny days and when the hydro plant’s reservoirs are full. Europe is
wrestling with this phenomenon too. Recently, the spot price for power turned negative for significant
periods of time. Germany experienced more than 125 hours of negative prices in 2017 and 2018.* The
Pacific Northwest has seen negative prices due to the inflexibility of generating sources as far back as
2011.

The multifaceted challenge for nuclear operators is how to meet the demand for dispatchable carbon-
free power in a climate of oversupply. Ideally, nuclear power plants would be able to:

Adjust grid output when renewable production is high

Remain available to supply power to the grid when renewable production is low

Avoid risky, revenue-displacing shutdowns and start-ups

Maintain profitability

Given these competing demands, the consideration and study of alternative uses for excess energy
during periods of high-renewable supply is imperative.

! https:/iwww.nytimes.com/2017/12/25/business/energy-environment/germany-electricity-negative-prices.html?smid=fb-
nytimes&smtyp=cur&_r=0&mtrref=undefined
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Hydrogen Cogeneration

Four hydrogen cogeneration projects have been funded through the Department of Energy’s H2@ Scale
initiative. The first was awarded to Exelon, which plans to install a 1 MW polymer electrolyte membrane
(PEM) electrolyser to produce hydrogen on site at a plant in an organized power market. Three additional
sites were awarded funding for similar pilots—Palo Verde, Davis-Bessie, and an Xcel plant in Minnesota.

There is a compelling business case to be made for using hydrogen produced on site for internal use.
The strength of the business case varies based on the number and size of the units, the number of plants
in the fleet, and the type of reactor.

ADVANTAGES OF HYDROGEN COGENERATION

v Generates a redundant source of hydrogen

¥v" Reduces risks associated with reliance on third-
party delivery (e.g., delays, strikes, accidents)

¥ Enables divestiture from fossil fuel-produced
hydrogen and accompanying CO, emissions

v Creates a long-term financial advantage by
producing hydrogen with at-cost electricity
‘a4

v Hedges against hydrogen price swings _i_‘f\:‘
. NN

¥ Empowers generation plants to negotiate more
competitively with traditional hydrogen suppliers

¥ Develops in-house capability to produce hydrogen
and potentially distribute to other plants within the
fleet or to other utilities

ScottMadden’s research suggests a dual-unit boiling water reactor consuming 30,000 kgs of hydrogen
per year could install a PEM electrolyser and produce enough hydrogen on site to meet internal usage
requirements and achieve payback within 15 years.? This scenario will be more attractive for operators
with multiple nuclear and gas plants in their portfolio. Self-distribution of internally generated hydrogen
across the entire utility’s generation portfolio could make the business case even stronger.

2 This analysis assumes a market price of hydrogen of $14/kg of H, (internal analysis) and a cost to produce hydrogen on site of $3.15/kg

(Platts).
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The table below demonstrates the approximate value of 1 MW-day of hydrogen production. The results
can be compared to the production value of electricity and used to start an early internal cogeneration
conversation.

Plants that are purchasing hydrogen at prices higher than $3.15/kg will have a compelling
business reason to study the installation of on-site PEM electrolysis.

Hydrogen Produced Platts H2 Cost per kg Production Value
per Day (ex. CAPEX - Inc. CAPEX) per 1 MW-day

1 MW-day 475 kg $1.50-$3.15 $713-$1,496

Surplus Power

With a look to the future, production costs of green hydrogen equipment are expected to decrease
significantly in the coming decade. Per the Hydrogen Council, green hydrogen technology CAPEX will
shrink by 60% to 80% by 2030. Europe has plans for 6 GWs of electrolysis by 2024 and 40 GWs by
2030.2 Advancements and maturity in electrolysis technology are expected to contribute to price
reductions over time.

With another revenue stream available, the economic proposition of a nuclear plant changes. When
revenue from the sale of electrical power drops below that of hydrogen produced by that same power,
electrolysis is placed in operation. The commodity with the highest profit potential receives priority.
Tracking the market to determine the most profitable commaodity to produce will become a daily decision
for plant management in the years after installing electrolysis.

Hydrogen and the Electric Utility

Generating hydrogen on site for internal use is just the beginning of the potential positive financial impact
hydrogen cogeneration can have on nuclear plants. The possibility of producing, storing, converting
hydrogen back to electricity, or selling the surplus to willing buyers also exists.

For utilities and electric power producers, self-produced hydrogen can be blended with natural gas and
used as fuel in existing gas turbines. Siemens Gas and Power has set targets for all gas turbines to
operate on 100% hydrogen as a fuel source by 2030.* Many turbines can now function on a mix of natural
gas and 3%—30%+ hydrogen. For operators with multiple generation resources in their portfolio, blending
with methane is another compelling reason to explore hydrogen. As a sign of this trend, the Los Angeles
Department of Water and Power announced a power plant that will be capable of burning 30% hydrogen
and 70% natural gas. Over time, the plant will be converted to burn greater quantities of hydrogen.®

Grid management challenges in the coming years will require extensive energy storage capacity.
Overproduction by renewables during daylight hours and high winds leads to curtailment. Curtailing
production wastes investment, reduces capacity factors, and increases costs.

The grid can benefit from the incorporation of strategic hydrogen production throughout the system, not
just at individual plant sites. Installing a hydrogen system beyond the switchyard or inverter can add an
additional level of flexibility to an entire system. If the hydrogen delivery infrastructure is built close to a
natural gas plant, it can be transferred by pipeline, mixed with methane, and used as a combustion fuel.

3 https://ec.europa.eu/commission/presscorner/detail/en/ip_20_1259
4 https://www.powermag.com/siemens-roadmap-to-100-hydrogen-gas-turbines/
5 https://www.latimes.com/environment/story/2019-12-10/los-angeles-hydrogen-fueled-intermountain-power-plant
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The Journey Ahead

Nuclear plants potentially have a significant role to play in the expanding hydrogen economy. The
urgency for nuclear operators to reimagine traditional business models has arrived with the premature
closure of plants across North America. A partnership between nuclear and hydrogen may, in the future,
maintain or increase revenue for owners and investors.

Cogeneration could be a key component of staving off premature nuclear decommissioning. Starting with
small on-site electrolysis will build confidence and experience with the new process. As the hydrogen
economy grows, a nuclear plant’s capabilities can grow along with it adding modular electrolysers over
time. We see the possibility of the total conversion of nuclear power plant production away from grid-
supplied electricity and toward carbon-free green hydrogen.

We see the need today for utilities and power producers to consider developing a hydrogen strategy.
Where will hydrogen be produced and used? Which technology enhancements and conversions will be
necessary to integrate larger amounts of hydrogen? What changes in legislation will drive the production
and use of hydrogen in other sectors of the economy, and how can utilities position themselves to be
leading producers of green hydrogen? Hydrogen and nuclear cogeneration may be just one component
of a broader strategy in the years ahead.

The integration of nuclear and renewables requires thinking around potential uses of surplus
baseload power.

When renewable production is high, surplus power can be used for other purposes.

Nuclear plants can benefit from internally made green hydrogen by reducing costs and building
redundancy.

Demand for hydrogen produced by nuclear power is expected to increase.

Benefits of hydrogen to the overall economy are not limited to on-site use.

HOW WE CAN HELP

ScottMadden helps clients in every aspect of the nuclear power business. We work with our clients to
build tailored solutions designed to deliver value from traditional and unexpected parts of the business.
Our deep acumen in generation and utilities helps operators achieve safe, efficient, and profitable plants.

ABOUT SCOTTMADDEN

ScottMadden is the management consulting firm that does what it takes to get it done right. We consult
in two principal areas—Energy and Corporate & Shared Services. We deliver a broad array of consulting
services ranging from strategic planning through implementation across many industries, business units,
and functions. To learn more, visit www.scottmadden.com.
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ABOUT SCOTTMADDEN’S ENERGY PRACTICE

We know energy from the ground up. Since 1983, we have served as energy consultants for hundreds
of utilities, large and small, including all of the top 20. We focus on Transmission & Distribution, the Grid
Edge, Generation, Energy Markets, Rates & Regulation, Enterprise Sustainability, and Corporate
Services. Our broad, deep utility expertise is not theoretical—it is experience based. We have helped our
clients develop and implement strategies, improve critical operations, reorganize departments and entire
companies, and implement myriad initiatives.

ABOUT THE AUTHORS

Ed Baker and Sean Lawrie are partners at ScottMadden, and they co-lead the firm’s nuclear practice.
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