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Energy System is Evolving Rapidly
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Real-Time LMP ($/MWh)
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Electricity Prices Dropping

Figure A2: Real-Time Energy Price-Duration Curve
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Source: Potomac Economics 2017 State of the Market Report for the MISO Electricity Market — Analytic Appendix (June 2018)

Low-cost, flexible
natural gas
generation
reducing average
energy price
More hours with
energy at very low
and very high
prices

Other revenue
streams (e.g.,
capacity, services)
are becoming
more critical
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Impacting Generation Mix

* Over 20 GW of
existing U.S.
nuclear power
generation is at
risk of early
retirement

Nuclear Plants at Risk by 2030, or Recently Retired (GW) !

5.5

Alternative
Income streams
may reduce
retirements

1Source: U.S. DOE Quadrennial Energy Review, 2017
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Conceptual H2@Scale Energy System
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Global Hydrogen Potential
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Source: Hydrogen Council

Hydrogen Council
estimates a 10-fold
increase in global
hydrogen use by 2050

Key opportunities are
transportation,
industrial energy, and
as a feedstock for
chemical processing
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H2@Scale: U.S. Initiative
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Source: Satyapal, Sunita. “Hydrogen and Fuel Cell Program Overview” Presented at the Fuel Cell Technologies Office’s Annual Merit Review. (June 13,
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N-R HESs Producing Hydrogen
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N-R HESs Producing Hydrogen
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Source: Ruth, Mark, Cutler, Dylan, Flores-Espino, Francisco, and Stark, Greg. The Economic

Potential of Nuclear-Renewable Hybrid Energy Systems Producing Hydrogen (2017). NREL/TP-6A50-

66764. http://www.nrel.gov/docs/fy170sti/66764.pdf

Analyzed the economic
potential of two tightly-
coupled nuclear-renewable
hybrid energy systems
producing hydrogen
* High temperature electrolysis
(HTE) integrated via both
thermal and electrical energy
* Low temperature electrolysis

(LTE) integrated via electrical
energy only
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High Temperature Electrolysis N-R HES:

Optimal, Profitable Configurations
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High Temperature Electrolysis N-R HES:

Optimal, Profitable Configurations
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High Temperature Electrolysis N-R HES:

Optimal, Profitable Configurations
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High Temperature Electrolysis N-R HES:

Impact of Capacity Payments
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Low Temperature Electrolysis N-R HES:

Optimal, Profitable Configurations
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Hydrogen (2017). NREL/TP-6A50-66764. http://www.nrel.gov/docs/fy17osti/66764.pdf

More low-price hydrogen
cases are profitable under
the volatile electricity
price set

Configurations with the
nuclear reactor, the
thermal power cycle, and
the LTE adjust their
product slate each hour
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Low Temperature Electrolysis N-R HES:

Purchasing Electricity

Primary Elec. Price Set

20-

Full N-R
HES

Optimal configurations purchase
electricity especially when electricity

g ‘u Grid Purchases[MWh] prICES are |OW
:, 8 B * Configurations with wind power
generation offset purchases

Wind Power’’

LTE LTE Only

00-

00 25 50 75 100
Price of H2 [$/kg]
Source: Ruth, Mark, Cutler, Dylan, Flores-Espino, Francisco, and Stark, Greg. The Economic Potential of Nuclear-Renewable Hybrid Energy Systems Producing

Hydrogen (2017). NREL/TP-6A50-66764. http://www.nrel.gov/docs/fy17osti/66764.pdf NREL | 18



http://www.nrel.gov/docs/fy17osti/66764.pdf

Low Temperature Electrolysis N-R HES:

Flexibility Increases Profitability (at Times)
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Conclusions

 Hydrogen has the potential to become an energy carrier that
complements electricity.

e Analysis of nuclear-renewable hybrid energy systems (N-R
HESs) producing hydrogen indicate that they may be
economically viable for some market conditions. Key drivers

include:
— Hydrogen price
— Electricity price volatility
— Availability of a capacity payment
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