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The Energy Challenge

How Not To Use Fossil Fuels for
Variable Electricity Production in a
Low-Carbon World



Variable Electricity Demand Challenge
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Nuclear Renewable
Hydrogen Electricity
Systems

Electrolytic Hydrogen Production to Consume
Electricity When Electricity Prices Are Low

Create a Floor to Electricity Prices



Problem Definition

& Large variations in electricity demand result in
large variations in electricity prices: Low prices at
maximum production limits renewables

% If there were cheap electrolyzers, we would use
electrolysis to make industrial hydrogen today
when low electricity prices

% Need technology for “cheap” electrolyzers

¢ Potential option: High-temperature electrolysis that
can operate Iin reverse as fuel cells to produce
electricity when high demand
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Electrolysis?

Water + Electricity + Heat — Hydrogen and Oxygen
Light-Water Reactor Provides Heat When Needed

¢ More efficient than Excess electricity
electrolysis
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Structure of Nuclear-Renewable
Electric-Hydrogen System

N Tw
Base-Load Wind or Solar Prod 0 sl
Nuclear (Partial Gas Turbine Backup) roaucts:
PF())Iwer Medium-Voltage High-Voltage Variable
e Electricity Electricity Electricity
Electricity T Fuel Cell o Lol
Grid
and / or Ve _ DY
Steam High
Output j_V Temperature Ve D
K Steam/ S EIECtrOIySiS y Steady
Heat State
" High-Capital- | l Hydrogen Export of
Hydrogen Hydrogen to
Cost Systems nderground | pipeline Industrial
Operate at High- el el Users
Storage

. Capacity Factors

/
|




Role of Hydrogen

¢ Hydrogen produced to absorb excess energy
when high production and low electricity demand
Hydrogen primarily to industrial markets

Some hydrogen for peak electricity production:
limited use because electricity to hydrogen to
electricity is inefficient

% New strategy with high-temperature electrolysis
High-temperature electrolysis
Reverse and operate as fuel cell when need electricity

Capital cost savings because duel-use machine that
replaces gas-turbines used today for peak power
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I TE/FC Partly Paid For By Replacing Low-

Capacity Gas Turbines Used for Peak
Electricity Generation
Gas Turbine Usage in Midwest Grid
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Nuclear Shale-Oil
Renewable Systems

Enable U.S. Energy Independence
Cut CO, Fuels Emissions in Half
Enable Renewables



U.S. Oil Shale Could Replace Crude Oil

& Oill shale contains no oil but
Reserves Exceed instead kerogen
Mideast Oil

Heat kerogen to 700°F
underground to produce oil, gas,
and carbon char

& Current strategy—burn one
guarter of oil and gas product to
heat shale

& Large carbon dioxide release
during production

¢ Slow underground heating
process over a year—can add
heat at a variable rate
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Can Use Nuclear Heat (Steam)
For In Situ Oil Shale Retorting

Gathering

& Heat kerogen in oll s T
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over 2 to 4 years ]
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Nuclear Shale-Oil Renewable System

Base-load nuclear: Variable heat for shale oll
production (slow heating) and variable electricity

Enables renewables—cheap backup electricity
No fossil fuels for variable electricity production
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Nuclear Renewable Shale-Oil Can Cut
CO, Footprint in Half per Liter of
Gasoline Compared to Crude OIll

¢ Example: 3-GWYy nuclear heat
1-GWy to oll shale yielding 4 GWYy shale oil and gas
2-GWYy to variable electricity production

& Nuclear heat replaces 2-GWY fossil fuels for
variable electricity production

& CO, credit from avoided fossil fuels for variable
electricity (2-GWy) applied to shale oill

& Get off foreign oil while cut greenhouse liquid-
fuel footprint in half with variable backup
electricity to enable renewables



Conclusions

& Hybrid systems enable outcomes that are not

possible with single energy sources
Enable H, electrolyzers to use low-price electricity
(Required for renewables) and enable renewables
Cut greenhouse footprint of fossil transport fuels in half

& Requires thinking about the entire energy system
Stovepipe energy systems will not solve the challenge

Institutional challenge equals the technical challenge
e DOE stove piped
e Energy companies stove piped
e Regulatory agencies stove piped.

¢ Grand challenge
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Questions

http://canes.mit.edu/sites/default/files/pdf/NES-115.pdf
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Energy Futures May Be Determined
By Two Sustainability Goals
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Mismatch Between Renewable'mp

and Demand Implies Low Prices for
Solar/Wind Electricity in Deregulated
Markets

% In deregulated markets, electricity prices are low
or negative If supply exceeds demand
We have today times of negative price electricity
If large-scale solar or wind, low or negative prices at
times of maximum production
% Large-scale low-cost solar/wind uneconomic in a
free-market electricity system unless
Couple to cheap storage (potential with solar thermal)
Other technologies to address mismatch



Geothermal Heat Storage

Hourly, Daily, and Seasonal
Storage of Electricity

Only ldentified Large-Scale
Seasonal Energy Storage Technology
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Geothermal Heat Storage System
Create Artificial Geothermal Heat Source
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Heat Is a Preferred Way
to Store Energy

& Economic penalty is smaller for inefficiencies
Carnot limit in converting heat to electricity
Value of heat is a third that of electricity

¢ Heat storage media are cheap: Rock

% Electricity storage media are prohibitively
expensive for seasonal storage
Chemical (lead, lithium, etc.)
Gravity (hydro pumped storage)
Kinetic (flywheel)
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Gigawatt-Year Geothermal Storage
Is Based On Two Technologies

Recovery of Heavy Oil Geothermal Power Plant

By Reservoir Heating Heat Extraction
California and Canada
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Heat Storage Must Be Large

to Avoid Excessive Heat Losses
Intrinsic Large-Scale Nuclear or Solar Storage System
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Seasonal Storage Energy Losses

Couples Only to Nuclear or Very Large Solar Thermal System
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Three Options to Create
Permeable Rock Zone

& Cave-block mining (Lowest technical risk)
Create underground void volume
Controlled explosives create rock fall / rubble zone
& Selective dissolution
Heavy oil deposit
Hot water removal of heavy oill
& Hydrofracture
Conventional hydrofracture in sandstone



—Seasbral Stdrage Prévides Major
Economic Advantage for Solar
Thermal and Nuclear Electricity

Production
% Price of large-scale renewables
electricity near zero at times of peak

production If:
Large-scale application
Deregulated electricity markets

& Implies higher value for energy

technologies producing heat
Solar thermal and nuclear couple to heat
seasonal storage N
PV and wind lower value when deployed on "%
la large scale because of storage penalty '
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