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Take-away messages

e The opportunity Is carbon
e The problem is cost
e There are ways to reduce it

e Government’s help is
needed to make it happen



Why a new study
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The nuclear industry is facing an existential crisis
(especially in the U.S. and Europe)



The big picture



The World needs a lot more energy

Human Development Index vs. Electricity Use
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Global electricity consumption is projected to grow 45% by 2040



The key dilemma is how to increase energy
generation while limiting global warming

Worldwide primary energy consumption 14000
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CO, emissions are actually rising... we are NOT winning!



Can we decarbonize using only wind and solar?




Some say yes

IPCC: Renewables to Supply 70%-85% of Electricity
by 2050 to Avoid Worst Impacts of Climate Change

Mark Jacobson
(Civil and Environmental Eng., Stanford) Barbara Hendricks
“There is no technical or economic barrier to (Minister for the Environment, Germany)
transitioning the entire world to 100 percent “The Energiewende is the cornerstone of our climate policy.
clean, renewable energy with a stable electric We want to encourage other countries to follow our example.”

grid at low cost”



Some say no

Union of Concerned Scientists For Nukes!
Activist group finally recognizes that it can't achieve its
energy and climate goals without nuclear power.

We need a low-carbon electricity standard. A well-designed LCES
could prevent the early closure of nuclear power plants while | “
supporting the growth of other low carbon technologies. 1

Ken Caldeira, Kerry Emanuel, James Hansen, Tom Wigley

(Climatologists)
“There is no credible path to climate stabilization that does

not include a substantial role for nuclear power.”

Emmanuel Macron (President of France)
“My priority in France, Europe and internationally is CO,

| (1]
|
s

emissions and (global) warming... What did the )
Germans do when they shut all their nuclear in one
go?... They developed a lot of renewables but they also
massively reopened thermal and coal. They worsened
their CO, footprint, it wasn’t good for the planet. So |
won’t do that.”

Ernie Moniz (former U.S. Energy Secretary)
“I know we can’t get there [meeting carbon dioxide
reduction goals] unless we substantially support and
even embolden the nuclear energy sector.”



Let’s look at the evidence

45

Data source: European Climate Leadership report 2017

(Energy for Humanity, Tomorrow, the Electricity Map Database)
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Low carbon intensity in the EU correlates with nuclear and hydro



Do we need nuclear to
deeply decarbonize the
power sector?



Nuclear is the largest source of emission-free
electricity in the US and Europe

Share of carbon-free electricity (2015 data)
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The scalability argument
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A nuclear build-up (at historically feasible rate) can
completely decarbonize the World’s power sector
within 30 years



The scalability argument (2)

Nuclear Sweden 1974-1983 T30

o Frace 7.1t
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Nuclear electricity can be deployed as quickly as
coal and gas at a time of need



Average Generation Cost (S/MWh)

The economic argument

Excluding nuclear energy drives up the average cost of
electricity in low-carbon scenarios

ERCOT (Texas) Tianjin-Beijing-Tangshan
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Simulation of optimal generation mix in power markets in US, EU and Asia
MIT tool: hourly electricity demand + hourly weather patterns + capital, O&M
and fuel costs of power plants, backup and storage + ramp up rates



Tianjin-Beijing-Tangshan Results

Installed Capacities in Tianjin: No Nuclear
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The business opportunity for nuclear expands
dramatically, even at modest decarbonization
targets, If its cost decreases

New England ISO
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The cost Issue



Nuclear Plant Cost
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An increased focus on using proven project/construction management
practices will increase the probability of success in execution and delivery of
new nuclear power plants

« Complete design before starting construction, » Establish a successful contracting structure,

» Develop proven NSSS supply chain and skilled * Adopt a flexible contract administrative
labor workforce, processes to adjust to unanticipated changes,

* Include fabricators and constructors in the design . Qperate in a flexible regulatory environment that
team, can accommodate changes in design and

« Appoint a single primary contract manager, construction in a timely fashion.



Nuclear Plant Cost (2)

AP-1000 APR-1400 EPR

® Nuclear Island equip
m Turbine Island Equip
mEPC

m Owner Cost

m Yard Cooling
Installation

Sources:

AP1000: Black & Veatch for the National Renewable Energy Laboratory, Cost and Performance Data for Power Generation Technologies, Feb. 2012, p. 11
APR1400: Dr. Moo Hwan Kim, POSTECH, personal communication, 2017

EPR: Mr. Jacques De Toni, Adjoint Director, EPRNM Project, EDF, personal communication, 2017

Civil works, site preparation, installation and indirect costs
(engineering oversight and owner’s costs) dominate



A shift away from primarily field construction of
cumbersome, highly site-dependent plants to more serial
manufacturing of standardized plants
(True for all plants and all technologies)

Standardization on multi-unit sites Seismic Isolation .

dissipator

Flexible pipe
connection

Advanced Concrete Solutions

Work |Rebar Form work Placing Form work

Structure arrangement 8 concrete (removal)

Modular Construction Techniques and Factory
Fabrication

RC

28days

sC

14days




The government role



$/MWh

Preserving the existing nuclear fleet requires
compensating it for its zero-carbon value

60

50
Nuclear Plant Operating Cost
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Nuclear Plant Market Fossil Plant Market Social Cost of Carbon Missing Low Carbon
Revenue Revenue Value

A $12-17/MWh credit would be enough to keep US nuclear power plants open



Government should

1) Help to preserve the existing fleet to avoid an
Increase in emissions:

Keeping current NPPs is the lowest-cost option for
constraining carbon emissions in the US, as recognized by
Zero Emission Credits in NY, IL and NJ

True also in Spain:

All 7 Spanish NPPs remain open (with investment of ~600 €/kW) No-rl;:Iear scenarios
N7 sS7 W7 SW7 WS7
Incremental Capacity (MW) 7,117 109,800 30,160 49,134 32,411
Incremental Generation (GWh) 46,015 46,011 46,014 46,838 46,014
Incremental Capacity Factor 74% 5% 17% 11% 16%
[ncremental Unit Cost (€/MWh) 34.96 157.02 61.24 76.27 60.95 |

Incremental System Cost, gross annual (€ millions) 1,609 7,225 2,818 3,572 2,804
Incremental System Cost, gross PV 10 years (€ millions) 11,298 50,743 19,793 25,091 19,697
Difference to Nuclear (€ millions) 39,446 8,495 13,794 8,399

349% 75% 122% 74%

Methodology: Calculations find least-coast Spanish generation mix in 2030 with and without NPP life extension.
All scenarios have same CO,-eq emissions (-43% from 2005) and storage (pumped hydro + batteries) capacity.

(Source: A. Fratto Oyler, J. Parsons, The Climate and Economic Rationale for Investment in Life Extension of Spanish Nuclear Plants, MIT, November 2018)



2) Improve the design of competitive electricity markets

& Decarbonization policies should create a level playing
field that allows all low-carbon generation technologies
to compete on their merits

& Ensure technology neutrality in capacity markets

¢ Enable investors to earn a profit based on the full value
of their product (including reduction of CO, emissions)

3) Help to remove the roadblocks (waste and cost)

» Develop a durable political solution for spent fuel
disposal to spur private investment in new nuclear

* Focus government research spending on innovations
that lower capital cost of NPPs vs. fuel cycle
innovations, reductions in waste streams and recycling
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Take-away messages

e The opportunity is carbon

e The problem is cost

e There are ways to reduce it

e Government’s help is needed
to make it happen




Bonus slides on waste



Nuclear waste
The volumes are SMALL!

il

One person’s total
lifetime’s volume
of high level
radioactive waste
if they used
nothing but
nuclear energy for
their whole life.

ISR




Current practice in the US

- Spent fuel in storage pools
for 5-10 years

- Then transferred to sealed
dry casks: 80 casks needed
for all spent fuel produced by
a 1000-MW reactor in 60
years (small volumes!)

- Dry casks are completely
safe to handle and last for
decades with minimal
maintenance
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Ultimate disposal is in geological rep

tunnels or deep boreholes); challenges are always political,
with examples of success (Finland, Sweden) and failure (U.S.)
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