Too Big to Bail Out

The Economic Costs of a National Nuclear Power Subsidy
by Tim Judson November 2016

Since 2014, nuclear power companies and supportive policymakers have begun promoting new forms of subsidies
to benefit existing nuclear power stations in the United States. Thus far, such proposals have only been adopted in
one state (New York), and legal and regulatory challenges have resulted in only one nuclear reactor receiving tem-
porary financial support to date: the R.E. Ginna Nuclear Power Plant in New York, from April 2015-March 2017.

A new long-term, statewide subsidy policy recently adopted in New York, to be implemented beginning in April
2017, is now being touted as a national model. The total cost of the 12-year subsidy New York is offering to Ginna
and three other reactors is substantial: an estimated $7.6 billion--more than three times as much as the subsidies
for new renewable energy sources ($2.44 billion by 2030) under the state’s new 50%-by-2030 renewable energy
standard.

A recent draft report by the U.S. Department of Energy recommends providing new and increased subsidies and
incentives to promote the longevity of existing reactors and deployment of new reactors; the DOE report recom-
mends subsidies amounting to $27/MWh, very close to those under the New York model.! According to this anal-
ysis, a national subsidy program based on New York’s would carry a significant cost to consumers and/or
taxpayers: over $280 billion by 2030. According to a recent report by Bloomberg, over half of existing nuclear
power in the U.S. (56% of total generation) is projected to be unprofitable by 2020. If only unprofitable reactors
were subsidized through such a program, the cost would still be quite large: $160 billion by 2030.

We provide these estimates to inform discussion of nuclear energy policy proposals in the coming months, as
state and federal policymakers consider how to respond to the declining economics of nuclear power. The energy
status quo is changing rapidly, between aging energy infrastructure, dramatic advances in renewable energy and
new technologies, the need to rapidly reduce greenhouse gas emissions, and problems of energy affordability and
consumer cost burdens. Decisions about how to deal with nuclear power must be made in context of these broader
changes, as well as in consideration of the economic and environmental impacts of subsidizing aging reactors and
other legacy energy infrastructure.

Reactor Closures and Operating Cost Trends

Proposals to subsidize existing nuclear power plants are being driven by the declining economic viability of

the U.S.’s aging nuclear fleet. From 2002-2012, average operating costs for nuclear power plants rose by 50%,

or about 4.5% per year, on average.” At the end of that period, the closure of five reactors were announced in a

10-month period--the first reactor closures in the U.S. in nearly fifteen years.® That period spanned the “deregula-

tion” of electricity markets, during which the industry’s economics improved significantly due to several factors:

« Approximately $130 billion (2016 dollars) in bailouts of nuclear utilities’ bad debts for building reactors.*

* Improved economies of scale, due to consolidation of reactor ownership through utility mergers and sales of
reactors.

» Surging electricity prices up through 2008, delivering high profit margins.

» Lightened safety regulations, requiring fewer shutdowns for maintenance and reduced or postponed costs.

* Operating practices and upgrades resulting in higher electricity output.



However, the advancing age of the reactor fleet also
caught up with the industry during this time. The U.S.
has the oldest reactor fleet in the world, now averaging
35.6 years, with 37% older than their original licensed
lifespan of 40 years; another 37% are between 31 and
40 years old.> The capital cost of maintaining aging
reactors has risen dramatically, due to the high cost and
specialized nature of materials and components.

Since 2014, six more closures have been announced,
and several more reactors have been named as poten-
tial closure candidates. A July 2016 Bloomberg report
found that 56% of the U.S. reactor fleet may be uneco-
nomical to operate by 2020.° Policymakers have not ad-
equately understood the cost factor driving the reactor
closure trend, and a

points to support its pleas for new subsidies. Two of
these have provided a basis for considered policymak-
ing: grid reliability, that is, sufficient electricity supply
and/or voltage support to avoid power shortages or
blackouts; carbon dioxide emissions levels, through
the assumption that the electricity provided by nucle-
ar power plants that close down would be replaced by
electricity from fossil fuel power plants. These claims
about the roles nuclear can or must play are often inac-
curate, and experience has shown that both reliability
and emissions targets can be met in different ways.

The industry has also proffered political talking points,
claiming that nuclear is being disadvantaged by a lack
of government support, particularly relative to renew-

Announced and Potential Reactor Closures (2013-2016)

prevailing wisdom | Nuclear Reactor/s | State | Capacity | Closure Date | Reason

still lingers among (MW)

regulators and | Crystal River 3 FL 860 | Feb. 2013 Maintenance Error

policymakers that | Kewaunee WiI 556 | May 2013 Uneconomical

nuclear power is | San Onofre 2&3 CA 2,350 | June 2013 Maintenance Error

cheap—which only | Vermont Yankee VT 610 | Dec. 2014 Uneconomical

ever appeared to be | Fort Calhoun NE 480 | Oct. 2016 Uneconomical

true because of the | Clinton IL 1,080 | June 2017 Uneconomical

bailout of nuclear | Quad Cities 182 IL 1,824 | June 2018 Uneconomical

stranded costs in | Pilgrim MA 688 | June 2019 Uneconomical

the 1990s shift to | Qyster Creek NJ 637 | Aug. 2019 Legal Settlement

competitive power | Diablo Canyon 1&2 | CA 2,240 | 2024 & 2025 | Energy Planning

markets. FitzPatrick NY 838 | Possible Uneconomical
Ginna NY 581 | Possible Uneconomical

The blame for nu- | Three Mile Island 1| PA 829 | Possible Uneconomical

clear’s  economic |"Dayis-Besse OH 889 | Possible Uneconomical

problems has been ["Pajisades MI 811 | Possible Uneconomical

misplaced on lower
electricity prices resulting from declining demand and
the growth of lower-cost energy sources. However, had
nuclear operating costs not increased so dramatically
over the last 15 years, reactors would not be unprofit-
able nor would their owners require such large subsi-
dies to ensure their continued operation. The industry
is focused on new revenue sources because operating
costs are rising and there is not much potential for fur-
ther cost reductions: most of the reactors now closing
are in competitive markets and their owners have oper-
ated under strict cost-discipline for well over a decade,
with reduced staffing levels, higher operational perfor-
mance, negotiated property taxes deals, etc.

Nuclear Subsidies and Bailouts
Since 2014, the industry has advanced several talking
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able energy sources. These considerations are worth
addressing, to put the plea for new subsidies in the
proper context. One the one hand, it is untrue that ex-
isting nuclear power stations are unsubsidized. Nearly
all reactors were heavily subsidized by state and federal
policies, from research and development, to favorable
cost-recovery treatment by state utility commissions,
to the aforementioned $130 billion bailout of stranded
nuclear construction debts in the 1990s.” The new pro-
posed subsidies are for these same reactors, nearly half
of which were sold or transferred effectively debt-free
to merchant power generators between 1998 and 2004.

On the other hand, the industry benefits from several
major federal and state policies that reduce or eliminate
reactor owners’ liability for environmental impacts,
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including nuclear accident insurance, nuclear waste
management and disposal, reactor decommissioning
and site cleanup, uranium mine and processing waste,
and water consumption. A comprehensive study of nu-
clear power subsidies in 2011 concluded that the cost
of financial supports to the industry has frequently ex-
ceeded the value of the electricity nuclear power plants
produce.®

In addition, the claim that renewable energy sources en-
joy subsidies not offered to nuclear power is simply un-
founded. The federal production tax credit (PTC) and
investment tax credit (ITC) that support new wind, so-
lar, and other generation sources have also been avail-
able to new nuclear reactors since 2005. Most existing
reactors also benefitted from
similar ITCs available at the
time they were built. Howev-
er, while the economics and
performance of wind and so-
lar have been favorable and
improved dramatically over
the last ten years, the oppo-
site has been true of new nu-
clear reactors. As a result, not
a single new reactor has been
brought online in the eleven
years since the nuclear PTC
was created, so the industry
has thus far failed to cash in on a subsidy very much on
the same scale as that offered to new renewable energy
sources ($18/MWh, or up to $750 million/year for the
first 6,000 MW of new reactors).

21-30 years
30 /

11-20 years: 1

It is important to remember that, while the merits of en-
ergy subsidies may be debated, the purpose of the fed-
eral tax subsidies is to encourage technological inno-
vation and deployment of commercially viable energy
sources, and that all of those incentives phase out over
time. If new nuclear generation were commercially via-
ble, the industry would have been able to build reactors
to begin replacing older, uneconomical units with the
incentives the federal government has offered. Howev-
er, providing new, long-term or open-ended subsidies
to existing nuclear reactors does nothing to advance in-
novation and technological development, nor to ensure
that the U.S. meets its long-term emissions reduction
obligations.

Nuclear Power in the Clean Power Plan

The Environmental Protection Agency (EPA) consid-
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Age of US Nuclear Fleet
as of 1 July 2015

99 Reactors
Mean Age: 35.6 Years

Source: World Nuclear Industry Status Report 2016.
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ered the possible role nuclear power could play in meet-
ing carbon emissions goals in the Clean Power Plan
(CPP) regulations adopted in 2015. The CPP establish-
es state-level carbon dioxide (CO2) emissions targets
for existing power plants based on the “best system
of emissions reduction” (BSER), determined through
evaluating feasible and cost-effective strategies for re-
ducing emissions in the 2030 timeframe.

In the draft regulation published in June 2014, the EPA
proposed including two sources of nuclear generation
in the BSER”:

* Five new reactors already under construction in
2014, which EPA assumed were likely to be com-
pleted.

* 6% of states’ existing

nuclear generation, in recog-

nition of economic pressures
on the industry.

It is worth noting that the

EPA also considered includ-

ing existing renewable gen-

eration facilities as BSER,
to encourage their continued
operation.

In the final regulation pub-
lished in August 2015, EPA
revised its consideration of
nuclear power and existing renewables, removing both
from BSER and states’ emission targets. With respect
to existing reactors, EPA based the draft CPP on an
assumption that the economic margins causing reac-
tor closures were only around $6/MWh, much smaller
than the actual conditions in the industry. In preparing
the final regulation, EPA determined that both retiring
nuclear power plants and renewable energy sources
could be replaced with new renewable energy sources,
and it was not appropriate to include them in setting the
emissions goals.' However, in the final rule, EPA also
created mass-based emissions targets as an alternative
to the rate-based targets. The nuclear industry is urging
states to adopt mass-based targets because it provides a
rationale for subsidizing existing reactors. It is never-
theless important to remember that EPA set the targets
at levels that would enable nuclear to be replaced with
renewables and/or energy efficiency.

Further, the EPA had sound reasoning for basing the
CPP on rate-based emissions targets. Electricity gen-
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eration is only one source of CO2 emissions, and some
strategies for reducing emissions in transportation,
heating, manufacturing, agriculture, etc., may involve
increasing reliance on electricity. For instance, increas-
ing use of electric vehicles and geothermal heat pumps
could increase electricity demand--and place upward
pressure on CO2 emissions from power plants in the
2030 period--but still lead to significant decreases in
overall emissions because of the much greater efficien-
cy of natural gas power plants compared to combustion
engines, furnaces, and boilers.

Thus, by locking themselves into mass-based emis-
sions goals for the CPP, states might limit their flexi-
bility in achieving the overall mass-based emissions re-
ductions that are ultimately necessary. For instance, in
2011, New York had

Average Annual Nuclear Operating Cost (2012 $/MWh)

to profitability, some of which have proved inadequate
or unsound; others lack sufficient detail to be ready for
widespread consideration.'” Actual policymaking has
proved a crucible for testing the soundness of various
subsidy models, most of which have proved insufficient
or not viable.

Ilinois: Low-Carbon Energy Standard

In 2014, Exelon demanded the state begin providing
subsidies for nuclear generation before addressing the
state’s lagging development of renewable energy. Fol-
lowing completion of a multi-agency review of nuclear
economic conditions and impacts of reactor closures,
Exelon proposed legislation to create a Low-Carbon
Energy Standard (LCES) in 2015. The proposed LCES
would require investor-owned utilities (IOUs) to pur-
chase credits from

reduced greenhouse so
gas (GHG) emis-
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qualifying sources for
up to 70% of the elec-

sions from electricity

tricity they provide to

e
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their customers.”® The
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30% from 1990 lev- 3
els, while total state- 3o
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proposed favored nu-

wide emissions only
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dropped by 11%." If

and the 70% standard

the state is to meet | &
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its goal of reducing *°
statewide GHG emis- 10

amount of electricity
generated by Exelon’s

sions by 40% in 2030,

f

—o--Total (2012 $/MWh) .
eleven reactors in Il-

reducing power plant

linois. Together with

emissions is much
less important than
addressing transportation and heating, which made up
60% of statewide emissions in 2011, compared to just
20% from power plants. Reducing emissions as rapid-
ly as possible from all sectors is preferable, but states
should have a comprehensive strategy that identifies
low-hanging fruit, while supporting measures that will
be necessary to achieve deep emissions reductions in
the 2030-2050 timeframe.

Subsidy Proposals

Several ways of delivering subsidies for existing reac-
tors have been proposed over the last 2-3 years. How-
ever, the industry has had difficulty advancing them
because of both the heavy price tag and the failure to
identify legally and technically sound policies to justify
payments that are large enough to make reactors profit-
able. The American Nuclear Society published a hand-
book detailing a wide range of ideas to restore reactors

page 4

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Too Big to Bail Out

the state’s existing re-
newable energy stan-
dard and a standard for fossil fuel generation employing
carbon capture and sequestration, the LCES added up
to about 100% of the affected utilities’ electricity sales.

The LCES would cost consumers about $300 million
per year, producing subsidies of $27 million per reactor,
on average. Lawmakers have been unwilling to support
such a large subsidy, particularly with other significant
budgetary problems affecting the state government and
the ongoing profitability of all but three of the eleven
reactors.'* % In addition, despite its continued advocacy
for the subsidy, Exelon has said the LCES would be
insufficient, on its own, to prevent the closure of the
three most unprofitable reactors (Clinton and Quad Cit-
ies 1&2), which it says have lost about $800 million
over five years. Exelon is negotiating with other stake-
holders over compromise legislation to support those
reactors, but it remains uncertain whether lawmakers
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would support a subsidy large enough to reverse the
company’s decision to close Clinton and Quad Cities.

Ohio: Long-Term Power Contracts

In Ohio, FirstEnergy proposed a subsidized power con-
tract for the Davis-Besse reactor and several coal-fired
power plants, arguing that the units were unprofitable
and their continued operation is needed for reliability.
Through the arrangement, FirstEnergy’s utility compa-
nies in Ohio would purchase electricity from the power
plants at prices determined by the operating costs of the
plants (plus a profit margin), estimated to average at
least $70/MWh over 15 years.!®

That proposal appears to have thoroughly run aground.
Challenges in the Public Utility Commission of Ohio
(PUCO) proceeding resulted in revisions that short-
ened the contract period to eight years, before receiv-
ing PUCO approval. However, several affected parties
complained to the Federal Energy Regulatory Commis-
sion (FERC), arguing that PUCO exceeded its authority
by intervening in the wholesale energy market.'’

FERC issued an order in April 2016, enjoining PUCO
from implementing the contract pending a full review, a
decision widely understood as a sign that FERC would
rule against PUCO. Rather than wait for FERC to de-
cide on the case, FirstEnergy submitted a new propos-
al to PUCO, involving shutting some of the coal units,
but it was not clear that it would fare any differently at
FERC.'® But on October 12, PUCO rejected the propos-
al, and issued an order providing FirstEnergy’s utilities
vaguely designated payments to incentivize moderniz-
ing their transmission and distribution systems."

Energy Market Reforms

The industry has also argued that competitive energy
markets do not recognize the full value that nuclear
power plants provide to the electricity system. Exelon,
FirstEnergy, PSEG and others say that nuclear power
plants provide significant reliability and market price
benefits that should be rewarded. Market regulators
have responded with some reforms that are delivering
increased revenues to many nuclear plants, as well as
other resources that provide the same benefits.

For instance, PJM, the largest electricity market in
the country, has adopted new “capacity performance”
rules for setting capacity market prices according to
more stringent requirements. The rules began being
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implemented in 2015, and have delivered significant-
ly increased capacity market revenues from two years
ago.” ! However, several reactors were unable to clear
the auction--including two of the unprofitable Illinois
reactors (Quad Cities 1&2)--because the prices they
required were still too high.?>?* The third unprofitable
Illinois reactor (Clinton) is in the adjacent electricity
market (MISO), where capacity market reforms are
also delivering higher prices, but still too low for Clin-
ton to benefit.

Because grid operators are not reliant on any one re-
source to meet reliability and supply needs, even mar-
ket regulators that are sympathetic to nuclear generators
cannot justify setting prices based solely on the needs
of particular uneconomical reactors, nor establishing
policies to favor a specific technology for its own sake.
At the same time, financial losses for uneconomical re-
actors are so large that even a combination of proposed
subsidies and market reforms might be insufficient to
justify their continued operation.

Subsidies in New York: 2014-2016

The industry has turned to New York to provide a mod-
el for delivering large enough nuclear subsidies. To
date, New York is the only state where subsidies to an
existing reactor have been implemented thus far, but
only in a limited fashion. In 2014, Exelon announced
that it would close the 44-year old Ginna reactor near
Rochester, New York, unless the state approved an
above-market contract guaranteeing sufficient revenue
to meet the plant’s operating costs. Based on a reliabil-
ity impact study performed by the New York Indepen-
dent System Operator (NYISO), which concluded that
Ginna would be needed for reliability purposes for 3.5
to 5 years, the New York Public Service Commission
(NY PSC) ordered the local utility, Rochester Gas and
Electric (RG&E) to negotiate a Reliability Support Ser-
vices Agreement (RSSA) with Constellation Energy
Nuclear Group (CENG, the Exelon joint venture that
owns Ginna).

In the course of the NY PSC proceeding, RG&E iden-
tified a substation upgrade that would resolve the reli-
ability issues, by enabling more electricity to be trans-
mitted to the Rochester area than RG&E’s grid could
previously handle. The upgrade could be implemented
within two years, at lower cost than subsidies to sup-
port Ginna, thus permitting the reactor to close soon-
er than originally projected. On that basis, RG&E and
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CENG entered into negotiations with PSC, FERC, and
other parties to negotiate a two-year RSSA, which is
providing $165 million in above-market subsidies over
the two years (or $83 million/year).?* At the time of this
writing, RG&E has confirmed the substation project
will be completed and operational before the March 31,
2017 termination of the RSSA.*»

From RSSA to the Clean Energy Standard

Subsequent to the Ginna settlement, in October 2015,
Entergy announced plans to close the FitzPatrick reac-
tor, in nearby Oswego County. Governor Andrew Cuo-
mo expressed concern about the local economic impact

Average Annual Generation, by Reactor

tricity output. All load-serving entities (LSEs) in the
state, including distribution utilities and electricity re-
tailers, would be required purchase ZECs in proportion
to their share of statewide electricity sales. For instance,
a utility that sells 10% of the electricity in the state
would have to purchase 10% of the available ZECs.

The proposal envisioned the program commencing in
April 2017 (after the Ginna RSSA expires) and extend-
ing to 2030, initially including Ginna and FitzPatrick;
the other two upstate reactors, Nine Mile Point 1 and 2,
would phase in over the next two to three years, based
on their profitability projections. Indian Point would be

excluded. Based on pro-

Reactor Generation Capacity Capacity Avg. Annual jected market prices and
(Mw) Factor Generation (MWh) reactor operating cost and

FitzPatrick 838 94% 6,900,427 performance, NIRS and
oi 581 94 1784186 the Alliance for a Green
inna ’ T Economy estimated that
Nine Mile Point 1 621 949% 5, 1 13,562 the Subsidy Would cost be_
Nine Mile Point 2 1,311 94% 10,795,298 tween $3 billion and $5.5

of the FitzPatrick closure. Negotiations with Entergy to
reverse the decision were unsuccessful, and Governor
Cuomo issued an order to the NY PSC in December
2015.2% %7 Under the banner of a Clean Energy Stan-
dard, the governor directed the PSC to establish an en-
forceable 50% renewable energy standard by 2030, and
to provide financial support for nuclear power plants to
ensure their continued operation. Because the governor
remains opposed to the operation of the Indian Point
nuclear power plant near New York City, nuclear sub-
sidies were to be limited to upstate reactors deemed to
be unprofitable.

PSC commenced the proceeding in January 2016, and
the Department of Public Service (DPS, the adminis-
trative agency) issued a white paper proposal on the
renewable energy standard and the nuclear subsidy
program.”® The DPS’s nuclear proposal was based on
the subsidy mechanism in the recently approved Ginna
RSSA. Reactors would become eligible for subsidies
based on whether they are unprofitable, and be compen-
sated based on the difference between their projected
annual operating costs and projected market revenues.

The subsidies would be delivered through the sale of
Zero Emissions Credits (ZECs), a unique instrument
priced according to the projected economic losses of
qualifying reactors, divided by their total annual elec-
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billion by 2030.%

Various parties to the case challenged the proposal, ar-
guing that it was anti-competitive, uneconomical, and/
or unjustified. In addition, Entergy argued that the ex-
clusion of Indian Point was discriminatory, and that the
subsidies should be based on avoided CO2 emissions,
rather than reactor profitability and operating costs.*
In addition, a reliability study provided by NYISO
concluded that neither Ginna nor FitzPatrick would be
required for reliability purposes after their anticipated
2017 closure dates, eliminating the conventional ra-
tionale for providing economic assistance to merchant
power plants.?!

A New Subsidy Model

DPS issued a second white paper in July with a revised
proposal for pricing subsidies for nuclear reactors.??
The proposal was adopted by the PSC after a mere two-
week period for public comment, along with the rest of
the Clean Energy Standard.* The revised nuclear sub-
sidy program declares qualifying nuclear facilities as
a public necessity, and requires all LSEs to purchase
proportional amounts of ZECs. No LSEs are exempt-
ed, including those offering 100% renewable energy
products, as well as public power companies, which
are not normally subject to PSC’s ratemaking author-
ity. The PSC adopted a set of five criteria for making
public necessity determinations and concluded that the
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four upstate reactors would immediately qualify for the
program, and Indian Point 2 and 3 would not, due to the
facilities’ profitability on the basis of market-based rev-
enues. However, unlike the initial proposal, the adopt-
ed ZEC program leaves open the possibility that Indian
Point could qualify at a future date.

The program is to be implemented for a twelve-year
period, commencing April 1, 2017 with the CES, and
concluding on March 31, 2029. PSC did not explain the
reasons for terminating the ZEC program 21 months
before the remainder of the CES, but the nuclear oper-
ating licenses for two of the four reactors initially cov-

New York Subsidy Formula and Adjustments

If the program is implemented, ZECs will be priced,
not according to reactors’ projected cash flow losses
(though unprofitability is one of the criteria for the pub-
lic necessity determination), but according to a price on
CO2 emissions assumed to be avoided through reac-
tors’ continued operation. The program would be struc-
tured in six two-year periods (labeled “tranches’), with
adjustments to the ZEC price before commencement
of each. DPS proposed using the EPA’s Social Cost of
Carbon (SCC) as the basis for ZEC prices. The SCC is
used in regulatory analyses to determine the environ-
mental impact of policies and actions affecting incre-

ZEC Pricing Formula
. RGGI Market
5&“&152,?‘ MINUS Baseline MINUS Price EQUALS | ZEC Price
Effect Threshold

ered by the program expire in 2029 (Nine Mile Point 1
and Ginna), and both would normally be scheduled for
refueling outages in the spring of that year.

The New York State Energy Research and Develop-
ment Authority (NYSERDA) would be required to en-
ter into a 12-year contract with reactor owners for the
purchase of ZECs, and would serve as the purveyor of
ZECs to the LSEs. The PSC ruling states that the pur-
pose of the 12-year contract is to provide a guarantee to
the reactor owners on the basis of which they can make
investments in the reactors. NYSERDA also serves as
the administrator of the REC market.

Projected ZEC Prices

mental CO2 emissions.

The PSC determined that this pricing method rewards
nuclear for an environmental attribute (i.e., avoided
CO2 emissions), and believes it is consistent with the
Supreme Court’s Hughes v. Talen decision, which pre-
serves states’ authority to subsidize power sources on
such bases. However, legal challenges to the NY PSC
ruling are expected, for instance, due to the uncompeti-
tive nature of the ZEC program, and the CES’s uneven
application of the SCC to one energy source (nuclear)
and not others providing similar CO2 benefits. (RECs
will still be priced according to the type of competitive
market model that is quite well-established.)

Tranche | SCC RGGI |Adjusted Conversion | ZEC Base | Market Price | ZEC
($/ton) Effect | SCC ($/ton) | Factor Price Threshold Price
($/ton) (tons/MWh) | ($/MWh) | ($/MWh) ($/MWh)
1 $4287| $10.41 $32 46 0.53846 $17.48 $0 $17.48
2 $46.79| $10.41 $36.38 0.53846 $1959| wunknown |=%$1959
3 $50.11| $10.41 $39.70 0.53846 $2138| wunknown |=$2138
4 $54.66| $10.41 $44 25 0.53846 $2383| wunknown |=$23.83
5 $59.54| $10.41 $49.13 0.53846 $26.45| wunknown |=$2645
6 $6454| 31041 $54.13 0.53846 $29.15| wunknown |=%2915
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The ZEC pricing formula includes the following:

* Two-year average SCC price for each period.

* Market price effect of the Regional Greenhouse Gas
Initiative (RGGI) cap-and-trade program (weight-
ed average for the first two-year period, April 1,
2017-March 31, 2019).

* NYISO Zone A market and capacity prices in ex-
cess of $39/MWh.

The SCC and RGGI factors are converted to an elec-
tricity price figure ($/MWh) using a factor for the CO2
emissions rate of fossil fuel generation sources pre-
sumed to replace nuclear if reactors permanently cease
operations. The factor NY PSC used was provided in
a December 2015 report prepared for a proceeding to
determine the value of distributed solar photovoltaics.**
The report included a calculation of the incremental
emissions rate for generation sources that would supple-
ment variations in solar output, estimated at 0.538456
tons/MWh, based on a weighted average mix of emis-
sions from coal-, natural gas-, and oil-fired generation
sources.®

PSC also assumed that forward-going impacts of RGGI
price increases would be accounted for through the base-
line market price adjustment, though that would only
be true if market prices exceed the $39/MWh threshold.
DPS assumed in its cost analyses that market electricity
prices in New York would rise significantly over the
period of the CES. It is possible that prices could rise
from current levels, due to fuel costs, carbon pricing,
and other factors; but it is also possible that prices may
not rise substantially, due to increasing renewable ener-
gy generation, energy efficiency, demand response and
other peak load reducing resources, energy storage, and

ZEC Subsidy Cost Projections

ZEC-Guaranteed Nuclear

other  distributed )

energy resources. Energy Prices

The rapid growth | Tranche | Total Energy
of such non-fos- Price ($/MWh)
sil fuel energy re-

sources--per  the 1 $56.48
objectives of the

CES and the de- 2 $58.59
velopment of NY’s 3 $60.38
distributed energy

resource market-- 4 $62.83
could lead to sta-

ble or decreasing S $65.45
market prices in 6 $68.15

the future, both by
decreasing the amount of fossil fuel generation bid-
ding into the market, as well as fundamental changes to
wholesale market dynamics. It is also true that, despite
occasions of short-term market volatility, the trend
since 2008 is that markets and regulators have respond-
ed to prevent sustained increases in electricity prices.

It is, therefore, possible that ZECs will end up being
sold at their maximum price under the formula. On the
other hand, should market prices rise from the CES’s
threshold level, then ZECs would instead provide a sort
of guaranteed premium price for nuclear, equal to the
sum of $39/MWh and the ZEC Base Price.

It is worth noting that the levelized costs of energy for
other major low-carbon energy resources (wind, utili-
ty-scale solar, and energy efficiency) are all projected
to be lower than the ZEC-guaranteed prices for nuclear
generation under the CES, particularly as ZEC prices
go up over time.%

Reactor Cost: Cost: Cost: Cost: Cost: Cost: TOTAL
Tranche 1 | Tranche 2 | Tranche 3 | Tranche 4 | Tranche 5 | Tranche 6

Ginna %167 265 16T 5187 444 423 5204 571 810 5228014 324 5253083 481 5278 918,067 $1.319,287,242

FitzPatrick | 5241.238.235 $270,358,738 205,062,267 | $328,874360 | 5365032599 5402,294,906 $1,902,861,805

Nine Mile 5178770142 52003458 376 5218 655 5238 5243 712 384 2270 607 451 5298 120,688 $1,410,115,967

Point 1

Nine Mile £377,403,632 S427 050 791 S451,606,980 S514,503,922 S571,071,285 629,365,307 $2,976,911,487

Point 2

TOTAL $064,667,883 | §1,081,112,347 | $1,179,896,987 | §1,315,105,014 | $1,450,694,822 | $1,608,699,587 §7,609,176,501
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ZEC-Guaranteed Nuclear Energy Costs
Reactor Cost: Cost: Cost: Cost: Cost: Cost: TOTAL
Tranche 1| Tranche 2 | Tranche 3 | Tranche 4 | Tranche 5 | Tranche 6

cinna SE40,421,695 S550,610,952 SE77,738,350 S601,180,863 $626,250,000 S652 084,606 $3,558,286,477
FitzPatrick 5770 472 25T 5308 592 089 5833205 539 5067 107 832 5003 265 920 5040 528 227 $6,132,261,734
Nine Mile S577,628,009 5500 207,242 5617.513,795 5642 570,251 S8G0,365,313 S805,978 555 $3,503,263,171
Point 1

Nine Mile 51,219 436 907 51,264,993 067 | 51303640236 51,356,637 197 51,413,104 581 51,471,390 172 $3,029,111,138
Point 2

TOTAL §3,116,958,926 | $3,233,403,389 | $3,332,188,029 | $3,.467,396,066 | $§3,611,985,864 | $§3,760,990,629 $20,522,922,520

New York Cost Projections

To estimate the cost of New York’s nuclear subsidy
program, it is necessary to apply the ZEC price to the
projected annual generation output of each of the reac-
tors participating in the program. The projected annual
generation output can be determined by multiplying the
rated generation capacity of each reactor by the num-
ber of hours of operation each year. The latter figure is
represented by the maximum number of hours per year
(8,760) multiplied by the capacity factor, representing
the percentage of hours of full-time equivalent opera-
tion for the reactor. NY PSC applied a capacity factor
for nuclear generation of 94%.

The total projected cost of nuclear energy subsidies
through New York’s program is $7.6 billion (nominal
dollars) through March 31, 2029. It should be noted
that this cost is more than three times DPS’s projected
cost of subsidies for new renewable energy sources to
be deployed through the CES program ($2.44 billion,
through 2030). In order to reach the 50% renewable
energy goal, DPS projects sufficient renewable energy
generation will be developed by 2030 to provide 33.7
million MWh/year of electricity. That is to say, renew-
ables would generate more than 22% more electric-
ity than the maximum amount that will be supported
through nuclear subsidies, at one-third of the total sub-
sidy cost to consumers, making renewable energy sub-
sidies nearly four times as effective at mitigating CO2
emissions as nuclear subsidies.

In addition, because at least two of the four reactors
would close in 2029 when their operating licenses ex-
pire, the nuclear subsidy program will result in at most
17.7 million MWh of generation to assist in meeting the
state’s 2030 emissions goal--or just over half (52.5%)
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as much electricity as supplied by new renewable en-
ergy sources. The state’s renewable energy program is
therefore projected to be nearly six times more cost-ef-
fective toward reducing emissions than subsidies for
nuclear power. Despite this imbalance in funding sup-
port, the total generation from new renewable sources
would be about two-thirds (64.6%) of the total amount
of subsidized nuclear generation under the CES, mak-
ing renewable energy twice (201%) as cost-effective at
mitigating carbon emissions in the near term.

Providing above-market subsidies to nuclear power
plants not only imposes additional costs on electrici-
ty consumers and/or taxpayers. It guarantees that the
electricity they generate will find a market—both tak-
ing market share from competing sources, including
renewables; and consuming ratepayer dollars for the
commodity price of the power. Conceived another way,
the anti-competitive subsidies provided to financial-
ly prop up nuclear power plants are the tip of a fiscal
iceberg. They also force consumers to buy the nucle-
ar-generated electricity, thereby directing even more
money to supporting nuclear power, rather than toward
purchasing power from renewables, energy efficiency,
or other low-/zero-carbon resources.

In that light, New York’s nuclear subsidies involve a
large opportunity cost in the leveraging of capital for
long-term emissions reduction strategies. The total cost
of nuclear-generated electricity supported by the New
York ZEC program can be determined by multiplying
the ZEC-guaranteed energy cost by the average annual
generation of each reactor. Under the CES, consumers
will purchase electricity from subsidized nuclear power
plants for a total cost of up to $20.5 billion by 2029
(nominal dollars).
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Nuclear Subsidy Proposals
Status, Features, Costs and Impacts - side A ¢4

Subsidy Model Muclear Zero Emissions Credit | Low-Carbon Portfolio Standard Cost+ PPA

Places Proposed Mew York linois Ohio, Connecticut

Places Adopted Mew York none rnane

Places Implemented | none naone rnaone

Policymaking Venue | Utility CommissionRule Legislation OH: LHility Commission Review

Administrator

Policy Basis/
Rationale

Utility Commission
GH(z Emissions

Utility Commission
GHG Emissions, Reliability,
Economiclmpacts

CT: Legislation

LUtility Commission

OH: Reliability.

CT: GHG Emissions, Reliakbility,
Economic Impacts.

Eligible Resources Muclear Muclear, Renewables, Coal OH: Coal, Muclear.
Gasificationw 250% CT: Muclear, Hydro, Renewables,
Sequestration Trash Incineration
Alternatives to Mo Yes, but restricted Mo
Nuclear Evaluated
Qualifications Public necessity determinationby | Merchant generation; PPA= & OH: Specific PPs.
state utility commission. years. Revised: Unprofitable. CT: Publicinterest and cost-
benefit determination based on
generator proposals.
Mechanism 12-year ZEC purchase contract. Low-Carbon Energy Credits; Long-term PPAs. OH: Price= PP
Prices set in Z-year periods. Price | Utilities purchase LCECs for70% | operatingcosts +11.5% return on
formula based on Social Costof ofretail electricity sales investment. Utility purchases
Carbon. power, resells on market. CT:
Utilities enter PPAs based on
state-approved proposals.
CapsiLimits ZECs capped at 27.818 TWh. CostCap: 2.0158% of annual retail | OH: Mone.

Decreases by one-thirdwith each
reactor closure. ZEC price
adjusted if market revenues
excesd S38/MWH.

consumer costs as of May 31,
2009

CT: =84 TWh of resources,
including=1.286 GWh oftrash
imcineration

Facilities Covered

Initially: Ginna, FitzPatrick, Nine
Mile Pointunits 1&2. Possible:
Indian Pointunits 2&3.

All linois nuclear PP {11 reactars
@5 PPs). Revised: Clintonand
Quad Cities (units 182) nuclear
PPs

OH: Davis-Bessie Muclear PP;
2ammis Coal PP; two OVEC coal
PPs.

CT: Millston e nuclear PP, units
2&3.

Duration 12 years (201 7-2029) 5 years, 5 months OH: 8-15 years
CT: =10 years (= 20 years for
new PPs)
Amount S065 millionin firsttwo years. Up | = 5300 millionfyear OH: 5400 millionoverfirst3
to E7.6 billion over 12 years. years. 53 billionover 15years.
CT: unspecified
Market Impact Distortion (long-term): Distortion: subsidy effectively Distortion (long-term):

Collateral Impact

uneconomic generators insulated
from market under exclusive
contract.

Limits renewables, notallowed fo.
compete. Maintains reactors
longer than needed. Rising
subsidy price runs counter to
trend in competing sectors. High
costto cancel contract.

uncompetitive; guaranteed market
foruneconomic generators

Windfall for profitable reactors.
Uneconomic reactors may close.
Restricts eligibility, growth of
renewables.

urneconomic generatorsinsulated
from market under exclusive
contract

OH: High consumer costs.
Maintains uneconomic PPs longer
than needed. Blocks renewables.
CT: Limits access to renewables.
Maintains uneconomic reacton's
longer than needed.
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Nuclear Subsidy Proposals
Status, Features, Costs and Impacts - side B

Subsidy Model

Reliability Must-Run PPA

Capacity Performance ICAP

Places Proposed
Places Adopted

Places Implemented

Mew Yaork
Mew Yaork

Mew Yaork

PJM
PJM

PJM

Phase-0Out Plan
California
none
naone

Policymaking Venue

Utility Commissionandfor FERC
Review

Regional Transmission
Organization (RTO) Rule

Utility Commission Review

Administrator Utility Commission RTO Utility Commission

Policy Basis/ Reliability Reliability GHG Emissions, Reliability

Rationale

Eligible Resources Designated facilty(s) Mot specified. Muclear

Alternatives to Mo Ves Yes

Nuclear Evaluated

Qualifications Werified reliability need Must be capable of sustained, n/a

predictable operation; availableto
provide energy andreserves
during year-round performance
assessment hours.

Mechanism Contractw Local Utility; Monthly | Annual capacity market auction (3 | Settlement among utility and
base subsidy + market revenue- years ahead of delivery year) stakeholders proposed to Utiliy
sharing offset Commissionforapproval.

Reactors operateto end of
operatinglicenses. Utility
implements 55% RPS by 2030
and 2-4 TWhiyear of additional
efficiency.

CapsiLimits Subsidy price based onreviewof | nia n/a

operating cost & market price
projections

Facilities Covered

R.E. Ginna Nuclear PP

Facilities that clear annual
auction, based on 3-years-ahead
capacity need

Diablo Canyon units 1&2

Duration 2 years (2015-2017) Annual (3 years ahead) S years (2016-2025)

Amount 83 millionyear Determined by auction Estimated savings of up to 0
billion inavoided nuclear costs

Market Impact Distartion (temporary). Favors thermal PPs {coal, Moneidentified. Diablo Canyonis

Collateral Impact

Transmissionupgrades enhance
competition, market performance
long-term.

Reliability maintained{shor-
term). Consumerimpacts. Local
economy, tax base impacts.

nuclear, gas). Demand response,
renewables not eligible.

Consumer impacts (residential
~&2-3'month)

a utility-owned PP w cost
recovery. Plan sets a date certain

for market planning.

Ensures attainment of emissions
reduction goals. Predictably
increases renewable energy
market share.
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National Nuclear Subsidy Proposals
Soon after the NY PSC adopted the CES,

Exelon and other nuclear generators began
40,000,000

NY Clean Energy Standard

Annual Generation by Source (MWh)

—o—Subsidized Nuclear =~ —e=New Renewables

promoting it as a model for other states to

adopt,’” 3 including Pennsylvania,*- *° Illi-
35,000,000

nois,*" %> and New Jersey.* Industry support-

ers have also acknowledged the problems
30,000,000

that have prevented other nuclear subsidy

proposals from advancing, and the virtues of _

basing the subsidies on avoided carbon emis-
sions impacts, as NY PSC has. However, it is

. . . 20,000,000
not clear whether the subsidy in NY will be

more successful in withstanding legal chal-

15,000,000
lenges, which have only just begun** 45 46 47;

nor whether the NY subsidy model would be 14 400 000

any more successful in other states,* * giv-

en its high price tag, the state’s climate ac- 5,000,000

tion-oriented policies (still controversial in
many states), and the particular political and

regulatory circumstances that facilitated its
adoption.

Uneven support for the industry at the state level may,
in fact, undermine the case for nuclear subsidies, par-
ticularly if states are successful in achieving reliable,
cost-effective electricity and reducing emissions, either
without subsidizing nuclear power or by increasing
renewable energy and energy efficiency. For instance,
less than three months before NY PSC adopted the ZEC
program, utilities in two other states announced plans to
close reactors and replace them with other, lower-cost
energy sources. In Nebraska, the Omaha Public Pow-
er District closed the Fort Calhoun reactor in October
2016, and plans to replace it primarily with wind gen-
eration.”

In June, Pacific Gas & Electric reached an agreement
in California with environmentalists and other stake-
holders to phase out the state’s last nuclear power plant
and replace it with renewable generation and energy
efficiency over a nine-year period.’! In explaining its
decision, PG&E says it found that continuing to operate
the Diablo Canyon reactors (total 2,200 MW) would be
impractical, in light of the state’s 50% renewable en-
ergy goal. The combination of solar and nuclear gen-
eration would frequently exceed electricity demand,
creating economic inefficiencies and congestion on
the transmission system. Under the plan, PG&E will
increase renewable energy targets to a 55% renewable
energy standard, adding over 30 million MWh of re-
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2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

newables by 2030 (compared to Diablo Canyon’s 18
million MWh), increasing energy efficiency by 4 mil-
lion MWh per year over previous targets, and reducing
carbon emissions by 35%-60% from 2014 levels.

Therefore, industry and its supporters have begun
pressing for a federal subsidy program. The incoming
chief executive officer of the Nuclear Energy Institute
(NEI) announced the trade association’s intent to pur-
sue a national subsidy program, acknowledging that
state-level supports will likely be “bridge strategies.”
The U.S. Department of Energy (DOE),* some feder-
al lawmakers, and at least one presidential candidate
have expressed an interest in preventing the closures
of more reactors.** ** It appears that DOE is taking a
keener interest in advancing a national plan to subsidize
existing reactors, through a program the agency initiat-
ed in 2015 to promote the long-term rejuvenation of the
commercial nuclear power industry. In May 2016, DOE
held a Summit on Improving the Economics of Ameri-
ca’s Nuclear Power Plants with NEI. Also, DOE Secre-
tary Moniz added the issue to an Advisory Board’s Task
Force on the Future of Nuclear Power.

In September, a report was published from the DOE-
NEI summit®® and a draft report was produced by the
task force.”” Neither report makes specific recommen-
dations for the price of a federal nuclear subsidy, though
a second report from the DOE-NEI summit notes that
revenue shortfalls for 1,000-MW reactors could range
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NY Clean Energy Standard (2017-2030) - Total Generation (MWh) and Costs ($)

m 2017-2030 Generation (MWh)

350,000,000

300,000,000

250,000,000
200,000,000
150,000,000
100,000,000

50,000,000

Subsidized
Nuclear

New
Renewables

from $5-$15/MWh. However, as proposals to prevent
reactor closures at the state level have demonstrated
over the last two years, it is smaller, older, and sin-
gle-unit reactors--those with the least favorable eco-
nomic characteristics--that are driving policy devel-
opment. In addition, regional differences in electricity
prices may amplify the amount of subsidies needed to
prevent reactor closures. Simply put, a subsidy of $5-
$15/MWh might keep a plant with two large, 30-years-
old reactors in the black, but it is not enough to support
smaller, older, and/or less economical ones.

In order to achieve the objective--preventing reactor
closures--subsidies must be large enough to support
the least economical reactors, or there will be signif-
icant attrition in the reactor fleet. If this were not the
case, the emissions attributes of small reactors (e.g.,
Ginna, at 581 MW) would have to be valued at a high-
er price than those of the largest reactors/plants (e.g.,
Nine Mile Point 2, at 1,311 MW), even though small
reactors generate less power and could most readily be
replaced with renewables or efficiency. It is likely that
the New York subsidy is being so widely celebrated by
the industry because of its unprecedented subsidy pric-
es, which start at a level close to the Renewable Ener-
gy Production Tax Credit ($22.48/MWh compared to
$23/MWh), and increase to $34.15/MWh in ten years.
It therefore seems possible that a national subsidy price
could approximate New York’s, as suggested by the
DOE task force’s recommendation of a $27/MWh pro-
duction tax credit.

The Cost of a National Nuclear Subsidy

Should a national nuclear subsidy program be adopted
November 20]6
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m Cost (billion S)

8
6
4
2
0
Subsidized New
Nuclear Renewables

according to the New York model, it is possible to es-

timate the costs, by making some minor adjustments.

* Variations in carbon policies. Only ten states in the
US have adopted carbon-pricing programs: the nine
states in RGGI and California. Of the nine RGGI
member states, only four (CT, MD, NH, and NY)
are likely to have operating nuclear power plants by
the time a national subsidy program could be im-
plemented. For states that do not have an equivalent
carbon price program, there would be no RGGI ad-
justment to the subsidy, resulting in prices about $5/
MWh greater than in RGGI states and California.

* Emissions rate factor. We assume the emissions rate
factor would be based on natural gas-fired gener-
ation (0.51621 tons/MWh) rather than the mix of
peak generation sources used in NY (0.53846 tons/
MWh), for two reasons: the preference under the
Clean Power Plan for supplanting coal-fired gener-
ation with natural gas; and the prevalence of com-
bined cycle natural gas plants in providing the type
of baseload generation that nuclear provides.

* Market price adjustment. It is entirely possible that
a national nuclear subsidy program would not in-
corporate an adjustment for local market prices,
given the implications for wholesale market inter-
ference, the logic of pricing an environmental attri-
bute, and the potential for uneven levels of support
throughout the country.

It is worth noting that estimates of natural gas gener-
ation’s emissions are very likely too low, by not ac-
counting sufficiently for methane leakage rates in the
extraction, processing, and transmission of natural gas;
as well as the relative warming effects of methane in
Page 13



National Nuclear Subsidy Prices, based on
New York Clean Energy Standard

Tranche | Subsidy — States Subsidy — States
with Carbon Price | w/o Carbon Price
($/MWh) ($/MWh)
2017-2019 $17.48 $22.48
2019-2021 $19.59 $24 59
2021-2023 $21.38 $26.38
2023-2025 $23.83 $28.83
2025-2027 $26.45 $31.45
2027-2029 $29.15 $34.15
2029-2030 $32.29 $37.29

the critical near-term timeframes for emissions reduc-
tions. Taking these factors into account, some recent
studies conclude that natural gas generation may have
an equivalent or worse climate impact than coal-fired
power plants. If this turns out to be the case, and federal
policies are adjusted accordingly, the conversion factor
could result in substantial increases to the nuclear sub-
sidy price--potentially as much as doubling the cost.

National Cost Projection

For the purposes of this estimate, we assume that a na-
tional program would be implemented in 2019, con-
gruent with the second period of New York’s nuclear
subsidy. This is because the industry is demanding ur-
gent action to prevent or reverse recent or prospective
closure decisions, and some changes to federal statutes
or regulations may be necessary (e.g., the Clean Pow-
er Plan and/or the Federal Power Act). In addition, im-
plementing a costly subsidy program in 2020 could be
difficult due to the election year, and states will have to
be well on their way to implementing the Clean Power
Plan, with compliance starting in 2022.

If the federal government implemented a national pro-

gram, we project that 97 reactors would receive subsi-

dies at the beginning, and 96 in 2030, with a maximum
of 101 receiving support at any given time.

» Three current closure decisions are likely to go for-
ward before the program is implemented: Fort Cal-
houn in Nebraska (2016); Oyster Creek in New Jer-
sey (2019); and Pilgrim in Massachusetts (2019).

* Should a national program be implemented, New
York PSC’s decision to exclude Indian Point 2 and
3 from the state-based program would be irrelevant.
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* Four new reactors are projected to come online be-
fore 2030: Vogtle 3 and 4 in Georgia (2020-2021);
and Summer 2 and 3 in South Carolina (2020-2021).

» With large subsidies, reactors that have not already
pursued federal relicensing will likely do so, ensur-
ing they are permitted to operate through 2030.

* Operating licenses for five reactors will expire
before 2030: Diablo Canyon 1 and 2 in 2024 and
2025; and Dresden 2 (Illinois), Nine Mile Point 1
and Ginna (New York) in 2029.

For consistency with New York’s projections, we as-
sume a 94% average annual capacity factor, while not-
ing that sustaining such levels of performance may not
be possible as the reactor fleet continues to age.

See opposite for a table summarizing the costs of nu-
clear subsidies, by state, for the period April 1, 2019 to
December 31, 2030 (with the exception of New York
beginning in 2017). A table showing reactor-specific
subsidy projections is available on NIRS’s website. A
national nuclear subsidy program, based on the Social
Cost of Carbon (SCC), would rise in cost from $20 bil-
lion per year to $27 billion as the SCC rises, and total
over $280 billion by the end of 2030. Alternatively, at
the fixed $27/MWh price suggested by the DOE task
force, the cost would be $270 billion.*® If the program
were targeted only to the 56% of nuclear generation
Bloomberg reports will be unprofitable by 2020, it
would cost in the neighborhood of $160 billion by the
end of 2030.

Application of the Social Cost of Carbon

There would be a concerning precedent in applying
the EPA’s Social Cost of Carbon to price subsidies for
mitigation. EPA developed the SCC as a way to eval-
uate the impact of CO2 emissions in regulatory pro-
ceedings, not to measure the cost or price of emissions
abatement:> that is, it is a measure of the global societal
and environmental impacts of fossil fuel combustion as
it contributes to global warming and climate disruption.
EPA did not intend the SCC to be used as a way to price
incentives for mitigating CO2 emissions.

There would likely be significant policy implications
for doing so, particularly on the type of non-competi-
tive basis adopted in New York. On the one hand, New
York is only applying the SCC to subsidize one energy
source (nuclear), and no other energy source is permit-
ted to compete for ZECs, even though the value of the
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credits will become far greater with time, as reactors
are aging and approaching their retirement dates. On
the other hand, however, there is a perverse principle
at play which could act as a disincentive to renewable
energy or even nuclear sources: that the cost of mitigat-
ing GHG emissions must be the same as the impact of
actually emitting GHG. In such an environment there
would be no economic advantage to mitigating emis-
sions compared to producing emissions, on either a pol-
icy or commercial basis.

This application of the SCC runs counter to the “pollut-

energy efficiency, which are increasingly cheaper than
natural gas generation on a levelized, unsubsidized ba-
sis, make a strong argument for eliminating subsidies
for established generation sources, with or without
imposing fees on GHG emissions. If it is cheaper and
more profitable to provide energy from renewables and
efficiency, and polluters are subject to appropriate lim-
its and penalties, regulators, consumers, and markets
will share strong incentives to reduce emissions. Align-
ing policies to achieve emissions reduction and integra-
tion of renewables, while eliminating direct and indi-
rect subsidies for fossil fuels and nuclear power, would

er pays” principle Ayerage State Electricity Supplies by Nuclear Share create a significant

of a carbon tax,

incentive for emis-

: 100% - : .
through which the — - sions  reduction
.. o .
entities that create 0% through adoption
pollution econom- 80% +—— — of  renewables,
ically internalize 70% +—— energy efficiency,
the impacts of ., | ® Renewables and other low-im-

their business ac- act resources.
o 50% | = Hydro p

tivities.  Instead,

applied in the way 40% Fossil Fuels

proposed, nucle- 30% W Nuclear Conclusion

ar power plants ., Nuclear  subsidy
would simply be costs would be
rewarded f(I))rycon— 10% incurred without,
tributing less to 0% - - on their own, re-
global  warming Nuclear >25% Nuclear <25% Nuclear 0% ducing carbon

than do fossil fuel
generators. But there would be no way to distinguish
the economic impact of selecting a nuclear power plant
(or renewable energy source, if applied to them) from
the impact of a fossil fuel generation source.

There is, on the other hand, a significant real-world and
policy advantage to mitigation alternatives carrying a
lower economic cost than GHG emissions from fos-
sil fuel sources. When emissions-free alternatives are
cheaper than the cost impact of fossil fuels, it creates a
strong economic and policy preference for mitigation.
However, simply awarding nuclear power plants a sub-
sidy that makes them equivalent to fossil fuels creates
a zero-sum basis for policymaking and economic deci-
sion-making--particularly when the principle is applied
unevenly and the environmental impacts of nuclear are
not internalized, as well (radioactive waste, accident
risks and liability insurance, environmental justice, wa-
ter consumption, wildlife impacts, etc.).

The cost advantages demonstrated by renewables and
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emissions.* Main-
taining existing reactors’ operation, in itself, does not re-
duce GHG emissions, as EPA determined in promulgat-
ing the Clean Power Plan. It would only hedge against
possible increases in emissions, if fossil fuel generation
were to increase due to reactor closures. There is, how-
ever, an opportunity cost to subsidizing aging nuclear
power plants: diverting scarce consumer energy dollars
from possible investment in new, zero-carbon energy
resources; and making utilities and regulators support
legacy infrastructure, rather than modernize the grid.

The New York projections show conventional renew-
able energy subsidies are at least four times as effective
at mitigating CO2 emissions in the medium-term as nu-
clear subsidies based on the Social Cost of Carbon, and
twice as cost-effective in the short-term. This suggests
that renewable energy could be developed to replace or
phase-out nuclear generation at much lower cost than
nuclear could be subsidized based on the SCC. This is
consistent with the EPA’s determination in issuing the
Clean Power Plan regulation, which concluded that in-
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centives for existing reactors were unwarranted to meet
CO2 reduction goals.

Instead of creating a national program that locks energy
policies, planning and investment into supporting aging
nuclear infrastructure, state and federal governments
should take a flexible and adaptive approach that is fo-
cused, on the one hand, on reducing GHG emissions
as quickly as possible; and, on the other hand, driving
modernization and innovation in our energy system
through expanding clean energy industries. Within that
context, regulators should be empowered to address re-
actor closures through proactive planning:

* Evaluate known and potential reactor closure dates
to determine their impact on GHG reduction goals.

*  Monitor industry trends and plant-specific develop-
ments to anticipate economic and operational con-
tingencies that may lead to previously unanticipat-
ed reactor closures.

» Study alternatives to subsidizing reactors for meet-
ing GHG goals, such as incremental investments in
renewables, efficiency, and/or related infrastructure
to keep emissions reductions on target when reac-
tors close.

» If enough nuclear capacity could be lost to compro-
mise emissions reductions or would require the de-
velopment of fossil fuel infrastructure to meet near-
term energy supply and reliability needs, determine
how much nuclear generation is needed in order to
stay on track, for how long, and at what cost relative
to zero-carbon alternatives.

* Create proactive plans to replace or phase out nu-
clear, in concert with emissions reduction and re-
newable energy goals, and grid modernization ini-
tiatives.

In this way, reactor closures may be treated similarly to
reliability impacts of generator retirements, which in-
volve a similar process:

* Independent evaluation of the likelihood and scale
of grid impacts resulting from the plant closure.

* Evaluation of the availability, cost-effectiveness,
and timeframe for alternatives, through resource
planning, market-based processes, or procurement
through open, competitive bidding.

* Time-limited economic support for the incumbent
generator only until more cost-effective alternatives
can be identified and implemented.
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