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Planning for Minnesota’s Energy
Future:

Including Nuclear Power In
Minnesota’s Future Energy Mix



Minnesota Energy Policy

 Nuclear Ban: 8 216B.243 Subd. 3b
— Senate Votes to Overturn 42-24
— House Falls to Overturn 62-70

e Coal Ban: § 216H.03 Subd. 3
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Minnesota Electric Capacity

Electric Capacity - 1990
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Electricity Production
Subsidies

Table 35. Subsidies and Suppaori to Electricity Production: Akernative Measures

Al rmative Measures of Subsidy and Support

Subsidy and
FY 2007 Met Support V alue Subsidy and Support Per
Generation (billion 2007 unit of Production

Fuel'End Use kilowatthours) {millicn dollars) {dollara'megaw atthours)
Caoal 1,848 854 0.44
Refined Coal T2 2,158 20.81
Matural Gas and Petroleum Liquids 919 s 0.25
MNuclaar 704 1,267 1.50
Biomass (and Biofusls) 40 36 Q.68
Gaothermal 15 14 0.g2
Hydroelectric 258 174 0.67
Solar’ 1 14 24.34
Wind ) 724 23.37
Lardfill Gas & & 1.37
Municipal Solid Waste [+ 1 013
Unallocated Renswables Wi a7 MM
Renewables (subtotal) 380 1,008 2.80
Tranamizsion and Distribution M 1,235 MM
Total 4,091 8,747 1.65

NOTES: Total may not equal sum of components due to indapendent rounding.

http://www.eia.doe.gov/oiaf/servicerpt/subsidy2/pdf/chap5.pdf




United States Nuclear Power Reactors

e 104 nuclear power reactors operating.

1 nuclear power reactor under construction
(Watts Bar-2, Tennessee).

e In 2007, nuclear power provided about 20% of
the US electricity.

http://www.iaea.or.at/programmes/a2/ ( secug,rgy




Worldwide Nuclear Power Use

e 436 nuclear power reactors operating in 30
countries.

e In 2007, nuclear power provided about 16% of
the world's electricity.
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Worldwide Nuclear Power Use

| ] ] | |
Py TR 3 F N . 1 v '

ar P " [ - L B - o - -__- " - ; P—
Sl B oo e _a é:.:'\-:l e 3 i F | . ; Ao
1 . o . L - 8 '.-.' 2 :.\'..- o -1 ‘- . [ - Pk . . - :
- . - " T = L A=l [ o -1 T T ! 1 e 1
i L s - ' Sl . . m .
oz e R - Eufnpe & et % X .
1 [ S gy T k. o S | -:ll' - % . 3 i | .
A= 9 B . 1 S e Lol - x
) +=_.x- | '-!_.\,- i T L . _= . .= H'_JE«.'E. .| Ell:l
L] . .
1

= Norlh-Amedica " s
'I.!;. - . .I -r__\. . -_I.- . l:r_.l_ 1

.:J'.:_l d S
u.

SJI:-.- -

B e A e R
[ o '_ -.h"'w '._ .-_|_-
B B J:?

a s

E = s L]

cii

TN R PR
. °I 1 . = . - W = ':\.- .

I ST e Rt [l U e ik 8 I15

L .
= . -_l"l | ..-- 1
)

Salth Americo B LB L P B . g -15
T e o 5 r . . T
IVERS IS
r_;}_ =
“ihe. fafey maglonal Afruc'ass Safdyr Corfior aF AR, derey AR

— — — — E——
Z40° 2/ 400" JiC° b Jo’ Bi" £ 1207 160°

http://www.insc.anl.gov/pwrmaps/map/world_map.tif



~— officeof
_energy

Top 10 Nuclear Generating Countries’
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Source: International Atomic Energy Agency, U.S. is from Energy Information Administration

Updated: 9/08



_gneyty

Worldwide

Number of Reactors in Operation Worldwide

UMITED STATES OF AMERICA 04
FRAMCE
JBFAN
RUSSIAN FEDERATION 2
EOREA, REFUELIC OF — 20
UMITED KINGDOR
A 13
B Pl
MDA, — 17
UKRAINE
CHINA, 1
SWEDEMN n
SPAIN g
BELGILM 7
CZECH REFUBLIC
SWITZERLAND
FINLAND
HUMGARY
SLOVAK REFUELIC
AFRGEMTINA,
BRAZIL
BILGARIA
MEXICO
PAKISTAN
ROMANIA
SOUTH AFRICA
ARMERIA,
LITHUARIA, REPUELIC OF
METHERLANDS
SLOVEMIA,

K]

World Total: 436 reactor units

1] 20 40 alll 20 100
Mote:Long-term shutdown units (5) are not counted

Source: http://www.laea.or.at/programmes/a2/
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Worldwide k)

Nuclear Share in Electricity Generation in 2007
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KOREAFRER. ] 363
BULGAR: e e
CPECHREF. e e e
e —
Llg——,,ii iy
s —
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S A ) 17 4
R R e —— A
U ——— '
CANADA _— 4.7
RiORAMA ' 120
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RO
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i
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Mate: The nuclear share in Taiwan, China was 19.3% [%]

Source: http://www.iaea.or.at/programmes/a2/ 11




Nuclear Units _enaergy
Under Construction Worldwide

Country Reactor RMNMame Reactor Tvyvpe Total MWe Estimated Start—up wear
Auarrcerntima 10 Atuachas =2 FH"= |S1= e 210
EBulgaria (20 Easlaense 1 ™ = 953 [ e,
Eaelaense 2 | el 955 [l s,
hima (11 ) Famnaiasharm 1 ™ = 1,000 [
Fuougima 1 | S e 1,000 [P
Fugimog = = = 1,000 el
Hormnogwambhe ™ = 1,000 [
Limgao = | TVl 1,000 2010
Limngao <4 STl e 1,000 [P
Hlimnodese 1 = = 1,000 [,
Mlimncocese = = = gl sials] [l
Qlinsharmn 2-3 = = 510 2010
insharm 2-2 | Y =10 D B B |
rarngjiiamng 1 ™ =lmlw] i P
Thimna, Taivearmn (22 Lurncmer 1 AABE W 1, =200 [,
Lungrmern =2 N e 1,200 R
Fimnlarmnd {172 Ok luoto 3 |l s 1,500 [ P
Framcs (12 Flamarnwille = ™ = 1, &00 P Ry Rl
India (&2 Haig=a <4 FH"= 202 2009
Huoudanrnkulam 1 = = 917 2009
Hudanlkularm 2 = = 217 2010
FFER FER <70 [,
Rajasthanmn S F H "= 202 Z009
Rajasthan &  Hw"= =l ] 2009
Ilrarm (13 Eushehr |l == pjalals]
dapar (2 Shirmans = o e R Pl S 1,325 e PN
Tomari = |l (=] =] =] [ P
Fakistam (1) Chasnupp 2 ™ = =00 b= g |
Russia (&) Ecslowvarskss < FER Eg=1a] [ e,
Halimim = = = S50 [l e,
Hursk o L w2 25 [,
Lenimnarad 2--1 w2 1,055 [
lowoswsoromne=h 2--1 FER 1. 0=5 [l
Sevaerochsimnsi | == [ I
Seweaerodvimnsk 2 | TVl =2 [,
olgodonsk 2 ™ = L= L] [
= Horea (S Shimn—-Hori 1 = = j=ls1m] 2010
Shimn—-Hori 2 = = (=l S1a] 211
Shimn-Haori 3 = = 1,30 [l e,
=i wWwolsormnag 1 | Y e D B B |
Shimn wwolsong =2 |l =]s]m] 2012
Llraime (20 Hhmelnitski = = = 950 2001 5
Hhrmelnitski < |l S50 201 &
Linited States (1) Whatts Bar 2 |l s 1,155 [ P
Total (<3< 25,850

Source: International Atormic Energy Agency PRIS database
http S T@3ea. orgSprogramimiessa2 findes  bitoml
Updated: 209

ABwWy R - Advanced Baoiling Light-“Waster-Cooled and RModerated Reactor
FER - Fast Ereeder Reactor

LSRR - Light-“wwater-CTooled, SGraphite-Moderated Reactor

FPHYwR - Pressurized Heavy-"“"“ater-hModerated and CTooled Reactar
PR - Pressurized Light-“"“ater-FModerated and Cooled Reactor



New Nuclear Power — €REIgy

Fahmras ek Fopartaeel oF Commparcs

Life-Cycle Costs Comparison

Table 1. Cost of Electricity from Various Generating Technologies
[MNuclear Energy Institute Financial Model)

Technology Muclear SCPC IGCC Gas Combined Cyde

Project Structure L Wi cwIP CP 1 er e PE
80/20 S0/50 S0//50 50/50 80/20 S0 SO/S0 S0/50

EPC Cost ($/kWe) £3,500 - 4,500 £2,750 £3,700 $1,000

Total Cost {$/kWe) 35,071 -6,378 $4,351 -5,473 2429 4,164 54,855 £1.195 £1,. 206 £1.218

Fuedl Cost

{nuclear - $/MWh) £7.50 $1.50 $1.50 $6.00 £8.00 £10.00

(coalfgas - $/mmBtu)

Capacity (MWe) 1,400 800 &00 400

(2007 S enimn $64.4-75.8 | $96.9-118.8 $70.6 $112.3 $71.8 $70.4 s83.9 $98.4

Lewelized Bushar

Impact of $30/ Ton

CDZ Price — — + 25,00 + §25.0 + £13.0

Abbvewatons: BF=prapect hnance: LE=laan guaramntee: RB=rale bass: CWIP=constuchon wWork in progress

Notes: The nudear cases assurre 8-t consiruchont,. S-montft sart-un: owners st of S285 % We and 10% conbingency: &.5% fmterest rafe o coammennal debt for wiregusted ami-

Hes. &.09% interest rate on commancial dalxt for reguiated entiies. .59 sferest rate on govemmai-guaraieed ol 1596 retuem on eguiyr 5% loan guararitee cast i SV20 foar guaran-

e caser A% capaciy fachory M cost o $9. RN and el cost o S7L50MWR. The cavital cost estimates for superoriscal pulverized coal ('S0BC) and integrated’ gasification aam-

hinad guole (RFOIC) ane from recent regedatony: lings for projects.

12 The Cost of New Generating Capaciy it Perspective Fabruany 2009
See Paper titled The Cost of New Generating Capacity in Perspective at
http://www.nei.org/resourcesandstats/nuclear_statistics/costs




V. Designs of New L EnQrgy
Nuclear Power Reactors
Generations of Nuclear Energy

Genaration 1V

[y

. Revolutiona
Generation I+ Fy

[ . Lo

Gensration I Evolutionary Designs

Generation I E—

Generation | L ; Advanced LWRs

Commenrcial Power
Early Prototypes

- Safe
- Sustainable

i

- ABWR

ACR1000 = Economical
- CANDU & _ AP1000 - Proliferation
- - System 80+ HEE-IE_'EI!‘H: and
- Shippingport ys - APWR Physically
- Dresden = Eis - APB00 - EPR Secura
- Magnox =Dy - ESBWR
1950 1960 1970 1880 1990 2000 2010 2020 2030
Gen |

http://www.gen-4.org/Technology/evolution.htm 14



ABWR: The U.S. Advanced Boiling
Water Reactor

http://www.nrc.gov/reading-rm/doc-collections/fact-
sheets/new-nuc-plant-des-bg.html

Uses a single-cycle, forced circulation
design with a rated power of 1,300
megawatts electric (MWe).

The design incorporates features of the
BWR designs in Europe, Japan, and the
United States, and uses improved
electronics, computer, turbine, and fuel
technology.

Improvements include the use of internal
recirculation pumps, control rod drives
that can be controlled by a screw
mechanism rather than a step process,
microprocessor-based digital control and
logic systems, and digital safety systems.

The design also includes safety
enhancements such as protection against
overpressurizing the containment, passive
core debris flooding capability, an
independent water makeup system, three
emergency diesels, and a combustion
turbine as an alternate power source.

Hew%yrgy

Efivmcnedn Departrasat of Sommnarce




AP1000: The Advanced Passive 1000

b

z-# » A larger version of the previously

.ﬂ | I approved AP600 design.

e This 1,100 MWe advanced
pressurized water reactor
Incorporates passive safety
systems and simplified system
designs.

o Itissimilar to the AP600 design
but uses a longer reactor vessel to
accommodate longer fuel, and
also includes larger steam
generators and a larger
pressurizer.

http://www.nrc.gov/reading-rm/doc-collections/fact-sheets/new-
nuc-plant-des-bg.htmi 16



ESBWR: The Economic and Simplifiéd
Boiling Water Reactor

http://www.nrc.gov/reading-rm/doc-
collections/fact-sheets/new-nuc-plant-des-bg.html

A 1,500 MWe, natural circulation boiling
water reactor that incorporates passive
safety features.

This design is based on its predecessor, the
670 MWe Simplified BWR (SBWR) and
also utilizes features of the certified
ABWR.

The ESBWR enhances natural circulation
by using a taller vessel, a shorter core, and
by reducing the flow restrictions.

The design utilizes an isolation condenser
system for high-pressure water level
control and decay heat removal during
isolated conditions.

After the automatic depressurization
system operates, a gravity-driven cooling
system provides low-pressure water level
control.

Containment cooling is provided by a
passive system.

17
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EPR: The Evolutionary Power Reactor

e 1,600 MWe pressurized water
reactor of evolutionary design.

o Design features include four
100% capacity trains of
engineered safety features, a
double-walled containment, and a
“core catcher” for containment
and cooling of core materials for
severe accidents resulting in
reactor vessel failure.

 The design does not rely on
passive safety features.

e The first EPR Is under
construction at the Olkiluoto site
In Finland, with another planned
for the Flammanville site in
France.

http://www.nrc.gov/reading-rm/doc-collections/fact- 18

sheets/new-nuc-plant-des-bg.html



APWR: Advanced Pressurized

Water Reactor

 An evolutionary 1,700 MWe
pressurized water reactor
currently being licensed and built
In Japan.

e The design includes high-
performance steam generators, a
neutron reflector around the core
to increase fuel economy,
redundant core cooling systems
and refueling water storage inside
the containment building, and
fully digital instrumentation and
control systems.

http://www.nrc.gov/reading-rm/doc- —9 1 Q rgy 19
collections/fact-sheets/new-nuc-plant-des-bg.html ecur
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Pebble Bed Modular Reactor (PBMR)y===
In Pre-Application Review

Differences between PBMR and current US light-

. A modular high-temperature gas reactor that uses helium as
its coolant.

*  PBMR design consists of eight reactor modules, 165 MWe
per module, with capacity to store 10 years of spent fuel in the
plant).

. The PBMR core is based on German high-temperature gas-
cooled reactor technology and uses spherical graphite
elements containing ceramic-coated fuel particles.

The fuel consists of low-
enriched uranium
particles, measuring
about 0.5 mmin
diameter, contained in
four coated layers of
protective graphite

sphere.

Fun figures - One pebble contains 9g of Uranium, with an
enrichment level of 9.6%, burnt to 92 000MW(days/ton of heavy
metal = 71.5GJ. Converted into electricity it is about 8BMWh per
pebble.

The converted electrical energy in one pebble is (8MWh):
Enough to power 132 500 light bulbs (60W) for 1 hour or
Enough to power one 60W light bulb for 30 years, 3 months,
burning 12 hours/day.

http://www.nrc.gov/reading-rm/doc-
collections/fact-sheets/new-nuc-plant-des-bg.html

water reactors

Fuel design - Tennis ball-sized “pebbles” of ceramic
graphite, impregnated with thousands of tiny, coated
particles of low-enriched uranium, fuel the PBMR.

Cooling mechanism - a PBMR site would not
require large water supplies, because it uses helium
(not water) to cool the reactor.

Electricity output/Plant Size - The main PBMR
building of an eight module (1320MWe) plant fit
into two soccer fields (113m x 103m), allowing for a
phase-in of new units as electricity demand grows.

Construction process - The PBMR concept consists
of pre-fabricated modules assembled at the plant site
In just two years.

Waste Management - Safe storage is ensured since
the encapsulating graphic spheres provide corrosion
protection and prevents environmental
contamination by the release of fission products.
products isolated from one another.

Safety Features - The PBMR technology has a
simple basis which requires no human intervention.
20




Location of Projected New Nuclear

River Bend

i ip ‘Grand Gulf
ESBWR -1 Unit  FeowR- 1 Unit  Callaway

w EPR - 1 Unit

Fermi
ESBWR - 1 Unit Me
VT

HE__ MNine Mile Point
# MA EPR- 1 Unit
M cTH

PA "';:“-‘ Bell Bend
EPR - 1 Unit
N ™ M0 ge ;
WY - Calvert Cliffs
- EPR - 1 Unit

2 Morth Anna
= ESBWR - 1 Unit

Harns
AP100O0 - 2 Units

Willlam Lee
AP1000 - Z Units

FL
Turkey Point
7 B AP1000 - 2 Units

0]

CA

Blue Castle L
Design/Units - TBA
Hammett

. Amarillo
EPR - 1 Unit _ i Bellefonte
EPR - 2 Units AP1000 - 2 Units
Comanche Peak Vogtle
5

Lewvy County

USAPWR - 2 Units AP1000 - 2 Units AP1000 - 2 Units

Victoria County outh Texas V.. Summer
ESBEWR - 2 Units ABWR - 2 Units g
AP1000 - 2 Units

You may click on a design name to view the NRC's Web site for the specific design.

& ABWR B AP1000 % EPR A ESBWR * USAPWR V' Design/Units - TBA

21

http://www.nrc.gov/reactors/operating/map-power-reactors.html



Waxman-Markey Bill H.R. 2454

e Energy Information Administration (U.S. DOE)
— Less Electricity Generated Under H.R. 2454

— “Basic Case”: Nuclear to increase 74% by 2030
(Table 1 of August 2009 Report)

— “Basic Case”: More Nuclear than Renewables
— Nuclear to Increase in Any Scenario Under H.R. 2454

eneigy
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EIA’s Analysis of ACESA

KF4. Emissions reductions from changes in fossil fuel use in the residential,
commercial, industrial and transportation sectors are small relative to those
In the electric power sector.

Figure ES-2. Primary Energy Consumption by Fuel in Main ACESA Cases, 2030

(quadrillion Btu)
40 - B Reference
m Basic
35 1 ®m Zero Bank
m High Offsets
30 High Cost
2 Mo Internafional
25 4 m No Int/ Limited
20
13 -
10 A
5 i
0 -

Liquid Fuels MNatural Gas Coal MNuclear Renewable

Source: National Energy Modeling System mans, STIMULUS. D04 14094, HE2454CAP DOTI909A, HRIMAMNOBNE DO7TIRA,
HR2454HIOFF DOT29094A HR2454HC DOT2909A  HR24SANOINT DOT29094 | and HR24S5INTBIV DOT2909A




Advocates of Nuclear Power

 Patrick Moore, Ph.D.
— Early member of Greenpeace

e Stewart Brand
— Creator Whole Earth Catalog

» James Lovelock
— Proposed GAIA theory

)/
energy
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Regional Reliability Assessmiertt

MW

Margin (%)

94

MRO - Projected On-Peak Capacity by Fuel-Mix
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Minnesota’s Electricity Future

e Minnesota’s electric fuel generation Is changing.

* Renewables and energy efficiency will not address our
baseload energy needs.

e Energy planning for 2025 and beyond must start now.

— Nuclear power is part of energy mix.

— Contribution of nuclear power will remain constant with
renewal of the three current units until operating expires In
2034.

— Coal power electric generation is the largest portion of
Minnesota’s energy mix. No new plants built since 1980’s.

26



