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1. Nuclear Power Plants in Israel - Dr. Shlomo Wald
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Nuclear Power Plants in Israel

Dr. Shlomo Wald

Chief Scientist

.

Herzellia Conference, June2ts 2014

Y, Ministry of National Infrastructures,
;ﬂi Energy and Water Resources

The ministry vision

" Provide sustainable supply of all needs of energy,
water and natural resources to the people of
Israel regularly and in a case of emergency.

= All these, while complying with the highest
environmental standards and in economically
affordable way

+ ¥ Somrcd e culation drum beaber + wgermater alop B3 lowsr
o 8040 holioatate, sach 7 "

[fmyt Ministry of National Infrastructures,
=y Energy and Water Resources



Prediction of the electricity demand in Israel
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Prediction of the power production
distribution in Israel 2030
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[fmy¢ Ministry of National Infrastructures,
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Prefeasibility Study of a Nuclear
Power Program (NPP) in Israel

" The program was initiated two years ago by the
Ministry, in cooperation with the |IAEC and the Prime
Minister’s Office.

" The program’s main goals:
= To determine if there is a need to NPP in Israel

" |f needed, to analyze the major obstacles
implementing NPP’s in Israel.

= The report was submitted (Feb. 2013) and most of its

major recommendations have been adopted.

iﬁ&li Ministry of National Infrastructures,

Energy and Water Resources

Prospects for NPP in Israel

= At present, no formal decision to construct a first
NPP was taken by the government of Israel.
" However, some preliminary work has to be done

in order to allow the project in the future, if a

decision will be taken.

i? 3 Ministry of National Infrastructures,

Energy and Water Resources




Number of nuclear reactors needed

Power 54 .

GWe
4500

4000 +

3500

3000 |

2500 | .

2000 |

1500

1000 | .

500 - |
o .

2030 2040 2050
Year

¢ Ministry of National Infrastructures,

&=; Energy and Water Resources

The way forward

= Continue with the prefeasibility study in order to:

= Remove or minimize the major obstacles on the way

to implement of NPPs in Israel

= Establishing a sustainable infrastructure (experts and
research facilities) needed in order to enable the

execution of a full feasibility study for a NPP in Israel

i\%lﬁ Ministry of National Infrastructures,

= Energy and Water Resources
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Preparing the human resources — R&D

= NPPisincluded in the Ministry’s Call-for-Proposals for R&D
projects
= Planning two “light-house” projects to attract scientists:
" Nuclear experimental facility {within international collaboration)
* Thermohydraulic laboratory
= Upcoming events:
* Energy & Environment {2014 Eilat-Eilot Conference)

" |nternational workshop on NPP Siting Criteria

Ministry of National Infrastructures,

Energy and Water Resources

The IAEA framework for a first NPP

NUCLEAR INFRASTRUCTURE DEVELOPMENT PROGRAMME

Ready to invite
bids for the
first nuclear power
plant

Ready to make a
knowledgeable
commitmenttoa
nuclear programme

Nuclear power
option included
in national energy
strategy

OPERATION OF
THE FIRST

Considerations Preparatory work for
before a decision the construction of a
to launch a nuclear nuclear power plant
power programme after a policy decision
is taken has been taken

Activities to

implement a first
nuclear power plant

NUCLEAR
POWER PLANT

Fi | PRE-PROJECT PROJECT DECISION CONSTRUCTION
irst nuclear == V MAKING
power plant

project (reaserystuoy ) (eoomcerocess ) (Ccommissioning )

Ministry of National Infrastructures,

Energy and Water Resources
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No R&D Opportunities

Fuel cycle & Supply chain

— Mining, enrichment, fabrication,
Reprocessing

— Waste management

Design of Gen IlI+/IV reactors

Control room & operational hardware

Operation & maintenance
14-11 7Y 0D

J0'TA M TAW T

Y

Manufacturing

Construction

f Possible R&D Opportunities

* Radioactivity Management

* Nuclear Power Plant (NPP) Physical
Protection

* NPP Regulation
* Human Resource
* In-Core Fuel Management

* Spent Fuel Storage

J0'TA M TAW T

Y

» Safeguards

14-1 17X D1 |
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Radioactivity Management

Radiation detection & monitoring
Radiation protection & shielding
Radioactive materials handling

Israel currently has very good academic
and technological R&D capabilities.

Number of researchers is small and
decreasing.

NPP Physical Protection

Some new designs can withstand the
direct impact of a commercial airplane.

No protection against rockets or missiles.
Unique threats to Israel.

s a— ]

Israel has very good academic and
technological R&D capabilities in
advanced protective technologies.

No experience with NPP.
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NPP Regulation
Under the state responsibility.
A very wide range of expertise,
integrated science/technology
— Physics, Chemistry, Geology, ...
— Mechanical/Material engineering

— Radiation/Control technology

— Accidents management )

: vy I8

Independent, competent & effective
regulator is of crucial importance.

Large number of personnel, heavily
funded.

Human Resource

Skilled workforce requires time and
money.

HR development is a national-scale task.
Must involve International cooperation.

Expertise are mostly technical and
management related.

Few are scientific or R&D related.

Knowledgeable customer

15




In-Core Fuel Management

Done by the operating utility.

Operation cycles design and fuel
inventory management.

NPP reactor core calculation capabilities,

— Neutronics =2 ceg
. EE Euﬂgﬂ
— Thermal-Hydraulics R
) - o - - |
— Materials e
s EE HﬂHEE
1471 '7X171 01 — Safety analysis ocS =8
TR NI TIW T =
# 5614 Israel has a very good experience and

capabilities in this field.

@ Spent Fuel on-site Storage

Short & medium term storage
Wet & dry spent fuel storage
Materials & radiation
Corrosion

Radiation damages

14-11 7Y7i1 01D

J0'TA M TAW T

Y
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Safeguards

Facilities protection
Nuclear materials handling and transport
Non-proliferation techniques

Cyber and Information Security
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Table 1. Estimated levelized cost of new generation resources, 2018

U.S. average levelized costs (2011 $/megawatthour) for plants entering

service in 2018

Capacity Levelized Fixed  Variable O&M  Transmission Total system
Plant type factor (%) capitalcost  O&M  (including fuel) investment levelized cost
Dispatchable Technologies
Conventional Coal 85 65.7 4.1 29.2 1.2 100.1
Advanced Coal 85 84.4 6.8 30.7 12 123.0 naXNa vImTm
Advanced Coal with CCS 85 88.4 8.8 37.2 1.2 135.5 O3l N"}
Natural Gas-fired o'wTn oxi
Conventional Combined Cycle 87 15.8 1.7 48.4 1.2 67.1 3" X
Advanced Combined Cycle 87 17.4 2.0 45.0 1.2 65.6
Advanced CC with CCS a7 34.0 4.1 54.1 1.2 93.4
Conventional Combustion 30 442 2.7 80.0 34 130.3
Turbine
Advanced Combustion 30 304 2.6 68.2 34 104.6
Turbine
Advanced Nuclear 90 83.4 11.6 12.3 1 108.4
Geothermal 92 76.2 12.0 0.0 1.4 89.6
Biomass a3 33.2 14.3 42.3 1.2 111.0
Non-Dispatchable Technologies
Wind 34 70.3 13.1 0.0 3.2 86.6
Wind - Offshore 37 193.4 22.4 0.0 5.7 221.5
solar PV* 25 130.4 3.9 0.0 4.0 144.3
Solar Thermal 20 214.2 41.4 0.0 ke 261.5
Hydroz 52 781 41 6.1 20 90.3
* Costs are expressed in terms of net AC power available to the grid for the installed capacity.
l, hydro is assumed to have seasonal storage so that it can be dispatched within a season, but overa
2014739834, hyd dtoh I h be dispatched with b il
operation is limited by resources available by site and season.
NEI 2013 Financial Modelling
EPC cost capacity Electricity cost
Gas comhined cycle
EPiC= Yelg,
10007k a0% 44,0078 h
Engineering gas (@ 53.70/G] b / ) > /
Procurement i
Gas comhbined cycle
Constructi ! 10007k a0% 54.70/MW h
onstruction gas@SS.ZB/GJ $ /] o S I
Gas comhbined cycle, .
gas @ 36.70/G) $1000/kW 80% S6L.70/MWh
Gas comhined cycle,
gas @ $6.70/GJ, 50-50 |S1000/kW 0% c S70/MWh
deht-aquity
Supercritical
pulverised coal, 1300 [52000/%kW B5% S75.70/MWh
M e
Integrated gasification
cambined cycle coal,  [$3800/kW B5% 594,30/MW h
1200 MW e
Muclear, 1400 MW e n
(ElA's EPC figure) S5500/kW a0% $121.90/MWh
Muclear, 1400 Mwe
(MEI suggested EPC $4500-50007 kW 80% $85-90/MWh
figure)
Wind farm, 100 MWwe |S1000/kW 30% 112.90/MWh
5% cost of debt, 1%% return on equity and a 70-30 debt equity capital structure.
PFIBAz014 9
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