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Context AL

A ETSAP develops and disseminates a multi-purposes
modelling tool (i.e. Markal-Times) for national and
multiregional energy/technology projections;

A Based on (macro) economic assumptions, technical
advances, and extensive databases on energy
technologies, Markal-Times projects energy sector
developments over time, and their economic and
environmental implications (e.g. emissions)

A Markal-Times is used in more than 70 Countries by
energy experts and pol il cyma
energy, environmental and economic challenges
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Objective
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ETSAP is compiling a new,
Energy Technology Data Source,

l.e.: ETech-DS,

for applications to energy modelling,
and energy technology/policy analysis

Documented, shared and updated quantitative information on
energy technologies to e

y Complement national data and facilitate modelling work,
Yy Enable international benchmarks and improve transparency,
Yy Ease international negotiations on energy/climate policy.




E-TechDS Concept & Users

Concise” Energy Technology Briefs

Based on the idea of the IEA Energy Technology Essentials
(see http://www.iea.org/techno/Essentials.htm)

Profiles of demand/supply technologies, with technology
status, performance, emissions, costs, market potential
and barriers, and basic insights for decision-making

O«

High-quality technical-economic data for Modellers;

O«

Comprehensive, updated summaries for Experts;

O«

Key information and figures, commented by easy-to-
access text, for Policymakers, Investors, Media

* AConciseo to be easily upda




Building on Existing Work -
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No new analysis, but building on existing work,
summarising the best available information from the
IEA Network (e.g. IEA Energy Technology
Perspectives and Technology Roadmaps, IEA
Implementing Agreements, National and International
Organisations)

Contacts in progress with IEA Secretariat, CERT, WPs,
and the IEA Implementing Agreements (IAs)




Three Sections 1 ng

Summary for Policymakers i Highlights (0.5 - 1 page):
O Short explanation of processes and state of the art, with key

information on performance and costs, and basic insights on
(market) potential and outlooks

Technical Section (2-4 pages): more extended discussions of

O Processes & Technology Status
O Performance (technical/environm.) & Costs (current/projected)
O Market Prospects & Barriers

Summary Tables & References (1-2 pages)

O Summary data tables/spreadsheets for energy modellers (i.e.
ranges for key data, min/max and current/projected figures, and
possible regional diversification) and refs. for further info.
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Brief Structure
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B PROCESS AND TECHNOLOGY STATUS — In nuclear reactors, the energy released by the uraniungl) fission
either directly drive a turbine-powered electricityliener;

ETSA

reactions provides heat to a coolant fluid_The fluid ma

heat a secondary coolant, which driv
nuclear power plants (about 372 G|
electricity (25% in OECD countries).

built in the 1980s) and slowed to 2%)
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Nuclear Power

plants are equipped with
are evolutionary designs that were df
and have a longer lifetime, reduced d
built mostly in East Asia. More than 4
South Korea, Japan, Taipel. Bulgaria,|
construction and some 40 GW are cu

B CosTs — Recently, the cost of nucle|
and technologies, |.e. the 2008 price
particularly arduous as the final cost
Department of Trade and Industry (;
between $1700 and $3200/kW (centr|
(central estimate of $76/MWh), assu
and including waste and decommis|
electricity cost between $58 and $64
(IEA-NEA, March 2010), based on dg
and gas-fired power plants to be com|
and $5900/kW ($4100/kW central vall
rate, 5-6 years construction, 85% loa
interest rate is 5%, the nuclear electri
convenient option for electricity gen
convenient (even assuming a price of
the comparison depend much morsg
policies). Quoted nuclear power cost:
EPR reactor under construction in
(1€~1.3USS$ ); the cost of the Finnis|
double because of construction probi|
are both in the range of $3000/KW
International bid to build four 1400-M
AREVA EPR at $2900/kW and the GH
than the EPR’s $40/MWh and the GH
nuclear power an attractive option ol
compared to coal or gas power becaul

B POTENTIAL & BARRIERS — Nucl
super-critical coal-fired power plants,
year and related airborne pollutants.
CO; emissions and the use of fossil fi
risk compared to coal or gas power,
several countries. Globally, some 11§
assuming the construction of an aver
of $504CO; the International Energy
increase from the current 15% to 19-3
reduction versus the business-as-uf
construction of 35 to 55 GW per
reorganisation and the ongoing lack
Gen IV International Forum (GIF) and
of the nuclear industry and the di
performance, reduced waste and nu
performance (Gen IV) Is under develd
the current demand level, proven re|
could extend reserves by a factor of]|
factor of 60, thus making nuclear en
considered to be military operation:
International Atomic Energy Agency
about the civil use of nuclear energy.

Please send
Glorgio.Simbolotti@e

Energy/ e
Ne

Eneray/
Network

fiuid may either

may be either natural (U”

enriched uranium (3% to 5% of U™™). Nuclear reactors
can be classified by the energy level of their neutrons
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PROCESS AND TECHNOLOGY STATUS

directly drive a turbine-powered
electricity generator or heat a secondary coolant, which
drives the turbine. The process produces neither
greenhouse gas emissions nor airborne  gaseous
pollutants. Depending on the reactor type. the U fuel
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concepts. Other design concepts offer long reflbeling
intervals or continuous refuelling through fuel @bbles
gradually moving into the core. Near-term SMR fsigns
include Integral PWR designs (&.g. SMART - Kordl: IRIS

International C

. factdlly-built

PWR (Russian KLT-40) and the South Amcan 00°C,

helium-cooled, pebble-bed modular reactor (PBM|

® Future Gen IV reactors could enter the fharket
beyond 2030. They aim to further improve safdly and

proliferation resistance, to reduce
production of long-life radioactive

costs and mininiise the
waste. Gen IV ficlude

fast reactors cooled by liquid lead (LFR), sodiunlSFR)
or gas (GFR). and thermal reactors cooled Hf very

helium (VHTR). molten-salt MSR),
and supercritical water (SCWR). Fast reactor c@icepts

run on closed fuel cycles to burn
to produce and recycle Pu. Thel

U™ and actinidff, and
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several studies. Increasing prices of fossil fuels and
carbon emissions make nuclear power a competitor for
coal- and gas-fired power. In principle, the cost of nuclear
electricity is more stable and predictable than the cost of
coal- or gas-based electricity as the fuel (uranium) cost is
only a small part of the generation cost However,
licensing. public acceptance and other issues may
prolong the construction time of nuclear power plants, As
the cost of nuclear electricity is dominated by the
Investment cost, this may cause the final generation cost
to increase  significantly.  Streamlining licensing
procedures and keeping construction time on schedule
may reduce the Investment risk. Today's cost
assessments are also made arduous by volatile prices of
materials and technologies following the 2008 price peak,
the subsequent drop due to the economic crisis and
market speculative dynamics

= In 2004, a University of Chicago study supported by
the US Depl. of Energy, suggested that a projected cost
of electricity from new nuclear power plants was between
$47 and $71/MWh, including a first-of-a-kind (foak) extra-
cost of 35%, an incremental 3% financing risk premium,
and then current tax level in the United States. It was
‘estimated that after the construction of a few plants, a
technoclogy learning rate between 3% and 10% could
reduce the cost to $31-$46/MWh. The study assumed
overnight invesiment costs of $1200/kW for mature
designs and 3$1500-1800/kW for advanced designs
including a first-of-a-kind (foak) penalty: lifetime of 40-60
years; construction in 5-7 years; capacity factor 85%:;

1 1 15% (equity);
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Uranium resources are plentiful and increasing. Wit
the current demand lsvsl of some 67,000 tonnes pe
year (2008). identified uranium lssamies
fonnes) are sufficient fo
and secondary U and Pu’
military use) could extej
beyond 100 years, Resc
geologleal evidence sho:
least an additional 10
extend supply to more thas :
reactor fuel cycle could in principle ome sixty}
fold more energy from uranium and make reserve
practically unlimited. The price of uranium ore rose fron
$13/kg to $95/kg In the pericd 2001-2006 and ha
recently continued to grow. While it slightly affects thy
cest of nuclear electricity, the high price Is expected 4
trigger new discoveries and production. One mon
option for extending nuckear fusl reserves is the use d
thorium (Th) to produce U™, Once started with U™ o
Pu*", neutron-sfficient reactors such as advancef
HWR and HTGR could convert Th™ into U™, Ind
holds 25% of global Th reserves, which are roughl
comparable to U reserves. However, the Th fuel cyck
requires further R&D and considerable investment,

%,

® Reactor Safety - While the Chernobyl accider]
(1988) dramatically made the serious concerns of thy
old Soviet Union power plants evident, nevw- gensratiod
western reactors meet high international safet|
standards, based on multiple safety systems any
containment structures that complement inherent any
passive safety features (In-depth-defence). The efficac|
of this approach has been tested In severe accident]
(e.9. Three Mile Island, 1979) which resulted In ns
fataliles and health threats for the populatior]
Nevertheless. the social acceptance of nuclear energ|
in the OECD countries remains a concem and thy
nuclear industry continues to enhance safety strategies}

® Nuclear Waste — Nuclear wastes represent less thai
1% of total toxic waste from industry and are classifieq
by their radioactivity level. Low-level wastes (LLW
represent about 90% of nuclear waste in volume, hav
short-life radioactivity and require no shielding o
disposal. level wasfes (IL'
represent from 5 to 7% of nuclear waste volume an
require shielding and disposal in shallow repositories
High-level wastes (HLW) are fission products an

radioactivity, represent some 3 to 5% in volume and
95% of the total radicactivity. They require shielding,
deep geological disposal and cooling as the decay of
radioactive elements generates heat even outside the
reactor. Typically, a 1-GW power plant produces
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AUranium Resources
ANuclear Safety
Awaste Cycle
AProliferation

per year (30% of world annual cutput). Recycled U and
Pu are used to produce mixed oxide fuel (MOX). If the
spent fuel is not reprocessed, it is entirely considered
as HLW. However, there is reluctance to imetrievably
dispose of non-recycled spent fusl as it contains
significant amounts of U™, 1% of U™, 1% of Pu™,
and about half of the original energy conlenl (excluding
U™). In addition, its radioactivity decreases significantly
in a few decades. Thus, storing the spent fuel In cooling
pools for several years enables easy reprocessing later.
Roughly. 270,000 tonnes of spent fuel are in storage
today and some 10,000-12,000 tonnes are added each
year. of which about 3000 tonnes are reprocessed.
While a broad intemational consensus exists on final
geologic disposal of HLW, the selection of repository
sites Is a long process involving public acceptance
issues. It is under consideration in many countries and
under way in a few. Finland, Sweden and the United
States have identified suitable sites. France, Japan and
the United Kingdom plan to identify sites in the near
future and to have disposal faciliies in the coming
decades. Finland and Sweden plan to dispose of the
spent fuel with no reprocessing. Public acceptance of
nuclear power plants depends to a large extent on
satisfactory  solutions  for waste management.
Paritioning and transmutation (P&T) processes in fast
reactors or accelerator-driven systems could convert
long-lived fission products and transuranic slements
into shortlived elements, thus reducing HLW volume.
Based on today's knowledge It Is suggested that P&T of
minor actinides and fission products Is technically
possible, commercially questionable, but it will centainly
not eliminate the need for geclogical disposal

m Proliferation - The Treaty on Non-Proliferation of
Nuclear Weapons involves 187 countries. Compliance
with the Treaty is verified by the safeguard activity of
the UN International Atomic Energy Agency. backed up
by diplomatic. political and economic measures, and
complemented by controls on the importiexport of
sensitive technologles and nuclear materials. The past
decades have shown the need for an additional protocol
to enable the IAEA to ensure the absence of
undeclared nuclear materials and the non-diversion of
declared materials. Some 121 States have signed or
approved the Additional Protocol. In spite of the Treaty.
proliferation is one of the risks of nuclear energy.
Recent studies (Keystone Center. 2007) showed that
the time required to convert sensitive quantities of
highly enriched U and Pu Into companents for nuclear
weapons s short compared to the |AEA Inspection
frequency. International fuel-cycle facilities could
guarantee nuclear fuel supply to developing countries
while creating additional non-proliferation assurances.




