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Reqguest for alternative scenarios
by the G8 at the Gleneagles
summit (2005)

ETP2008 publication launched Iin
Tokyo on 6 June 2008

Conclusions reported to both G8
Energy Ministers meeting (June)
and G8 Leaders summit (July)
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Goals of ETP2008
This Is a study about the role of __EneRY
technology in reducing CO, emissions PERSPECTIVES

2008
It presents key technology roadmajps

that specify development needs T

The results can support enhanced e Ty
International technology cooperation

It is not meant for country target setting
IN a post-Kyoto framework

It is not a study about climate policy
Instruments
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Content of ETP2008 b
Scenario analysis ENERGY
. ) TECHNOLOGY
Baseline WEO2007 Reference Scenario PERSPECTIVES

2008

Global stabilization by 2050 (ACT)

Global 50%06 reduction by 2050 (BLUE) — T
consistent with WEO2007 450 ppm case Strategies

———+0-2050
How to get there

Short and medium term technology policy
needs

Special attention for technology roadmayps
Technology chapters

Power SeCtor " INTERNATIONAL
ENERGY |l ¢
End-use sectors i)
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ACT Scenarios b
Energy CO, emissions in 2050 back ENERGY
to the level of 2005 essreces
Revision of ACT as published in
ETPZOO6 Scenarios &

Strategies

Options with a marginal cost up to %t@zoso
USD 50/t CO, — worldwide (/mode/

outcome)

Cost estimate has doubled from

ETP2006 _
ACT implies a significantly adjusted GGt
energy system
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BLUE Scenarios b
-50%06 energy related CO, in 2050, i
COmpaFEd to 2005 TECHNOLOGY

This could be consistent with 450 ppm i Sl

(depending on post-2050 emissions

trends)
Options with a marginal cost of up to s &

Strategies

USD 200/t CO, needed (/rmodel outcome) ez

Significantly higher cost with less =
optimistic assumptions

BLUE iIs uncertain, therefore a number of
cases needed

BLUE is only possible if the whole world
participates fully

BLUE implies a completely different " INTERNATIONA

energy system
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A New Energy Revolution?

Wi,
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Marginal cost (USD/t CO,)

To bring emissions back to current levels by 2050 options
with a cost up to USD 50/t are needed. Reducing emissions
by 50%6 would require options with a cost up to USD 200/t.
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2050 CO, emissions reduction (Gt CO,lyr)
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Pessimism
Industry fuel switching
and CCS - ™ 3
< > Scenarios &
BLUE Map : Strategies
Power sector %00 Technplogy
< Optimism
End-use efficiency 100
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Sectoral Energy Use e 2008617 8
GDP 2050 is four times that of 2005 (growth -
3.3%06/yr)
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—Industry
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& —Buildings _ Strategies
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> -—=Power Generation
0
2
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1,000 -
-—=Fuel transformation
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Flnal Energy Use IEEJ:20084E7 B 488
Doubles in Baseline, significant savings in
Policy scenarios

ENERGY
18,000 - @ Buildings TECHNOLOGY
16.000 PERSPECTIVES
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Primary Energy Demand
Important supply security benefits

g
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Primary energy supply (Mtoe)
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Contributions of Technology
Wedges

B

IEEJ: 200847 A8 8}

70 CCS industry
and transformation 9%
60 - Baseline Emissions 62 Gt ——= / _
CCS power generation 10%
50 | — Nuclear 6%
_-Renewables 21%
5"& 40 Power generation efficiency
8 & fuel switching 7%
é 30 - = ™~ End-use fuel switching 11%
0 e — End use electricity
E efficiency 12%
0 20 -
= End use fuel
e - BLUE Map Emissions 14 Gt efficiency 24%
O P
O
WEQ2007450 ppm case ETP2008 BLUE Map scenario
0 T T T T T T T 1

2005 2010 2015 2020 2025 2030 2035 2040 2045 2050
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Sector Contributions '

70

ENERGY
TECHNOLOGY
60 - Baseline emissions 62 Gt PERSPECTIVES
2008
Power sector (38%)
g 50 -
ﬂo-' 40 i S(;e}ﬁarios &
) - g Industry (19%) Strategies
S 30 - e Buildings (17%)
b "'"'"'"'"'"'"'"'"'"'"I"IIIlu|||||||||||||||||||||||||||||||||HH“HH“
LIEJ 20 - Transport (26%)
10 BLUE Map emissions 14 Gt
. " WEO 2007 450 ppm case  ETP2008 analysis.
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Emissions Reduction
ACT BLUE ACTMap BLUE Map Sy
Map Map PERSPECTIVES
[%6] [%] [%] [%0] s 0.5
Reference 2005 2005 Baseline Baseline
2050 2050 S(;e}ﬁarios &
Power sector -43 -71 -81 -90 Strategies
Other 16 .62 51 -84 -
transformation
Transport 31 -30 -42 -69
Industry 65 -21 -18 -60
Buildings -2 -41 -36 -61
Total 2 -48 -57 -78
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Power Generation Mix 1

m Other

ENERGY
= 60,000 - _[S’ec“g\rfvables TECHNOLOGY
< PERSPECTIVES
= 50,000 - = Wind 29058
c
o . mBiomass + CCS
© 40,000 - i
_g m Biomass Scenarios &
o Strategies
i 30,000 - . =Hydro '
= Nuclear
2
,.E 20,000 - Gas + CCS
@

2 mGas

© 10,000 -

E = Oil

o 0 - mCoal + CCS
2005 Baseline Baseline ACT Map BLUEMap mcoal

2030 2050 2050 2050
INTERNATIONAL
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/4 nuclear and fossil + CCS, nearly half renewables
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Power Sector CO, Reductions

- ENERGY
BLUE Map 18 Gt CO, reduction B
PERSPECTIVES

Fuel switching ~ Hydro Geothermal 2008

coal to gas 2% 3% CO2 capture
10% A and storage
Gas efficiency 26% —
2% \ Scenarios &
BIGCC & Strategies
biomass co- 02050
combustion
8%
Ultra/
supercritical
coal
4% Wind
12%
IGCC coal
4%
Nuclear Solar PV 4
15% Solar CSP 7% INTERNATIONAL
7%
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Average Annual Power Generation
Capacity Additions, 2010 — 2050

ENERGY
ACT Map - BLUE Map RyEeiNeie e
Coal-fired with CCS 30 - 35 CCS coalfired plants (500 MW] PERZSF;E‘;T;VES
Gas-fired with CCS 1 - 20 CCS gas-fired plants (500 MW)
Nuclear — 24 - 32 nuclear plants {1 000 MW)
Hydrl:r 1/5 of Canada's hydropower capacity Scenarios &
. ) Strategies
Biomass plants 30 - 100 biomass plants (50 MW)| SR
Wind-onshore 2900 - 14 000 wind turbines (4 MW) |

Wind-offshore

Geothermal

Solar PV
Solar CSP

775 - 3 750 wind turhines (4 MW)
50 - 130 geothermal units {100 MW)

> 115 - 215 million m? selar panels
45 - 80 CSP plants (250 MW]
| | |

30 40 50 60
GW per year

INTERNATIONAL

M Present rate M ACT Map  © BLUE Map
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Industry CO, Reductions = |

ENERGY
TECHNOLOGY
25 - PERSPECTIVES
T F &1 Other (efficiency + 2008
foomoo- : - | fuel switching)
20 A | i |
_ S SR | & Electricity supply CO2
o) reductions _
o Scenarios &
@ 15 4 UEIectri_city demand Strategies
2 reduction : 02050
_g £1CCS (energy
g o4 — L0 @B i +process)
L
@ Indirect electricity
CO2 emissions
5 1 B Direct process CO2
emissions
0 @ Directenergy CO2

emissions
2005 Baseline 2030 Baseline2050 ACT Map 2050 Blue Map 2050
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Industry Technology Areas
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BAT potential 19-32%6

Part of that will be taken up
autonomously

New technology is key

CCS can play a special role

Life cycle perspective needed
(systems options)

Important opportunities for cost-
effective new technologies

In support of the G8 Plan of Action
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Buildings & Appliances CO, 'EE*?““*%@

Reductions

w o I

25

N
o
1

=
(&)
1

Emissions (Gt COy)
H
o

2005 Baseline 2030 Baseline 2050 ACT Map 2050 BLUE Map 2050
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i Fuel switching and
efficiency gains

& Electricity savings

N Scenarios &
ii Electricity supply Strategies
CO2 reduction : 52050

B Indirect electricity
CO2 emissions

@ Gas

aoil

@ Coal
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Buildings Sector Savings by e i
Sector and End-use in BLUE Map & =

ENERGY
TECHNOLOGY
PERSPECTIVES
Residential sector: 1267 Mtoe savings Service sector: 684 Mtoe savings 2008
miscellaneous Soace
22% ™\ h P 39%\ hspﬂf:e Scenarios &
eating eating Strategies
/" 38% /32% =~ 102050
Cuollng £
5%
nghhng
5%
Cooling cmd ]
Cr.:-c:nklng | Wuier heating v enillahon \Water heating
10% 000, 139 16%
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Scenarios &
Strategies
t0 2050
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Public RD&D Trends in IEA
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15%

13%

1%

9%

7%

5%

3%

1%

-1%

a=sy lejol ul @xy ABisu3 jo aleys

ENERGY
TECHNOLOGY
= Nuclear PERSPECTIVES
2008
—1Other
B Hydrogen and Sdéﬁarios &
fuel cells

@ Renewable

energy sources

B Fossil fuels

R Energy
efficiency

—Share of energy

R&D in total
R&D

Strategies
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Private Sector RD&D Trends

Private Sector - Difficult to get a correct picture L. 5o
Data deficiency TECHNOLOGY
o _ PERSPECTIVES
Difficulty of decomposing large conglomerates RD&D 5008
Impact of non-energy related innovations
Increasingly complex pattern — Privatisation

Top 10 Spenders (non-energy RD&D included) Scenarios &

Strategies

Power generation 2.2 — 2.6 billion
Oil and gas 4.0 — 5.2 billion
Automobiles 38 - 52 billion
Building 1.5 - 1.7 billion
Manufacturing
Chemical 7 — 10 billion
Pulp and paper 600 — 640 million
Industrial metals 1.7 to 2.2. billion H LA
Industrial equipment (global 8 firms) 13 — 15 billion ENERGY |[-A)
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Technology RD&D Needs

Power generation
g ENERGY
c TECHNOLOGY
= Coal CC5
B 3 . pewEr PERSPECTIVES
L)
E 2008
g Fuel switching to
0 2 : BIGCC & biomass co-combustion — s E
u Muclear IV Onshors wind Muclear 1]
Photowvaltaic U — Ukra supercritical coal + 1GCC :
1— Offshore wind Concentrated solar power Gas CCS power S(fenarios &
—— ?
Gecthermal - EGS  ~oqn Biomass CC3 power Geathermal - conventional Strategles
= ——— Fuel cells —— = 2050
0 | | | | P
Bosic science Applied R&D Demonstration Deployment Commercialisation
Industry
c 3
2
I CC5 refineries -
Zg and syngas production Fuel efficiency
E
g 27 lechicity affic
O Fuel and fesdstock E?“”gf ey
i substitution e e erE
.- CC5 iron/steel (blast furnace) €05 industrial CHP
CC5 cement (heat part]
CC5 EU|E and paper INTERNATIONAL
0 | T T T
Deployment  Commercialisation ENERGY

Bosic science Applied R&D Demaonstration

AGENCY
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Energy RD&D — Key Messages

Both public and private energy RD&D investments Lot 5,

have declined since the early 1980s TeCHR
Current IEA Governments energy RD&D - USD 10 5008
billion/yr

Nuclear dominates government RD&D _
Companies energy RD&D - USD 40-60 billion/yr sztergfeﬁgoizs&
Information about industrial energy RD&D trends is i
scarce

Unclear how much RD&D would be “sufficient” to
meet the goals

Literature suggests USD 10-100 billion/Zyr
additional investments

Leave it to industry or role for government ?
Cooperation or competition model ?

INTERNATIONAL

((
ENERGY \_J_]
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Total Cumulative Investment
Needs (2005-2050)

Wi,
IEEJ: 200847 A8 8}

m Power Plant

Transmission

60 -
‘g‘ 50 - m Total
..=§ 40 - e m Distribution
o) E Transformation
3 30 - m Commercial
T 2041 —— Industry
@
% 10 -
@
>
£

Total

m Residential
Total

-
© o
[ ] 1

m Transport

ACT Map BLUE Map
Demand-side investments dominate additional investment needs above the

Baseline scenario, energy efficiency helps to reduce upstream investment
needs in energy supply and transportation infrastructure

In support of the G8 Plan of Action
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Cumulative Additional Investment in
the Electricity Sector (2005-2050) §

IEEJ:200847 B {8 &

W

10 -

Investment (USD ftrillion)

-8 -
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Total

m Total ENERGY
= Other TECHNOLOGY
PERSPECTIVES
Distribution 2008
mCoal
mGas S
m Hydro Scenarios &
Strategies
m Biomass ' B
m Qil
Tidal
Geothermal
BCCS
PV

m Solarthermal

E Transmission

m Nuclear INTERNATIONAL
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Cumulative Additional Investment

IN Industry (2005-2050)

USD 0.6 trillion

Other

ﬁ\ Chemicals

/369

Iron and steel
e
S &
Pulp, paper V
and prinfing -

6%

MNon-ferrous
metals Non-metallic minerals

10% 23%

In support of the G8 Plan of Action

USD 2.5 trillion

C)Ther

Iron and sfeel

14%

Chemmcls

Pulp, paper
6%

and pmmmg

MNon- ferrr::us
memls

Non-metallic minerals
18%

IEEJ:200847 B {8 &
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Road m apS IEEJ:200847 A 88k

i "— -I” 1 L
17 technology roadmaps provide 87%b of CO, savings under the Blue e o
scenario

Potentials b
- - - PERSPECTIVES
Pathways to commercialization 2008
Technology targets
Scenarios &
How to get there ST

Key actions needed

Key areas for international
cooperation

INTERNATIONAL
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Key Technology Options
(Roadmaps)

Supply side Demand side ENERGY
.- . TECHNOLOGY
CCS power Energy efficiency iIn PERSPECTIVES
generation buildings 2008

Nuclear 111 + IV
Wind

Biomass — IGCC &
co-combustion
Solar — PV

Solar — CSP

Coal — I1GCC

Coal — USCSC

2nd generation
biofuels

In support of the G8 Plan of Action

Heat pumps

Solar space and
water heating

Energy efficiency in
transport

Electric and plug-in
vehicles

Fuel cell vehicles
CCS in industry

Industrial motor
systems

Scenarios &
Strategies

. 0 2050

INTERNATIONAL

ENERGY l{j{_]
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Roadmaps — Example CCS

10%0 of CO, reduction potential in BLUE Map

" S
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CO, Capture and S

ACT .89 Gi savings 2050

torage - Fossil-Fuel Power Generation

Elue 4.9 Gi savings 2050

QECD O‘Iher
China OE';.D Pumﬁc
& India ™~ _ Facific
43% /_ i
‘ P
. /" Europs
10%
N m’" China
& |nd|l_,f(
CECD MNA 6%
25%
\\ QECD Eurcpe QECD MA
16% 25%
Crher deveboping Asio, Middle East ard Transition Economies
Glabal RDD&D  Commercial Global ROD&D  Commercial
Deployment  Inw. Cost  Imw Cost* Deployment  Imv. Cest  Inv. Cost*
Share usD bn USD bn Share USD bn UsD bn
2030 2005-2030 2030-2050 2030 2005-2030 2030-2050
QECD MA a5 25-30 150-130 OECD MA a5% 30-35 A50-400
QECD Europe a5 25-30 100-120 OECD Euraps as% 30-35 150-200
OECD Paeific 100 7-8 30-40 OECD Pacific 10% 10-12 T0-20
Chine & Indic 15% 1012 220-300 Chinat & Indiat 15% 12-14 A50-500
Cther 5% 3-4 &0-70 Other 5% 4-5 300-350

Technology Targets cuvessassrarsrsrsrnsnansrsrsrsssrarssnersrarararans

ACT: Emissions Stabilisation BLUE: 50% Emissions reducti

RDED

Capture fechnologiss for thres
main opfions (post-combustian,
pra-combustion, and cey-foslling)

Demonstration targsts

typ= (cool/gosdbiomass) by 2020

Mew gas-separcion fachnalogiss:
membranas & solid cdsorphon
Ted'.nology frl:nsfar

Deployment

Regional pipeling infrastructure
far OC:L1 trl:nspori

Deployrnenﬂurgds

20 large-scale deme plants with o

Tad'.nology #cnsferfo Chlnu und

Technologies tested in small- and large-soale plante. Cost of CCy
aveided around 50 USDY by 2020, Chemical looping tested

30 large-scale deme plants with ¢

range of CCS eptions, including fusl  range of ©C3 aptions, induding fuel

type (coal/ges/biomass) by 2020

Mew captura concapts: nest-generafion procasses, such as mambranss,
salid aksorkers and new thermal pmesses

Te-chnology transter to uII transition
Indic and developing countries

Major fransporiation pipeline networks developsd
and CO,] mearitime shlpping

30% of elednclfy genercfed frorn
CCS power plant

Eurly oornmerclul Iurge scule planfs
by 2015 [ZEF, ZeroGen, GreenGen)

In support of the G8 Plan of Action

Tefhnology Timeline sssaresssessarssassssrrasasassssrcsasasssassosssan

2005 Fhle] 20m xa0 Pt ie] w0
¢ J00E000, USD 1 be T"J'I,"I“&Iimiﬁ ENERERY
& : ta
£ 10 domo copre gl e o TECHNOLOGY
2008.2025: USD 12 ba in depleted ressreic PERSPECT'VES
20 dema . 2 O O 8
2008.2020: USD 25 R avelapmerisl
G 200a50%0 U 2em L 16 % of pawer
Bosin copaity ssimates 2015-2030 2030 ";‘E""
20082012
10 dema planits 20 hdbseds dsma
2008.2015: plonts 201 £2030: 12 % of pawer
& USD1Shn USD 30 bn S 30% of pawer
= Major DSF Dmlnp.m..mr iy 2030 ersration v W\
volidated Ezm infrasiructurs y 2050 1 H
2082012 201 Scenarios &
R&D Demensiration Deploymant Comemarcialisation Strategies

KeyACtiOnS MNeeded sisirvsrsrsssosssonanissrsrsssssssansvinsssnsssssen

Key Areas for

Dievelop ard enable legal and regulatory framewarks for CC5 at the natienal and intematic-
il levels, including long-tem liability regimes and classification of CO,

Incorporate £C5 inte emission frading schemes and dean development mechanismes.
RD&D to reduce caphure cost and improve overall system efficiencies.

RD&D for storage integrity and menitoring. Validation of major storage sites. Menitor and
valuation methads for site review, injedion & closure periods.

Raizs public owarsness and sducafion on CCS.

Assessment of storage copacity using Carbon Sequestnation Leadership Forum methedology
at the rational, basin ard field levels.

Mew power plants built affer 2020 to have CCS.

Mew power plants to be "capture-ready” affer 2015

International Collaboration ssssssssssssssssssssssrssssan

Dievelopment and sharing of kegal and regulatory frameworks.

Develop intematicral, regional and naticnal instruments for CO, pricing, including COM
and ETS.

Raise public awarsness ard education.

Sharing best pradices and lessons lsomt from demaonsirofion projects (piket ard kirge-
seake).

Jeintfunding of large-scale plants in developing countries by multi-latermal lending instintions,
indlustry ared gevemiments.

Dievelopment of standards for naticnal and basin storage estimates ard their applicafion.
Organizations: CSLF, |EA GHES, [EA CCC, IPCC.

2050




Roadmaps — Example Efficiency Buildings and

Appliances

15%06 of CO, reduction potential in BLUE Map

IEEJ:20084E7 A18%;

Energy efficiency in buildings and appliances

ACT 6.5 61 €O, savings 2050 BLUE 7.0 Gt €O, savings 2050
OECD OECD
Europe OECD NA Europe OECD NA
180 /" 23% 160 /7 24%
Other Other
23% 21%
OECD Pacific / Ch\nu and India OECD Pccwﬁi/ LChinu and India
7% 7% 32%
Commercial Commercial
Inv. Cost Inv. Cost
USD bn USD bn
2005-2050 2005-2050

200

0

OECD Pcclflc 300 400 OECD Pcclflc 450 550
Chmm & \ndlct '\ OOO 'I ?00 Chmm & \ndlct '\ SOO 'I HUO
Oiher '\ 800 2 OUO Oiher 2 ?OO 2 500

Technology targetls cenvsussesnvsussnoussusanousinsnniissnsseiussnsnen

ACT: Emissions Stabilisation BLUE: 50% Emissions Reduction

Diffusion

Limit standby power use 1o Implemented in OECD countries
1-Wett. between now and 2030;
und glaba\ly by 2040

Implemented in OECD couniries
between now and 2020;
und glaba\ly by 2030

New uppl\cmce sﬁqndqrds shlﬁed
to BAT between now and 2020
in OECD qnd glcbc\ly by 2030

Smndc rds fur cpphances by 2020
in OECD and 2030 globally.
Cumlnuuus nghtemng requlred

Tighten or establish minimum
energy efficiency standards for
all major existing applionces

New uppllances stundurds sh\ﬁed
to LLCC between now and 2020
in OECD and by 2030 globally
Mandatory standards across full - Appliances brought under
range of mass-preduced standards by 2030 in OECD
equlpmem and by 2040 g\obcl\y

Euw\dlng codes Cu\d coumnes at Iow energy Cu\d cnumrlas ) meeT
standard from 2015 and globally “passive house” levels by 2015,

from 20‘30 und glaba\ly from 2030

Adupl best pru(nce in ||ghnng Pcllcy must sh\h m LLCC frcm Pol\cy must begm shlﬁ
eﬁluency 2015 o BAT fmm 2025 onwords

Slmpllfled plunnmg r’equlremems to encourage Iow energy buw\dlngs
and alternative fuel sources (especially solar)

Promote Iow energy houses
and fuel switching

In support of the G8 Plan of Action

Technology time”ne IBIBIBINISN IR NI PIBABIBIRNNRRERIBRRRRERIRD

2005 2010 2020 2030 2040 2050

s
E RD&D activifies to improve Tachnologies already
H tachnologies” tachnical commercial
2 and economic performance
S RD&D activities to irmprove Mandatory standards by Technologies alracdy
< technologies’ fechnical 2020 in OECD and commercial

and economic perfarmance 2030 globally
5 New technologies Mandatory standards by Technologies already
= developed and deployed 2020 in OECD and commercial

for even higher energy efficiancy 2030 globally, confinues tightening

R&D Demeonstration Deploment Commerdalisation

Key aCtIOF‘IS needed RN RAINA RN IR IR NN AR RRIRIRIRIDRERRD

B Monitor energy efficiency improvements in existing buildings and appliances. Need to
collect consistent and comprehensive data on end-use consumption and energy efficiency
worldwide.

B Implementation of mandatery minimum  efficiency performance  standerds  (MEPS),
harmenised at a high level of efficiency and implemented worldwide, ongoing tightening
will be required.

B International standards need 1o be reviewed regularly to ensure adequate vigor.

Key areas for international collahoration sovessssssasssnassssacarnsnas

B Establish a commen set of efficiency "fiers” from which countries could draw when they
establish minimum energy perfermance standards.

B Faclitate the rapid exchange of BAT in the buildings sector to ensure rapid uptake
worldwide.

B Promote the diffusion of passive house design, construction techniques and energy
technologies.
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Key Messages from ETP2008

IEEJ: 20085 7R 88

Deep emission cuts are technically
achievable

Significant investment required
Credible long-term targets needed

This change Is urgent
Capital stock turnover is slow

Technology development needs time
Non-cost barriers should be addressed

Global energy technology revolution
needed
Cooperation with DCs is essential

In support of the G8 Plan of Action
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