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Afbakening

Deze studie beschrijft de rol van ENERGY

TECHNOLOGY

tech nologie PERSPECTIVES
2008

Transitiepaden worden geschetst voor
de belangrijkste technologieen o

Dit kan een basis vormen voor Bl e
Internationale samenwerking op het
gebied van energietechnologie

De studie gaat niet over de post-Kyoto
doelstelingen voor landen

Het Is geen studie over klimaatbeleids

InStrumenten INTERNATIONAL
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Energy Technology Perspectives
2008: Inhoud

Hoe verder? ENERGY
TECHNOLOGY

Korte en middellange termijn beleid PERSPECTIVES
2008
Speciale aandacht voor transitiepaden

Scenario analyse

Baseline consistent met het WEO2007 A
Referentie Scenario

Scenarios &
Strategies

Wereldwijde emissies stabilisatie in 2050

(ACT)

50%06 reductie van emissies in 2050 (BLUE)
Technologie vooruitzichten: :

Electriciteitsopwekking | TEEE

) ) ENERGY |J€
Eindgebruiks sectoren

AGENCY
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ACT Scenarios

Energie CO, emissies in 2050 terug ENERGY

TECHNOLOGY

naar het niveau van 2005 i
Update van ACT gepubliceerd In
ET P 2 OO 6 Scenarios &

Strategies

— 10 2050

Opties met marginale kosten tot
USD 50/t CO, — wereldwijd
(+20 USD/vat olie)

Kosten schatting is verdubbeld
sinds ETP2006

Dit scenario impliceert een sterk | INTERNATIONAL

gewijzigd energie systeem iy

In support of the G8 Plan of Action




Blue Scenarios

Energie CO, emissies gehalveerd in 2050,
in vergelij klng tot 2005 TECHNOLOGY

PERSPECTIVES

Dit kan leiden tot stabilisatie van de CO, Hor e
concentratie op het niveau van 450 ppm
(afhankelijk van de emissies na 2050)

Opties met kosten tot USD 200/t CO, (+80 [l
USD/bbl oil) ~ 102050

Aan2|enI|Jk hogere kosten met minder

~Antirmiet l(\ﬁl’\f\ A AAaAMNMaAaAarmnoe

UpMLITTHTOLIOUIIT aalllialli©o

Blue Is onzeker, daarom zijn meerdere
varianten geanalyseerd

Blue vereist wereldwijde deelname

Het resultaat is een compleet gewijzigd
energiesysteem

INTERNATIONAL
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Een Energie Revolutie: Hoe kunnen de
emissies gereduceerd worden

ENERGY
70 CCS industry TECHNOLOGY
and transformation 9% PERSPECTIVES
. .. 2008
60 - Baseline Emissions 62 Gt —2
CCS power generation 10%
50 - Nuclear 6%
Renewables 21% Scenarlos &
= ) o Strategies
40 - ___ Power generation efficiency 102050

& fuel switching 7%

30 End-use fuel switching 11%

End use electricity
efficiency 12%

20 -
End use fuel
efficiency 24%

CO, emissions (Gt CO,/yr)

BLUE Map Emissions 14 Gt —

7 N 7

WEO2007 450 ppm case ETP2008 BLUE Map scenario
O I ] ] ] ] ] ] I 1
2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

10 A
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Gemiddelde Jaarlijkse
Capaciteitsuitbreiding , 2010 — 2050
Een Energie Revolutie

ACT Map - BLUE Map [RETEitispeey

Coal-fired with CCS 30 - 35 CCS coalfired plans (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)

Hydrr.) 1/5 of Canada's hydropower capacity Scenarios &
Biomass plants 30 - 100 biomass plants (50 Mv/)| EE=8 S.’E{,aé‘i,%igs
Wind-onshore 2900 - 14 000 wind turbines (4 MW)
Wind-offshore 775 - 3 750 wind turbines (4 MW)
Geothermal 50 - 130 geothermal units (100 MW|
Solar PV > 115 - 215 million m? solar panels
Solar CSP 45 - 80 CSP plans (250 MW)
| | |
30 40 50 60 =

GW per year

INTERNATIONAL

M Present rate MACT Map © BLUE Map
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De kosten van emissie reductie

1000
Transport alternative fuels
—_ —)
O 800 - Technology ENERGY
O Pessimism TECHNOLOGY
E PERSPECTIVES
oy 600 - Industry fuel switching 2008
D) and CCS
= 500
— b
3 400 - BLUE Map
c_os Technolo Scenarios &
c 200 - Power sector AV 00 . gy Strategies
o < > Optimism 102050
= End-use efficiency O e
© ) - 100
S 0 < > ACT Map 50
5 10 15 20 25 30 35 40 45 90
-200

2050 CO, emissions reduction (Gt CO,/yr)

To bring emissions back to current levels by 2050 options with a 3

cost up to USD 50/t are needed. Reducing emissions by 50%6 INTERNATIONAL
would require options with a cost up to USD 200/, possibly ever ENEalmwa
up to USD 500/t CO, AGENCY RIS
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Emissie Reducties

ACT  BLUE ACTMap  BLUE Map < L
Map Map PERSPECTIVES
[%0] [%] [%0] [%0] G 2.5
Referentie 2005 2005 Baseline Baseline
2050 2050 Scenarios &
Electriciteitssector -43 -71 -81 -90 Strategies
Overige 16 .62 51 -84 e
transformatie
Transport 31 -30 -42 -69
Industrie 65 -21 -18 -60
Gebouwde -2 -41 -36 -61
omgeving
Totaal 2 -48 -57 -78

INTERNATIONAL
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De Belangrijkste Opties

(Roadmaps/transitiepaden)
87% van de emissie reductie in BLUE Map

Aanbodkant Vraagkant ENERGY
CCS centrales Energie efficientie in e
Kolen — IGCC gebouwen 2008
Kolen — USCSC Energy efficientie in
Kernenergie 111 + 1V motor systemen Scenarios &

1C1 Str [
Zon — PV Efficiente iy
verbrandingsmotoren

zon =Sk Warmtepompen
wWind _ POmp
Bi 1GCC & Plug-ins and
b_l_omassa B electrische

Jstoo voertuigen

2¢ generatie

Brandstofcellen
biob dstoffen
obrancs Industrieel CCS

Electriciteits . _ " INTERNATIONAL
netwerken on — verwarming
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Roadmap — CCS

10%0 van het CO, reductie potentieel in BLUE

Map

coz capture and Storage - Fossil-Fuel Power Generation Technology TIMeline sssaresssssatssssrsssssasstssststsssssttstdsssssn

208 2010 200 2000 2040 2080

ACT 2.89 Gt savings 2050 Blue 4.9 Gt savings 2050 ENERGY
CECD OECD Sther . ?m&lélum i T.:J-.-rlng:dlimir-d
. i = 00821 3 to
China Facific Padfic 30% 5 |10 damo coptre e e TECHNOLOGY
& Indlia /—5% £ g 025+ USD 12 b in deplated ressrvoir
43% A‘ o PERSPECTIVES
QECD
20 dsmo plarts
/_E:';:F’“ 2008.2020: USD 25 bn Byelagmmniol 2 O O 8
., Other China i 5 Storags RAD ional franspert 9% of power 16 % of
1% & India = 2008.2030: USD 2ka in re E;nur\:liun e
" Basi ity esfimaie: 20152030 2030
OECD NA 3% sonaoma 2050
25%
\ CECD Eurcps QECD NA T 20 flliods dome
16% 25% 2008.2015: plorts 201 £2030: 12 % of pawer
Chther developing Asim, Middle East and Transifion Econamies = UDiEkn LIED 30 bn eneralion 30% of powsr
= Majer DSF Dierwalcperemnt of 2030 enaration
Global ~ RDD&D  Commercial Global  RDD&D  Commercial PRl i nhruche ¥ 2050 Scenarios &
Deployment  Inw. Cost  Inw Cost* Deployment  Inv. Cest  Inv. Cost*
Share usD bn USD b Share USD b UsD b 3
2030  2005-2030 2030-2050 2030 2005-2030 2030-2050 BED L Lo o Strateg ies
CECD NA as 2530 140-130  OECDHA as% 30-35  350-400 ——+t0 2050
CECD Burope 3% 2590 100120 - OBCDEurops  35% jo-3s 180200 Key Actions Needed s.vevsrseersrsenestronssirersescersaneresiseccrees
OECD Pecifi 108 7-8 30-40 OECD Pacifi 10% 10-12 T0-20
............ e e e e s R B Develop and encble legal and regulatery framewerks for €C5 at the nafienal and intemetio-
Ching & Indic 15% 1012 220-300 China & India 15% 12-14 A50-500 ol levels, incuding leng-term liability regimes ard classification of CO,.
Cther % 3-4 &0-70 Other 59 45 300-350 B Incorperate CCS infe emission frading schemes and dean development mechanisms.
B RDAD toreduce caphurs cost and improve averall system sfficiencies.
Technology Targets cuessssssrsssrsssersnasararssorssrsrsnsrsrarsonsnns W RD&D for storage integrity and menitoring. Validtion of major storags sits. Moritor and
ACT: Emissions Stabilisatien BLUE: 50% Emissions reducii valuation metheds for site review, injedion & clesure pericds.
RD&D B FRaise public owareness and education en CC3E.
B Assessment of starage capacity using Carben Ssquestration Leadership Farum methecolegy
Capture fechnolagiss for thres Technalogies tested in small- and large-scale plants. Cost of OOy et the national, basin ard fisld levsks
main opfions (pos-combustion, ayoided arcund 50 USD by 2020, Chemical looping tested ’ ’
pra-combusiion, and cey-fuelling) B Mew power plants built after 2020 0 have CCS.
- powsr plants fo bs “en ready” after 2075,
Damaonstrafion targsts 20 large-scale dame plants with o 30 large-scale dema plants with ¢
range of CCS opfions, including fuel - range of CC3 options, including fuel
e P fcosVouBomasq by 2020 pefecaligesblomes) By 20% . Key Areas for International Collaboration ss s ssssesssssssesesassseses
Mew gas-separation technologies: Mew copture concapts: nest-ganarofion procssses, such as membranas, W Development and sharing of kegal and regulatory frameworks.
b & solid adserpti lid absorbars and th |
T e B m Develop intemational, regicnal and naficenl instruments for €O, pricing, includling COM
Technology transfar Tachnology transfer ta China and Technclogy transter ta all transition and ETS.
India and developing countries B FRaise public awareness and educafion.
Deplo ' ] iju':::'ng best pradices and lessons leamt frem demaensirafion projects (piket and large-
f:géc;g:lﬁpelin; infrastructure Muiorfrunspc;'fgg pipgiliina th_ms developed ® Jointfunding of large-scale plants in developing countries by mulfi-laterl lending institfions,
e e e indhusiry arel govemmens
Deploymant targets Early commercial largs-scals plarts  30% of slactricity generated from B Development of standards for national and basin skorage estimates and their application.
by 2015 [ZEF, ZeroGen, GresnGen)  CCS power plant B Organizations: CSLE, IEA GHG, IEA CCC, IPCC.
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Additionele Investeringen

BLUE USD 45 000 mlljard (1.1% of GDP); ENERGY

TECHNOLOGY

ACT USD 17 000 mlljard PERSPECTIVES

2008

Met name investeringen aan de vraagkant
(80%0)
Scenarios &

Ongedisconteerde brandstofbesparingen Strategies
BLUE USD 51 000 miljard (2010-2050) e

Marktprijzen of productiekosten ?
Het probleem voor BLUE is de verdeling van
kosten en baten

Groel van additionele investeringen
USD +10 to +100 biIn/jr OOD

USD +100 to +200 bIn/Zjr learning investments INTERNATIONAL
USD +1000 to +2000 bIn/yr commerciele ENERGY
Investeringen (lange termijn) AGENCY
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Electriciteitsopwekking

ENERGY
® Other TECHNOLOGY
R 60.000 - rer}ewables PERSPECTIVES
[ |
§ Solar 5008
Z 50.000 - 46% m\Wind
c Renewabl .
o . enewables EmBiomass + CCS
g 40.000 - I _ Scenarios &
3 ®Biomass Strategies
o -— —to 2050
Pt [ |
i 30.000 - Hydro
= Nuclear
©
‘3 20.000 - Gas + CCS
)
[5) m Gas
g 10.000 - _
S m Qil
O 0 4 m Coal + CCS
2005 Baseline Baseline ACT Map BLUE Map mCgagl

2030 2050 2050 2050 INTERNATIONAL
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CO, afvang en opslag in BLUE Map

ENERGY
BLUE Map 10.4 Gt CO, captured TECHNOLOGY
PERSPECTIVES
Fuel
transformation
sector
26% Scenarios &
Strategies
to 2050
Electricity
Production
54%
Industry
20%

INTERNATIONAL
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ENERGY \_J_]
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Wind: Electriciteitsopwekking per

VY sl o

Regio, BLUE Map Scenario, 2050

Total wind power generated:

Transition
Economies Other 5174 TWh
3% 9%

China

0
OECD Pacific 31%

7%

Latin
America
10%

OECD North

America OECD
13% Europe
23%

In support of the G8 Plan of Action

ENERGY
TECHNOLOGY
PERSPECTIVES

2008

Scenarios &
Strategies

—t0 2050

INTERNATIONAL
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Projecties voor Kernenergie

10.000 -
9.000 -
8.000 -
7.000 -
6.000 -

I
5.000 - —

4.000 -

w

o

(@]

(@]
1

2.000 -

Nuclear power generation (TWh)

1.000 -

BLUE
Map

Baseline | Baseline ACT Map

2005 2030

In support of the G8 Plan of Action

Baseline

ACT Map

2050

BLUE
Map

ENERGY
TECHNOLOGY
PERSPECTIVES
m Others 2008
Transition
economies
m OECD Pacific Scenarios &

Strategies

— 10 2050
® OECD Europe

® OECD North
Amercia

®[ndia

E China

INTERNATIONAL
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Primaire Energievraag
Belangrijke voordelen voor de
voorzieningsveiligheid

9000 - W 2005

. — ENERGY
8 8000 - TECHNOLOGY
— PERSPECTIVES
2 7000 - EBaseline 2050 2008
>
g— 6000 - BACT Map 2050
a 5000 - B BLUE Map 2050
> Scenarios &
o 4000 - Strategies
= o7 | ®m -to 2050
o 3000 -
>
S 2000 -
P ! |
al

O -

Wi o & & & o
éoo \06‘ &2
Q g
&
&
Q
o’ INTERNATIONAL

De transportsector draagt 78% bij aan

de besparing op het oliegebruik ENERCY I
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Transport Sector Emissie
Reducties

BLUE Map 12.5 GtCO, reduction ENERGY
TECHNOLOGY
Hvd PERSPECTIVES
ydrogen 2008
FCVs

14%

Fuel efficiency
Scenarios &

52% Strategies
to 2050
Electrification
17%
Biofuels | INTERNATIONAL
17% | ENERGY (_Jf_]
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m Fuel cell vehicle
® Electric vehicle
® Plug-in hybrid

® Hybrid

m Diesel

® Gasoline

ENERGY
TECHNOLOGY
PERSPECTIVES

2008

Scenarios &
Strategies
——t0 2050

INTERNATIONAL
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Personenauto’s
Kosten per ton CO,,

ENERGY
1.000 - _ _ TECHNOLOGY
® Gasoline vehicle ICE PERSPECTIVES
improvements 2008
m Diesel vehicle ICE
. 800 1 improvements
o ® Gasoline Hybrid
O Scenarios &
£ 600 { BLUEMap i B . : Strategies
9) technology pessimi ® Plug-in hybrid ~— 102050
o T i S (optimistic)
= | Plug-in hybrid
3 400 (pessimistic)
c_('; BLUE Map N = FC Vehicle
€ gg0 .. technology optiguisth . (optimistic)
> FC Vehicle
‘2‘5 (pessimistic)
0 - EV (optimistic)
B EV (pessimistic)
INTERNATIONAL
-200 -
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Industriele Emissie Reducties

ENERGY
TECHNOLOGY
PERSPECTIVES
ACT Map 4.3 GtCO, BLUE Map 9.8 GtCO, £ =
I 1 .
Jfuere — reduction puera reduction
switching ccs

switching

19%0 17% 220
307%2 Scenarios &
Strategies
- —t0 2050
Electricity
savings
(o)
20% Fuel
efficiency
Fuel 23%
efficiency Elect_ricity
44% savings
18%0

CCS Speelt een SleuteIrOI . INTERNATIONAL
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Overheidsuitgaven voor Energie
OO&D in IEA Landen — USD 10

_mld per |aar

20000 15%
ENERGY
TECHNOLOGY
~ 18000 _ - 13% E=INuclear PERSPECTIVES
& 16000 " 2008
o i + 11% g——; 1 Other
S 14000 - - @
8 -+ 9% = Em Hydrogen and i
Q12000 _ m ydrog Scenarlqs &
2 _ = fuel cells Strategies
o B = —to 2050
n 10000 _ ilnlnlm m_ o /% S ==Renewable
8 | { N[5 (B[ — g energy sources
N, 8000 \ M 1 500 O .
P || (L | ~ mEmFossil fuels
dp) L IH K ‘\.\ -}
3 6000 LG TSk | 3% S
c gin L FTHEBETT THEOAHLERS ® EEEEnergy
.2 4000 gi® i | | all il - efficiency
— il - HRHEAHD 10 &
= 2000 | [ ® O ——Share of energy
R&D in total
0 -1% R&D
1974 1978 1982 1986 1990 1994 1998 2002 2006 INTERNATIONAL
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Conclusies

Sterke reducties van emissies zijn
technisch mogelijk

Dit vereist een wereldwijde
energierevolutie
Ontwikkelingslanden maken deel uit van de
oplossing
Deze transitie Is urgent

Barrieres: financiering; levensduur
kapitaalgoederen; tijdspad van
technologische ontwikkeling

Het IEA technologie netwerk kan een basis
vormen voor internationale samenwerking

tav transitiepaden

In support of the G8 Plan of Action

ENERGY
TECHNOLOGY
PERSPECTIVES

2008

Scenarios &
Strategies
——to 2050
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Suggesties for Europa en

Vlaanderen
Participeer in de IEA roadmap/transitie
analyse e
Meer nadruk op internationale samenwerking EEEGEaEal
IN energietechnologie 2008

Toegang en RD&D capacity building
Geloofwaardige lange-termijn doelstellingen B o
voor industrie and de electriciteitssector it
Publieke acceptatie

Technologieontwikkeling

CCS: demo’s & industriele toepassingen, CO,-EOR Noordzee,
oxyfuelling

Electriciteitssector: netwerken, opslag

Transport: 2e generatie biobrandstoffen, meer aandacht voor
batterijen

Energbesparing: implementatie, motor systemen 0
Gebouwen: warmtepompen, zonneboilers e A TIONAL

Industrie: materiaal efficiency, biomassa grondstoffen
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Hoe verder?

Uitwerking transities/roadmaps ENERGY
TECHNOLOGY
Drie sector publicaties i e
Gebouwen, Industrie, Transport
Analyse van OOD b e

— 10 2050

Hoeveel moet geinvesteerd worden ?
Wat zijn de hiaten ?

Voorbereiding ETP2010

Meer gedetailleerde landen/regio analyse ?

i INTERNATIONAL

ENERGY l(j{_]
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| INTERNATIONAL ENERGY AGENCY | VR T4 ENERGY

TECHNOLOGY
PERSPECTIVES

e 2008
ENERGY
TECHNOLOGY

PERSPECTIVVES Scenarios &

Strategies

In support of the G8 Plan of Action & ~— 10 2050
|
L
[

Scenarios &
Strategies
to 2050
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