=

FETE INTERNATIONAL ENERGY AGENCY
i

ENERGY

TECHNOLOGY
PERSPECTIVES

In support of the G8 Plan of Action

Fridtjof Unander, Dolf Gielen, IE
IEW2006 - ETSAP Workshop, Cape To

INTERNATIONAL ENERGY AGENCY

AGENCE INTERNATIONALE DE L’'ENERGIE

entation Overview

® Buildings and Appliances
® Power plants

® Annex 1: assumptions

® Annex 2: ETP methodology

INTERNATIONAL ENERGY AGENCY AGENCE INTERNATIONALE DE L'ENERGIE




, Iron and steel (1/3)

Figure 7.7 Coal and coke use in blast furnaces, 20035
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Key point
Coal and coke use in blast fumaces varies widely among countries.
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, Iron and steel (2/3)
Figure 7.8 Fuel rates of Chinese blast furnaces compared
with advanced furnaces®
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Key point
Coal and coke use in blast fumaces depends on the fumace size and the pulverised coal
injection rafe.
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, Iron and steel (3/3)
Table 7.2 Global technology prospects for coal injection
Injection of coal 2003-2015 2015-2030 2030-2050
Technology stage Commercial Commercial Cormmercicl
lnveﬂmemoosm[usmﬂ ............... 5055 e 50 ............... 50 .......
Ene rg}, red U Cﬂon (%] ................... 5% .............. ?% .............. 10% ......
ngmdudlon tGwrh ................ 0 - 0 05 ......... 005_ 01 ......... 01 - 02 e

Coal injection is already a widely applied technology. It is financially
attractive because it obviates the coke-making process. Moreover, it
results in substantial energy savings, as one energy unit of coke is
replaced by one energy unit of coal. Trials have shown that coal i
can replace up to half the coke now used in blast furnaces.
that coal and coke have the same energy content, that h
replaced by injected coal, and that the energy used in
8 GJ per tonne coke, the potential for coal savings
per year and reduce CO2 emissions by 100 Mt.
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Ustry, cement (1/3)

Figure 7.10 ~ Average CO, emissions per tonne of cement by country and region
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Source: World Business Council for Sustainable Development (WBCSD), 2002.

Key point

The range of average CO, emissions per tonne of cement is very limited.
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ry, cement (2/3)

Energy efficiency of various cement-clinker
production technologies

Figure 7.11
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Key point

Best cement-clinker technologies are 30 to 40% more efficient than others.
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ry, cement (3/3)

Table 7.8 Cement technologies and fuel mix by region

Process type Fuel share

Dry Semi-dry Wet Verical Coal Oil Gas Other
(%) (%) ) (%) %) (& g (%)

United States &5 2 33 0 58 2 13 26

Middle East 82 3 16 0 o] 52 30 4

Source: WBCSD, 2002, |EA estimates.
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stry, ammonia

Table 7.16 Energy consumption in ammonia production, 2003
Production Energy Energy Gas Oil Coal
Region intensity intensity use use use

(Mt ammonia/yr) G/t ammonia) index (PIAr) (PIyr) (PI/yr)

‘Western Europe 118 36 100 426 - -
NonhAmenca .......... ]49 .......... 3? 9 ........... ] 05 ....... 565 SR o

Formersowe“ Umon ...... ]8? .......... 39 9 ........... ] .1.] ........ ?46 SR o

OrherEumpe ............ 54 .......... 43 6 ........... ] .2.] ........ 235 SR -

‘;\;I.c; ................... 61 4 .......... 40 ............. ] .1.] ........ 636 o 500 .]. 320

thnAmencu ............ ?9 .......... 36 ............. ]00 ....... 235 e o

A{nca ................... 14 .......... 36 ............. ]00 ........ 49_ ..... -

Mldd|e Ecm .............. 93 .......... 36 ............. ]00 ....... 35] R -

Oceuma ................ 11 .......... 36 .............. 1 00 ........ 40 SR o

WOHd ................. 1324 .......... 394 ............ 709 ...... 3 333 . 500 . ]- 320
Source: European Fertilizer Manufacturers Associafion (2003) and IEA data.
AGENCE INTERNATIONALE DE L'ENERGIE

CO, emission reductions in the Map scenario below the Baseline due
to industrial technologies

Technologies 2015 2030 2050 Gi1CO,/fyear

Co-generation technologies * * ok ** 0.3

Energy efficiency in existing basic
materials production processes »* * K * %k ok 0.4

Pracess innovation in basic materials
production processes * * 0.2

Fuel substitution in basic materials

production processes * ok * %k 0.5

Motericly/product effceny - «  *x 03
FEEdS‘OCk SU bwmwn ............................... ** ....... *** ........ 0 d .....
C02 cq mure c.] md ;T;;r;:;;; ............................ ** ...... **** e “ 5 .....

Mote: The reductions are illustrated by a category % (< 0.1Gt CO,/yr of the total reduction),
*k (between 0.1 — 0.3 Gf], k& % (between 0.3 — 1 Gf), kk & * (> 1G1].
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port, biofuels (1/2)

Figure 5.6 P Ethanol supply curves
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Key point
Rapid development of ethanol can displace o significant portion of transport oil demand

by 2050.
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Key point

Advanced biomass-fo-liquid technologies are needed for large production of biodiesel.

FAME=Fatty-Acid Methyl Esters; BTL=BI
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y strategies: transport

CO, emission reductions in the Map and TECH Plus scenarios below
the Baseline due to transport technologies

Technologies 2015 2030 2050 Gl CO,fyear

Vehide fuel econony
improvements (all existing modes

é and vehicle types)

2 Hybrid vehicles ke Kokk  kkokk 1.4

[

£

]

o

L

Z

2
Non-engine fechnologies * ok ke % % ok ok 1.8
Biodiesel (from vegetable oil) * ** * %k 0.2

Biodiesel

Ethanol (grain/st

Hydrogen * * Kk x 0.7

Note: The reductions are illustrated by a category % (< 0.1Gt CO./yr of the total reduction),
* % [between 0.1 — 0.3 Gi), * % % (between 0.3 — 1 Gr), ** %% (=1G1).The CO, emission
reduction in the last column refers 1o the Map scenario, expect for lignocellusic ethanol, hydrogen
and fuel cells, which are based on the TECH Plus scenario.
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Buildings

Figure 6.5 P Zero energy buildings
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Source: LaFrance, 2004.

Key point

Zero energy buildings can be achieved over the next 20 years.
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Figure 6.12 P Evolution of luminous efficacy of major light sources
used for general lighting
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Source: IEA 2006; reproduced with permission from www.lamptech.co.uk
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0logy strategies:
gding and appliances

CO, emission reductions in the Map scenario below the Baseline due
to building and appliance technologies

Technologies 2015 2030 2050 GICO,/year

Heating and cooling technologies * K ook s 1.1
DI smd hemmg Cm d COO| mg S]me ms ......... * ........ ** ....... *** ........ 05 .....

Bwldmgenergy mamgeme nrwﬁems ....... * ........ ** ........ ** ......... 02 .....

nghlng wems ......................... ** ...... *** ..... **** e ] 0 .....

l.El.e d ncupphu nces ...................... *** ..... *** ..... **** ....... 21 .....

Reduce ; smn d_by losses ................... ** ....... ** ........ ** ......... 03 .....

BUIldmgean .o.p;. megsures .............. ** ...... *** ..... **** e 1 6 .....
Solar heating and cooling * K Sk LS & 0.6
Note: The reductions are illustrated by a category ¥ (< 0.1Gt CO,/yr of the total reduction),
* % (between 0.1 — 0.3 Gi], % % * (between 0.3 — 1 G}, ** % % (>1G).

AGENCE INTERNATIONALE DE L’ENERGIE




0logy strategies:
0SsSiIl power plants

CO, emission reductions in ACT scenarios below the Baseline due to fossil
power generation technologies

Technologies 2015 2030 2050 Gt CO,/year

Combined cycle (natural gas) ¥k * %K * %k Kk 1.6

Integrated Gasification Combined-
Cycle (coal) * ok 0.2

CCS Advanced steam cycle

with flue-gas separation (coal) * % * %k Kk 1.3
CCS Advanced steam cycle

with oxyfueling (coal) * %k % %k 1.3
CCS Infegrated Gasification Combined-

Cydle (coal) +** * ¥k Kk 1.3
CCS Chemical absorption flue-gas

separation (natural gas) 0.1

Mote: The reductions are illustrated by a category # (< 0.1Gt CO2/yr of the total reduction),
*% (between 0.1 - 0.3 Gt), * %k [between 0.3 - 1 Gt), k* k& (>1Gt). The CO, emission

reduction in the last eslumn refers to the Map scenario.
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0logy strategies:

CO, emission reductions in the ACT scenarios below the Baseline due
to renewable power generation technologies

Technologies 2015 2030 2050 Gt CO,/fyear
Hydro (small & large) * %k * &k 0.5
Biomass % ¥ * 4 % ¥ 0.5
Geothermal + * % 0.3
Wind (onshore & offshore) * * ** ok ok 1.3
Solar photovoltaics * * k 0.3
Concentrating solar power * * 4 0.2
Ocean energy * ¥ Q.1

Mote: The reductions are illustrated by a category * (< 0.1Gt CO2/yr of the total reduction),
%% (between 0.1 - 0.3 Gt), k k% (between 0.3 — 1 Gt), ¥k %% (=1Gt). The CO, emission
reduction in the last column refers to the Map scenarie.
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0gy Strategies:

CO, emission reductions in the ACT and TECH Plus scenarios below
the Baseline due to nuclear power generation technologies

Technologies 2015 2030 2050 Gt CO,fyear
MNudlear power generation Il and Il ok L8 & L8 & 84 1.8
Nudear power generation IV * * * %k k 1.9

Note: The reductions are illustrated by a category * (< 0.1Gt CO,/yr of the total reduction),
W (between 0.1 - 0.3 Gt), *% % (between 0.3 — 1 Gt), % % % % (=1Gt). The CO, emission
reduction in the last column refers to the Map scenario for generation Il and IIl and the TECH Plus
scenario for Generation V.
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Annex 1: ETP assumptions
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P model regions
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Population (1/2)

pal population expanded on average by 1.6% per year
to 2003. It is set to grow by an average of 0.9% per

0 2050, from an estimated 6.4 billion in 2003 to almost 9.1
ion in 2050. Population growth will slow over the projection
period, from 1% per year in 2003 to 2030 to 0.7% per year in 2030
to 2050.

The population of the developing regions will continue to
grow most rapidly, by 1.1% per year from 2003 to 2050. This is
lower than the average rate of 2% in the last three decades.
Population in the transition economies is expected to decline.
OECDs population is expected to grow by an average of
year out to 2050, with North America contributing muc
increase. The share of the world population living i
regions, as they are classified today, will increa:
to 80% in 2030 and to 83% in 2050.
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Dpulation (2/2)

Population growth assumptions
(% average annual growth rates)

1971-2003 2003-2030 2030-2050 2003-2050
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................................. L
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IR R R
bevatoning coomies APCREE R S o
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PR Lo s R R
P TR [ S
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)P Assumptions (1/2)

obal GDP growth is expected to slow gradually in all

to 2050, with the annual average growth rate slowing from
% In the period 2003 to 2030 to 2.6% in 2030 to 2050. This
ompares to an average rate of 0.3% per year between 1971 and
2003. China, India and other Asian countries are expected to grow
faster than others. Growth will pick up in Africa and the transition
economies. The combined GDP of developing countries will
double over the period to 2050.

North America is expected to have the highest GDP growt
among the OECD regions over the 2003 to 2050 period, at 2.19
per year on average, while OECD Pacific is assumed to gro
1.8% per year and OECD Europe by 1.5% per year. All r
are expected to experience a continuing shift in their
away from energy-intensive heavy manufacturing
industries and services.
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ssumptions (2/2)

Table B.1 P Economic growth assumptions
[% average annual growth rate]

1971-2003 2003-2030 2030-2050 2003-2050
OECD 2.9 2.2 1.3 1.8
VMR SRR DT B SRR
S S B
e RERI SURTERES R R R
TR o T R
Do Ly TR
L RRMETR o
R R R
Other Asia 52 4.1 3.1 3.7
T TR B IR
L L
I S
R Sy T R
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Annex 2: ETP methodology
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PP concept

>d on MARKAL code

Developed by Energy Technology
Systems Analysis Programme, one
of the IEA Implementing Agreements

® Proven and improved over the past
30 years

®In use in more than 30 countries
worldwide

® National/local energy plannin
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The ETP model

obal, 15-region MARKAL model

ong-term (2050) analysis of energy
technology policy issues

® | east-cost decision making, perfect
foresight

® Economic partial equilibrium model

® Full coverage of energy system (g
supply and demand side)

® 1500 technologies
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echnology database

global technology “library”

ficiency for new technologies the
same across all regions

® Region-specific constraints and
technology availability

® Region-specific cost indices
® Region and sector specific discount
rates

® Region-specific standing capi
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g and weak points

sistency across technologies and regions

overs the whole energy system; puts technology-specific
information into perspective

® Full fuel chain/systems effects (electricity, hydrogen, biomass
etc.)

® Detailed electricity/heat modelling
® Regional differences are accounted for

Weak points

® |deal market algorithm/rational decision making
Complex demand side issues are simplified
Intra-regional details only partially covered
Seems often a black box for outsiders
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e Energy System (RES)

Conversion Final Demand Useful
sectors/processes energy sectors/processes energy

Electricity
production

— Refineries — 1 Industry

@ —ICoke ovens—|

Heating

Electricity Cooling
Coke Transport Power
Heat Hydrogen Moving

Heat
etc.

production

Hydrogen
production
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are and operation

IEA energy Energy End-use WEO RS
statistics indicators  information demand vectors

Technology
library
Resource
availability

Operators Calibration
Development
Constraints

Policy
scenarios

Calculation:
ETP-MARKAL matrix generation/optimisation

Output:

VEDA results Analysis

Reporting
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