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1 The International Institute for Applied Systems Analysis

[ TASA

e International, independent, interdisciplinary
research on solutions to global problems

e From East-West to global coverage and
South-North:

Austria Poland China
Finland Russia Egypt
Germany Sweden India

Japan Ukraine Pakistan
Netherlands USA South Africa

Norway South Korea
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S RCP Database

www.iiasa.ac.at/web-apps/tnt/RcpDb

RCP Database - Mozilla Firefox =1
File Edit View History Bookmarks Tools Help

@ - c TR I 5 | http:ffww iiasa. ac. atfweb-appsitntfRepDbfdsd?Action=htrmlpagefpage=compare 7T I-.l - | Google ). ) I--a
12| Most Yisited |_1'] Customize Links |_1'] Free Hotmail |_1'] Windows Marketplace |_1'] Windows Media |_1'] Windows 5 | Energy Securiby in Gla. ..
Gox nge I karl taylor linl 'I & Search - ‘l' {‘ﬁj /;\" = Eﬁ' - RS - & - i::i’ Bookmarks - f22eRank "? Check - % Autolink ﬁ’J Autofill | e Send to - é., E karl E taylor E linl @ Settings -

J ﬁ RCP Database |_| F

RCP Database

About Compare Spatial Download Version 2.0.1
Select region(s), scenario(s), and variable to define your query

{1.) Regions: (2.) Scenarios: (3. ) Variables: Query Results - Chart Preview:
EIIVE R LYElS - j CO2 equivalent concentration (GHG—I 10 EH0R SulsE e e UTE
E M [] RCP3-PD (2.6) : <[] coz equivalent concentration (incl, | — |— World - MiniCAM - RCP 4.5
- [] oECD30 =- F@ MiniCAM 553 Radiative forcing —— World - IMAGE - RCP3-PD (2.6}
[ reF . R[] RcP 45 " [] Tatal 25 — World - MESSAGE - RCP 8.5
T[] asia =- M 3 MESSAGE [ coz /
™[] marF i “F[Jrcras [ cha Y V4
T[] Lam -¥ {3 Histarical data ] nzo
- [] Inventary (2000} - ) e G o
-I" [ Historic (from 1950} [ other (aerosals, 03, ete.) & 10 P

-0 H?stor?c tfrom 1900) || & 3 Emissions L~
™[] Historic (from 1850} EI @ COZ emissions

B2- 3 Extension (ECPs) e N
“-I7 [ Extension until 2300 3 CHé emissions o T~ ~
1 M20 emissions
3 HFC emissions
3 PFC emissions 2000 2020 2040 2060 2080 2100
=[] C2F6 emissions hs . )
4 | | » © RCP Database (Version 2.0.1) generated: 2003-12-05 16:05:51
Query Results:

Region Scenario Variable Unit 2000 2005 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
World MiniCAM - RCP 4.5 COZ emissions - Total POC/vr 7884 9,166 9.518 10.212 11.170 11.537 11.280 9.585 7222 <+.190 4,220 4,249
World IMAGE - RCP3-PD (2.6) COZ emissions - Tokal PgCiyr 7884 9,166 9.878 10.260 7.946 5.024 3.387 2,034 0.654 0,117 -0.268 -0.420
wWorld MESSAGE - RCP 8.5 COZ emissions - Total POCiyr 7.884 9.166 9,969 12.444 14.554 17.432 20,781 24,097 26.374 27.715 28.531 28.817

& RCP Database (Wersion 2.0.1)
generated: 2009-12-05 16:05:51

Output Options: MNotes:
RS XLE

Microsoft Excel Scalable wector Graphics small Yweb Format (Flash) Ll

2000 2000 oD dot Lo aric o 2




(1 Global Carbon Emissions

Range of All Scenarios Assessed in IPCC AR4
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(1 Global Carbon Emissions

Baseline-Range & Low Stabilization Scenarios
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(1 Global Carbon Emissions

Baseline-Range & Low Stabilization Scenarios
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(1 Global Carbon Emissions

Baseline-Range & low stabilization scenarios
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World CO, Emissions

2020 vs 2050
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Emissions in 2050 (GtCO,) ...

EU/G8 target
(50% of 1990)

2020 vs 2050
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Investment Costs per kW

in US$90

Future Technology Learninc
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L1 Energy R&D & Investments

Historical R&D Efforts & Future Investment Needs

R&D, 1974 - 2007 INVESTMENTS, 2005 - 2020 INVESTMENTS, 2005 - 2050
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L1 Energy R&D & Investments

Historical & 2020 R&D & Investment Needs

R&D, 1974 - 2007 INVESTMENTS, 2005 - 2020 INVESTMENTS, 2005 - 2050
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L1 Energy R&D & Investments

Historical & 2050 R&D & Investment Needs

R&D, 1974 - 2007 INVESTMENTS, 2005 - 2020 INVESTMENTS, 2005 - 2050
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lIASA analysis of near-term mitigation
potentials and costs in Annex | countries



GAINS estimates

of national GHG mitigation potentials and costs

Mitigation cost curves for Annex | An interactive calculator is freely
countries accessible at http://gains.iiasa.ac.at

GA' NS ° eenhouse gas - Air pollution Interactions and Synergies
International Institute for Applied Systems Analysis
0.4%
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LA Estimates of mitigation costs for Annex | in 2020:

[TASA
Models agree well after adjustments for different
cost concepts and exogenous assumptions

IIASA comparison of 9 models:
Apparent disagreements between estimates can
be resolved by adjusting for differences in:

e Cost concepts
(engineering costs, private costs,

social costs, with/without macro-economic
feedbacks),

e Baseline assumptions
(e.g., on future economic development, autonomous
efficiency improvements, policy reference, etc.),

e Assumed implementation periods
(models assume 5-15 years implementation time
up to 2020). :

q)

ISRARENE

Emissions relative to baseline
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GHG mitigation cost curves of Annex |, 2020

Mitigation costs are sensitive towards assumptions on
future economic development

GAINS cost curves for pre- and post-crisis projections Annex |, 2020 (excl. LULUCF)
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Recent pledges of Annex |

Conservative

Optimistic

Reference Inclusion of

Status

interpretation interpretation year LULUCF
-25% through
-20% cap and trade of
domestic emissionsand 2000 Officially announced
_EO
AR 5% -5% government Yes (May 4, 2009)
purchases of international
credits
CANADA -20% -20% 2006 t.b.d. Officially announced
Not for the
20% target, Adopted by
- 0, o 0
= 205 ez [0 t.b.d. for the legislation
30% target
Low pledge officially
-15% Not for the announced June 10,
(relative to 2005; -, : 15% target, 2009;
S through domestic 291 (SRR 1) t.b.d. for the high pledge
measures) 25% target  demanded by the
Democratic Party
Yes (with Announced in Bonn
- 0, i 0
L 20% LD current rules) (11 August 2009)
NORWAY -40% 40% 1990  YesOMth g ially announced
current rules)
Switzerland
SWITZERLAND |-20% -30% 1990 Yes announced to follow
the EU
UKRAINE -20% -20% 1990 ? Under consideration
-17% .
(High pledges:
USA 4% (Hres o o) P 1990 Yes WRI paper 22 June
complementary 2009)
measures)
RUSSIA -20% -25% 1990 2 )]

president Medvedev
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Pledges of Annex | countries for 2020

Efforts are sensitive towards assumptions on economic
development

GAINS cost curves for pre- and post-crisis projections Annex |, 2020 (excl. LULUCF)

Marginal abatement costs [€/tCO2eq]
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Sectoral mitigation costs and investments
Annex |, 2020

Annual investments in 2011-2020
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% Marginal supply costs of REDD permits:

Sensitive to policies in competing sectors

40 s

= Baseline

30 1

-~ 1st generation ethanol
supplies 15% of biofuels in
total transport

=& 1st generation biodiesel
supplies 15% of biofuels in
total transport

Carbon price (US-$/tC0O2)

=0~ 10% higher demand for
meat

0% 20% 40% 60% 80%
Share of total REDD potential

Source: Obersteiner, 2009



Co-benefits on air pollution (1)
High pledges would co-control air pollutants in Annex |

Change in air pollution emissions relative to baseline in 2020

0%
Australia
Canada
EU 27

Japan

New Zealand B SO2
Norway T NOx
Russia B PM2.5

Switzerland
Ukraine
USA

Annex |



lﬁ Co-benefits on air pollution (2)

Well-designed air pollution control strategies can also
reduce GHG emissions

Emission control costs for reducing PM health impacts in China by 50%

S 0.20% -
™
o
N
-i PM controls,households
o
& 0.15% - .
= PM end-of-pipe measures
[a
a (o)
E 8 A) COZ NOx end-of-pipe measures
o
AN 0 .
g 0.10% - B SO2 end-of-pipe measures
2
(%]
8 Co-generation
o
*g 0.05% - Energy efficiency, industry
c —
o Energy efficiency, households
17
|_|EJ 0.00% - N M Electricity savings
Using only air Using air pollution
pollution control control measures
measures and GHG measures

simultaneously



lﬁ Conclusions

e Once corrected for obvious differences in assumptions, model
estimates agree on GHG mitigation potentials and costs

e Current pledges would reduce Annex | emissions in 2020 by 11
to 21 % relative to 1990. Compared to an assumed increase of
GDP by 32-42%, costs would amount to <0.15% of GDP.
However, higher upfront investments (<0.4% of GDP) would be
required.

e GHG mitigation has significant co-benefits on air pollution in
Annex | and developing countries

More information: http://gains.iiasa.ac.at




oward a Global Climate Deal: An

Integrated Science & Policy
Approach for Real Impact
tevi



2 deg Guardrail

=

» The agreement at the MEF forum (L'Aquila) in 2009
to contain global temperature increase to not more
than 2 degrees celsius above pre-industrial levels
created a new momentum

» Scientists responded by estimating the carbon
budget that would ensure meeting this goal at
different levels of probability

*How could this overarching goal translate into
options for a country like India”?

/ ®



Methodology

»Using the MARKAL model — results of which were
presented at Poznan last year — the baseline
scenario was extended to 2050

*Moved away from defining per capita emissions
targets to the carbon budget approach

»Allows greater flexibility to define pathways and
identify peaking periods

= |dentify short and medium term transitions required

*|mplications for technology and finance would also
be revealed

/ ®



India’s Carbon Budget

= At a 2/3 probability and a 3/4 probability of achieving '_
the 2 deg C guardrail, the global carbon budget has
been estimated to be 750 GT and 600 GT

respectively

» Accepting the argument of equal per capita rights
from 2010 onwards, India’s carbon budget for the
period 2010 to 2050 is ~ 135 GT

|t must be noted that in a fully fair and just world
India’s carbon budget, not accounting for its past
under-utilisation, would be ~ 209 GT

/ ®



Cumulative CO, Emissions Under Reference

and Carbon Bl_Jet Scenaris

Cumulative CO, Emissions (2010-2050) ]
*Reduction from Reference
450 | 400 Case
400 .
350 - *Entitlement @3.34: 48%
300 *Entitlement @2.23: 66%

— 250 209 '

O 000 | Entitlement @ 2.23 & CO,
150 135 . trading (35 GT ): 75%
100 -

50 -
O i
Reference Entitlement @ 3.34  Entitlement @ 2.23 Entitlement @ 2.23 &
Carbon trading

/ 1



Projected Trend of Total and Per Capita CO,

Emissions

Total CO, Emissions Per Capita CO, Emissions
25 1 14 -
12 1
20 -
10 1
i
15 - & 8-
G Ery
10 - S
=y
5 2
0 i
0- 2001 2011 2021 2031 2041 2051
2001 2011 2021 2031 2041 2051
m Reference B Entitlement @3.34 B Reference B Entitlement @334
0O Entitlement @ 2.23 B Entitlement @ 2.23 & Carbon trading| | O Entitlement @ 2.23 B Entitlement @ 2.23 & Carbon trading

Large deviation required from reference scenario but no peaking till 2051

*Per capita CO2 emission in 2051

*Reference: 12.9 tonnes; Scenario @ 3.34: 4.6 tonnes; Scenario @ 2.23: 2.8 tonngs; °
Page = 340CENArio @2.33& trading: 2.8 tonnes %



Fuel Mix in 2031 & 2051

Percentage distribution of primary commercial energy supply-2031 Percentage distribution of primary commercial energy supply-2051

100 -
90
80 -
70 -
60 -
50
40
30
20 -
10 4
0

Entitlement @3.34 Entitlement @ 2.23 Entitlement @ 2.23
& Carbon Trading

100 ~
90 -
80 -
70
60 -
50 -
40 ~
30 -
20 ~
10 ~
0’

%
%

Ref Entittement  Entitlement @ Entitlement @
@3.34 2.23 2.23 & Carbon
Trading

‘ m Coal O Natural Gas m Oil O Hydro m Nuclear B Renewables ‘ m Coal O Natural Gas m Oil O Hydro @ Nuclear @ Renew ables

sSubstantial shifts are required to achieve the desired level
*Significant capacities would need to be forcibly retired towards the end

*Move away from coal in longer time frame with stringent carbon constraint
*Renewable Is the key for achieving low carbon growth in longer term along m

Page =

energy eff|C|ency and advance technologies



Power Generation Technology in Medium
Term

450
400
350

=30

=250

S0

S 150
100

50 |

Generation capacity mix in 2021 (GW)

_

Ref

Entittement @ 2.23

W Biomass

B Solar

0 Wind

W Nuclear

O Hydro

ODiesel

O Gas based

@ Coal IGCC

B Coal Supercritical /Ultra

supercritical
B Coal Sub critical

Page = 36

\R“—l_— S
eReduction in power ==
generation capacity due to
energy efficiency

Improvement at end uses

*Move away from coal to
renewable and nuclear (even
clean coal technology)

In 2021 Alt scenario
*Wind : 53 GW
«Solar: 28 GW
*Biomass: 16 GW
*Nuclear: 40 GW

eAdditional investment
requirement : US$ 54 Billion,
(2011-2021) /A



Comparison with Poznan Scenarios

S e
Generation capacity mix in 2031 (Carbon Budget Scenarios) Generation capacity mix in 2031 (Poznan)
5 mBiomass
1400 B W blomass
1400 -
m Solar B Solar
1200
@ Wind 1200 - 0 Wind
1000 - m Nuclear 1000 - @ Nuclear
= =
S 800 | B Rydro © 800 - mHydro
% m Diesel -E
S 600 - ] .
3 0 Gas based - 600 8 Diesel
O
400 @ Coal IGCC 400 - 0 Gas based
200 - m Coal Supercritical 200 - 0 Coal IGCC
/Ultra supercritical .
0- B Coal Sub critica 0- ‘ m Coal Supercritical /Ultra
T T T I I . . |
Ref  Entitlement Entitlement Entitiement Reference ~ Evolution Resolution Armbition . SC%%?rgﬂgccaritical
@33 @223 @223&
Carbon
Trading

*In medium term Entitlement @ 3.34 scenario is inline with Evolution Scenario;
Entitlement @ 2.23 scenario is comparable with Resolution scenario; carbon trading

scenario Is even more stringent than Ambition scenario /%%’
Page = 37



Long Term Investment Requirement (2011-51)

eAdditional investment of US$3.14

Undiscounted Investment (2011-2051) Trillion is required to move towards
Entitlement @ 2.23 Scenario In next
500, Forty years (~ US$ 79 Billion per Year)
40,000 *Much higher additional public finance
35,000 | would be required:
. 0 *Power sector: Additional investment
= 5001 requirement; US$ 13 Trillion (in
é 20,00 | Entitlement @ 2.23 scenario over the
= 15000 reference case)
10,000 «Public transportation facilities
5,000 (Metro, high speed rail, dedicated
01 freight corridor, good quality bus,
Reference  Entitlement @3.34  Entitlement @  Entitlement @ 2.23 etc) would require additional
223 &Carbon Trading investment of US$ 1.13 trillion (in

SR Entitlement @ 2.23 scenario s
’ reference case)



Power Generation Capacity in 2051

Generation capacity mix in 2051 (GW)

B Biomass
3000 -
B Solar
2500 - 0 Wind
@ Nuclear
2000 -
= 0 Hydro
S
= 1500 - B Diesel
o 0 Gas based
S
1000 1 8 Coal IGCC
B Coal Supercritical /Ultra
500 - supercritical
m Coal Sub critical
0 5
Ref Entitlement @ 2.23
Page = 39

el

Total capacity requirement in

increases from 1700 GW to
3000 GW due to large share of
renewable and their lower
availability factor

In 2051
«Solar :
«~2000 GW (@ 2.23)
«~negligible (reference)
*Nuclear :
«325 GW (@ 2.23)
*169 GW (reference)
*Wind:
175 GW (@ 2.23)
*83 GW (reference)

eAdditional investment

requirements US$ 13 Trill ®
(2011-2051)



Power Generation Capacity in Entitlement @
2.23 SC

enario 2011-2051

SR = e . =

Generation capacity mix in 2051 (GW)
B Biomass
3000 -
| Solar
2500 - 0 Wind
Nuclear
2000 - .
; 0 Hydro
S 1o  Diesel
S 1000 - 0 Gas based
@ Coal IGCC
500 -
i Coal Supercritical /Ultra
supercritical
0 m Coal Sub critical
2011 2021 2031 2051

/ 1



Medium Term Investment Requirement (2011-

Undiscounted Investment (2011-2031) *Additional investment of
US$ 198 Billion would be
16,000 | required during (2011-2031)
14.000 | to move towards entitlement
12,000 - @ 2.23 scenario from
& 10,000 - reference
oD
S 8,000 1 *Power generation will
= 00004 require much more
;ggg investme_nt_ in the tune of
! 0 | USS$ 1 trillion of these 20
, , , years (~US$ 53 Billion per
Reference Entitlement Entittement Entitlement
@3.34 @223 @223 8 year)
Carbon Trading « Additional public finance
required for public
Some sectors will have avoided investment on transportation would be US$

other hand some sector will require much 651 Billion (~US$ 33

-Digher investment Billion/year) /! o



Short Term Investment (2011-2021)

= Only carbon trading scenario

Undiscounted nvestment (2011-2021) W R o ment of

— much higher level of solar energy
- (244 GW in 2021)

= Additional investment that
accrued in implementation of
3,500 - high cost options are lesser than
3,000 | the avoided investment in low
’ cost low carbon option (public

2,500 - transportation, autonomous
2000 - energy efficiency, demand side
1’500 management etc)
’ = However, significant additional
1,000 - public finance would be required
500 for moving towards @2.23
' scenario over the reference case

— Power generation capacity: US$

4,000 -

Billion US$

Reference Entilement  Entitlement Entitlement 54 billion (~ US$ 5.4 Billion per
@334 @223 @2234 ;eirl) t re
- — Public transportation facility:
Carbon Trading US$ 240 billion (US$ 24 billion
per year)

/ 1



Transport Sector

= Share of public modes in movement of passengers by road remains at the
level of 76% (2001-2051)

— (Reference: decreases from 76% in 2001 to 34% in 2051)

= Share of rail in freight movement increases from 42% in 2001 to 60% by
2036 & remaining constant at 60% till 2056

— (Reference: reduces to 16% in 2051)

»  Share of rail in passenger movement increases from 23% in 2001 to 50%
by 2036 & remaining constant at 50% till 2056

— Reference: remaining constant at 23% (2001 — 2051)
= Hybrid vehicles in intermediate and long term
— By 2021 onwards in all alternative scenario
= Battery operated vehicle in longer term (two wheelers and three wheelers)
— @ 3.34 Scenario: by 2056; @2.23 Scenario: by 2041; Carbon trading: by 2021
» Rapid electrification of rail with stringent emissions level
= Continuous efficiency improvement in transport vehicle (1% per annum till

2051) /m‘
Pe9e*2> Reference case no improvement after 2011



Residential & Commercial Sector

= |Improved lighting devices 100% penetration of CFL by
2036

— Reference case only around 1% till 2051

» Greater penetration of efficient appliances:
Refrigeration, Space conditioning , Air conditioning,
water heating etc

— Enforcement of energy labeling programme
— 100% penetration by 2036
— Autonomous energy efficiency improvement over time

» |[ncreased share of solar water heater upto 100% by
2046)

/ ®




Agriculture Sector

= 20% reduction in water pumping demand due to better
irrigation practices

— Reduced water losses (no additional investment assumed)

— Only in alternative scenarios

= Complete electrification of irrigation pumpsets by 2026
— Reference case- 2001: 71%; 2051: 81%

= 100% penetration of efficient pumps by 2036

— Remaining constant at 40% in the reference case (2001-56)

/ 1



Industry Sector

= Higher autonomous energy efficiency

iImprovement in small and medium scale
industry

= Shift away from coal to gas
— Much earlier with more stringent carbon constraint
— Only natural gas based urea plants

= Scrapping of old plants

— High cost more efficient plants are preferred over
retrofitting of old plant

— Scraping of plants much earlier than useful life

~e-® |ncreased share of blended cement /m
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