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Natural gasr availalility

Natural Gas availability (MMSCMD)




End-Use Consumption

Sectoral Energy Consumption
(2003-04)

Agriculture
8%
0,




Total Pamary Commerciall Energy.
Reguirement

+» Total primary commercial energy
Increases 7.5 times 2001 to 2031(285
mtoe to 2123 mtoe) (CAGR: 6.9%)

Energy use in BAU

@ Solar +wind

o Nuclear +¢ Share of traditional fuels to total
Meateaidl  primary energy consumption decreases

@ Natural Gas

aoi by 35% to 4% (in year 2001 to 2031)

a Coal

+3*Coal and Oil remains the dominant
fuels

0
2001 2006 2011 2016 2021 2026 2031

Year » Share of Coal: 55% in 2031
» Share of Oil: 36% in 2031

+»*Share of hydro in total commercial supply is only 2% in 2031




Energy: Security: High Import
Dependency.

Fuel Import in 2031
s»Coal import: 1438 MT

»~4 times of consumption in 2001

» Import dependency: 78%
**Oil import: 680 MT
» Import dependency: 93%

*»Gas import: 93 BCM

2021 2031 > Import dependency: 67%

C—JImport == Consumption —=Import Dependency

s Maximum indigenous production levels for all fuels is achieved by the year
2016




Sectorall Commerciall Eneray.
Consumption

Sectorwise Co ercial Energy Consumption in BAU Trends of Sectoral Shares in Final Energy Consumption (including non-commercial)
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‘ O Industry @ Transport B Residential O Agriculture @ Commercial ‘ ‘EI Industry @ Transport O Residential @ Agriculture @ Commercial ‘

ss»Commercial energy consumption from the end-use side increases 7.5 times (in 2001-2031) (CAGR: 7%)

¢ Share of residential sector in total final energy (including non-commercial energy) consumption
decreases due to shift towards more efficient commercial fuels

**The highest growth rate in oil consumption in the transport sector increases by 13.6 times (CAGR: 9%)

7

» Shift towards more energy intensive modes of transportations both for passenger and freigé X s
movement vy




Electricity, Generation Capacity.

Generation Capacity s Total installed capacity increases by
6.34 times (CGAR: 6.3%)

¢ Coal based capacity will remain
dominant (59% in 2031) followed by
hydro (20%)

s Decentralized capacity will
contribute 19% of the total generation
capacity by 2031

¢ Total installed capacity in 2031:
795 GW (Draft Integrated Energy
—= Coal — Natural Gas mmmm Hydro —= Nuclear POIicy: 778 GW, Ministry Of POWGI’Z

@ Renew able ——1 Diesel —e— Total 962 GW)




Scenaroes Analysis
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Economy-Wide
Scenarios

Socio-Economic

»BAU scenario - 8% GDP growth rate (BAU)

»Low-growth scenario- 6.7% GDP growth rate
(LG)

»High-growth scenario-10% GDP growth rate
(HG)

Technology-Deployment

BAU scenario (BAU)
» High-nuclear capacity (NUC)

> Aggressive renewable energy
(REN)

> High-Efficiency scenario (EFF)

» Hybrid scenario (8% GDP) (HYB)

» High hybrid scenario (10% GDP)
(HHYB)




Total Pamary Commerciall Energy.
Reguirement

Total Commercial Primary Energy Supply

1285
g
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Year

——LG —8—BAU - -A- -REN
—h—EFF o= ==HB  ——HG

¢ Increase in primary energy by 2031
» 1.5 times (BAU)
» 5.3 times (Hybrid)
»11.8 times (High growth)
» 8.2 times (High growth hybrid)

< Energy consumption in hybrid
scenario (8% GDP) is even less than that
In low growth scenario (6.7% GDP)

s Difference in commercial energy
consumption
»Between BAU and Hybrid in 2031 is
double the total commercial energy
consumption in 2001
»Between High-growth and High-
growth hybrid in 2031 is 3.6 times the

total commercial energy cons%)
//
2001 /////%




Euel wise Tetal Commercial Energy
SUppIy,

Commercial Energy supply in 2031

s Difference in commercial energy
consumption by 2031 in hybrid scenario
vis-a-vis BAU: 620 mtoe, high growth
Vis-a-Vvis

» Difference in coal consumption 409 mtoe
(1.4 times of total commercial energy
consumption in 2001)

» Difference in Oil consumption 273 mtoe
(96% of total commercial energy consumption
in 2001)

@ Coal O Oil m Natural Gas OO0 Hydro m Nuclear @ Solar, wind and Biodiesel

ssDifference in commercial energy consumption by 2031 in hybrid scenario vis-a-Vvis
BAU: 1031 mtoe

+»Difference in coal consumption 645 mtoe (2.3 times of total commercial energy consumption in 2001)

+»Difference in Oil consumption 444 mtoe (1.6 times of total commercial energy consumption in 2001/ // y /
4//////%%




Sectoral Coeall Consumption

Coal fion in 2031 ; I
@l consumption in <*Maximum share of power sector in

coal consumption across all scenarios
followed by the industrial sector for
process heating and captive power
generation

¢+ Coking coal consumption is the
highest in the hybrid scenario due to
increased iron making through the blast
furnace route

O Pow er @ Industry (Process heating ) @ Ore-reduction O Industry (Captive)

¢ Power sector exhibits highest reduction potential, followed by process heating in industry
s Difference in coal consumption in the power sector in 2031

»Hybrid vis-a-vis BAU: 367 mtoe (55% reduction)

»High growth hybrid vis-a-vis high growth scenario: 568 mtoe (49% I’edUCtIOéé
it




Energy: Intensity.

s BAU: Decline in energy-intensity from
0.022 kgoe/Rs. of GDP in 2001 to 0.017
kgoe/Rs. of GDP by 2031

+¢ Decrease of 23%

ssEven in BAU scenario Indian economy is
progressing along an energy-efficient path
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ssHybrid scenario : Decline in energy-
intensity to 0.012 kgoe/Rs. of GDP in 2031
(extent of 29% vis-a-vis BAU in 2031)

2001 2006 2011 2016 2021 2026 2031 2036 % k . . 5 3
Year s*High-growth hybrid scenario: Decline in

e 16  —=—BAU - -4 -REN NUC energy-intensity to 0.011 kgoe/Rs. of GDP
—+—BF == —=HYB - HG  —s—HHYB by 2031 (50% reduction from 2001)

*sProgression of economy along a declining energy-intensity path if energy-efficiency
measures are pursued aggressively even with a high optimistic growth rate of 10% GDP
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Analysis o €O, EmIssions




Cumulative CO5 Emissions

Cumulative CO, Emissions Across Various Scenarios (2001-2036)

“*Cumulative CO, emissions
lower to the extent of 25% and
29% in the high efficiency and
hybrid scenarios respectively
vis-a-vis the BAU scenario

“*Cumulative CO, emissions
higher by only 8% in the high-
growth hybrid scenario vis-a-vis
BAU scenario

Scenario




CO2 Emissions; by Euels (BAU)
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CO2 Emissions by Sectors

3004 3 110 9%

o
®
]
c
(]
&
O
al

36% 3 349%

2001 2006 2011 2016 2021 2026

Year
O Power O Industry @ Transport

B Residential @ Agriculture m Commercial




CO2 Emissions Reduction
Scenarios- Without CCS

Sector wise CO, emissions in 2011 Sector wise CO, emissions in 2021
1663 3332

1800 1497 1441 3500
1500 A 1379 3000 *
314 h 686
276 276 P
%00 | 5% 485 436

1200 A 2500

2000 - 1124

374

1500 -

600 |

million tonnes
million tonnes

1000
500 -
0 0
BAU 30% 40% 30% 40%
Scenario Scenario
Sector wise CO, emissions in 2031

8000 7267

70001—1;': Time Series CO2 emissions

6000 1 (cumulative) reduction targets of
20007 30%, 40% and 50% from the BAU

4000 by 2031.

3000 - 786

2000 - 694 Maximum reduction occurs in the

1000 1 1071 power sector by deployment of
0 clean coal technologies. (70%

BAU 30% 40% 50% . _ I
Scenario reduction — 2185 million mt)

— Industry —— Power —— Transport == Others —a— Total

300 + 621

million tonnes




Uptake of Pewer Generating lechnologies

at Varieus CO2 mitigation Scenarios:
Without: CCS

Power Generating Technologies in 2011 Power Generating Technologies in 2021
200
ﬁ
160 | & —— 1%
69
120 - 69 69
% 2% . . 69
80 26 34 9
A 2 73
40 B
’ BAU 30% . 40% 50% BAU 30% - A0% 50%
Scenario Scenario
Power Generating Technologies in 2031
Power sector presents the greatest
opportunity to implement CCS. With the
Increase of clean coal technology uptake
5 from 10 GW in the BAU Scenario to 146
GW in the 30% reduction scenario.
Scenario
@ Conventional coal 0O Clean coal O Gas based O H-frame Gas based
O Hydro O Renewables O Nuclear




GHG mitigation’ Scenarios; at Varous
CO2 Prices (without CCS)

Scenario

20)0)1

2041

2021

2031

BAU

OlY

1665

3332

1261

$ 5/tonne

o7

1457

2495

50)6)¢1

$ 10/tonne

o1y

1400

2452

4969

& 20/tenne

OdY

1383

2412

4012

Units of CO2 mitigated are in million tonnes
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Geolegical €CO2 Sterage Potential

EStimated €Oy sterage potentialin

m deep saline resenvolrs (en and off shere) estimates —
360 GtCO,

s Depleted oll'and gas wells estimates) ~ 7 GtCO,
x Un-mineable coal seams s GtCOy
= \/olcanic rock 200 GtCO,,

sSource: Singh, A.K., Mendhe, V., Garg, A., 2006, “CO2
seguestration potential of geelegical formations 1n
India”, 8t Internationall conference: on Greenheuse
Gas Contrel ffechnologies, GHGI-8, Trondneim,
Norway, June 19-22, 20006.
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Current CCS Activities In India

India’is a member off CSLE & IEA GHG R&D Pregramme

It IS participating 1 the Euture Gen Pregramme

The Gevermment off India has plans te invest inf CCS
related activities: i the X1 & X1 Eve Plan (repert of the

WOIKING greup: en R&D: for the energy: Secior)

Institute ofi Reservelr Studies Is carnrying| eut CO2
capture anel EOR fieldl studies; in Gujarat

NGRII IS testing| the feasibility: of stering CO2 in| hasalt
felimations

T
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Cost Range ofi CCS compoenents

CCS component

Cost rrange

Capture frem pewer plant

15 — 75 US $/ mt. CO2 net captured

Capture ffeni gas pProcessing or
NH3' preduction

5 — 55 US $/ mt. CO2 net captured

Capture: frem mdustrialf seurces

25 — 55 US $/ mt. CO2 net captured

ransportation

1 — 8 US $/mt.CO2(250 km transported)

Geological sterage

0.5 — 8 US $/mt. (injected)

Ocean sterage

5 — 30 US $/mt. (injected)

Mineral carbonation

50 — 100 US $/mt. (net mitigated)

Source: IEA-GHG R&D programme (Report 2007/9)




Barriers to Adeption off CCS

Einancial Barriers:

s High capital cests
(B0 10, 40% ) Increase)

a Higher Energy’ penalty
(@&
InstitUirenal harmer

a Does not fit 1n the overall
goal of meeting| the
millennitm; development:
goals

x  Nen-proeductive
expenditure

[Does not contribute to
sustainable develepment

fiechnical Barriers:

Yet to e commerncially
demoenstrated inflanrge: point
sources of CO2

Capture technelegies are not
standard for all large: peint
spurces) (ex: pewer plant &
cement plant)

Sinks and their capacities to)yet
pe identified

Many: pants of India are
seismically active — Issue: of
PEnmanenance

EOR/ECBM/EGR! potential yet o
pe established i India

Potential & cost fior
seguesterng in depletedi ol &
gas wells yet to be determined
(offi-shore and on-shoere)

Mapping and matching of sinks
and sources for optimization.of, 7.~

cost to be done 7
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Other Barriers

Sterage (Cleakage — saiety; leakage-camion
ACCOUNtING)

Acceptance — general public IS tnaware of CCS

Regulatery: no intermatienal standards as;yet

s EC established nationalfstandards torallow CCS for
EUrepean liading

Einancial: Lack off business, architecture;
Sterage PUSIRess dees Not exist

s




Conclusions

Climate: change'is a glehal prekliem
» India needs internationall cooperation
Estaplishment off CCS technelogies require major

Investments in a country like India, Which
cannet be handled even hy OECD: countres

CCS options willlvary firom region; te regien and
country to; country
s Entire value chiain needs; vigerous amnalysis

International cooperationtin CCS Isia must fox
successiul depleyment ofi this: technelegy.
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