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Introduction: Sector Background

B Power sector: a major contributor to India’s overall GHG
emissions

B Coal will continue to be mainstay in India power generation
B Sub-critical units dominate coal based power generation

B Advanced coal technologies are being adopted:

e Supercritical units are now coming up under the Ultra Mega Power
Plant (UMPP) scheme

e R&D on IGCC carried out by BHEL including pilot plant; 125 MW
IGCC plant expected by 2011

e Promotion of renewable energy based power generation
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Wide range of Mitigation Options

B Renewables

B Advanced Coal Technologies

e Supercritical and Ultra Supercritical Technologies
e |ntegrated Gasification Combined Cycle (IGCC)

e Circulating Fluidized Bed Combustion (CFBC)

e Carbon Capture and Storage (CCS)

B Combined Cycle Natural Gas Based Plants
B Efficiency improvement in existing units
B And many more...
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Mitigation Option: IGCC with CCS
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Why Plan Ahead for Carbon Capture?

B Carbon Capture and Storage (CCS):
e Key technology for global GHG emissions mitigation efforts
e Estimated to be globally commercial during 2020-2025
e Expected to contribute 15-55% of world wide mitigation effort until
2100
B CCS has a high emission reduction potential but carries
high costs
e Government support needed for both R&D and demonstration
projects
B Retrofit of capture technology may not be economical for
older plants
e Capacity building needed for technologies that can facilitate CCS
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IGCC: A Good Match for Carbon Capture and Storage

Plant cost comparison Present and expected efficiencies
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B With present day technologies, IGCC with CCS is the cheapest option

e Option to co-produce transport fuel, chemicals, fertilizers from the syngas
e Potential for future high operating efficiency

e Co-benefits: low water use, low CO2 emissions, improved environmental
performance
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B R&D pilot scale plant on IGCC FBGs
e Plans to scale up to 125 MW demo plant at Auraiya

B USAID Feasibility Study on IGCC with Indian coal

e High ash Indian coal is more compatible with IGCC based on
Fluidized Bed Gasifiers (FBGS)

e Advances in technology can increase efficiency further

e Cost estimated to come down to US$ 1300-1400/kW under
commercial conditions

B Upcoming IGCC plants with Indian coal
e 125 MW IGCC plant in Vijaywada by BHEL and APGENCO
e 100 MW demonstration IGCC at NTPC Dadri
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Estimated Emission Reduction Potential: IGCC with CCS

RS~ e
Typical coal based IGCC with CCS (90%

plant capture)

Average net efficiency (100 MW) 29.5% 27.5%

Baseline emission coefficient (tCO2/MWh) 1.083 0.12

Total CO2 emissions for a 100 MW plant (tCO2) 758780 81396

Annual CO2 reductions for a 100 MW plant (tCO2) 677,384

Average net efficiency (500 MW) 33% 31%

Baseline emission coefficient (tCO2/MWh) 1.083 0.12

Total CO2 emissions for a 500 MW plant (tCO2) 3793902 403867

Annual CO2 reductions for a 500 MW plant (tCO2) 3,390,035

* Estimations based on conservative assumptions for IGCC efficiency and assuming 90% CO2 capture
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B High present capital costs B Low technology maturity
B Limited international ® Lack of defined international
experience on Fluidized monitoring and verification
Bed Gasifiers (FBG) based framework
IGCCs B High Costs
B [nsufficient R&D

B Detailed understanding of
environmental impacts

icfi.com/greenbusiness 10 Passion. Expertise. Results.
© 2008 ICF International. All rights reserved.



F-__
== Center for I RA D
Ic' %“Clean Air Policy e

INTERNATIONAL Dislogue. Insight. Solutione.

How to Overcome Challenges:
End Objectives of Policy Options

B Encouraging indigenous IGCC R&D
e Help resolve pending technical issues
e Research can help bring costs down

B Setting up demonstration plants
e Start with economically attractive alternatives like EOR

B Detailed study of CCS with IGCC FBG technology

B Requirement of detailed geological assessment for storage
purposes

B Encouraging private sector participation and long term
commercialization

B International assistance can help speed up implementation
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Suggested Policy Options

W K< < -

Mitigation
Option

Policy Option

Short term
(2009-2011)

Mid term

(2011 —2016) | (2016 — 2021)

Long term

IGCC

Upto ~ 50% Government Grant Support for IGCC
demonstration and commercial Projects

Public Private Partnership (PPP) for commercial
IGCC projects

Facilitate R&D in IGCC technology

Preferential tariffs for commercial IGCC Based
Power Plants

IGCC can be used to meet obligation to purchase
renewable/clean power by states

IGCC with CCS international collaborations and
knowledge sharing

Fiscal policies including tax incentives

CCS

Setting up of a R&D test centre

Establishing Tax Incentives for CCS demonstration
and commercial Projects
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Electricity Demand: Sector Background

e <
B Facts:

e Residential & commercial
electric demand about 1/3 of the Others
national demand Traction 6%

2%
e GHG emissions ~ 184 MMT

Commercial

CO.e from grid 9%

B Opportunity: Demand side
management and energy efficiency

B Analysis: Electricity demand sector Pomeete
broken down in two sub categories:

® Products & Equipments
Agriculture

e Buildings (Residential & 2204
Commercial)

Electric Demand Composition, FY 2005

Industry
37%
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Energy Demand: Existing Policy Framework

B Evolving Timeline of the Policies:

e March 2002: Energy Conservation Act, 2001 established the Bureau
of Energy Efficiency (BEE)

e May 2006: Standards and Labelling Program for Products and
Equipment by BEE

e May 2007: Energy Conservation Building Codes for new large
commercial buildings by BEE

e Feb 2009: Recently launched Building Labelling program by BEE
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Mitigation Options: Products and Equipments

B Short Term:

e [nefficient appliances replaced by new energy efficient appliances

Example: Replacement of old refrigerators with the efficient ones: Brazil
case study

B Medium Term:

e Technology and process upgrades in the manufacturing of products and
equipment

Example: Change over to less GWP refrigerant
B Long Term:

e Consumer awareness and campaign to maximize the reach
Example: The Energy Star program of US EPA
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Barriers to Mitigation Options:

Reluctance to Low awareness

voluntary implement Of energy efficient

energy efficiency alternatives

High first cost

of energy Inadequate
efficient equipment regulatory structure &
and infrastructure mechanisms

Lack of incentives
to undertake
energy efficienc

projects
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Policy Options: Products & Equipments
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Policies/Time Period 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Standards & Labeling of Products &
Equipments

Tax & Duty Incentives for end use of efficient
appliances

Government procurement policy for efficient
products

Promotion of Energy Efficiency Research &
Development
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Conclusions

B Needs both demand side and supply side mitigation options

B Important to look at capability of underlying sector policy
framework to support adoption of mitigation options

B |GCC expected to play key role; energy efficiency In
products and buildings will also be important

B International assistance and knowledge sharing is expected
to play a major role
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For More Information

Ritika Goel

ICF International, New Delhi

Phone: 011-43543023

Email: rgoel@icfi.com

Web: www.icfi.com/greenbusiness
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