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National Action Plan on Climate Change

1. Overview

India is faced with the challenge of sustaining its
rapid economic growth while dealing with the global
threat of climate change. This threat emanates from

gas
anthropogenically generated through

accumulated greenhouse emissions in the
atmosphere,
long-term and intensive industrial growth and high
consumption lifestyles in developed countries. While
engaged with the international community to collec-
tively and cooperatively deal with this threat, India
needs a national strategy to firstly, adapt to climate
change and secondly, to further enhance the ecolog-
ical sustainability of India's development path.

Climate change may alter the distribution
and quality of India's natural resources and adversely
affect the livelihood of its people. With an economy
closely tied to its natural resource base and climate-
sensitive sectors such as agriculture, water and
forestry, India may face a major threat because of the
projected changes in climate.

India's development path is based on its
unique resource endowments, the overriding priority
of economic and social development and poverty
eradication, and its adherence to its civilizational
legacy that places a high value on the environment
and the maintenance of ecological balance.

In charting out a developmental pathway
which is ecologically sustainable, India has a wider
spectrum of choices precisely because it is at an

earlystage of development. Our vision is to create a

prosperous, but not wasteful society, an economy that
is self-sustaining in terms of its ability to unleash the
creative energies of our people and is mindful of our
responsibilities to both present and future genera-
tions.

Recognizing that climate change is a global
challenge, India will engage actively in multilateral
negotiations in the UN Framework Convention on
Climate Change, in a positive, constructive and for-
ward-looking manner. Our objective will be to
establish an effective, cooperative and equitable
global approach based on the principle of common
but differentiated and

responsibilites respective

capabilities, enshrined in the United Nations

Framework Convention on Climate Change
(UNFCCC). Such an approach must be based on a
global vision inspited by Mahatma Gandhi's wise dic-
tum—The earth has enough resources to meet peo-
ple's needs, but will never have enough to satisfy
people's greed. Thus we must not only promote sus-
tainable production processes, but equally, sustain-
able lifestyles across the globe.

Finally, our approach must also be compatible
with our role as a responsible and enlightened
member of the international community, ready to
make our contribution to the solution of a global
challenge, which impacts on humanity as a whole.
The success of our national efforts would be signifi-

cantly enhanced provided the developed countries
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affirm their responsibility for accumulated green-
house gas emissions and fulfill their commitments
under the UNFCCC, to transfer new and additional
financial resources and climate friendly technologies
to support both adaptation and mitigation in devel-
oping countries.

We are convinced that the principle of equi-
ty that must underlie the global approach must allow
each inhabitant of the earth an equal entitlement to
the global atmospheric resource.

In this connection, India is determined that
its per capita greenhouse gas emissions will at no
point exceed that of developed countries even as we

pursue our development objectives.

2. Principles

Maintaining a high growth rate is essential for
increasing living standards of the vast majority of our
people and reducing their vulnerability to the
impacts of climate change. In order to achieve a sus-
tainable development path that simultaneously
advances economic and environmental objectives,
the National Action Plan for Climate Change

(NAPCC) will be guided by the following principles:

* Protecting the poor and vulnerable sections of
society through an inclusive and sustainable devel-

opment strategy, sensitive to climate change.

* Achieving national growth objectives through a
qualitative change in direction that enhances eco-
logical sustainability, leading to further mitigation

of greenhouse gas emissions.

* Devising efficient and cost-effective strategies for

end use Demand Side Management.

for both

adaptation and mitigation of greenhouse gases e-

* Deploying appropriate technologies
missions extensively as well as at an accelerated

pace.

* Engineering new and innovative forms of market,

regulatory and voluntary mechanisms to promote

The NAPCC addresses the urgent and critical con-
cerns of the country through a directional shift in the
development pathway, including through the
enhancement of the current and planned pro-

grammes presented in the Technical Document.
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sustainable development.

¢ Effecting implementation of programmes through
unique linkages, including with civil society and
local government institutions and through public-

private-pa rtnersh i p.

* Welcoming international cooperation for research,
development, sharing and transfer of technologies
enabled by additional funding and a global IPR
regime that facilitates technology transfer to

developing countries under the UNFCCC.

3. Approach

The National Action Plan on Climate Change
identifies measures that promote our development
objectives while also yielding co-benefits for address-
ing climate change effectively. It outlines a number
of steps to simultaneously advance India's develop-
ment and climate change-related objectives of adap-

tation and mitigation.

4. The Way Forward:
Eight National Missions

In dealing with the challenge of climate change we
must act on several fronts in a focused manner simul-
taneously. The National Action Plan hinges on the
development and use of new technologies. The
Plan would be

mechanisms

implementation of the through

appropriate institutional suited for
effective delivery of each individual Mission's objec-
tives and include public private partnerships and civil
society action. The focus will be on promoting
understanding of climate change, adaptation and
mitigation, energy efficiency and natural resource

consetrvation.



There are Eight National Missions whichwould result in a saving of 10,000 MW by the end of
form the core of the National Action Plan11" Five Year Plan in 2012.
representing  multi-pronged, long-term  and To enhance energy efficiency, four new ini-
integrated strategies for achieving key goals & thatives will be put in place. These are:
context of climate change. While several of these
programmes are already part of our current actiohs“f market based mechanism to enhance cost effec-
they may need a change in direction, enhancement}gness of improvements in energy efficiency in
scope and effectiveness and accelerat8fergy-intensive large industries and facilities,

implementation of time-bound plans. through certification of energy savings that coloid
traded.
» Accelerating the shift to energy efficient
4.1. National Solar Mission appliances in designated sectors through

innovative measures to make the products more

A National Solar Mission will be launched to signif &ffordable.

cantly increase the share of solar energy in tte tc Creation of mechanisms that would help finance

energy mix while recognizing the need to exparffmand side management programmes in all

the scope of other renewable and non-fossil opticheCtors by capturing future energy savings.

such as nuclear energy, wind energy and biomass’. Developing fiscal instruments to promote energy
India is a tropical country, where sunshine ffficiency

available for longer hours per day and in greadrnint

sity. Solar energy, therefore, has great potematsal

future energy source. It also has the advantage4of. National Mission on Sustainable Habitat

permitting a decentralized distribution of energy,

thereby empowering pe0p|e at the grassroots |e\/é|_NationaI Mission on Sustainable Habitat will be

Photovoltaic cells are becoming cheaper with nd@inched to make habitat sustainable through

technology. There are newer, reflector-based tedfprovements in energy efficiency in buildings, man

no|ogies that could enable Setting up megaw&'}gement of solid waste and modal shift to pUb|IC

scale solar power plants across the country. Anotf@nsport. The Mission will promote energy efficien

aspect of the Solar Mission would be to launch@ as an integral component of urban planning and

major R&D programme, which could draw upomirban renewal through three initiatives.

international cooperation as well, to enable the cr

ation of more affordable, more convenient solar The Energy Conservation Building Code,

power systems, and to promote innovations thahich addresses the design of new and large com-

enable the storage of solar power for sustaingtiercial buildings to optimize their energy demand,

long-term use. will be extended in its application and incentipes-

vided for retooling existing building stock.

4.2, National Mission for Enhanced i. Recycling of material and Urban Waste
Energy Efficiency Management will be a major component of ecologi-

cally sustainable economic development. India

The Energy Conservation Act of 2001 provides al legdready has a significantly higher rate of recyglof
mandate for the implementation of the energy effitaste compared to developed countries. A special
ciency measures through the institutional mech@tea of focus will be the development of
nism of the Bureau of Energy Efficiency (BEE) i thtechnology for producing power from waste. The
Central Government and designated agenciesNational Mission will include a major R&D
each state. A number of schemes and programriié@gramme, focusing on bio chemical conversion,

have been initiated and it is anticipated thatehes Wwaste water use, sewage utilization and recycling
options wherever possible.
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irrigation programmes which rely on sprinklers,pdri
iii. Better urban planning and modal shift toirrigation and ridge and furrow irrigation.
public transport. Making long term transport plans
will facilitate the growth of medium and small € 4 5 National Mission for Sustaining the
in ways that ensure efficient and convenient public Himalayan Ecosystem
transport.

A Mission for sustaining the Himalayan Ecosystem
In addition, the Mission will address the need tQi|| pe launched to evolve management measures
adapt to future climate change by improving thg, systaining and safeguarding the Himalayan gla-
resilience of infrastructure, community based disagier and mountain eco-system. Himalayas, being the
ter management, and measures for improving Wgyrce of key perennial rivers, the Mission would,
warning system for extreme weather event§,o, a5 seek to understand, whether and the
Capacity building would be an important componeriient to which, the Himalayan glaciers are in
of this Mission. recession and how the problem could be addressed.

This will require the joint effort of climatologmst

glaciologists and other experts. We will need to
4.4. National Water Mission exchange information with the South Asian

_ o _ countries and countries sharing the Himalayan
A National Water Mission will be mounted to eNSUrgcology.

integrated water resource management helping to An observational and monitoring network
conserve water, minimize wastage and ensure Mg the Himalayan environment will also be estab-
equitable distribution both across and within siatejisheq to assess freshwater resources and health of
The Mission will take into account the provisiorfs 0t ecosystem. Cooperation with neighbouring
the National Water Policy and develop a framework,ntries will be sought to make the network com-
to optimize water use by increasing water use effsanensive in its coverage.

ciency by 20% through regulatory mechanisms wit The Himalayan ecosystem has 51 million peo-

differential entitlements and pricing. It will seek le who practice hill agriculture and whose vulrera

ensure that a considerable share of the water ne (ﬂﬁy is expected to increase on account of clignat
of urban areas are met through recyclin_g of Was&%ange. Community-based management of these
water, lan_d_ enSl.JLm.g tgat the WTter re_quwem(;?ts géosystems will be promoted with incentives to com-
coastal cities W':] mah €a duate_ ater];natlve sodu s munity organizations and panchayats for protection
wgter are met t_ rough adoption of new an aPP'3id enhancement of forested lands. In mountainous
prlgte technologlgs such as low temperature des%‘gions, the aim will be to maintain two-thirdstoé
nation technologies that allow for the use of 0C€3l}ea under forest cover in order to prevent erosion

water. and land degradation and ensure the stability ®f th
The National Water Policy would befragile eco-system.

revisited in consultation with states to ensureinbas

level management strategies to deal with varigbilit

in ramfal! and river flows due to climate change4_6' National Mission for a Green India
This will include enhanced storage both above and

below ground, rainwater harvesting, coupled witlA National Mission will be launched to enhance eco-
equitable and efficient management structures.  gystem services including carbon sinks to be called

The Mission will seek to develop new regulagyeen India. Forests play an indispensable rdllesin
tory structures, combined with appropriate entitle-

ments and pricing. It will seek to optimize thei-eff
ciency of existing irrigation systems, includinghae
bilitation of systems that have been run down
andalso expand irrigation, where feasible, with a
special effort to increase storage capacity. Ineent
structures will be designed to promote water-néutra
or water-positive technologies, recharging of under
ground water sources and adoption of large scale
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preservation of ecological balance and maintenante enlist the global community in research and-tech
of bio-diversity. Forests also constitute one of thnology development and collaboration through
most effective carbon-sinks. mechanisms including open source platforms, a

The Prime Minister has already announced &trategic Knowledge Mission will be set up to ident
Green India campaign for the afforestation of 6 mify the challenges of, and the responses to, climate
lion hectares. The national target of area undesfio change. It would ensure funding of high quality and
and tree cover is 33% while the current area undicused research into various aspects of climate
forests is 23%. change.

The Mission on Green India will be taken up The Mission will also have, on its research
on degraded forest land through direct action agenda, socio-economic impacts of climate change
communities, organized through Joint Foreshcluding impact on health, demography, migration
Management Committees and guided by theatterns and livelihoods of coastal communities. It
Departments of Forest in state governments. Arinitwould also support the establishment of dedicated
corpus of over Rs 6000 crore has been earmarked étimate change related academic units in Univessiti
the programme through the Compensatorgnd other academic and scientific research institu-
Afforestaion Management and Planning Authorityions in the country which would be networked. A
(CAMPA) to commence work. The programme willClimate Science Research Fund would be created
be scaled up to cover all remaining degraded forastder the Mission to support research. Privateosect
land. The institutional arrangement provides foinitiatives for development of innovative technolo-
using the corpus to leverage more funds to scale gigs for adaptation and mitigation would be encour-
activity. aged through venture capital funds. Research to

support policy and implementation would be under-

taken through identified centres. The Mission will

4.7. National Mission for Sustainable also focus on dissemination of new knowledge
Agriculture based on research findings.

The Mission would devise strategies to make Indian
agriculture more resilient to climate change. It
would identify and develop new varieties of cropg, Implementation of Missions
and especially thermal resistant crops and alieenat
cropping patterns, capable of withstanding extremgsese National Missions will be institutionalizegl b
of weather, long dry spells, flooding, and variablgespective ministries and will be organized through
moisture availability. inter-sectoral groups which include in addition to
Agriculture will need to be progressivelyrelated Ministries, Ministry of Finance and the
adapted to projected climate change and our agAlanning Commission, experts from industry,
cultural research systems must be oriented to moacademia and civil society. The institutional
tor and evaluate climate change and recommesttucture would vary depending on the task to be
changes in agricultural practices accordingly. addressed by the Mission and will include providing
This will be supported by the convergencehe opportunity to compete on the best management
and integration of traditional knowledge and preeti model.
systems, information technology, geospatial Each Mission will be tasked to evolve specif-
technologies and biotechnology. New credit anit objectives spanning the remaining years of the
insurance mechanisms will be devised to facilitate
adoption of desired practices.
Focus would be on improving productivity of
rainfed agriculture. India will spearhead efforts a
the international level to work towards an ecologi-
cally sustainable green revolution.

4.8. Natinal Mission on Strategic Knowledge
for Climate Change
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11th Plan and the 12th Plan period 2012-13 to 2016limate Change including its R&D agenda.

17. Where the resource requirements of the Mission The Council chaired by the Prime Minister

call for an enhancement of the allocation in thth11would also provide guidance on matters relating to

Plan, this will be suitably considered, keeping imternational negotiations including bilateral, trul

mind the overall resources position and the scope fateral programmes for collaboration, research and

re-prioritisation. development. Details of the institutional arrange-
Comprehensive Mission documents detailingnent are at Annexure 1.

objectives, strategies, plan of action, timelinesl a The NAPCC will continue to evolve, based on

monitoring and evaluation criteria would be develrew scientific and technical knowledge as they

oped and submitted to the Prime Minister's Counamerge and in response to the evolution of the mul-

on Climate Change by December 2008. The Countilateral climate change regime including arrange-

will also periodically review the progress of thesenents for international cooperation.

Missions. Each Mission will report publicly on its

annual performance.

Building public awareness will be vital in
supporting implementation of the NAPCC. This will
be achieved through national portals, media
engagement, civil society involvement, curricula
reform and recognition/ awards, details of whiclH wi
be worked out by an empowered group. The Group
will also consider methods of capacity building to
support the goals of the National Missions.

We will develop appropriate technologies to
measure progress in actions being taken in terms of
avoided emissions, wherever applicable, with refer-
ence to business as usual scenarios. Appropridite in
cators will be evolved for assessing adaptatioreben
fits of the actions.

These Eight National Missions, taken together, with
enhancements in current and ongoing programmes
included in the Technical Document, would not only
assist the country to adapt to climate change, but
also, importantly, launch the economy on a path tha
would progressively and substantially result ini-mit
gation through avoided emissions.

5.1 Institutional Arrangements for
Managing Climate Change Agenda

In order to respond effectively to the challengeclof
mate change, the Government has created an
Advisory Council on Climate Change, chaired by the
Prime Minister. The Council has broad based repre-
sentation from key stake-holders, including
Government, Industry and Civil Society and sets out
broad directions for National Actions in respect of
Climate Change. The Council will also provide guid-
ance on matters relating to coordinated national
action on the domestic agenda and review of the
implementation of the National Action Plan on
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Annexure — |

Prime Minister's Council on Climate Change

Core Negotiating Team
(Multi - Ministry)

Coordination Unit for
Implementation of National
Plan of Action for Climate

Change (MoEF)

Research Agenda Principal
Scientific Adviser to GOI Ministry
of Science & Technology
(Specific Units of MST/other Ministries)

Technical Support Group
(Multi - Ministry)

Ministry Specific Agenda
(Ministries)
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1. Background to India's National thus have very low coping capacity to meet thréaim
Action Plan on Climate Change climate changes. Only rapid and sustained developme

cangenerate the required financial, technologicd!riman

The Fourth Assessment report of thdesources. In view of the large uncertainties comog the

Intergovernmental  Panel on Climate Changgoatial and temporal magnitude of climate changaats, it
(IPCCAR4}  concluded from direct 1S not desirable to design strategies exclusivety f
observations of changes in temperature, ségsponding to climate change. Rather, the needis t
level, and snow cover in the northerddentify and prioritize strategies that promote elepment
hemisphere during 1850 to the present, thgpals while also serving specific climate change
the warming of the earth's climate system {@bjectives.

unequivocal. The global atmospheric It is imperative to identify measures that promobe
concentration of carbon dioxide has increasetkvelopment objectives, while also yielding co-dé@se
from a pre-industrial value of about 280 ppnfor addressing climate change effects. Cost- éffect
to 379 ppm in 2005. Multi-model averagesnergy efficiency and energy conservation measaireof
show that the temperatuiecreases during particular importance in this connection. Similarly
2090-2099 relative to 1980-1999 may rangdevelopment of clean energy technologies, though
from 1.1 to 6.4°C and sea level rise from 0.18 torimarily designed to promote energy security, edso
0.59 meters. These could lead to impacts @enerate large benefits in terms of reducing carbon
freshwater availability, oceanic acidification,emissions. Many health — related local pollutiontoals can
food production, flooding of coastal areas andlso generate significant co-benefits in terms educed
increased burden of vector borne and wategreenhouse gas emissions. This document idergjfiesific
borne diseases associated with extrenmpportunities to simultaneously advance India's

weather events.. development and climate related objectives of gt
The Prime Minister's Council onand GHG mitigation.
Climate Change, in its first meeting on™.3 It also describes India's willingness and desire,

July, 2007, had decided thdA National as a responsible member of the global communitgiotall

Document compiling action taken by Indiafor  that is possible for pragmatic and practical sohsi for

addressing the challenge of Climate Change, all, in accordance with the principle of common but

and the action it proposes to take" be differentiated responsibilities and respective bditias. The

prepared. purpose of this document is also to create awases@eng
The National Action Plan for Climate representatives of the public at large, differegerecies

Change responds to the decision of the PM¥ the government, scientists, industry — in shahg

Council, as well as updates India's nationgiommunity as a whole — on the threat posed by ttima

programmes relevant to addressing climatehange and the proposed steps to counter it.

change. It identifies measures that promote

our development objectives, while also

yielding co-benefits for addressing climatet.1. The Imperative of Poverty Alleviation

change effectively. It lists specific opportunities

to simultaneously advance India's developmeBtconomic reforms, implemented since 1991, havdteesu

and climate related objectives of bothn faster growth of the Indian economy. GDP growdles

adaptation as well as greenhouse gas (GHBave averaged roughly 8% during 2004-2008. However,

mitigation. 27.5% of the population still lived below the padydine in
India's development agenda focuses a2004-05 and 44% are still without access to elattriThe

the need for rapid economic growth as aApproach Paper to the Eleventh Plan emphasizes that

essential precondition to poverty eradicationapid economic growth is an essential prerequisie

and improved standards of living. Meeting thiseduce poverty. The poor are the most vulnerabtéinate

agenda, which will also reduce climate —

related vulnerability, requires large-scale

investment of resources in infrastructure, tech-

nology and access to energy. Developing

countries may lack the necessary financial and

technological resources needed for this and
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change. The former Prime Minister, late Smt. Indira
Gandhi, had stated: ‘poverty is the worst
polluter'. Therefore, development and poverty
eradication will be the best form of
adaptation to climate change.

The impacts of climate change could prove
particularly severe for women. With climate change,
there would be increasing scarcity of water,
reduction in yields of forest biomass, and increased
risks to human health with children, women and
the elderly in a household becoming the most
vulnerable. With the possibility of decline in
availability of foodgrains, the threat of malnutrition
may also increase. All these would add to
deprivations that women already encounter and so
in each of the Adaptation programmes, special
attention should be paid to the aspects of gender.

1.2 Relationship between Human
Development Index and Energy
Consumption

The strong positive correlation between energy use
and human development is well recognized (Figure
1.2.1). It is obvious that India needs to substantially
increase its per capita energy consumption to pro-
vide a minimally acceptable level of well being to its
people.

Figure 1.2.1:Human Development Index versus per capita
electricity consumption

1.3 Current Carbon Dioxide Emissions in India

India's CO, emissions per capita are well below the
world's average:. Per capita carbon dioxide emis-
sions of some regions in the world in 2004 are as
follows:

Table 1.3.1:A comparison of India's per capita GHG
emissions with some other countries

Country Per-Capita Carbon-dioxide
emissions (metric tons)

USA 20.01

EU 9.40

Japan 9.87

China 3.60

Russia 11.71

India 1.02

World Average 4.25

India has a well-developed policy, legislative,
regulatory, and programmatic regime for
promotion of energy efficiency, renewable energy,
nuclear power, fuel switching, energy pricing
reform, and addressing GHG emissions in the
energy sector. As a consequence of these measures,
India's energy intensity of the economy has come
down sharply since the 1980s and compares
favourably with the least energy intensive
developed countriess.

Figure 1.3.2:India's Energy intensity of GDP based on International Energy Agency data:

Energy intensity of GDP (kgoel$ 2000 PPP)

B " - 0
o Ref:&rﬂuﬁf.‘anrbev_elgpm@t FQp&Qﬁ )2006) O
Published for the United Nations

Development Programme (UNDP)
0.2

100 1000
Per Capita Electricity Consumption in kWh/year

10000
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1.4. Observed Changes in Climate
and Weather Events in India

There are some observed changes in climate
parameters in India. India's Initial National
Communication, 2004 (NATCOM 1)° to UNFCCC
has consolidated some of these. Some highlights
from NATCOM | and others are listed here. No firm
link between the documented changes described
below and warming due to anthropogenic climate
change has yet been established.

» Surface Temperature

At the national level, increase of — 0.4°C has been
observed in surface air temperatures over the past
century. A warming trend has been observed
along the west coast, in central India, the interior
peninsula, and north-eastern India. However,
cooling trends have been observed in north-west
India and parts of south India.

* Rainfall

While the observed monsoon rainfall at the all-India
level does not show any significant trend, regional
monsoon variations have been recorded. A trend of
increasing monsoon seasonal rainfall has been found
along the west coast, northern Andhra Pradesh, and
north-western India (+10% to +12% of the
normal over the last 100 years) while a trend of
decreasing monsoon seasonal rainfall has been
observed over eastern Madhya Pradesh, north-
eastern India, and some parts of Gujarat and Kerala
(-6% to —8% of the normal over the last 100 years).

* Extreme Weather Events

Instrument records over the past 130 years do not
indicate any marked long-term trend in the
frequencies of large-scale droughts and floods.
Trends are however observed in multi-decadal
periods of more frequent droughts, followed by less
severe droughts. There has been an overall
increasing trend in severe storm incidence along the
coast at the rate of 0.011 events per year. While the
states of West Bengal and Gujarat have reported
increasing trends, a decline has been observed in
Orissa. Goswami® et al, by analysing a daily rainfall
data set, have shown (i) a rising trend in the
frequency of heavy rain events,

and (ii) a significant decrease in the frequency of
moderate events over central India from 1951 to
2000.

* Rise in Sea Level

Using the records of coastal tide gauges in the
north Indian Ocean for more than 40 years,
Unnikrishnan and Shankar’ have estimated, that sea
level rise was between 1.06-1.75 mm per year. These
rates are consistent with 1-2 mm per year global sea
level rise estimates of IPCC.

e Impacts on Himalayan Glaciers

The Himalayas possess one of the largest resources of
snow and ice and its glaciers form a source of
water for the perennial rivers such as the Indus, the
Ganga, and the Brahmaputra. Glacial melt may
impact their long-term lean-season flows, with
adverse impacts on the economy in terms of water
availability and hydropower generation.

The available monitoring data on Himalayan
glaciers indicates that while recession of some gla-
ciers has occurred in some Himalayan regions in
recent years, the trend is not consistent across the
entire mountain chain. It is accordingly, too early to
establish long-term trends, or their causation, in
respect of which there are several hypotheses.

Under the National Action Plan, these data
will be updated and refined continuously and
additional reliable data will be collected.

1.5.
over
India for the 21st Century

Some Projections of Climate Change

Some modelling and other studies have projected
the following changes due to increase in
atmospheric GHG concentrations arising from
increased global anthropogenic emissions:

e Annual mean surface temperature rise by the
end of century, ranging from 3 to 5° C under A2
scenario and 2.5 to 4°C under B2 scenario of IPCC,
with warming more pronounced in the northern parts
of India, from simulations by Indian Institute of
Tropical Meteorology (IITM), Pune.

NATIONAL ACTION PLAN ON CLIMATE CHANGE 1t&



e Indian summer monsoon (ISM) is a manifestation of
complex interactions between land, ocean and
atmosphere. The simulation of ISM's mean pattern as
well as variability on interannual and intraseasonal
scales has been a challenging ongoing problem.
Some simulations by IITM, Pune, have indicated that
summer monsoon intensity may increase beginning
from 2040 and by 10% by 2100 under A2 scenario of
IPCC.

e Changes in frequency and/ or magnitude of
extreme temperature and precipitation events. Some
results show that fine-scale snow albedo influence
the response of both hot and cold events and that
peak increase in extreme hot events are amplified by
surface moisture feedbacks.

1.6. Possible Impacts of Projected
Climate Change

1.6.1. IMPACTS ON WATER RESOURCES

Changes in key climate variables, namely tempera-
ture, precipitation, and humidity, may have signifi-
cant long-term implications for the quality and quan-
tity of water. River systems of the Brahmaputra, the
Ganga, and the Indus, which benefit from melting
snow in the lean season, are likely to be particularly
affected by the decrease in snow cover. A decline in
total run-off for all river basins, except Narmada and
Tapti, is projected in India's NATCOM I. A decline in
run-off by more than two-thirds is also anticipated
for the Sabarmati and Luni basins. Due to sea level
rise, the fresh water sources near the coastal regions
will suffer salt intrusion.

1.6.2. IMPACTS ON AGRICULTURE AND FOOD PRODUCTION

Food production in India is sensitive to climate
changes such as variability in monsoon rainfall and
temperature changes within a season. Studies by
Indian Agricultural Research Institute (IARI) and oth-
ers indicate greater expected loss in the Rabi crop.
Every 1 T rise in temperature reduces wheat produc -
tion by 4-5 Million Tonnes. Small changes in tempera-
ture and rainfall have significant effects on the qual-

ity of fruits, vegetables, tea, coffee, aromatic and
medicinal plants, and basmati rice. Pathogens and
insect populations are strongly dependent upon tem-
perature and humidity, and changes in these param-
eters may change their population dynamics. Other
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impacts on agricultural and related sectors include
lower vyields from dairy cattle and decline in fish
breeding, migration, and harvests. Global reports
indicate a loss of 10-40% in crop production by 2100.

1.6.3. IMPACTS ON HEALTH

Changes in climate may alter the distribution of
important vector species (for example, malarial mos-
quitoes) and may increase the spread of such
diseases to new areas. If there is an increase of 3.8 T
in temperature and a 7% increase in relative humidity
the transmission windows i.e., months during which
mosquitoes are active, will be open for all 12 months
in 9 states in India. The transmission windows in
Jammu and Kashmir and in Rajasthan may increase
by 3-5 months. However, in Orissa and some south-
ern states, a further increase in temperature is likely
to shorten the transmission window by 2-3 months.

1.6.4. IMPACTS ON FORESTS

Based on future climate projections of Regional
Climate Model of the Hadley Centre (HadRM3) using
A2 and B2 scenarios and the BIOME4 vegetation
response model, Ravindranath et. al.® show that
77% and 68% of the forest areas in the country are
likely to experience shift in forest types, respectively
under the two scenarios, by the end of the century,
with consequent changes in forests produce, and, in
turn, livelihoods based on those products.
Correspondingly, the associated biodiversity is likely
to be adversely impacted. India's NATCOM | projects
an increase in the area under xeric scrublands and
xeric woodlands in central India at the cost of dry
savannah in these regions.

1.6.5. VULNERABILITY TO EXTREME EVENTS

Heavily populated regions such as coastal areas are
exposed to climatic events,such as cyclones, floods,
and drought, and large declines in sown areas in arid



and semi-arid zones occur during climate extremeBrogrammes
Large areas in Rajasthan, Andhra Pradesh, Gujarat,
and Maharashtra and comparatively small areas 4ri.1. CROP IMPROVEMENT
Karnataka, Orissa, Madhya Pradesh, Tamil Nadu,

Bihar, West Bengal, and Uttar Pradesh are freqdente
by drought. About 40 million hectares of land is

flood-prone, including most of the river basinstlie

north and the north-eastern belt, affecting abdut
million people on an average each year. Such wulne
able regions may be particularly impacted by clenat
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1.6.6. IMPACTS ON COASTAL AREAS

A mean Sea Level Rise (SLR) of 15-38 cm is prajecte
along India's coast by the mid 21st century and
46-59 cm by 2100. India's NATCOM | assessed the vul O S
nerability of coastal districts based on physicale

sure to SLR, social exposure based on populatidiime present programmes address measures such as
affected, and economic impacts. In addition, a pralevelopment of arid-land crops and pest manage-
jected increase in the intensity of tropical cy@en ment, as well as capacity building of extensionkwor
poses a threat to the heavily populated coast@szorers and NGOs to support better vulnerability reduc-

in the country (NATCOM, 2004). ing practices.

2.1.2. DROUGHT PROOFING

The current programmes seek to minimize the

adverse effects of drought on production of crops

and livestock, and on productivity of land, wated a

Adaptation, in the context of climate change, confuman resources, so as to ultimately lead to dtough

prises the measures taken to minimize the advei@ofing of the affected areas. They also aim t® pr

impacts of climate change, e.g. relocating the corfrote overall economic development and improve

munities living close to the sea shore, for instane the socio-economic conditions of the resource poor

cope with the rising sea level or switching to aropand disadvantaged sections inhabiting the pro-

that can withstand higher temperatures. Mitigatiogramme areas.

comprises measures to reduce the emissions of

greenhouse gases that cause climate change in 2he3. FORESTRY

first place, e.g. by switching to renewable souraes

energy such as solar energy or wind energy, #idia has a strong and rapidly growing afforestetio

nuclear energy instead of burning fossil fuel iarth Programme. The afforestation process was acceler-

mal power stations. ated by the enactment of the Forest Conservation
Current government expenditure in India offct of 1980, which aimed at stopping the clearing

adaptation to climate variability, as shown in Fegu and degradation of forests through a strict, céntra

2.1, exceeds 2.6% of the GDP, with agricultureewatized control of the rights to use forest land and

resources, health and sanitation, forests, coastal-

zone infrastructure and extreme weather events,

being specific areas of concern.

Figure 2.1: Expenditure on Adaptation Programmes in India

2. Some Current Actions for Adaptation
and Mitigation

2.1 Some Existing Adaptation related
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mandatory requirements of compensatorgnd the Credit Support Mechanism facilitates the
afforestation in case of any diversion of forestdia extension of credit to farmers, especially for ciap

for any non-forestry purpose. In addition an aggreare due to climate variability.

sive afforestation and sustainable forest manage-

ment programme resulted in annual reforestatian1.s. DISASTER MANAGEMENT

of 1.78 mha during 1985-1997, and is currently 1.1

mha annually. Due to this, the carbon stocks ihhe National Disaster Management programme pro-
Indian forests have increased over the last 20syeaides grants-in-aid to victims of weather relatest d

to 9 -10 gigatons of carbon (GtC) during 1986 tasters, and manages disaster relief operatioassdt

2005. supports proactive disaster prevention programmes,
including dissemination of information and training
2.1.4. WATER of disaster-management staff.

The National Water Policy (2002) stresses that non-
conventional methods for utilization of water,2.2. Some of India's Actions Relating to
including inter-basin transfers, artificial rechargf GHG Mitigation
groundwater, and desalination of brackish or sea
water, as well as traditional water conservatiogicpr 2.2.1. INDIA'S POLICY STRUCTURE RELEVANT TO
tices like rainwater harvesting, including roof-top GHG MITIGATION
rainwater harvesting, should be practised to ire@ea
the utilizable water resources. Many states nove hawmdia has in place a detailed policy, regulatony a
mandatory water harvesting programmes in sevetagislative structure that relates strongly to Ghis
cities. igation: The Integrated Energy Policy was adopted i
2006. Some of its key provisions are:
2.1.5. COASTAL REGIONS
» Promotion of energy efficiency in all sectors
In coastal regions, restrictions have been impased® Emphasis on mass transport
the area between 200m and 500m of the HTL (highEmphasis on renewables including biofuels
tide line) while special restrictions have been plantations
imposed in the area up to 200m to protect the sensiccelerated development of nuclear and
tive coastal ecosystems and prevent their exploitabydropower for clean energy
tion. This, simultaneously, addresses the conaafins® Focused R&D on several clean energy related tech-
the coastal population and their livelihood. Somen?l0gies
specific measures taken in this regard include con-
struction of coastal protection infrastructure angeveral other provisions relate to reforming energy
cyclone shelters, as well as plantation of coastilarkets to ensure that energy markets are competi-

forests and mangroves. tive, and energy prices reflect true resource costs
These include: Electricity Act 2005, Tariff Poli2@03,
2.1.6. HEALTH Petroleum & Natural Gas Regulatory Board Act, 2006,

etc. The provisions taken together are designed to:

The prime objective of these programmes is the sur- _ _ o
veillance and control of vector borne diseases ssch® Reémove entry barriers and raise competition in
Malaria, Kala-azar, Japanese Encephalitis, Filarid

Dengue. Programmes also provide for emergency

medical relief in the case of natural calamities] a

to train and develop human resources for these

tasks.

2.1.7. RISK FINANCING
Two risk-financing programmes support adaptation
to climate impacts. The Crop Insurance Scheme sup-

ports the insurance of farmers against climatesrisk

18 NATIONAL ACTION PLAN ON CLIMATE CHANGE



exploration, extraction, conversion, transmissionbuildings' energy demand based on their location in
and distribution of primary and secondary energy different climatic zones. Commercial buildings are
« Accomplish price reform, through full competition one of the fastest growing sectors of the Indian

at point of sale economy, reflecting the increasing share of the-ser
» Promote tax reform to promote optimal fuel ices sector in the economy. Nearly one hundred
choices buildings are already following the Code, and com-
* Augment and diversify energy options, sources  pliance with the Code has been incorporated into
and energy infrastructure the mandatory Environmental Impact Assessment
* Provide feed-in tariffs for renewables (solar, wind  requirements for large buildings. It has been
biomass cogeneration) estimated that if all the commercial space in India
« Strengthen, and where applicable, introduce every year conform to ECBC norms, energy
independent regulation consumption in this sector can be reduced by 30-

40%.Compliance with ECBC norms is voluntary at
The Rural Electrification Policy, 2006, promotesgresent but is expected to soon become mandatory.
renewable energy technologies where grid connec-

tivity is not possible or cost-effective. The Newda 3 > 4. ENERGY AUDITS OF LARGE INDUSTRIAL CONSUMERS
Renewable Energy Policy, 2005, promotes utilization
of sustainable, renewable energy sources, and-ac¢glpMarch 2007 the conduct of energy audits was
erated deployment of renewables through indiggnade mandatory in large energy-consuming units in
nous design, development and manufacture. nine industrial sectors. These units, notified des®
The National Environment Policy, 2006, andgnated consumers" are also required to employ
the Notification on Environment Impact Assessmeritertified energy managers”, and report energy con-
(EIA), 2006, reform India's environmental assessmesumption and energy conservation data annually.
regime. A number of economic activities are reqiliire

to prepare environment impact assessments, a6 5. Mass TRANSPORT
environment management plans, which are

appraised by regulatory authorities prior to s@rt The National Urban Transport Policy emphasizes
construction. The EIA provisions strongly promotextensive public transport facilities and non-metor

environmental sustainability. ized modes over personal vehicles. The expansion of
the Metro Rail Transportation System in Delhi and

2.2.2. INTRODUCTION OF LABELLING PROGRAMME FOR other cities and other mass transit systems, sSsich a
APPLIANCES the Metro Bus project in Bangalore, are stepsdn it

implementation. The state government of
An energy labelling programme for appliances waglaharashtra recently announced that it will impose
launched in 2006, and comparative star-basedcongestion tax to discourage the use of privat ¢
labelling has been introduced for fluorescent tubé cities where it has created "sufficient pubtiants-
lights, air conditioners, refrigerators, and distition port capacity".
transformers. The labels provide information
about the energy consumption of an appliance,>.6. CLEAN AIR INITIATIVES
and thus enable consumers to make informed deci-
sions. The Bureau of Energy Efficiency has made Iit urban areas, one of the major sources of aiu-pol

mandatory for refrigerators to display energy effition is emissions from transport vehicles. Stegerta
ciency label and is expected to do so for air condi

tioners as well. The standards and labelling pro-
gramme for manufacturers of electrical appliances
is expected to lead to significant savimgslectric-

ity annually.

2.2.3. ENERGY CONSERVATION BUILDING CODE

An Energy Conservation Building Code (ECBC) was

launched in May, 2007, which addresses the degign o
new, large commercial buildings to optimize the

NATIONAL ACTION PLAN ON CLIMATE CHANGE 19



to reduce such pollution include (i) introductioh obelt of the earth, thereby receiving abundant radia
compressed natural gas (CNG) in Delhi and othenergy from the sun. The country receives about
cities; (ii) retiring old, polluting vehicles; andii) 5,000 trillion kWh/year equivalent energy through
strengthening of mass transportation as mentionsdlar radiation. In most parts of India, clear sunn
above. Some state governments provide subsidies fegather is experienced 250 to 300 days a year. The
purchase and use of electric vehicles. For thermmhnual global radiation varies from 1600 to 2200
power plants, the installation of electrostaticcge kWh/n?, which is typical of the tropical and sub-
itators is mandatory. In many cities, pollutingusd tropical regions. The average solar insolation-inci
trial units have either been closed or shifted froment over India is about 5.5 kWH/mer day. Just 1%

residential areas. of India’'s land area can meet India's entire abigtr
requirements till 2030.
2.2.7 PROMOTION OF ENERGY SAVING DEVICES Solar based power technologies are an

extremely clean form of generation with practically
The Bureau of Energy efficiency has introduced "Theo form of emissions at the point of generation.
Bachat Lamp Yojana", a programme under whichhey would lead to energy security through displace
households may exchange incandescent lamps foent of coal and petroleum. T&D losses are very low
CFLs (compact fluorescent lamps) using clean devét decentralized systems. Deployment can be done
opment mechanism (CDM) credits to equate puindependently of the national grid and integrated
chase price. Some states have made mandatory Wi the national grid when needed.
installation of solar water heaters in hospitatstels
and large government and commercial buildings.1.1. SOLAR THERMAL POWER GENERATION
Subsidy is provided for installation of solar water

heaters in residential buildings. Solar Themmal Power Generating Systems (STPG) or
Concentrating Solar Power (CSP) use concentrated

2.2.8. PROMOTION OF BIOFUELS solar radiation as high temperature energy source (
500°C) to produce electricity.

The Biodiesel Purchase Policy mandates biodiesel The working mechanism for solar heat to

procurement by the petroleum industry. A mandatgectricity is fundamentally similar to that of dia
on Ethanol Blending of Gasolene trequires 5% blenglyna| thermal power plants. STPG technologies are
ing of ethanol with gasolene front danuary, 2003, oy on the verge of significant scale commercializa
in 9 States and Union Territories. tion. Major technologies include parabolic trough o
dish, dish-engine system, central tower receiver sy
tem, and solar chimney (which drives an air draft t
bine, and does not raise steam).
3. The Way Forward: Solar power is, obviously available only dur-
Eight National Missions ing sunlight hours. There are also significant eeas
al variations. Moreover, the need to track the move
The experience gained so far enables India taent of the sun during the day, as also the selasona
embark on an even more proactive approach. Thariations in orientation, although fully prediciab
following subsections describe the various pramay add significantly to cost in respect of dishews
grammes that may be taken up under the National systems. However, design variants are available
Action Plan. that require movement of only the heat collector at
3.1. National Solar Mission

The National Solar Mission would promote the use of
solar energy for power generation and other appli-
cations. Where necessary for purposes of system bal

ance or ensuring cost-effectiveness and reliapility
would also promote the integration of other renew-
able energy technologies, for example, biomass and
wind, with solar energy options.

India is largely located in the equatorial sun
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the focus, or only of individual mirrors in an arra Proposed R&D activities in respect of Solar
thus reducing costs. Photovoltaic generation, for the near and medium
The cyclical (diurnal, annual) and episodiderm would include improvement in solar cell effi-
(cloud cover) variations of solar insolation, am t ciency to 15% at commercial level; improvements in
impossibility of regulating the solar flux meansth PV module technology with higher packing density
in order to ensure steady power supply, meet pealad suitability for solar roofs; and development of
ing requirements, as well as to ensure optimal utightweight modules for use in solar lanterns and
lization of steam turbines and generators, it ese similar applications.
sary to either hybridize solar thermal systems with
alternative means of raising steam, or provide f@(1.3. R&D COLLABORATION, TECHNOLOGY TRANSFER,
high temperature thermal energy storage. The former  AND CAPACITY BUILDING
may be accomplished by hybridization with con-
ventional fuels, or by biomass combustion systemis. specific areas of both solar thermal and solr P
The latter may be accomplished by insulated storaggstems, it would be useful to enter into collabora
of molten salts; however, in their case the rate ¢ibn with institutions working elsewhere, with shar
heat loss may be significant, and storage for moirg of the resulting IPRs.
than 10-12 hours is uneconomic. Technology transfer in both Solar Thermal
The investment cost of stand-alone (i.e. wittechnologies and the PV technologies will be
out hybridization) solar thermal power plants are irequired in respect of cost-effective and efficient
the range of Rs 20-22 cr/MW. It usually includes thtechnologies suitable for use in India. Support to
cost of the solar concentrators, balance of syste&i@mmercial demonstration by entrepreneurs of Solar
(BOS), receiver (turbine) with generator and cdntrd hermal and Solar PV, both stand-alone and distrib-
equipments, etc. The estimated unit cost of genetded generation systems, in particular in remote
tion is currently in the range of 20-25 Rs/KWhlocations, and using these as training facilitiess f
(Source Scientific American, January 2008) local entrepreneurs and O&M personnel would also
Proposed R&D activities in respect of Solahelp develop this sector.
Thermal power generation would cover design and The National Solar Mission would be responsi-
development of concentrating solar thermal powdie for: (a) the deployment of commercial and near
systems, including parabolic troughs, central neei commercial solar technologies in the country; (b)
systems, and dish/engine systems. The R&Establishing a solar research facility at an egsti
effort should be directed mainly at reducing costsstablishment to coordinate the various research,
of production and maintenance, and include bottevelopment and demonstration activities being car-
production design and fabrication/assembly techied out in India, both in the public and privatxs
nigques. In addition, R&D should cover balance afor; (c) realizing integrated private sector magtifa
systems issues involved in hybridization with bioturing capacity for solar material, equipment, ell
mass combustion based systems and/or molten salsl modules (d) networking of Indian research

thermal storage. efforts with international initiatives with a viewo
promoting collaborative research and acquiring
3.1.2. SOLAR PHOTOVOLTAIC GENERATION technology where necessary, and adapting the tech-

nology acquired to Indian conditions; (e) providing

In photovoltaic generation, solar energy is disectifunding support for the activities foreseen undgr (
converted to electricity using a semi-conducton-usto (d) through government grants duly leveraged by
ally a silicon diode. However, while there are othe
semi-conductors (e.g. cadmium telluride) that may
be used for power generation, most of them are at
various stages of R&D.

The investment costs of solar PV based

power systems are in the range of Rs. 30-
35cr/MW.This includes the cost of the solar panels
and balance of system (BOS). The unit cost of gener
ation is still in the range of Rs. 15-20 KWh, buaym
fall significantly for thin-film based systems.
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funding available under global climate mechanismsls for solar energy conversion infrastructurehsage
and earnings from deployment of research sponsometust, and inexpensive, thermal management mate-
by the Mission. Policy and Regulatory measures forals.

promotion of solar technologies would also be The ultimate objective of the Mission would
enhanced as common to all renewables based telsb-to develop a solar industry in India that isatz@
nologies. of delivering solar energy competitively agains-fo

Over the 11 and 12" Plan periods (till sil options from the Kilowatt range of distributed
2017) the Mission would aim to deliver at leassolar thermal and solar PV to the Gigawatt scale of
80% coverage for all low temperature (<150° Chase load priced and dispatchable CSP within the
and at least 60% coverage for medium temperaext 20-25 years.
ture (150° to 250° C) applications of solar energy
in all urban areas, industries, and commercial
establishments. Rural solar thermal application&2. National Mission for Enhanced Energy
would also be pursued under public-private part- Efficiency in Industry
nerships where feasible. Commensurate local man-
ufacturing capacity to meet this level of deployThe industry sector is the largest user of comrakrci
ment, with necessary technology tie-ups, whergnergy in India, accounting for 42% of the coustry’
desirable, would be established. Further, th@tal commercial energy use during 2004-05. The
Mission would aim for local Photovoltaic (PV) pro-indian industry sector, comprising large, medium,
duction from integrated facilities at a level ofdfD0  and small enterprises registered a growth of 10.6%
MW/annum within this time frame. It would alsoin Apri-December 2006 (MoF, 2007). Since the indus
aim to establish at least 1000 MW of Concentratingy sector is viewed as central for economic growth
Solar Power (CSP) generation capacity, again, withwould continue to play a major role in the oVera
such technical tie-ups as essential within theedtatdevelopment of India.
time frame. The industrialization policies of the country

The untapped energy potential of each dfave helped in setting up of several energy—intensi
the three generic solar based energy approackes (rimary manufacturing facilities such as iron and
solar PV, solar thermal, and biomass) is well bdyorsteel, cement, fertilizer, refineries, with investm
current usage levels. In the long term the Missia@argets fixed in successive Five-year Plans of the
would aim to network Indian research efforts inasol Government of India. The planners also encouraged
technology with global initiatives in these threevarious small scale industries, providing huge
areas, so as to enable delivery of solar solutions employment. The small scale sector produces atose t
India's energy needs in tandem with development800 items in which 326 items are reserved by the

worldwide. Government of India (MoSSI, 2007) to be exclusively
In the long-term, the Mission would directproduced by small units.
Indian solar research initiatives to deliver tralig- As per the national greenhouse inventory,

ruptive innovations that cut across more than oriee direct CQ emissions from industrial sources
approach or technology. These include: (a) gettiragcounted for nearly 31 % of the total £gnissions
the same electrical, optical, chemical and physiclom the country (data for base year 1994)
performance from cheap materials as that deliverédATCOM, 1). The CQ emissions from the industrial
by expensive materials; (b) developing new paraector can be broadly categorized into two heaels, i
digms for solar cell design that surpass currefit efprocess related emissions, and emissions due ko fue
ciency limits; (c) finding catalysts that enablein combustion in industries. Of the total estimate@ 25
pensive, efficient conversion of solar energy intaillion tonnes of direct C@emissions from the
chemical fuel; (d) identify novel methods of selfindustry in 1994, nearly 60% were accounted for by
assembly of molecular components into functionallgnergy use (NATCOM, I).

integrated systems; and (e) developing new materi
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3.2.1. GHG MITIGATION OPTIONS IN THE INDUSTRY about 605 million tonnes (approximately 16% reduc-
SECTOR tion from the BAU scenario) in the year 2031.

However, this will involve major incremental invest
GHG Mitigation options in the industry sector can b ment costs, as well as, overall, large economitscos
broadly grouped under three heads as given belowbesides technology transfer.

* Sector specific technological options 3.2.6. CO-BENEFITS

» Cross—cutting technologies options

* Fuel switch options Energy-efficiency measures in the industrial sector
also have some co-benefits due to reduction in fuel

3.2.2. SECTOR SPECIFIC TECHNOLOGICAL OPTIONS and material use leading to reduced emission ef air

pollutants, solid waste, and waste water. In aafditi
Various GHG mitigation technology options insome options also lead to improvement in the quali-
respect of the Chlor-Alkali, Cement, Aluminumiy of product.
Fertilizer, Iron and Steel, Pulp and Paper, andil€ex
sectors are currently being investigated. 3.2.7 TECHNOLOGY TRANSFER

3.2.3. CROSS-CUTTING TECHNOLOGICAL OPTIONS Relevant technologies under development that
would reduce specific energy consumption need to

Apart from sector—specific options, there are @ertabe transferred to India when commercially viable.

cross-cutting energy efficient technological opsion

that could be adopted in a wide range of industrie$ » 8. FINANCING

In general, in the industries sector, approximately

50% of the industrial energy use is accounted Jor frhe move to efficient technologies in the industry
cross-cutting technologies. sector generally involves significant incremental
The estimated energy saving potential for gyvestment, and in many cases, economic costs.

large number of plants is of the order of 5% to 15%rhese would have to be provided by multilateral
funding arrangements. In particular, special

3.2.4. FUEL SWITCH financing mechanisms would need to be put in
place for the SMEs. Bundling and/or programmatic

With the increasing availability of natural gastit CDM could be a possible financing route for these
country (both as imported LNG [liquefied naturalnits.

gas] and likely increased domestic natural gas sup-

ply), industries may have the option to switch ove§ 5 9. cAPACITY-BUILDING NEEDS

from coal to the use of natural gas. Fuel—switch to

natural gas generally leads to increase in enesgy Cooperative approaches by the government and

efficiency. industry are needed to enhance awareness of ener-
Another option is switching over from fossilgy-efficient options, and upgrade relevant techni-

fuels to producer gas from biomass fuels for variogal knowledge. The financial sector also needs

thermal applications. Industries with low temperatu capacity building in appraisal of specific energy

requirements (upto 100°C) (for example, textiled arefficiency improvement investments in existing
pharmaceuticals) may also use solar thermal systeimgustries.

for water heating.

3.2.5 POTENTIAL FOR EMISSIONS REDUCTION

Although the efficiency of most large industriatse

tors has been improving over time, and the specific
energy consumption of many of the large plants
compares well with the world's best, it is estirdate
that CQ emissions from fuel and electricity use in
the industry sector could be further reduced by
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3.2.10. POLICY AND REGULATORY OPTIONS in large energy consuming industries and facilities
that have been notified as Designated Consumers
Under the Energy Conservation Act (2001), 9 energyunder the Energy Conservation Act, and provide a
intensive industrial sectors, i.e. thermal power- st framework to certify energy savings in excess of
tions, fertilizer, cement, iron and steel, chldadi| the mandated savings. The certified excess sav-
aluminum, railways, textile and pulp and paper, areings may be traded amongst companies to meet
required to employ a certified energy manager, contheir mandated compliance requirements, or
duct energy audits periodically, and adhere to spebanked for the next cycle of energy savings
cific energy-consumption norms that may be pre-requirements.
scribed.

Currently, almost every industrial sector ig Tax incentives for promotion of energy efficiency,
characterized by a wide band of energy efficienciegncluding differential taxation on appliances that
in different units. Several of them are at globaht ~ have been certified as energy efficient through
tier levels, but some others have relatively poar- p €nergy labeling programme.
formance. As an approach to enhancement of over-
all energy efficiency in each sector, the efficignce Creation of energy efficiency financing platforms
band-width of the sector is divided into 4 bandse T for enabling public-private-partnerships to capture
energy efficiency improvement target, in percent-energy savings through demand side management
age, from current levels for each unit varies vitish ~ programmes in the municipal, buildings, and agri-
band, being highest for the least energy efficient,cultural sectors.
and the least for the most efficient. These targets
would have to be achieved within a period of 3 to § Fiscal Incentives
years within each group.

Given the fact of fertilizer subsidies, individ-3.2.11. DELIVERY OPTIONS
ual fertilizer units have little incentive to untie
energy-efficiency investments. It is, thereforepém The key delivery options for energy efficiency in
ative that fertilizer subsidies be restructure@ltm- industry are:
inate such absence of incentive.

To promote technology upgradation in the Projects, including retrofits, by the corporate-sec
SME (small and medium enterprise) sector, it wouldt©r, With institutional finance _
be essential to evolve sector—specific integrated p° Actlv_ltles related to cluster development, particu-
grammes for technology development. This WouldIarly n _SMES _ _
require external support for significantly longef Promotion of ESCOs (Energy Service Companies)
durations to address various technological barrierdOr Providing energy efficiency solutions across
and promote energy efficiencies at the unit level.INdustry sectors

The information or knowledge gap is more pro- o _ _ o
nounced in case of small industries and “hand-holdhe Energy Efficiency Financing Platform initiatey

ing" to help industries install energy efficientie the Bureau of Energy Efficiency, in conjunction

nologies as well as to ensure their optimum pedorfith @ robust ESCO industry could provide the

ance through best operating practices will bBEcessary impetus to energy efficiency. In respct

required. each delivery mode, carbon finance through the
Most of the energy-efficient equipmentCDM would also be relevant.

require higher upfront investment. An accelerated

depreciation up to 80% in the first year on energy-

efficient equipment would help their deployment.

Further, reduced rate VAT (value added tax) on-ener

gy- efficient equipment would also help in

reducingthe required upfront investment.

To further enhance energy efficiency, four
new initiatives may be considered. These are:

» Mandated specific energy consumption decreases
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3.3 National Mission on Sustainable Habitat groups, building construction typology, climatedan
several other factors. There exists significanpsdo
The Mission comprises three components, i.e. preeduce energy use, while also providing the reguisi
moting energy efficiency in the residential and eonenergy services in case of both existing as weleas
mercial sector, management of municipal solidonstructions. Although the saving potential ofheac
waste, and promotion of urban public transportiption may vary with typology, climate, space cendi

These are presented below: tioning needs, and the initial base design proposed
by the client/designer, on an average it is esgohat

3.3.1. PROMOTING ENERGY EFFICIENCY IN THE that the implementation of energy efficient options

RESIDENTIAL AND COMMERCIAL SECTOR would help in achieving around 30% electricity sav-

ings in new residential buildings and 40% eledirici
The residential sector accounts for around 13.3% #&#vings in new commercial buildings. In case oftexi
total commercial energy use in India. While severétg buildings, the energy saving potential for vesi
households, especially in the rural areas, contiouedential buildings is estimated to be around 20%, an
use biomass for cooking in traditional cookstoveshat for commercial buildings around 30%.
which leads to high levels of indoor air pollutiand Various studies have established that sub-
poses a major health risk especially to women agtantial energy savings can be achieved in the resi
children, the use of modern fuels such as LPGdliqudential and commercial sectors. Implementing car-
fied petroleum gas) and kerosene is increasinglfapbon mitigation options in buildings is associated
ly. During 1990-2003, consumption of LPG increasedith a wide range of co-benefits, including
at an annual rate of 11.26%, while electricity usienproved energy security and system reliability.
increased at 8.25% annually in the residentiabsect Other co-benefits of energy efficiency investments
Electricity consumption in the residential sectoinclude the creation of jobs and business
is primarily for lighting, space conditioning, rgfr opportunities, while the energy savings may lead to
eration, and other appliances. According to a studyeater access to energy for the poor, leadinigeio t
on energy consumption in the residential sector improvement and wellbeing. Other co-benefits
the city of Delhi, while lighting accounted for ar@l include improved indoor and outdoor air quality,
8%-14% of total electricity consumption, space-corand thereby improved health and quality of life.
ditioning accounted for nearly 52%, and refrigasto
accounted for around 28% (in the summer monthsy.3 7.7. cosTs AND FINANCING
Accordingly, energy saving measures related with
space conditioning (heating and cooling), refrigerahe incremental cost of implementation of energy-
tion, and lighting have great significance in ma@vinefficient measures is estimated to vary between 3%-
towards sustainable residential energy use. 5% for residential buildings and 10%-15% for com-
The commercial sector comprises variousiercial buildings on a case-to-case basis. Economic
institutional establishments such as banks, hotetgvings over the lifetime of the appliances would
restaurants, shopping complexes, offices, and @ubtilepend upon the specific- usage patterns. Alss, it
buildings. Electricity consumption has increased &xpected that in general, private home-owners
the rate of 7.4% annually between 1990-2003 in theould seek shorter pay-back periods than owners of
commercial sector. It is estimated that on average,commercial property.
a typical commercial building in India around 60% While the use of more efficient appliances
of the total electricity is consumed for lighti@% can play a key role in reducing final energy densand
for space conditioning, and 8% for refrigeration.
However, the end-use consumption varies signifi-
cantly with space conditioning needs. While a fully
airconditioned office building could have about 60%
of the total electricity consumption accounted for
byair conditioning, followed by 20% for lightingn i
a non-airconditioned building the consumption
patterns would be significantly different.
Energy use in residential and commercial
buildings also varies significantly across income
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energy-efficient appliances typically have highg@r u country. There is therefore a need for technology
front costs than their non-labeled counterpartsransfer from the developed countries. However
Given that significant incremental investment costsdopting these internationally developed
are associated with the efficient technologiesy@pp technologies is associated with payment of
priate financing mechanisms need to be adopted additional costs due to the IPR component assdciate
order to promote these technologies. with these technologies. Mechanisms need to biput
Adoption of energy-efficient lighting and place so that these costs do not impose an addition
space-conditioning technologies should be intedgratburden on the consumers.
into housing finance schemes of financial institu- Solar evacuated tubular panel technology is
tions, appliance financing schemes need to incemvailable internationally for solar water heating-s
tivize purchase of energy-efficient equipment, andiems, but needs to be transferred for diffusiothan
utility- based programmes should be put in place tandian market.
pay for the higher upfront capital costs of lightin Lack of awareness of energy-saving options
systems in the utility bills. and potential among architects, engineers, interior
Carbon-market financing would enable  designers, and professionals in the building inglust
access to these technologies where there are highétcluding plumbers and electricians is a majoribarr
investment costs, or higher economic costs of théo the construction of low-energy buildings.
required energy service, or both. This may be espeRealizing the potential of energy saving requires a
cially useful in view of the "split incentive" prigan  integrated design process involving all the stake-
in such cases, that is, the persons who incurdtiie a holders, with full consideration of opportunitiesr f
tional investment costs are different from thosat th passively reducing building energy demands.

might realize the energy savings. Builders and developers need to be trained
and made aware of the options to save energy in new
3.3.1.2. RESEARCH & DEVELOPMENT constructions. There is a need to create comprehen-

sive integrated programmes at universities andr othe
The R&D needs for the residential and commerciprofessional establishments to impart such training
sectors is mainly related to energy efficient tetbn for designing and constructing low-energy buildings
gies. It needs to focus on the development of ener-
gy-efficient products for the following applicati®n  3.3.1.4. POLICY AND REGULATORY ENHANCEMENTS

« Energy-efficient buildings and building components A diverse portfolio of policy instruments would be

» Development of energy efficient windows required to address the barriers to efficient energ

» Development of low-cost insulation material use in the residential and commercial sectors.

» Development of simulation software to predict the There is a need to continuously update appli-
energy used in buildings ance energy norms and building energy codes and

* Energy efficient appliances labeling, move towards rational energy pricing

* Development of energy-efficient ceiling fans based on long-term average economic cost, and pro-

+ Development of very-low-energy-consuming cir- vide fiscal benefits for efficiency improvements.
cuits for stand-by power The ECBC (Energy Conservation Building

* Development of low-cost light-emitting diode Code) was developed after the adoption of the
(LED)-based lamps for space lighting Energy Conservation Act (2001). The ECBC aims to

reduce the baseline energy consumption by support-

ing adoption and implementation of efficiency say-
The SAC-C (Scientific Advisory Committee of the

Cabinet) has recommended the launch of a National
Networked Initiative for R&D on the development of
the next generation of LEDs, particularly white L&D

3.3.1.3. TECHNOLOGY TRANSFER AND CAPACITY BUILDING
The energy efficient lighting and space conditignin

technologies developed internationally are generall
superior as compared to those available within the
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ings and savings in GHG emissions, besides other ben-
efits. ECBC intervention has encouraged design inno-
vation in the building envelope and system design
and specification, which have resulted in 50% energy
savings (as measured in ECBC compliant buildings)
when compared to conventional constructions.

Given the scale of energy savings that can be
achieved by the implementation of ECBC, it is impor-
tant to direct policy towards encouraging/mandating
energy savings. As an example, it would be pertinent
to address the cost of CFL (Compact Fluorescent Lamp)
and T5 (Efficient Tube Light) which is a barrier to their
wide spread use, and implement measures to increase
the demand in order to reduce prices through scale
effects. Large-scale availability of appropriate
materials and equipment to meet the requirement of
ECBC is also urgently needed. The energy codes are
still new in India and the products (insulation, efficient
glass, efficient HVAC systems, and so on) and
services required by buildings to comply with the
code requirements are not readily and abundantly
available, or competitively priced. Market power
monopoly of a handful of manufacturers of energy
efficient products has resulted in a non-competitive
market for products like insulations, chillers, and so
on.

In addition to the above, the MoEF (Ministry
of Environment and Forests) has developed a manual
on norms and standards for environmental clearance
for large construction projects after wide consultation
with experts from different disciplines. The manual
would be used as a technical guideline to assist the
project proponents/ stakeholders/ consultants for the
preparation environmental impact assessments of
projects and obtain environmental clearance. Both the
EACs (Expert Appraisal Committee) at MoEF and
SEACs (State Expert Appraisal Committee) at the
state/ UT level appraise and grade all new
construction  projects  requiring  environmental
clearances on the basis of the manual. The state
pollution control boards are required to verify the
compliance of the Environmental Management Plan
and the observance of the criteria of gradation by the
project proponents.

Successful implementation of performance-
based codes requires education and training of
building officials and inspectors and demonstration
projects. Setting  flexible  performance-based
codesrather than technology/options prescriptions
can help keep compliance costs low and may
provide incentives for innovation.

3.3.1.5. DELIVERY OPTIONS

The BLY (Bachat Lamp Yojana) model needs to be
pursued to promote energy efficient and high quali-
ty CFLs as replacement for incandescent bulbs in
households. Comprehensive implementation of the
BLY can lead to a reduction of 10,000 MW
(Megawatt) of electricity demand. The BLY depends
upon CDM (clean development mechanism) revenues
to meet the incremental investment cost as well as
the incremental economic cost that would be the
case in many participating households.

ESCOs (Energy Service Companies) need
to be promoted as vehicles to deliver energy-
efficiency improvements, in particular because of the
"split incentives" problem, and facilitate access to
carbon finance through bundled CDM projects.

The energy efficient options in the residen-
tial and commercial sectors should be promoted as
bundles of programmatic CDM options.

3.3.2 MANAGEMENT OF MUNICIPAL SOLID WASTE (MSW)

Municipal solid waste (MSW) generation reflects not
just income levels, but also lifestyle choices. Recycling
of materials is an important option for reducing envi-
ronmental pressures. Figure 3.3.2.1 below indicates
that India has a significantly higher rate of recycling
of materials in MSW than developed countries.

Figure 3.3.2.1: Average rate of recycling (in %), excluding re-
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GHG emissions from MSW in India are also much
lower than in developed countries, reckoned per unit
of consumption (in $ 1000 at PPP), Figure 3.3.2.2
below:
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Figure 3.3.2.2: GHG emissions intensity from waste generation
(in gm/$1000 at PPP GDP)
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MSW generation in Indian cities (around 5100 ULBS)
is estimated to have increased from 6 million tonnes
in 1947 to 48 million tonnes in 1997, and to 69 mil-
lion tonnes in 2006 (Central Pollution Control Board
2000, TERI 2001). In addition, Indian consumption of
plastics is around 4 MTPA (million tonnes per
annum). About 60% of this comprises polyolefins,
which are primarily used as packaging material.
About 2.0 MTPA of total consumption is generated
as plastic waste of which around 70% is recycled,
mostly by the informal sector. The decadal growth in
consumption of plastics during the period 1991-2001
was around 14% (Indian Centre for Plastics in the
Environment and Central Institute of Plastic
Engineering Technology 2003). Although the quantity
of plastic waste reaching disposal sites is fairly low
(0.62% on a dry weight basis), testifying to the high
rate of recycling/reuse, the management of thin plas-
tic bags remains a matter of concern due to low col-
lection efficiency in their case. The plastic waste-recy-
cling sector therefore needs to be strengthened.

Table 3.3.2.1: Characteristics of MSW in 59 cities

Parameter Unit Range
Compostable % 30-73
Recyclable (Plastics,

Paper, Metal, Glass etc) % 10 - 37
Moisture % 17 - 65
Carbon/Nitrogen (C/N) Ratio 14 - 53
HCV kcal/kg 520 - 3766

Source: CPCB, 2005
There is a trend of increase in the percentage of recy-

Figure 3.3.2.1: Compliance Status of MSW Rules (Survey:
2004)
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clables, accompanied by decreases in the percentage
of biodegradable matter in the waste stream.

Table 3.3.2.2: Change in waste composition in selected cities

City Compostables Recyclables
(%) (%)
1982-1990 | 2005 | 1982-1990 | 2005
Lucknow 60.31 47.41 6.72 15.53
Kolkata 46.58 50.56 2.58 11.48
Kanpur 53.34 47.52 2.57 11.93
Mumbai 59.37 62.44 3.85 16.66
Delhi 57.71 54.42 8.24 15.52
Chennai 56.24 | 41.34 6.60 16.34
Bangalore 75.00 | 51.84 2.70 22.43
Ahemdabad 48.95 40.81 7.57 11.65

Source: 1982-90: Planning Commission; 1995, 2005: CPCB
3.3.2.1 POLICIES AND REGULATIONS

The 74th Constitutional Amendment (1992) trans-
ferred the responsibility for collection, treatment
and disposal of MSW from State Governments to the
Urban Local Bodies (ULBs). The outbreak of plague at
Surat (1994) focused policy attention on the impor-
tance of proper systems for MSW in the ULBs. In
response to direction by the Supreme Court in a PIL
(WP No. 888/1996) MSW Rules 2000 were promulgat-
ed, MSW service from generation to disposal was
mandated, and Local Governments made responsible
for compliance. Since then ULBs have gradually
improved the systems of collection and transport of
MSW. However, major gaps exist in respect of treat-
ment and disposal. In particular, in respect of
disposal, the compliance is poor (<5%), and while
there are an increasing number of projects
incorporating safe disposal, most have inadequate
capacity.

Efforts at composting, and generating ener-
gy from waste have generally not been successful for
a variety of systemic, technology, and pricing issues,
including variable quality of waste, insufficient seg-
regation of MSW, opposition to siting the facilities
from local residents, and accordingly, the practice of
open dumping continues. The dominant technology
choice remains composting.

In addition, experience has made clear that
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sourcing this function. While the issue of munitipa

finance reform is complex with many dimensions,
MSW operations cannot overall be profitable, angdng needs to be pursued independent of MSW
while cost-effectiveness and revenue streams showld,es, a pre-requisite is separation of the ateamin
be pursued, MSW operations as a whole should B |ocal bodies in respect of their different tesp
recognized as entailing the provision of a publigjyjjities, such as MSW, water supply, sewage
good (or environmental service), generally req@iringisposal and roads. This separation would firstly,

net fiscal expenditures by the concerned localé®di prgyide

The MSW Rules under the Environment
Protection Act are currently somewhat focused on
specific treatment options, including the chairncok
lection, transport and disposal. This focus is yndu
prescriptive, and prevents innovation in systeng an
procedures, as well as update on new technologies
and techniques. The MSW Rules should be revised to
focus instead on performance or outcome norms
that are to be met, irrespective of particular esyst
and procedures, or technologies. This would provide
benchmarks for monitoring and enforcement, as
well as give space for innovation in systems, proce
dures, and technologies.

There is an emerging consensus that MSW
Rules should enable (but not require) the sharfng o
infrastructure, including transport and treatment
facilities, across a given region, including tovargd
villages. This would help realize scale economies,
besides access to better and more cost-effectare sy
tems and treatment options for the smaller urban
centres and habitations.

Broad guidelines for policy reform in the
MSW sector include:Common Regional Facilities: In
respect of smaller towns and villages located in a
region, say a district, disposal facilities shobél
developed as a common regional facility.

* Integrated Systems for collection, transport, trans
fer, treatment, and disposal facilities: even i di
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guidance to setting user charges (however collected),
and a benchmark against which bids for provision of
MSW services may be judged.

The National Environment Policy, 2006, provides for:

» Removal of barriers (incentives, regulation) for
beneficial utilization of non-hazardous materials

» Implementing viable PPPs for operation of haz-
ardous and non-hazardous waste disposal facilities
on payment of user fees, taking into account con-
cerns of local communities

» Survey and preparation of national inventory of
toxic and hazardous waste sites and online moni-
toring of their movement

* Giving legal recognition to and strengthening infor-
mal sector systems of, collection and recycling and
enhancing their access to finance and technology

The significance of the last is that while the informal
recycling sector is the backbone of India's highly
effective recycling system, unfortunately, a number
of municipal regulations impede the operation of
the recyclers, owing to which they remain at a tiny
scale without access to finance or improved recycling
technologies.

3.3.2.2. R&D NEEDS
Technological requirements are listed as follows:

» Biomethanation technology for waste to energy
including its decentralised application for segre-
gated waste streams like vegetable market waste,

slaughterhouse waste and dairy waste.

» Development of indigenous gas engines for waste
to energy applications to reduce the overall cost of
the package.

» Upgrading plastic waste recycling technologies to
reduce occupational and environmental hazards.

» Recycling technologies for construction and demo-
lition wastes and e-waste streams.

3.3.2.3. FINANCING

The 10th Plan emphasized provision of important
infrastructure facilities and 100% coverage of urban

population with water supply facilities, and 75% of
urban population with sewerage and sanitation by the
end of the plan period. Under the JNURM, till January
2008, funds amounting to Rs 900 crores were released
to ULBs. The required funding for upgrading MSW
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facilities in all cities and towns would be much greater.
3.3.3. PROMOTION OF URBAN PUBLIC TRANSPORT

An increase in the demand for transportation servic-
es for both passengers and freight is inevitable,
given economic growth and increase of population.
The total number of registered motor vehicles in
India has increased from 21.4 million in 1991 to 72.7
million in 2004 at a CAGR of 9.9%, with the two
wheeler segment comprising of motorcycles, scoot-
ers, and mopeds growing most rapidly amongst per-
sonalized modes of transportation. Road based
transportation is the main source of GHG
emissions in the transportation sector.

Various studies have estimated that policy and
technological measures can lead to significant energy and
thereby emission savings in the transport sector.
Estimates of the Planning Commission indicate an
energy saving potential of 115 mtoe (million tonnes of
oil equivalent) in the year 2031/32 by increasing the
share of railways and improving efficiencies of different
modes of transport (Planning Commission, 2006).
Similarly, TERI estimates indicate an energy saving of 144
mtoe in 2031 by including efficiency improvement across
modes as well as considering enhanced use of public
transportation and rail based movement, use of bio-diesel
as compared to business-as-usual trends. The
corresponding CO, emissions reduction is estimated at
433 million tonnes in 2031.

3.3.3.1. TRANSPORT OPTIONS

Mass transport options including buses, railways and
mass rapid transit systems, etc. are the principal
option for reducing energy use in the urban trans-
port sector, and mitigating associated GHG emissions
and air pollution. The use of CNG has helped reduce
air pollution due to diesel use in some cities
because of its lower particulates emissions.
Regarding biofuels, ethanol blending of gasoline
upto 5% is required in 9 states, and is expected that
this limit would be increased t010%. R&D has to be
carried out on the



combustion characteristics of motor engines fang revenue for governments, are expected to influ-
blending of higher content of ethanol in petroloBi ence travel demand and choice of transportation
diesel production from Jatropha curcas and modes, thereby decreasing fuel demand and GHG e-
Pongamia shrubs is also increasing. The Nationaiissions. Transport pricing can offer important
Mission on Bio-diesel aims in the first (demonstragains in social welfare by simultaneously reducing
tion) phase to establish biodiesel plantations 8n 2ocal pollution and GHG emissions, accidents, noise
states, while the second phase will lead to the prand congestion, as well as generating state reenue
duction of sufficient bio-diesel to enable a 20%nhancing social wel-being and/or infrastructure
blend in vehicle diesel in 2011/12. However, the oconstruction and maintenance.

content of bio-diesel crops from different parts of FCVs fuelled by hydrogen have zero £O
India is highly variable. R&D has to be carried t@mission and high efficiency, address air qualigrd
identify superior genotypes and collect seeds, Whigajlpipe emissions), and may promote energy securi-

need to be inventorised, documented and S'[Ol'gd since hydrogen can be produced from a wide
under different agro-climatic zones. Introductioh orange of sources.

bio-fuels should not divert land marked for food-pr With an expanding automobile sector, recy-

duction and thus decrease the availability of fOO(ﬂjing of recoverable materials at end-of-life otaau
grains to population. There is also some contrgverfobiles would lead to considerable energy savings
about the net GHG emission of some biofuels. It is estimated that by 2020, recoverable materials
Hydrogen has the potential to replace fossdnnually will be of the order of 1.5 million ton§ o
fuels in the future. In recent years, significansteel, 180,000 tons of aluminium and 75,000 tons
progress has been reported by several countries dach of rubber and plastics. Recycling of theseemat
overcoming problems in its storage and productionals will also reduce mining, depletion of natural
In India, a National Hydrogen Energy Road Map hagsources, and degradation of environment. India
been prepared. Some organisations have alredds no formal regulations regarding recyclabilitg a
developed prototypes of two-and three-wheelers adposal of end-of-life vehicles.
buses to run on hydrogen fuel. However, large scale

penetration of the market by hydrogen propelleahe following actions are proposed for the transpor

vehicles is not expected till a few decades from.no S€COr o _
* Promoting the use of coastal shipping and inland

waterways, apart from encouraging the attractive-
ness of rail-based movement relative to long-dis-

Most of the energy-efficiency measures require hugéance road based movement

investments in the creation of new infrastructuré, ENcouraging energy R&D in the Indian Railways

Efforts to reduce CQemissions by the way of intro-* Ntroducing appropriate transport pricing measures
duction of MRTS (mass-rapid transit system) would!© Influence purchase and use of vehicles in

involve diverting resources from other priorityicls ~ "eSPeCt of fuel efficiency and fuel choice
on fiscal resources. « Tightening of regulatory standards such as enforc-

Moreover, the possibility of substantially ing fuel-economy standards for automobile manu-

reducing the dependence on petroleum products igacture.rs. _ _
constrained by the significantly higher costs ofsmo*® !Establlshmg mechan.lsms to p_romote_lnvestments
alternative fuel options as of now. The main barrie In development of high capacity public transport

to the use of hydrogen based fuel cell vehicles/gC  Systems (e.g. offer equity participation and/or via
is that of high FCV drive-train costs.

3.3.3.2. COSTS AND FINANCING

3.3.3.3. CO-BENEFITS

Mitigation options such as enhanced shares of publi

transport or rail-based movement, efficiency
improvements, and increased adoption of bio-diesel
or CNG have important co-benefits at the regional
and local levels.

Pricing, taxes, and charges, apart from rais-
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bility gap funding to cover capital cost of public water basins

transport systems) * Extending isotopic-tracer-based techniques of mon-
« Abandoning of old vehicles to be made illegal itoring river water discharge to all major river

with suitable legislation and fixing the responigippi ~ Monitoring stations

of handing over the end-of-life vehicle to col* Developing digital elevation models of flood-prone

lection centers on the last owner of the vehicle ~ areas for forecasting floods

« Setting up of a demonstration unit to take up recy-MaPpPing areas likely to experience floods and

cling of vehicles, especially two wheelers, which déveloping schemes to manage floods
require new techniques  Strengthening the monitoring of glacial and sea-

« Setting up a Combustion Research Institute to sonal snow covers to assess the contribution of
facilitate R&D in advanced engine design snowmelt to water flows of Indian rivers that orig-
« Providing tax benefits and investment support for inate in the Himalayas
recovery of materials from scrap vehicles * Establishment of a wider network of automatic
weather status and automated rain gauge stations
* Planning of watershed management in mountain
3.4. National Water Mission ecosystems

India gets on an average 1197 mm of rainfall evedy4-2. MANAGEMENT AND REGULATION OF GROUNDWATER

year. This amounts to a total precipitation of 4000  RESOURCES

billion m®. However, 3000 billion fhof this is lost

due to run off, and only 1000 billion%is available Groundwater accounts for nearly 40% of the total
as surface and ground water sources, amountinga¢ilable water resources in the country and meets
¢.1000 M per year per capita water availability. Thigiearly 55% of irrigation requirements, 85% of rural
is about 118 —1/10" of that of many industrialised requirements and 50% of urban and industrial
countries. Many parts of India are water stresség@quirements. However, overexploitation of the
today and India is likely to be water scarce by@o5sresource has sharply lowered the water table in
The problem may worsen due to climate chandggany parts of the country, making them increasingly
impacts. It is therefore important to increasedffe  Vulnerable to adverse impacts of climate changg. Ke
ciency of water use, explore options to augmesfeas in this programme may include the following:
water supply in critical areas, and ensure moreceff * Mandating water harvesting and artificial recharge
tive management of water resources. New regulatoryn relevant urban areas

structures with appropriate entitlements and pgicirr Enhancing recharge of the sources and recharge
and incentives to adopt water-neutral and watezones of deeper groundwater aquifers

positive technologies may be required. Integrat¢dVandatory water assessments and audits; ensuring
water policies will help to cope with variabilitpi ~ Proper industrial waste disposal

rainfall and river flows at the basin level. Sonpes * Regulation of power tariffs for irrigation

cific aspects related to water resources are digcls
in more detail below. 3.4.3. UPGRADING STORAGE STRUCTURES FOR FRESH

WATER AND DRAINAGE SYSTEMS FOR WASTEWATER
3.4.1 STUDIES ON MANAGEMENT OF SURFACE WATER _
RESOURCES To address the problems of droughts and floods trig
gered by extreme weather events, it is essential to

Rivers and lakes, the most visible sources of cerfa
water, often indicate the state of the environment
more clearly than many other indicators. Such
resources also have economic significance in the
form of waterways for transport, sources of clean
energy in the form of hydropower, and vital inputs
to agriculture in the form of irrigation. Key elents

on surface water studies include the following:

» Estimating river flows in mountainous areas

» Customizing climate change models for regional
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both augment storage capacity and improv8ince desalination is an energy intensive prodéss (

drainage systems. Effective drainage is also eés$enenergy required may vary from about 3 kWh to 16

to reclaim waterlogged and saline-alkali lands snd kWh for separating 1000 litres depending on the

prevent the degradation of fertile lands. Key areagpe of process used), the application of desalina-

are listed below: tion technology for increasing regional water sup-

« Prioritizing watersheds vulnerable to flow changeglies strongly links to energy issues and thus GHG
and developing decision support systems to facikmissions. Development activities have been initiat
tate quick and appropriate responses ed in various laboratories in the country.

« Restoration of old water tanks Desalination has been recognized as an important

» Developing models of urban storm water flowsross disciplinary technology area for R&D in the
and estimating drainage capacities for stornt1" Plan. Technologies are being developed for the
water and for sewers based on the simulations  following:

« Strengthen links with afforestation programmes. Seawater desalination using Reverse Osmosis and
and wetland conservation multistage flash distillation to take advantage of

« Enhancing storage capacities in multipurposelow-grade heat energy e.g. from power plants
hydro projects, and integration of drainage Wwith |ocated in the coastal regions or by using renew-
irrigation infrastructure able energy such as solar

* Brackish water desalination
3.4.4. CONSERVATION OF WETLANDS » Water recycle and reuse
« Water purification technologies
Wetlands provide a range of ecological services,
including water conservation, recharge of ground-
water, and preservation of flora and fauna, indgdi 3.5. National Mission for Sustaining the
species and varieties at risk and are a sourdeetif | Himalayan Ecosystem
hood to many. Wetlands face the threat of conver-
sion to other uses, which means a loss of their ecthe Himalayan ecosystem is vital to the ecological
logical services, making those who depend on thesecurity of the Indian landmass, through providing
vulnerable. Actions identified for conserving wetforest cover, feeding perennial rivers that are the
lands are listed below: source of drinking water, irrigation, and
hydropower, conserving biodiversity, providing a
« Environmental appraisal and impact assessment gith base for high value agriculture, and spectacu-

developmental projects on wetlands lar landscapes for sustainable tourism. At the same
* Developing an inventory of wetlands, especially time, climate change may adversely impact the
those with unique features Himalayan ecosystem through increased tempera-

* Mapping of catchments and surveying and assesare, altered precipitation patterns, and episodes
ing land use patterns with emphasis on drainagsf,drought.
vegetation cover, silting, encroachment, conver- Concern has also been expressed that the

sion of mangrove areas, human settlements, afg¢malayan glaciers, in common with other
human activities and their impact on catchmenttities in the global cryosphere, may lose

and water bodies. significant ice-mass, and thereby endanger river
« Creating awareness among people on importancélows, especially in the lean season, when the
of wetland ecosystems North Indian rivers are largely fed by melting

e Formulating and implementing a regulatorysnow and ice. Studies by
regime to ensure wise use of wetlands at the
national, the state, and district levels

3.4.5. DEVELOPMENT OF DESALINATION TECHNOLOGIES

In India, desalination has been recognized as a pos
sible means to argument the water supply through
natural resources for meeting the growing needs of
water due to population and industrial growth.
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several scientific institutions in India have beeRorests are repositories of genetic diversity, sup
inconclusive on the extent of change in glacieply a wide range of ecosystem services thus helping
mass, and whether climate change is a significamiaintain ecological balance. Forests meet nearly
causative factor. 40% of the energy needs of the country overall, and
It is accordingly, necessary to continue andver 80% of those in rural areas, and are the back-
enhance monitoring of the Himalayan ecosystem, bone of forest-based communities in terms of liveli
particular the state of its glaciers, and the ingpa¢ hood and sustenance. Forests sequester billions of
change in glacial mass on river flows. Since sévet®ns of carbon dioxide in the form of biomass and
other countries in the South Asian region share tleil carbon. The proposed national programme will
Himalayan ecosystem, appropriate forms of scientiffocus on two objectives, namely increasing thesfore
collaboration and exchange of information may beover and density as a whole of the country and con
considered with them to enhance understanding sdrving biodiversity.
ecosystem changes and their effects.
It is also necessary, with a view to enhancing;6.1. INCREASE IN FOREST COVER AND DENSITY
conservation of Himalayan ecosystems, to empower
local communities, in particular through thelhe report of the Working Group on Forests for the
Panchayats, to assume greater responsibility fbi" Five-Year Plan puts the annual rate of planting
management of ecological resources. during 2001/02 to 2005/06 at 1.6 million hectaned a
The National Environment Policy, 2006, interproposes to increase it s million hectares during
alia provides for the following relevant measures f the 11" Plan. The final target is to bring one-third of
conservation of mountain ecosystems: the geographic area of India under forest cover.
The Greening India Programme has already
» Adopt appropriate land-use planning and watebeen announced. Under the programme, 6 million
shed management practices for sustainable devgbctares of degraded forest land would be afforest-
opment of mountain ecosystems ed with the participation of Joint Forest
Management Committees (JFMCs), with funds to the
* Adopt "best practice” norms for infrastructuresxtent of Rs 6000 crores provided from the accumu-
construction in mountain regions to avoid or mintated additional funds for compensatory afforesta-
imize damage to sensitive ecosystems and despeibn under a decision of the Supreme Court in
ing of landscapes respect of forest lands diverted to non-forest use.
The elements of this Programme may include
» Encourage cultivation of traditional varieties othe following:
crops and horticulture by promotion of organic
farming enabling farmers to realize a price premt-Training on silvicultural practices for fast- grawgi
um and climate- hardy tree species
» Reducing fragmentation of forests by provision of
* Promote sustainable tourism through adoption ofcorridors for species migration, both fauna and
"best practice” norms for tourism facilities and flora
access to ecological resources, and multistakeholdeEnhancing public and private investments for rais-
partnerships to enable local communities to gaining plantations for enhancing the cover and the
better livelihoods, while leveraging financial, density of forests
technical, and managerial capacities of investors * Revitalizing and upscaling community-based initia-

» Take measures to regulate tourist inflows into
mountain regions to ensure that these remain
within the carrying capacity of the mountain ecol-
ogy

 Consider particular unique mountain scapes as enti-
ties with "Incomparable Values”, in developing
strategies for their protection

3.6. National Mission for a -Green India-
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tives such as Joint Forest Management (JFM) and Stakeholder consultations, training workshops and
Van Panchayat committees for forest managementdemonstration exercises for farming communi-
* Implementation of the Greening India Plan ties, for agro-climatic information sharing and
» Formulation of forest fire management strategies dissemination
« Financial support to enable farmers to invest ith an
3.6.2. CONSERVING BIODIVERSITY adopt relevant technologies to overcome climate

related stresses
Conservation of wildlife and biodiversity in natlra

heritage sites including sacred groves, protected; 5. RiISK MANAGEMENT
areas, and other biodiversity 'hotspots' is crufbal

maintaining the resilience of ecosystems. Specifithe agricultural sector may face risks due to exire
actions in this programme will include: climatie events. Priority areas are as follows:

« In-situ and ex-situ conservation of genetic Strengthening of current agricultural and weather
resources, especially of threatened flora andinsurance mechanisms
fauna  Development and validation of weather derivative
« Creation of biodiversity registers (at nationak-di models (by insurance providers ensuring their
trict, and local levels) for documenting genetic access to archival and current weather data)
diVGl’Sity and the associated traditional knOWledge Creation of web-enabled, regiona| |anguage based
» Effective implementation of the Protected Area services for facilitation of weather-based insueanc

System under the Wildlife Conservation Act . Deve|0pment of GIS and remote_sensing method-
» Effective implementation of the National ologies for detailed soil resource mapping and
Biodiversity Conservation Act, 2001 land use planning at the level of a watershed or a
river basin
3.7. National Mission for Sustainable « Mapping vulnerable eco-regions and pest and dis-
Agriculture ease hotspots

* Developing and implementing region-specific con-
Contributing 21% to the country's GDP, accountingtingency plans based on vulnerability and risk sce-
for 11 % of total exports, employing 56.4% of the narios
total workforce, and supporting 600 million people
directly or indirectly, agriculture is vital to Imls 3 7.3. ACCESS TO INFORMATION
economy and the livelihood of its people. The pro-

posed national mission will focus on four areas criajthough many information channels are available
cial to agriculture in adapting to climate changeg farmers, none of them offers need-based informa-
namely dryland agriculture, risk management, accesgn in an interactive mode. Supplying customized
to information, and use of biotechnology. information can boost farm productivity and farm
incomes, and the following areas deserve priority:
3.7.1. Dryland Agriculture
* Development of regional databases of soil, weath-
Out of the net cultivated area of approximately 141er, genotypes, land-use patterns and water
million hectares , about 85 million hectares (60%) resources.
falls under the dryland/rain-fed zone. Accordindgty, ¢ Monitoring of glacier and ice-mass, impacts on
realise the enormous agricultural growth potential
of the drylands in the country and secure farmdbase
livelihoods, there is a need to prevent declines in
agricultural yields during climatic stress. Prigrit
actions on dryland agriculture with particular rele

vance to adaptation will be as follows:

» Development of drought- and pest-resistant crop
varieties
* Improving methods to conserve soil and water
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water resources, soil erosion, and associatedathering and assimilation, including measures to
impacts on agricultural production in mountainousenhance the access to and availability of relevant
regions data
« Providing information on off-season crops, ara-Creation of essential research infrastructure,
matic and medicinal plants, greenhouse crops, pasuch as high performance computing and very
ture development, agro-forestry, livestock andlarge bandwidth networks to enable scientists to
agro-processing. access and share computational and data resources
* Collation and dissemination of block-level data on
agro-climatic variables, land-use, and socio-ecphese broad themes are elaborated in the sub-sec-
nomic features and preparation of state-levédbns below:
agro-climatic atlases
3.8.1. CLIMATE MODELLING AND ACCESS TO DATA
3.7.4 USE OF BIOTECHNOLOGY
_ o _ _ Although the IPCC-AR4 has addressed the general
Biotechnology applications in agriculture relate tgiopal trends on climate change, spatially detailed
several themes, including drought proofing, takingssessments are not available for India. This is
advantage of elevated CO2 concentrationgecause of inadequate computing power available,
increased yields and increased resistance to @ise@i$ficulties in getting climate related data, and
and pests. Priority areas include: dearth of trained human resources amongst climate

modelling research groups in India. The following
* Use of genetic engineering to convert C-3 crops 4@tions will be taken:

the more carbon responsive C-4 crops to achieve

greater photosynthetic efficiency for obtaining g , gNHANCED RESEARCH ON CLIMATE MODELLING IN
increased productivity at higher levels of carbolnDIA

dioxide in the atmosphere or to sustain thermal

stresses There is a need to develop high resolution Air @cea
* Development of crops with better water and nitrgzeneral Circulation Models (AOGCM) and nested
gen use efficiency which may result in reducefegional Climate Models (RCM) that simulate
emissions of greenhouse gases or greater tOlgigional climate change, in particular monsoon

ance to drought or submergence or salinity behaviour, by pooling institutional capabilitiesdan
* Development of nutritional strategies fOE;omputationaj resources.
managing heat stress in dairy animals to prevent |5 respect of General Circulation Models

nutrient deficiencies leading to low milk yield anchCM)’ there is a need to build national level odie

productivity mate modelling groups to develop high resolution
coupled AOGCM that effectively simulate monsoon

behaviour. These would be employed for multi-

3.8. National Mission on Strategic Knowledge  ensemble and multi-year simulations of the present
for Climate Change and future climate. Indigenous Regional Climate
Models (RCM) are necessary to generate accurate

This national mission envisages a broad-basedteffofyture climate projections upto (at least) district
that would include the following key themes: level. Regional data re-analysis projects should be

encouraged. A Regional Model Inter-comparison
» Research in key substantive domains of climate sci-

ence where there is an urgent need to improve the
understanding of key phenomena and processes,
including, for example, monsoon dynamics,
aerosol science and ecosystem responses

* Global and regional climate modelling to improve
the quality and specificity of climate change pro-
jections over the Indian sub-continent, including
changes in hydrological cycles

» Strengthening of observational networks and data
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Project (RMIP) for climate is required toinimize provide accessto the dataA concept 6 'registere:

uncertaintyin future climate projections. users' has been proposed, who will have easier as¢
to climate related data held by the various scierftc
3.8.3. PROMOTING DATA ACCESS Ministries and Departmentsof the Government

There is a need to review theestrictionson date
There are several databases that are relevarior cli- access. The Ministries and their agecies should als
mate research, along with the respective agencietake action to digitize the data, maintain databass
that are responsiblefor collecting and supplying that of global quality, and streamline the procedures ge
data. It is suggested thatach of these Ministries and erning access. Existing databases that will need toe
Departments may appoint afacilitator',who will expanded and improved are listed below.

Table 3.8.3 Some Databases for Climate Research

S.No.|Database Data Collecting and Supplying Agency | Facilitator reporting to
1 Oceans _ | Ministry of Earth Sciences Secretary, Ministry of Earth Sciences
Sea surface temperature Salinity
Sea level rise
2
Cryosphere . . a) Secretary, Department of Space
Sn)ng():over a; National Remote Sensing Agen@yRSA) bg Secretary, Ministry of Mines
- b) GeologicalSurvey ofindia c) Secretary, Department of Defence
Glacial data ¢) Snow andAvalancheStudies Research anDevelopment
Establishment (SASE)Defence Research P
and Development Organization
3 IndiaMeteorological Department, Secretary, Ministry of Earth Sciences
Meteorology Ministry of Earth Sciences.
Precipitation
Humidity
Surface temperature
Air temperature
Evaporation data
4 Land Surface a) Survey of India a) Secretary, Department of Science
Topography ) ] and Technology
Erosion b) National Remote Sensing Agency (NRSA) Secretary, Department of Space
Imagery (vegetation map)
Forest cover
5 Hydrological a) CentralWater Commission a) Secretary, Ministry of Water
Ground water o Resources
Water quality b) State Water Resource Organizations | py Chief Secretaries of the respective
River water States
Water utilization
6 Agriculture Ministry of Agriculture a) SecretanDepartment of Agriculture
Soil profile and Co-operation
Area under cultivation b) Secretary, Department of
Production and yield Agricultural Research and Education
Cost of cultivation
U Socio-Economic Census of India Registrar General India, Ministry of
Demography Home Affairs
Economic status
8 Forests a) Forest Survey of India
Forest resources b} State Forest Department a) Secretary, Ministry of Environment
Plant and animal ¢) Botanical Survey of India ) and Forests . Y .
species distribution d) Zoological Survey of India b) Chief Secretaries of the respective
e) Department of Space States . .
¢) Secretary, Ministry dEnvironment
and Forésts ]
d) Secretary, Ministry of Environment
and Forests
e) Secretary, Department of Space
9 Health Related Data Department of Health Research Secretary, Department of Health
Research
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.8.4. STRENGTHENING NETWORKS this increase will be thermal-coal based. While the
new investments in the thermal power sector, which
The creation of an integrated National Knowledgare substantial, have high efficiencies, the aggeeg
Network (scalable and ultimately of multi-10 Gbp<fficiency of the older plants is low. In additidrigh
capacity) as suggested by the National KnowleddelCL (aggregate technical and commercial loss) in
Commission and the Principal Scientific Advisergower transmission and distribution is a key comcer
Office would obviously benefit climate modellers. There are three ways of lowering the emis-
The upcoming Grid Computing stands out as sions from coal based plants: increasing efficienfcy
unique technology for handling terabytes of experexisting power plants; using clean coal technokbgie
mental data requiring hundreds of teraflops of congrelative emissions are ¢.78% of conventional coal-
puting power. Various Ministries of the Governmenthermal), and switching to fuels other than coal,
are also taking steps to augment their super-computhere possible. These measures are complementary

ing resources in the Eleventh Plan. and not mutually exclusive. Another option that has
been suggested is carbon capture and sequestration
3.8.5. HUMAN RESOURCE DEVELOPMENT (CCS). However, feasible technologies for this have

not yet been developed and there are serious ques-
In order to meet the new challenges related toatém tions about the cost as well permanence of the CO
change, human resources would require to Is¢orage repositories.
enhanced through changes in curricula at the school = Approximately 5000 MW out of total of
and college levels, introduction of new programmes3,500 MW of present installed capacity (at the end
at the university level, and training of professilsn of November, 2007) of coal thermal plants have low
and executives in relevant fields. An overall assescapacity utilization of less than 5%, as well aw lo
ment of additional skills required will have to ter- conversion efficiency. During the 11th Plan, these
ried out at the national, state and local levaisthait units would be retired, and during the"1Rlan, an
necessary measures can be undertaken for enhamdditional 10,000 MW of the least efficient operat-
ing the quality and quantum of human resourdeg plants would be retired, or reconditioned to
required in the coming years and decades. The lati@prove their operating efficiency.
would have to be viewed also in the context of the
current difficulties faced in attracting young p&op 4.1.1. SUPERCRITICAL TECHNOLOGIES
to careers in science in general, to overcome which
steps are being taken during thé' Plan. Supercritical and ultra-supercritical plants can
achieve efficiencies of - 40 and - 45% respec-
tively, compared to about 35% achieved by subcriti-

4. Other Initiatives cal plants. Since coal-based power generation will
continue to play a major role in the next 30-50rgea
4.1. GHG Mitigation in Power Generation it would be useful, wherever cost-effective and- oth

erwise suitable, to adopt supercritical boilersiolth
The present energy mix in India for electricitygen  is a proven technology, in the immediate futurel an
ation is shown in Table 4.1 below: ultra-supercritical boilers when their commercial-v

bility under Indian conditions is established. At
Table 4.1: Present Energy Mix in Electricity Generationin India ~ present, construction of several supercritical coal

Source Percentage based power projects is in progress.
Coal 55

Hydropower 26

Oil and gas 10

Wind and solar power 6

Nuclear power 3

At present, fossil fuels account for 66% of theakot
and are responsible for most of the GHG emissions
from the energy sector. During the™ Eive-Year
Plan, utility-based generation capacity is expedtted
increase by 78,000 MW. A significant proportion of
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Research and development with regard 8OGRAMME

ultra-supercritical technology needs to focus oa th
following areas: Promotion of nuclear energy through enhancing

nuclear capacity and adoption of fast breeder and
« Development of materials for use in steam gendhorium-based thermal reactor technology in nuclear
ator tubes, main steam piping, and high-pressu@wer generation would bring significant benefits i
turbines that can withstand high pressure at@rms of energy security and environmental benefits
high temperatures of more than 600°C, and drgluding GHG mitigation.
resistant to oxidation, erosion, and corrosion India's uranium resources are limited but the
« Development of know-how related to heat tran§ountry has one of the largest resources of
fer, pressure drop, and flow stability at ultraeup thorium in the world. Therefore, right from

critical conditions inception, India has adopted a programme that will
maximize the energy yield from these materials.

4.1.2. INTEGRATED GASIFICATION COMBINED CYCLE This is the three-stage nuclear power programme.
(IGCC) TECHNOLOGY The first stage of nuclear power generation is thase

on PHWR (Pressurized Heavy Water Reactor)
Integrated gasification combined cycle technologgchnology using indigenous natural uranium. The
can make coal-based power generation - 10% meggond stage is based on FBR (Fast Breeder
efficient. For every 1% rise in efficiency, thesea 2% Reactor) technology using plutonium extracted by
decrease in CQrelease. Besides, there is a substaeprocessing of the spent fuel obtained from the
tial reduction in NOx emissions. Demonstration dfrst stage. The third stage consists of usingitimor
plants using high-ash, low-sulphur Indian coal meetesources.
to be pursued, while recognizing constraints such a The current installed capacity of nuclear
high costs and availability of superior importechlco power plants is 4200 MW, accounting for nearly 3%
Recent research has shown that these plaofsotal installed capacity. A 500 MW fast breeder
should be based on the Pressurized Fluidized Bedctor is under construction and is expected to go
(PFB) approach. on stream in about three years. A 300 MW Advanced

Bharat Heavy Electricals Ltd. (BHEL) alreadyHeavy Water Reactor (AHWR) has been designed. Its

has 3 R&D plants based on PFB, which have provideanstruction is due to begin in the 11th Plan. The
design information to scale up this technologyhrojected installed nuclear power by Department of
BHEL and APGENCO have signed an agreemeftomic Energy (DAE) is shown in Figure 4.1 below.
recently to set up a 125 MW plant at Vijayawada
using indigenous IGCC technology.

Figure 4.1.4:Nuclear Power Generation Projections upto

4.1.3. NATURAL GAS BASED POWER PLANTS 2050 by DAE

Natural gas based power generation is cleaner tk
coal-based generation 88: emissions are only - 250 ] =®=Total =e=Treatment = =e=«Fast
50% compared to coal. Besides, natural gas can
used for electricity generation by adopting advanc
gas turbines in a combined cycle mode
Introduction of advance class turbines with inle
temperature in the range 1280 - 1350° C has
led to combined cycle power plant efficiency o
about 55% under Indian conditions. Many such
plants are in operation in India. With the discgwar
significant reserves of natural gas in the Godavari
basin, setting up more

1990 2000 2010 2020 2030 2040 2050 2060
Year

combined cycle natural gas plants is an attractive
GHG mitigation option in India.

4.1.4. CLOSED CYCLE THREE STAGE NUCLEAR POWER
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For sustainability of nuclear energy as a mitigatioProgrammes

option in the long term, it is important to closest

nuclear fuel cycle!. In this way one can produceRenewable energy sources, i.e. based on primary
several tens of times more energy from the existiehergy sources that are regenerated naturally in
uranium resources if the plutonium from the spenime-spans that are meaningful in terms of policy
fuel is recycled in fast breeder reactors and th&nd planning horizons, represent genuine supply
potential can be increased by another order of magiede sustainability of global energy systems.

nitude by closing the nuclear fuel cycle with thaoni Renewable energy technologies (RETs) have
Therefore, the three stage nuclear programme sdveral well-recognized advantages in relation to
India based on the closed fuel cycle philosophyonventional, largely fossil fuels based, energs sy
assumes greater significance in the context of ctems. First, by displacing use of fossil fuelspartic-
mate change mitigation. The closed fuel cycle, iolar, petroleum based fuels, they promote energy
comparison to the once-through cycle, also reducsscurity. Second, they are amenable to adoption at
the volumes of radioactive waste requiring treatlifferent scales — from hundreds of megawatts

ment and disposal. capacity to a few kilowatts. In many cases they may
be deployed in modular, standardized designs. This
4.1.5. EFFICIENT TRANSMISSION AND DISTRIBUTION enables RETS to be matched closely with end-use

scales, enabling decentralized deployment, and thus
India's current technical losses during transmissi@voiding the risk of failures, and unauthorizedessc
and distribution are as high as 16%-19%. By adogt large networks, which leads to non-commercial
ing HVAC (high voltage AC) and HVDC (high voltagelosses. The feasibility of location close to thadar
DC) transmission, the figure can be brought down mnsuming centres enables reduction of technical
6%-8% by using amorphous core transformers at@nsmission and distribution losses. However, @her
up-grading the distribution system (avoiding corgesentralized grids (networks) exist, they may berins
tion etc.). Distribution losses can also be redumgd ed as individual modules in the grid (network) sup-
adopting energy-efficient transformers, which usply. Third, they can help promote sustainable devel

high-grade steel in the transformer core. opment, broadly defined, through increased oppor-
tunities for local employment, especially the rural
4.1.6. HYDROPOWER poor, and environmental improvement through

reducing GHG emissions, local air pollutants, solid
The CEA (Central Electricity Authority) has estiewt Waste and waste-water generation, and (in case of
India's hydropower potential at 148,700 MW. Théorestry-based sources), soil and water consenjatio
hydroelectric capacity currently under operation ignd maintaining habitats of wild species.
about 28,000 MW, while 14,000 MW capacity is On the other hand, several RETs also have
under various stages of development. The CEA hdsadvantages. First, some primary energy flong (e.
also identified 56 sites for pumped storage schemssar, wind) are intermittent, and insufficientlyep
with an estimated aggregate installed capacity dictable, requiring hybridization with systems more
94,000 MW. In addition, a potential of 15,000 MW irunder human control. For another, some RETs forms,
terms of installed capacity is estimated from smakuch as biofuels compete with arable land andaitrig
mini, and micro-hydel projects. Of this only aboution water with food crops. If not implemented with
2000 MW has been exploited at present. These prgjeat care, they may have adverse social and eco-
ects are important, in particular, for electrifioatof nomic consequences,
remote hilly areas, where it may not be feasible fo
the grid electricity to reach. Large-scale hydropow
with reservoir storage is the cheapest conventional
power source in India. However, resettlement of dis
placed population due to submergence of large

areas of habitation lands has to be attended to wit
care.

4.2. Other Renewable Energy Technologies
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RETs easily have the potential to replace all
current and foreseeable use of fossil fuels, for power
generation, transportation, and industrial use, for all
time to come. RETSs represent a range of specific con-
version pathways and technologies. These are at dif-
ferent stages of deployment, innovation, and basic
research. Some that are fully established commercial-
ly, e.g. biomass combustion and gasification based
power generation need up-scaling through policies
and regulations that would permit some unique
deployment models to be operationalized. In other
cases, where commercial scale operation has been
demonstrated, but costs are still high, with the possi-
bility that increased scale and further innovation in
both technology and deployment models will reduce
costs, tariff and regulatory support for a limited period
may be needed. Where technologies have been
demonstrated at laboratory scale, further R&D to
enable pilot and commercial scale demonstration
may involve facilitation of industry and research lab-
oratory partnerships, and may also involve public fis-
cal (investment) support.

4.2.1. RETs FOR POWER GENERATION

Power generation technologies based on renewable
energy flows comprise the following major primary
sources: Biomass, Hydropower, Solar, and Wind.
Technologies in each of these primary sources have
already been deployed in India at commercial scale,
but there remain several challenges in respect of
policies and regulations, R&D and transfer of tech-
nologies, costs and financing, and deployment mod-
els, that need to be addressed in order to ensure
their mainstreaming in the commercial power sector.

4.2.1.1. BIOMASS BASED POWER GENERATION TECHNOLOGIES

Biomass based technologies include those involving
primary biomass combustion, and those that do not
involve direct biomass combustion, but may involve
conversion to a secondary energy form.

Historically, primary biomass combustion has
been the main source of energy for India. The
Integrated Energy Policy (Planning Commission,
2006) has estimated that around 80 mtoe is current-
ly used in the rural household sector. In addition, the
Ministry of New and Renewable Energy has estimat-
ed state-wise gross and net availability of agro-
residues for power generation.

There are two basic technology pathways for
biomass for power options currently being imple-

mented. These technologies are Sraight Biomass
Combustion and Biomass Gasification.

4.2.1.1.1. COSTS AND FINANCING

Plant capacities for straight primary biomass combus-
tion are not very large due to limited radius of eco-
nomic biomass collection. Investment cost for bio-
mass combustion based power projects or co-genera-
tion projects varies between Rs. 4 to Rs. 5 crores per
MW, depending upon project site, design and opera-
tion related factors. The cost of electricity
generation is around Rs. 3/kWh depending upon
specific fuel consumption, which in turn depends on
type of fuel and operating pressure of the boiler and
steam turbine. This technology is, thus, generally cost-
competitive with conventional power delivered by
the grid to rural areas.

In respect of biomass gasification technolo-
gies, the investment cost, with IC engines as source
of power generation, comes between Rs. 25,000 —
60,000 / kW, depending on the type of gasification
system and type of fuel, including costs of gasifier
and IC engine. The cost of electricity generation cost
varies between Rs.3 kWh to Rs. 5/kwh for the cur-
rently available technologies in India.

In both cases, the costs of biomass collection
and transportation are key issues, which limit scale of
operation of individual units.

4.2.1.1.2. CO-BENEFITS

Biomass based power technologies avoid problems
associated with ash disposal from coal based plants.
The ash from the biomass combustion may be
returned to the fields to enhance agricultural pro-
ductivity. If the biomass is grown in energy planta-
tions on wastelands or common/panchayat lands,
there would be increase in rural employment,
besides water, and soil conservation. T&D losses
would be very low especially in decentralized sys-
tems, and deployment can be done independently of
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the national grid and integrated with the nationatydropower with reservoir storage is the cheapest

grid when extended. conventional power source in India. Small-scale
hydropower is cost competitive with conventional
4.2.1.1.3 RESEARCH & DEVELOPMENT generation options, in particular for rural elec-

trification. In remote rural locations far away ffino
The technology for power generation througlthe grid, it may be the only feasible and economic
straight primary biomass combustion is mature, witpower option.
significant commercial deployment. R&D is required The technology options for hydropower
for compacting different types of biomass for transat all scales are commercially well establishedepk
portation, and improved boiler design to enable thga the pico-turbine ranges i.e. < 1 KW.
use of multiple biomass feedstocks.
of hot gas cleaning systems and optimum integration
with the gasifiers. Another is the development ofhe cost of generation ranges from Rs. 2 to 4 per
gasifier systems based on charcoal and pyrolized bkwh. The capital costs are higher than for conven-
mass, since volatile distillates of biomass feetlstotional power, and usually in the range of Rs. #&ro
may have significant economic value, which woulgher MW.
be lost if the biomass is directly burned.

4.2.1.2.2. CO-BENEFITS
4.2.1.1.4. TECHNOLOGY TRANSFER AND CAPACITY BUILDING

Small hydropower displaces diesel gensets, thereby
Biomass gasifiers available in the country aree@f/v avoiding local pollution. By thus avoiding consump-
low capacity compared to European and Americaion of petroleum products, it also promotes energy
gasifiers, where the capacities vary from 1 MW tgecurity. Small hydropower is generally more pre-
100 MW. Biomass gasifiers with capacities upto 10@ictable than solar or wind based sources, with var
MW based on Circulating Fluidised Bed (CFB)ations occurring over the year, rather than on a
Bubbling Fluidised Bed (BFB) and Pressurisetiourly or daily basis.
Fluidised bed (PFB) are available in the USA, Fidla 4.2.1.2.3. RESEARCH & DEVELOPMENT AND CAPACITY BUILDING
and UK. Transfer of these technologies, and where
necessary adaptive R&D, would enable deploymemhe following are priorities for R& D:
models involving energy plantations on wastelands
or common/panchayat lands which would not com-Design of pico turbines (< 500W range): This would
pete with food crops. enable very small scale generation at the house-

Capacity building needs include support to hold Ieyel, based on local hydro_resources _
commercial demonstration by entrepreneurs of pig-Electronic Load Controller for micro hydro: This
mass based distributed generation systems and usinfyou!d enable supply of power from micro-hydel
these as training facilities for local entrepreseand ~ SOurces to village level grids
O&M personnel. Such demonstration and skills devel-COSt reductions in E&M

opment would enable accelerated deployment dfotandardizing the modules and optimizing the

these technologies. usage of materials is critical for reducing equip-
ment, and hence generation, costs
4.2.1.2. SMALL-SCALE HYDROPOWER » Support to commercial demonstration by entrepre-

Hydropower, both large (reservoir storage) and lsmal
scale, accounts for 18% of the total electricitpaye
ated in India. Of the total estimated large hydrego
potential of 148,700 MW (storage and run-of-

river), so far only 35000 MW has been utilized. In
addition, there are 56 assessed sites for pumpeatst
hydropower, totaling 94,000 MW. The total small
hydropower (upto 25 MW) potential is 15,000 MW, of
which only 1905 MW has been utilized. Large-scale
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neurs of small/micro-hydel based distributed gen-sources that are used for human food) may be set
eration systems, in particular in remote locations,at 5% of total grids purchase, to increase by 1%
and using these as training facilities for locaren each year for 10 years. SERCs may set higher per-
preneurs and O&M personnel would help developcentages than this minimum at each point in time.
this sector.
* (i) Central and state governments may set up a ver-
4.2.1.3. WIND ENERGY ification mechanism to ensure that the renewables
based power is actually procured as per the appli-
The installed capacity for using wind energy hascable standard (DMRPS or SERC specified).
gone up rapidly during the last few years (pregentl Appropriate authorities may also issue certificates
about 8000 MW). However, the capacity utilization that procure renewables based power in excess of
factors are low due to the variations in the wind the national standard. Such certificates may be
flow. Action is required to design, develop and man tradeable, to enable utilities falling short to mee
ufacture small wind energy generators (WEGSs) uptotheir renewables standard obligations. In the
10 kW capacity, that can generate power at very lonevent of some utilities still falling short, pena#t
speeds (- 2 to 2.5 m/sec). Effort is also requfoed as may be allowed under the Electricity Act 2003
the development of low weight carbon fiber and and rules thereunder may be considered.
other new generation composites, etc. for use in
wind turbines. * (iii) Procurement of renewables based power by
An encouraging sign is the strong interest of the SEBs/other power utilities should, in so far as
the private sector in the wind area. Some Indian pr the applicable renewables standard (DMRPS or
vate companies are involved in setting up wind tur-SERC specified) is concerned, be based on compet-

bines in other countries in a big way. itive bidding, without regard to scheduling, or the
tariffs of conventional power (however deter-
4.2.2 GRID CONNECTED SYSTEMS mined). Further, renewables based power may,

over and above the applicable renewables stan-
The Electricity Act, 2003 and the National Tariff dard, be enabled to compete with conventional
Policy, 2006, provide for both the Central Eledyic generation on equal basis (whether bid tariffs or
Regulatory Commission (CERC) and the Statecost-plus tariffs), without regard to scheduling.(i
Electricity Regulatory Commissions (SERC) to pre- renewables based power supply above the renew-
scribe a certain percentage of total power purahaseables standard should be considered as displacing
by the grid from renewable based sources. It alsdhe marginal conventional peaking capacity). All
prescribes that a preferential tariff may be fokolv else being equal, in such cases, the renewables
for renewables based power. based power should be preferred to the compet-
The following enhancements in the regula- ing conventional power.
tory/tariffs regime may be considered to help main-
stream renewables based sources in the natiorfia?-3- RETS FOR TRANSPORTATION AND INDUSTRIAL FUELS
power system:
Internal combustion engine based power plants for
(i) A dynamic minimum renewables purchasdransportation modes require liquid or gaseoussfuel
standard (DMRPS) may be set, with escalatiol addition, rail (inc. LRT) modes, and some niche
each year till a pre-defined level is reached, @ersonal transportation modes are based on storage
which time the requirements may be revisited. It iattery power, which may be recharged from mains
suggested that starting 2009-10, the nationabtlets. The focus in this section is on liquidlsuef
renewables standard (excluding hydropower withiological origin for transportation, and industria
storage capacity in excess of daily peaking capacigpplications (prime-movers, heating fuels).
or based on agriculture based renewables
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4.2.3.1. TECHNOLOGY PATHWAYS

There are several possible pathways for deriving
transportation and industrial fuels (not being feed-
stocks where the chemical composition rather than
energy content is the main consideration).

At present, only biodiesel sourced from
Jatropha or Pongamia plantations, and bioethanol
using spoilt foodgrains are cost-effective in relation
to petroleum based fuels. While significant R&D is
being carried out in several countries, including in
India, in respect of technologies based on several of
the above pathways, at present, the costs are not
competitive with petroleum. However, it is probable
that several biofuels technologies would eventually
become competitive with petroleum, and the
policy/regulatory regime must enable them to be
commercially deployed when that happens.

4.3. Disaster Management Response to
Extreme Climate Events

With projected increases in the frequency and inten-
sity of extreme events including cyclones, droughts,
and floods attributable to climate change, disaster
management needs greater attention. In the 11th
Plan, the approach towards disaster management
has moved from relief to prevention, mitigation, and
preparedness. Two main planks of the new approach
are mainstreaming disaster risk reduction into infra-
structural project design and strengthening commu-
nication networks and disaster management facili-
ties at all levels.

4.3.1. REDUCING RISK TO INFRASTRUCTURE THROUGH
BETTER DESIGN

As a planned adaptation strategy, reducing risks
from natural disasters needs to be a part of infra-
structure project design, especially in areas vulnera-
ble to extreme events. It is generally much cheaper
to incorporate appropriate features in the initial
design and construction of infrastructure projects,
including siting, than to undertake retrofits later.
The various elements of this Programme may
include:

» Disaster-specific vulnerability assessments and sec-
toral impacts assessments at the state and district
level for preparing contingency plans

» Maintenance of critical facilities such as health care
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services and water supplies

» Collaboration with insurance providers to insure
infrastructure, mainstreaming disaster risk reduc-
tion into Sarva Shiksha Abhiyan, Jawaharlal Nehru
National Urban Renewal Mission and Indira Awas
Yojana

» Capacity building among design engineers, project
planners and financial institutions on incorporat-
ing elements of disaster management

 Development of prefabricated structures instead of
cast-in-place construction in vulnerable areas

» Enforcement of building codes; better urban plan-
ning and zoning of vulnerable areas

4.3.2. STRENGTHENING COMMUNICATION NETWORKS AND
DISASTER MANAGEMENT FACILITIES

Ensuring that communication channels are not sev-
ered during disasters can protect lives and expedite
relief and rehabilitation operations. Furthermore, it
is essential to have a regular monitoring
programme in place to provide early warning of
imminent disasters to facilitate a planned response,
including evacuation from vulnerable areas to
minimize the impact of disasters. Specific action
areas will include:

* Upgrading forecasting, tracking and early warning
system for cyclones, floods, storms and tsunami

 Monitoring river flows and mapping flood zones

« Generation of regional scenarios based on single or
multi-hazard mapping

* Disaster response training at the community level
to build infrastructure and human resources for
medical preparedness and emergency medical
response to manage mass casualties during
extreme events

4.4. Protection of Coastal Areas

The coastal areas are an important and critical region
for India not only because of the vast 7500-km coast-



line but also because of the density of populationEnhanced provision of primary, secondary, and ter-

and livelihoods dependant on coastal resourcestiary health care facilities and implementation of

Coastal zones are particularly vulnerable and sensipublic health measures, including vector control,

tive to such impacts of climate change as rishé t sanitation, and clean drinking water supply

sea level, rise in the high-tide level, and cyctoaad

storms, which are projected to become more fre-

quent and intense. The programme will focus on twh6. Creating Appropriate Capacity —at

elements, namely (1) coastal protection and (dy eaPifferent Levels of Government

warning systems. Priority areas on coastal zones

include: In view of several new initiatives that would be

required, both in respect of adaptation and mitiga-

 Development of a regional ocean modelling sygion, creation of knowledge and suitable capacity a

tem especially in the Bay of Bengal and theach level of Government to facilitate implementa-

Arabian Sea tion of appropriate measures assumes great impor-
« High-resolution coupled ocean-atmosphere vaii@nce.
ability studies in tropical oceans, in particulaet At the level of the central government, there
Indian Ocean would be a need to carry out the following:
« Development of a high-resolution storm surge There should be support to relevant policy
model for coastal regions research to ensure that adaptation and mitigation

 Development of salinity-tolerant crop cultivars  takes place in a manner that enhances human well-
» Community awareness on coastal disasters abding, while at the same time minimizing societal
necessary action; plantation and regeneration @fsts. This should lead to the design of suitadsial)
mangroves fiscal and regulatory measures.
» Timely forecasting, cyclone and flood warning sys- Appropriate capacity for implementing R&D
tems activities and promoting large-scale public aware-
« Enhanced plantation and regeneration of manfness and information dissemination on various
groves and coastal forests aspects of climate change is required. For adequate
R&D activities a proactive approach favouring part-
nerships between research organizations and indus-
4.5 Health Sector try would be efficient and productive.
At the level of state governments, several
The proposed programme comprises two main cogigencies would need to enlarge and redefine their
ponents, namely provision of enhanced public healfpals and areas of operation. For instance, State
care services and assessment of increased burderg|etricity Regulatory Commissions would need to
disease due to climate change. Areas that can cgBncern themselves with regulatory decisions that
tribute to enhanced health care services include tinsure higher energy efficiency, greater use of
following: renewable energy, and other low carbon activities
that would ensure energy security, reduced lochl po
* Providing high-resolution weather and climate |ution, and increased access to energy in areagewhe
data to study the regional pattern of disease distributed and decentralized forms of energy pro-
* Development of a high-resolution health impactguction would be economically superior to conven-

model at the state level ~ tional methods. State governments may also employ
* GIS mapping of access routes to health facilities i

areas prone to climatic extremes

* Prioritization of geographic areas based on epi-
demiological data and the extent of vulnerability
to adverse impacts of climate change

* Ecological study of air pollutants and pollen (as t
triggers of asthma and respiratory diseases) and
how they are affected by climate change

» Studies on the response of disease vectors to cli-
mate change
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fiscal instruments to promote appropriate optionmiorities by implementing projects involving
and measures. incremental costs — unless these incremental eosts

Local bodies would need to create capacityorne by developed countries and the needed
on regulatory measures, particularly for ensurifgchnologies are transferred.

energy efficiency in new buildings as well as The Global Environmental Facility (GEF)
through a programme of retrofits. In respect @hances implementation of projects in developing
adaptation measures, local capacity and thguntries under the Convention. Additionally, the
involvement of communities in actions to adapth®e tKyoto Protocol created the Clean Development
impacts of climate change would be crucial. Mechanism (CDM), which allows developed countries
Public awareness on climate change woulg meet part of their emission reduction commit-
have to be spearheaded and driven by governmgiiints by purchasing credits from emission reduction
at all levels. Emphasis on schools and collegespigpjects in developing countries, thus serving the
essential. dual objective of facilitating compliance by devel-
In some cases legislation may be required @bed countries of their emission reduction commit-

the central and state levels to arrive at appr@rignents and of assisting developing countries to
delegation of responsibility and authority for meegchieve sustainable development.

ing some of the goals mentioned above.

5.1. Some Technology Development and

. . Transfer Issues
5. International Cooperation: the

Multilateral Regime on Climate Change In the move towards a low-carbon economy,

_ technology has a vital role to play. Technology
As a party to the UN Framework Convention ogg|ytions are also very important for enhancing

Climate Change and its Kyoto Protocol, India plags aqaptive capacity and reducing vulnerability to
active role in multilateral cooperation to addres jimate change and its impacts. In this respect

mate change. These agreements are based onj{h&national cooperation in science and technology
principle of "common but differentiated responsibil-  5osumes great significance.

ities and respective capabilities’ of Parties. Thus, It is important to ensure that within the mul-

they incorporate certain common commitments f@i5teral process under the UNFCCC, the menu of
all Parties, including an obligation téormulate and  ¢ooperation mechanisms is not constrained, and
implement programmes containing measures to mit-  jnqeed, proactive measures are taken for these
igate climate change'. Additionally, the Convention nachanisms to be used. The stage of the

requires the developed countries (listed in itgchnology in terms of its progression from researc
Annex ) to stabilize and reduce their greenhowe g widespread market adoption will play an

emissions and the Kyoto Protocol establishgsportant role in determining the mechanisms that
quantified, time-bound targets in this regarg,q appropriate and relevant.
Countries with the most advanced economies (listed For example, when the technology solutions

Annex Il of the convention) are also required tQue 5t 4 very early stage of development, the pyima
transfer financial resources and technology tg8cys is usually on cooperation in basic scientific
developing countries for purposes of mitigatiofpgearch. India has always been very actively
and adaptation. engaged in, and is making key contributions torinte
The Convention specifically notes thaer  ational scientific programmes that may have signif

capita emissions in developing countries are still rél-jcant implications for the transition to a sustiiea
atively low and...the share of global emissions origi-

nating in developing countries will rise to meet their
social and development needs” The Convention also
recognizes that "economic and  social
devel opmentand poverty eradication are the first and
overriding priorities of the developing country
parties” Thus, developing countries are not
required to divert resources from development
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energy future, such as the International One of the main barriers to technology

Thermonuclear Experimental Reactor (ITER). At thadoption lies in the low absorptive capacities of

individual and institutional level, Indian parti@fion developing countries. It is vital that mechanisios f

in scientific networks is also very strong. Fronorg- technology transfer include measures that will

term perspective, this scientific cooperation wilenable the enhancement of absorptive capacities,

remain very important. keeping in mind the targets of such technology
As ideas progress from the laboratory closenterventions.

towards the market, the focus shifts towards tech-

nology design and development. Mechanisms that

enable joint technology development involving pub-

lic and private sector entities and with suitablg.2. Clean Development Mechanism

norms for financing and IPR-sharing would be impor-

tant for ensuring that the process of technologpdia has given host-country approval for 969 CDM

development and commercialization happens mopeojects as of June 2008. Renewable energy, includ-

rapidly and effectively. ing renewable biomass, accounted for the largest

For the final stage of deployment and maraumber of projects (533), followed by energy effi-
ket adoption of technologies in developing courciency (303). Very few projects in the forestry &id
tries, two different contexts may be identified.r Fomunicipal solid waste (18) sectors were included,
technologies that are already mature and deployé@spite their large potential. The expected invest-
in the developed countries, appropriate financingents in these 753 projects (if all go on streasn) i
models are essential, which may become operatiogélout Rs. 106,900 crores.
through multilateral institutions, carbon markets Of the 969 projects, 340 projects have been
and mechanisms like the CDM. However, as waegistered by the multilateral Executive Board (CDM
noted earlier, given the somewhat limited role thdB). India accounts for about 32% of the world ltota
the CDM appears to have played with regard to tecbf 1081 projects registered with the CDM EB, fol-
nology transfer, this issue will merit detailed eka lowed by China (20%), Brazil (13%), and Mexico
nation. (10%) (Source: UNFCCC). About 493 million certified
However, the transition to a more sustainémission reductions (CERs) are expected to be -gener
able energy future will require a much more rapigted until 2012 if all these host-country approved
progression towards a variety of newer, low-carboprojects in India go on stream (National CDM
and energy efficient technologies in different areaAuthority, November 2007). As of June 2008, 152.4
The usual mechanism considered for this purposemillion CERs had been issued to projects
that of technology transfer from the developed teorldwide, of which India accounted for 28.16%%,
the developing countries. The conventional model &hina (29.25%), Korea (17.87%), and Brazil
technology transfer, considers that technology kdevé14.13%).
oped in the North is first established there, befor Some cross-cutting challenges in CDM imple-
is supplied to the South. The rapid changes in tfieentation in India are listed below:
global economic and technology environment are _ _
making this model less applicable. As the expegeng TN€ Projects from India are generally small. Of the
so far also suggests, this model may be inadeduate 283 Projects registered with the CDM EB till
terms of satisfying the scale and scope of the-techOctober 2007, 63% are small-scale projects (in
nology response required. New models and mechal€ms of the Protocol definition)
nisms for technology transfer will need to incorpo® The portfolio is dominated by unilateral projects,
rate at least three key elements: appropriate figndi
modalities and approaches; a facilitative IPR emwir
ment, and enhancing the absorptive capacity within
developing countries.
New multilateral technology cooperation
funds may be required that would finance the devel-
opment, deployment, diffusion and transfer of tech-
nologies for both mitigation and adaptation to
developing countries.
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i.e. the investors are Indian parties, employ lgcalindia as a large democracy, with the major
available technologies, and use domestic financiethallenge of achieving economic and social
resources. While this has provided a significarttevelopment and eradicating poverty, will engage in
impetus to local innovation, CDM has not led tmegotiations and other actions at the international
the technology transfer from industrialized tdevel in the coming months that would lead to
developing countries envisaged by the Protocol efficient and equitable solutions at the globaklev
* Industrialized countries have not participated sig-
nificantly in project financing and the projectkss
are mostly taken up by the host industries
* Insurance companies in general have shown little
interest in CDM, which is unfortunate since they
can catalyse carbon trading by providing risk and
financial analysis skills
» There is much subjectivity in the multilateral CDM
process, and divergent interpretations are given by
different designated operating entities (DOES)
accredited by the CDM EB
* High transactions costs prevent the small-scal®isec
(in the Indian definition) from participating DM
* In the absence of an international transactions log
(ITL), there is lack of reliable information in the
carbon market on CDM transactions

Despite the above, there is encouraging response
from Indian entrepreneurs to the CDM across differ-
ent sectors. Besides, several recent enhancenfents o
CDM such as bundling and programmatic CDM need
to be mainstreamed. Alongside the carbon market
under the Kyoto Protocol, a voluntary (non-compli-

ance) carbon market is emerging involving trades in
VERB (verified emission reductions). This marketyma
grow substantially in the future.

5.3. Enhanced Implementation of the UNFCCC

India looks forward to enhanced international coop-
eration under the UNFCCC. Overall, future interna-
tional cooperation on climate change should address
the following objectives:

* Minimizing the negative impacts of climate
change through suitable adaptation measures in
the countries and communities affected and miti-
gation at the global level

» Provide fairness and equity in the actions and
measures

» Uphold the principle of common but differentiat-
ed responsibilities in actions to be taken, such as
concessional financial flows from the developed
countries, and access to technology on affordable
terms
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