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This LCS scenario document is intended to communicate to the policy mbhkers

to effectively integrate climate change actions in the development plans of the coun-
try. The actions outlined in the document, we believe, would guide effective transi-
tion towards a Low Carbon India. The proposed analysis is in line with national po-

sition articulated in Indiabs fANational
sition analyzed in this report, convergsih the 2°C g1l ob al Aaspirat
zationtarget as agreed in fiMajor Economies F

Our research approach and findings, we hope, shall contribute in sustainable tran-
sition of I ndia, one of the worl doés f a
ety.
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Executive summary

Low carbon society scenarios visualize social,
economic and technological transitions through
which societies respond to climate change. Al-
though | ndi GHG
basis are very low as compared to other devel-

a S
oped countries, but the current assessment

considers alignment 0

pathway with the 2 °C gl ob al a
stabilization target. This report assesses two
paradigms for transiting to low carbon future in
India. First pathway assumes conventional de-
velopment pattern together with a carbon price
t hat ndi

450 ppmv CO.e stabilization global response.

aligns I a S
The second emissions pathway assumes an
underlying sustainable development pattern
caricatured by diverse response measures typi-
cal of sustainabil
grated modeling framework is used for deline-
ating and assessing the alternate development
pathways having equal cumulative CO, emis-

sions during the first half of 21° century.

It can be seen from the figure 1 below that un-

der the conventional development pattern
( together with a carbon price ), the mitigation
target of 93.5 billion tCO,for the 450 ppmv
CO,e stabilization scenario is achieved through
extensive use of advance technologies like
CCS and nuclear energy, predominantly on the
supply side. It is also important to mention that
the reduction is primarily on account of decoup-

ling energy and carbon, whereas the actual

en
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Figure 1: Mitigation Options in Carbon Tax Scenario

energy consumption actually increases as

compared to the base case.

eHoweves, i unders thet sustamabilityo gcénario a |

(figure 2), the same mitigation target can be
achieved by a combination of initiatives on both
supply and demand side, thereby widening the
technology use. On the supply side, renewable

t tychnologiesapfay a ¢rugiah role. ¥While on thé e -

demand side, measures like dematerialization,
sustainable consumption and end use device

efficiency play a key role.
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Figure 2:Mitigation Options in Sustainability Scenario







About India

India faces major development challenges -
access to the basic amenities like drinking wa-
ter, electricity, sanitation and clean cooking en-
ergy still remain a luxury for both urban and
rural dwellers alike. Developing countries, like
India, would require building adaptive capacity
for facing climate risks with increasing evi-
dence of climate change (IPCC, 2006 ). Cli-
mate change, which happens due to increase
in green house gas (GHG ) emissions, is in
turn related to increased human activities post
industrialization (IPCC, 2006 ) and therefore
industrialization of large developing countries,
like China and India can add significantly to
GHG emissions. Hence, in the coming years,
India faces the challenges in economic devel-
opment which have to be met with the limited
resources available, with minimal externalities
and in presence of large uncertainties with re-
spect to climate.

The

Figure 3:
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Thus the challenges for India are immense,
both on meeting the development needs of its
people as well as achieving faster and consis-
tent growth of its economy. Aligning the devel-
opmental objectives with concerns for climate
change has emerged one of the key challenges
for India. The Tenth Plan period (2002-03 to
2006-07 ) began at a benign pace but picked
up later to realise an average growth rate of
7.7% during the plan period. This growth has

Heritag

been one of the fastest in the history of the In-
dian economy.

In the foreward to the 11th plan (2007-8 to
2011-12) document, the Prime Minister
(PM) of India highlighted the importance of
growth to meet developmental needs of the
country S peopl e. To
mental targets of the nation, the PM reasserts
the need of high growth to meet the develop-
ment al needs of
plan sets a target for 9% growth in the five year
period 2007 08 to 2011 12, with acceleration
during the period to reach 10% by the end of
the Plan.

From the perspective of the energy sector, the
document highlights the need of affordable en-
ergy as a critical element to achieve the growth
targets of the plan period, with an eye on ra-
tional energy pricing. Energy security has also
emerged as a key theme in the policy docu-
ment. The Eleventh Plan reaffirms the commit-
ment to work towards policies for the energy
sector consistent with the optimal use of vari-
ous energy sources. The Plan also emphasizes
the importance of energy conservation, in-
creasing energy efficiency, and development of
renewable sources of energy.

Figure 4: Per Capita CO,emission ( tons/person )
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Background of

In the developed world context, the concept of
a low-carbon society has the following attrib-
utes:

(1) Actions should be compatible with the
principles of sustainable development,
however not at the cost of the develop-
ment needs of all groups in the society.
Make an equitable contribution towards
global efforts in stabilizing CO, concen-
tration in the atmosphere and other
GHG gases, through deep emission
cuts.

Use low-carbon energy sources and
technologies and demonstrate a high
level of energy efficiency at all levels of
energy usage.

Adopt certain behavioral and consump-
tion styles that are consistent with low
levels of greenhouse gas emissions.

(2)

(3)

(4)

However, the concept of a low-carbon society
has a different meaning for the developing
world. Countries, like India, still have low per
capita emissions, are on an increasing eco-
nomic growth trajectory and have priorities in
meeting the development needs, like educa-
tion, healthcare.

But, the LCS opportunity for developing coun-
tries arrives with a window of opportunity, as it
gives a chance for such countries to avoid
critical lock-ins; particularly in long-lived infra-
structure assets. From the perspective of a
country, like India, the LCS opportunity is a
window to decide about the future flow of en-
ergy through infrastructure and other behav-
ioral and lifestyle related choices and there-
fore the importance of such a study.

In the coming years, India faces the challenges
in economic development which have to be
met with the limited resources available, with
minimal externalities and in presence of large
uncertainties with respect to climate. One of
the growing and accepted approaches to over-

LCS

come this development paradox is through
adoption of a sustainable development (SD)
paradigm (Sathaye et. al., 2006 ). The rela-
tion between climate change and SD was rec-
ogni sed in Del hi
in 2002 (Shukla et. al., 2003 ). In fact, it has
been argued that exclusive climate centric vi-
sion shall prove very expensive and might cre-
ate | arge mitigation

( Shukla, 2006 ) whereas SD pathway results
in lower mitigation cost besides creating oppor-
tunities to realize co-benefits without having to
sacrifice the original objective of enhancing
economic and social development (Shukla,
2006 ). Modelling results have predicted sub-
stantial GDP loss for India to meet the stabili-
sation targets (Figure 5 below). This GDP
loss needs to be compensated through interna-
tional financial transfers (either directly in
terms of assistance, or technological transfer or
through various mechanisms like the CDM ).

GDP Loss for India

450 ppmv (2 deg C)

550 ppmv (3 deg C)
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Figure 5: GDP Loss for India

Therefore, the LCS framework should also look
at opportunities which create various kinds of
co-benefits apart from direct GHG emission
reductions. Such co-benefits, like improved air
quality, provide an opportunity to minimize so-
cial costs of such a transition. The other advan-
tage of such an approach would be in achiev-
ing mul tiple divi
cost. It helps in achieving various developmen-
tal goals of the country and therefore, is in line
with the concept of sustainable development.
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Scenario Drivers

GDP growth for period 2005-2032 is 8% and
this is similar to PI
GDP Scenario (Gol, 2006 ). Population pro-
jections are based on UN Population Medium
Scenario, Version 2004 for India (UNPD,
2006 ). The complete population assumptions
are given in Table 1. The GDP assumptions for
the initial period till 2030 is in line with the Plan-
ning Commissions 8% scenario. Further, dur-
ing the period beyond 2030; GDP and popula-
tion assumptions are based as per Table 1 (in
this study ).

On the other macro-economic factors, the
trends and assumptions are given in Figure 6.
We can see from the trends, that there is a
substantial increase in the % of commercial
sector contribution to the GDP; a gradual in-
crease in the per capita income and therefore,
an increase in the nu

Figure 6: Base Case Scenario Drivers
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the industrial sector would be contributing the

anext bigncgunk@bthendDB and the remsining %

being contributed by agriculture (which de-
clines continuously to reach the level of nearly
4-5% by 2050 ). The modal split assumes an
initial higher penetration of public transport,
and thereafter towards the later years an in-
crease of 4Ws ( with a major contribution
from electric vehicles ).

Table 1: Base Case Scenario Drivers
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Scenario Description

This analysis considers two scenarios. The
scenarios depict two alternative pathways for
achieving the Low Carbon Society (LCS).
The scenario stories span the period till 2050.
The descriptions of scenarios are as under.

Base Case Scenario

This scenario assumes the future economic
development along the conventional path. In
case of developing country, such as India, the
scenario assumes the future socio-economic
development to mimic the resource intensive
development path followed by the present de-
veloped countries. The scenario assumes im-
provements in energy intensity similar to the
dynamics-as-usual case and the targeted
share of commercial renewable energy.

Low Carbon Scenarios
Conventional Path: Carbon Tax (CT) Scenario

This scenario presumes stringent carbon tax
(or permit price) trajectory compared to
milder carbon regime assumed under the base
case. Besides the difference in carbon tax, the
underlying structure of this scenario is identical
to the Base Case. The scenario assumes stabi-
lization target of 450 ppmv CO,e. The carbon
price trajectory for 480 ppmv CO,e concentra-
tion stabilization, interpolated from CCSP SAP
2.1a stabilization scenarios is $10 per ton of
CO, during the Kyoto protocol period and rises
to $200 per ton of CO, in 2050. The scenario
assumes greater improvements in the energy
intensity and higher target for the share of com-
mercial renewable energy compared to the
Base Case scenario.

Sustainable Society (SS) Scenario

This scenario represents a very different world
view of development as compared to the Base
Case. The scenario follows a distinct

sustainability
IPCC SRES B1 global scenario. The scenario
perspective is long-term, aiming to deliver inter-
generational justice by decoupling the eco-
nomic growth from highly resource intensive
and environmentally unsound conventional
path. The scenario rationale rests on aligning
the economic development policies, measures
and actions to gain multiple co-benefits, espe-
cially in developing countries where the institu-
tions of governance, rule of law and markets
are evolving. The scenario assumes the soci-
ety to pro-actively introduce significant behav-
ioural, technological, institutional, governance
and economic measures which promotes the
sustainable development paradigm. In addition,
this scenario also assumes a society which is
responding to a globally agreed long-term CO,
concentration stabilization target. The global
target assumed for this analysis is also 450
ppmv CO,e concentration target or tempera-
ture target within 2° to 3° Celsius.

In comparison with the mild carbon tax as-
sumed in the sustainability scenario, the car-
bon price trajectory corresponding to the stabi-
lization target is likely to be higher. Hence, In-
di a S C u muémissionsy EronC2D05
to 2050) in LCS scenario should be lower
than the sustainability scenario. Instead of car-
bon tax trajectory, the SS scenario assumes a
cumulative carbon budget for the post-Kyoto
period 2013 to 2050.

rat.i

onal



Energy Prices: A variety of prices are observed
in the Indian energy markets especially for coal
and gas. The regulatory regime tries to keep
prices aligned to the cost of production. Using
the regulated prices information available in
public domain, supply curves are created; us-
ing a step wise linear structure The price as-
sumptions for imported fuels are based on
price projections given by IEA.

Carbon Prices : Carbon price trajectory for
base case scenario and carbon tax scenario
are linked to CO.e stabilization targets. The
price trajectories are obtained from outputs
from global Second Generation Model
(SGM) results.

Energy demand: the final sectoral energy de-
mand is calculated, and is represented in Fig-
ure 7 for the various sectors under BAU and
LCS scenarios.
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Figure 7: Final Sectoral Energy Demand

Figure 8: Carbon price in LCS and Base case scenarios
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Energy & Emissions in 2050

The demand for energy increases 5.4 times to
2825 Mtoe in 2050 as compared to 520 Mtoe
in 2005. Therefore, decoupling of GDP and
Energy takes place as a result of changes in
the structure of economy and efficiency im-
provements. The energy intensity decreases at
the rate of 3% for the period 2005-2050.

The energy mix diversifies from being highly
dependent on coal, oil and traditional biomass
to one which has significant share of natural
gas, other renewable, nuclear and commercial
biomass. It is also important to mention that the
emission reduction under CT scenario is pri-
marily on account of decoupling energy and
carbon ( share of renewables is 32% in
2050 ), whereas the energy consumption actu-
ally increases as compared to the base case.

Figure 9: Primary Energy Demand

However in the SS scenario the carbon intensi-
ties are further moderated, by an increase in
the share of renewables ( 44% ), nuclear and
gas at the expense of coal and oil. Besides,
due to many demand side interventions, there
is also a decrease in the energy consumption
as compared to the base case.

The CO, emissions increase from 1292 Million
ton of CO, in 2005 to 7241 Million ton of CO, in
2050, under the base case ( no interven-
tion). Under the low carbon scenarios, CO,
emissions are reduced to 3114 Million ton CO,
in 2050. This results in a cumulative reduction
of 93.5 billion ton CO, over the period 2010-
2050.

Figure 10: GHG Emissions per capita
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Technologies Choices

The CO, mitigation choices differ between two
LCS scenarios. In SS scenario, mitigation
choices are more diverse and include meas-
ures that are designed to influence several de-
velopment indicators simultaneously. SS sce-
nario pays greater attention to public invest-
ment decisions, e.g. in infrastructure which
lead to modal shifts in the transport sector; and
institutional interventions that alter the quality
of development. In case of CT scenario, the
mitigation measures are more direct and have
greater influence on private investments. In
developing countries undergoing rapid transi-
tions, aligning the development and carbon
mitigation measure have significant advan-
tages (Shukla, 2006). In CT scenario where
direct carbon mitigation technologies like CCS
find greater penetration, mitigation in sustain-
able society happens through diverse technol-
ogy stocks. Implementing diversity of measures
in SS would require building higher institutional
capacity and influencing behaviours to reduce
wasteful consumption as well as recycle and
reuse of resources. In brief, in the SS scenario
the mitigation are mainstreamed into develop-

ment pattern causing qualitative shift in the de-
velopment vis-a-vis Base scenario. In case of
CT scenario the mitigation actions take place at
the margin of the economic development fron-
tier.

Altering preferences and choices through poli-
cies

Policies for promoting sustainable development
need to be based on the precautionary princi-
ple as this helps in taking care of environ-
mental unknowns. Therefore emphasis is on
reducing the anthropogenic influences, which
are the root cause of GHG emissions, in all
walks of life. However, the reduction of anthro-
pogenic influences does not come at the ex-
pense of economic and social development
and instead believes in expanding the eco-
nomic and climate frontier (Shukla, 2005).
The policies are shifting frontier by innovations
in technology, institutions, international and
regional cooperation, targeted technology and
investment flows, aligning stakeholder inter-
ests, focusing on inputs (and not only out-
puts ) and long-term perspective to avoid lock-
ins.

Table 2: Contributions to Cumulative Mitigations over Base Case: 2005-50 (Unit: billion-tonnes of CO,-eq )

Mitigation Choices Sustainability Scenario Carbon Tax Scenariio

CCS 13.1 43.4

Nuclear 3.9 16.3

Renewable Energy 27.7 21.2

Device Efficiency 22.0 7.4

Material Substitutions 7.2

Material Recycling 4.9

Reduced Consumption 4.9

Transport (Urban Planning & Modal Shift ) 2.4

Fossil Fuel / Switch 5.2 3.4

Building (Material Design & Lighting ) 9.6

Others 0.4 1.7
Total Mitigation 93.5 93.5




LCS Infrastructure choices

I nfrastructure is the
economic growth, providing a physical frame-
work through which goods and services are
provided to public. Since the energy flows
transmit via infrastructure networks, the poli-
cies governing infrastructure choice are crucial
to future energy and carbon intensity path of an
economy. Also, being long life assets, infra-
structures cause path dependencies by irre-
versibly locking-in a certain style of develop-
ment. Co-incidentally, low carbon intensity in-
frastructures are also low on local pollution and
also better in terms of several other sustainabil-
ity indicators.

In past, the infrastructure choices, such as the
transport modes in developed nations, were
made when the local air quality as well as cli-
mate change had not emerged as environ-
mental concerns. Now, it is crucial for emerging
economies countries like India and China, to
account for their relative environmental costs
and benefits, while making major infrastructure
investments. Government of India, in its re-
cently announced National action plan on cli-
mate change, has also acknowledged the chal-
lenge to sustain rapid economic growth while
simultaneously dealing with the issue of climate
change. The action plan talks about altering the
development pathway, so as to achieve the co
benefits for addressing climate change issue
along with development concerns.

Already, the high growth trajectory is mounting
pressure on constrained infrastructure capac-
ity, thus necessitating a capacity augmentation
in almost all infrastructure sectors. Government
of India, in the Economic Survey (2008 ) pro-
jects an expected total investment in physical
infrastructure  (electricity, railways, roads,
ports, airports, irrigation, urban and rural infra-
structure ) to increase from around 5 % of
GDP in 2006-07 to 9 % of GDP by the end of
11th Plan period, if the targeted rate of growth

ob %A% torbtlee rEleventhfFive a&¥eamPdah pedod
(2007-12) is to be achieved. Since sectors
like energy and transport are a major contribu-
tor to emissions, and at the same time major
drivers of economic growth, it is important to
appreciate the relationship between energy,
infrastructure  development and climate
change .

fJanmar® - The BRTS Corridor at Ahmedabad (India)

Currently, many initiatives are being under-
taken for developing low carbon infrastructures,
both at the city level and at national level. Bus
Rapid Transit System (BRTS ), Mass Rapid
Transit System (Metro) and other such ur-
ban infrastructures are being developed in
many cities, to alter the transport profile. There
is also an increased impetus to alter the energy
profile, which is an input to many such infra-
structure. City gas distribution network is being
developed in many states, so as to shift the
use of petroleum oil in transport. Similarly,
many state and national level policy initiatives
support the development of renewable energy
infrastructure, like solar, wind and commercial
biomass. However, many such initiates need
substantial financial investments and technol-
ogy transfer from developed nations. Thus,
there is an increased need for global coopera-
tion in terms of sharing advanced low carbon
technologies, and financial transfer for support-
ing these transitions in the non annex coun-
tries.
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Water-Energy-Climate Change

The water energy climate change linkage
has evoked significant interest among re-
searchers worldwide at present. The highly
visible impacts on water resources and the as-
sociated changes in the energy mix have be-
come important areas of research, particularly
on a century scale. IPCC has also recognized
the climate related impacts on water resources,
and has released findings in its 4th assessment
report, showing that climate change would sig-
nificantly alter the water resources profile of
nations. This would lead to serious negative
implications for the energy sector as well.

Thus from the LCS perspective, it becomes
imperative to study the water-energy-climate
change nexus in an integrated framework, em-
bedded within the principles of sustainable de-
velopment. This would require a serious study
on the necessary policies, institution and gov-
ernance to manage the inter-relationships.

The focal point of the inter-relationship is the
role of river bodies in India. The rivers in India
are either rain-fed or glacier-fed, both being
affected by climate change. Research studies
in India have found an increase in run-off in the
glacier-fed rivers till 2050 with subsequent de-
cline. Even the rain-fed rivers are going to be
impacted due to increased spatio-temporal
variability in the monsoon rainfall (more so
without adequate storage facilities). Such
changes in water availability would have seri-
ous ramifications for various sectors, particu-
larly agriculture, and would indirectly affect the
energy consumption profile in India. It would
also affect the amount of hydro-power genera-
tion in the country (a carbon neutral energy
source ).

However from the perspective of this LCS
study, such transformations in the water sector
would result i n
Il i fe and

sustainabi | imeny

spective of providing adequate clean drinking
water to its citizens, decrease in the availability
of surface water would seriously hamper the
lives of millions of vulnerable Indians. Notwith-
standing the impact due to floods, without ade-
guate protection systems.

Thus the water sector is an important sector to
be looked at from the mitigation (hydro
power ) and adaptation (floods, droughts)
perspective .

Water has five different uses: agriculture, drink-
ing, energy, industrial and environmental flows.
All these uses have an inter-related energy
component and therefore, the importance of
the water sector from an LCS perspective.
There could be many negative impacts, from
the emissions perspective. Some of the related
impacts are changes in the availability of water
for power generation  hydro and cooling ap-
plications, use of energy in agriculture, use of
pumps for maintaining and sustaining higher
demands of residential water needs (the in-
creased energy usage in treatment, supply and
re-use of water for residential needs). All
these examples suggest a changing profile of
energy consumption and considering that the
energy needs in India are mostly supplied from
fossil sources, it becomes imperative to ad-
dress this concern.

Some of the government programmes are al-
ready addressing, particularly the adaptation
side related issues of the water-energy-climate
change connection. Such as the programmes
like National Rural Employment Guarantee
Scheme, watershed management programme,
growth of bioenergy crops. Assessing the link-
ages of SD policies and programmes with wa-
ter-energy sector would help in quantifying indi-

S er i o0 ucatorsaso sete assess andevelogmer bligrt- y
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Analysis of CT

Carbon tax scenario has a steep carbon tax
trajectory, which increases to US $ 200 per ton
of CO,. To estimate the inefficiencies and the
resultant GDP loss, AIM CGE model has been
used. The tax revenues from the carbon tax get
invested back in the economy.

The GDP loss though not very significant was
used to recalculate the end use demands for
the carbon tax scenario. The cumulative CO,
mitigation for the period 2005-2050 came to
93.5 billion ton of CO, and the mitigation hap-
pened mainly in the electricity sector (Figure
14) due to fuel switching initially. Post 2030,
when the carbon prices exceed US $ 70 per
ton of CO,, CCS along with Coal fired electric-
ity generation, CCS in steel and cement mak-
ing also turned up as an option. The remaining
mitigation happens due to higher adoption of
renewable especially biomass, improvements
in device efficiencies. The CT scenario is cor-
responding to 450 ppmv CO.e stabilization.

In case of India there is a decoupling of CO,
emissions post 2030. The decoupling however

Figure 14 : Mitigation Options in Carbon Tax Scenario

Scenario

takes 25 years as there is an existing stock of
energy infrastructures and a lot of investments
in energy infrastructures for future have already
been committed. This indicates that introduc-
tion of a tax and its impacts will have sufficient
lags due to lock-ins.

Figure 13: View of Mumbai Skyline



