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This paper presents emission scenarios for India, con-
structed following the IPCC SRES framework. Analy-
sis spans 21st century and is centered on energy sector
CO, emission. Scenario stories presume no explicit
climate intervention; however differences in endoge-
nous profiles of key drivers like technologies have pro-
found indirect impact on GHG emissions. Across
scenarios, aggregate emission trajectories vary signifi-
cantly, thus proving that endogenous development
choices are key determinants of emission paths. The
paper therefore argues that development policies and
actions, which alter profiles of key drivers of deve-
lopment should be essential elements of climate miti-
gation strategies.

Scenario results show that India’s per capita emission
during the century would rank amongst the lowest. Sta-
bilization at a 550 ppmv CO; concentration would induce
significant changes in energy and technology mix and
economic losses in India. Stabilization burden would
be lower in scenarios where underlying development
paths are sustainable. The near-term energy choices,
given their path dependence, could deliver sustained
development and climate benefits. Aligning develop-
ment and climate actions, therefore, is advisable and
feasible. The regime instruments, the paper concludes,
should aim to first support endogenous climate-friendly
actions and then to induce climate centric actions in
addition.
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Emission scenarios are eminent constructs to analyse al-
ternate futures and useful tools for communications among
scientists and with policymakers. Scenarios assessments
are not predictive, but provide the projections of alternate
futures constructed to represent interactions among key-
driving forces underlying socio-economic development.
Across scenarios, aggregate emission trajectories vary
significantly, thus proving that endogenous development
choices are key determinants of emission paths. Global
scenario studies' have shown that the stabilization of
greenhouse gases (GHG) concentration, even in case of
low emissions scenarios, would require substantial miti-
gation from the endogenous emissions baselines. These
studies also show that mitigation from high emissions path-
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ways would be very costly. The endogenous emissions
pathways matter, as the determinant of the mitigation bur-
den. The near-term development choices that create long-
term lock-ins, such as the type of energy infrastructure to
invest in, could have vital bearing on the future emissions
trajectory. Development policies and actions, which alter
profiles of key drivers of development, therefore, are the
essential elements of climate mitigation strategies.

In 2004, India’s annual per capita carbon dioxide emis-
sion of 0.3 tonne carbon (1.1 tonne of CO, equivalent)
ranked among the lowest in the world, below a third of
the global and tenth of the OECD averages. Often, ques-
tions are posed about the country’s future emissions
trends and apprehensions are expressed that India with its
immense population, rising economic growth and vast
coal resources would emit alarming amounts of GHG.
This paper addresses these questions using the scenario
framework similar to the IPCC Special Report on Emis-
sions Scenarios’. The paper then examines India’s emis-
sions scenarios vis-a-vis the global GHG stabilization
regime and delineates the extent of mitigation that India can
supply under different scenarios in a cost-effective global
regime aiming at 550 ppmv CO, concentration stabiliza-
tion target and discusses stabilization-induced techno-
logical change. The analysis spans 21st century and is
centered on the energy sector CO; emissions for which
medium (30 years) and long-term (100 years) scenarios
are presented. For non-CQO, gases, the medium-term sce-
narios are presented. The emissions from land-use, land-
use change and forests are excluded from the present
analysis.

Indian emissions scenarios — Paradigm, storylines
and drivers

Emissions scenario paradigm

The scenario paradigm views ‘future’ as multiple worlds;
each can unfold depending on how their driving forces
get shaped by accidental and/or planned actions. Scenarios
are neither predictions nor forecasts. They are projections
of alternate futures representing different interactions be-
tween key-driving forces. Scenarios are useful tools for
scientific assessments, for learning about complex systems
behaviour and for policy making. They provide baselines
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for comparative assessment of policies that could alter the
course of future, desirably. Scenario making is the craft
of delineating internally consistent and reproducible set
of assumptions about the key relationships and driving
forces of change, which are derived from an understand-
ing of both history and current situation.

The advantage of scenario paradigm vis-d-vis predic-
tion is its practicality to accommodate inherent uncertain-
ties shaping the drivers, diversity of perspectives amongst
stakeholders and possibility to identify ranges of critical
parameters so as to discern robust responses. The ‘devel-
opment’ scenarios are shaped by the unfolding of key
drivers of socio-economic development, like the popula-
tion profile, institutional character and resource endow-
ments. The emissions scenarios are consequential to the
development scenarios, each generating own emissions
profile. Thus, there are multiple emissions profiles to be
viewed for addressing the questions such as those posed
in the previous section.

Scenario storylines

The most prominent emissions scenario exercise reported
in the literature is the IPCC SRES (Special Report on
Emissions Scenarios). IPCC scenarios are conceptualized
at global level and span hundred years. These scenarios
posit the future global dynamics in a 2 X 2 matrix that
classify the relative orientation of scenarios toward eco-
nomic or environmental concerns on one dimension and
global or regional development patterns on second dimen-
sion. Storylines provide consistent narration of complex
interplay among driving forces, within and across alternative
scenarios. Storylines, for instance, vary in description of
how demographic structure changes with socio-economic
conditions, how technological developments and market
integration with global economy would drive economic
growth, how decentralized economic development could
evolve, and how policies for protecting local and regional
environments would be implemented. Such dynamics
cannot be expressed in strict quantitative terms. However,
for quantitative assessments the modellers interpret the
storyline, quantify the key drivers and assign numerical
values to model parameters.

Indian emissions scenarios are constructed using the
IPCC SRES methodology’. Four scenario families are
classified by 2 X 2 matrix; one dimension of which is
governance (A: centralization or B: decentralization) and
second dimension is market integration (i.e. integration
with global markets; 1: high and 2: fragmented). Four In-
dian (referred with prefix I) scenarios are named IA1,
IA2, IB1 and IB2 to follow IPCC scenarios (Figure 1).
The dimensions for Indian scenarios are different, though
if ‘centralization’ is interpreted as top-down governance
and ‘decentralization’ as in the classic ‘sustainable devel-
opment” approach, the dimensions are similar to IPCC.
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Scenario drivers and quantification

The key driving forces of Indian scenarios are similar to
IPCC scenarios, namely the economic growth, demo-
graphic profile, technological change, energy resource
endowments, geographic integration of markets, institu-
tions and policies. The quantification of drivers follows
two stages. The range of projections of a driver, for in-
stance population, is available from known data sources.
The qualitative storyline description is then used to select
a specific driver trajectory from the available range. As
for modelling inputs, the numerical values of key drivers
are used to quantify the model parameters. The quantifi-
cation is a judgmental process. Different modelling exer-
cises arrive at varied quantification of the same scenario
story. Therefore their emissions projections for the same
scenario differ even when they use same or similar mod-
els. Notwithstanding such variability, the usefulness of
scenario modelling derives from consistency of trends
and ranges of quantified results for same scenario, which
are generally secular across modelling studies. Hence, the
conclusions from the comparative results among and
across scenarios are reliable and robust.

The quantification process uses results of such studies
as benchmarks. In case of India, the medium-term (up to
2030) projections are often available from agency or
Government Reports, e.g. United Nations World Popula-
tion Statistics*, India Vision 2020°. The drivers like GDP
growth rates (Figure 2) and population (Figure 3) are
quantifies using data from such official exercises. In this
paper, we report the four medium-term emissions scenar-
ios for India for CO,, methane and N,O, and the long-
term emission scenarios for CO,. The mitigation analysis
assumes 550 ppmv CO, concentration as long-term stabi-
lization benchmark. The stabilization analysis is done
only for IA2 scenario®.

Market integration

Integrated Fragmented

IA1 IA2

Globalization

High Growth Mixed Economy

IB1 IB2

Sustainable Development Self Reliance

Figure 1. Classification of India’s emissions scenario families.
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India’s emissions scenarios

The emissions scenario assessment is based on results of
various studies carried out using an integrated modelling
framework comprising of three types of models: (i) national
level top-down macro-economic models exclusive or em-
bedded within global models, (ii) national level bottom-
up energy system models, and (iii) local level bottom-up
models”®. The models are soft-linked through exchange
of various parameters. For instance, the projections of
GDP and energy prices for different scenarios are en-
dogenous outputs of top-down models. These are used as
exogenous inputs into the scenario assessments by bot-
tom-up models. The bottom-up models, on their part,
provide future energy balances that are used for tuning
inputs of the top-down models. The bottom-up models
also provide detailed technology and sector level emis-
sion projections that are used as inputs to the GIS-based
energy and emissions mapping at local and national lev-
els. The medium-term results reported in this paper use
for analysis the top-down computable general equilibrium
model, the Second Generation Model (SGM)9’10, and a
combination of bottom-up model applications'"'*® using
MARKAL" " and Asia-Pacific Integrated Model
(AIM)'*"®® " The long-term analysis uses results from
Edmonds—Reilly-Barns (ERB) model", a global top-down
energy sector partial equilibrium model, wherein India is
considered a separate region for the long-term analysis
within the global framework and ANSWER-MARKAL
model’ set-up for India.

CO, emissions scenarios

Medium-term carbon emissions (Figure 4) show secular
increase in emissions in all scenarios. The range of emis-
sions varies significantly across scenarios in 2030; the
IB1 scenario that follows classic sustainable development
pattern with medium economic growth displays emission
trajectory that is significantly below the high growth sce-
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Figure 2. GDP projections for India under alternate scenarios.
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nario IAI having higher growth and advanced technolo-
gies. Carbon emission in TA1 scenario in the year 2030 is
nearly 30% higher than IB1 scenario, though the carbon
intensity (i.e. emissions per unit of GDP) of both scenar-
ios is nearly the same. The other scenarios IA2 and IB2
which assume medium and low economic growth rates
respectively display high emissions intensities. In 2030,
in comparison with IB1 scenario, the emissions intensity
of IB2 scenario is twice and IA2 scenario nearly 60%
higher. The quality of development thus matters — not only
in determining the future emissions pathways but also the
emissions intensities. Development along a sustainable
pattern (e.g. IB1 scenario) is inherently more climate-
friendly. The integrated market reforms scenario (e.g.
IA1), which enhances the fuel and technology choices,
has better emissions intensity than scenarios assuming
fragmented market. Thus, lower emissions intensities are
feasible through alternate development approaches, though
the development patterns do matter to the absolute emis-
sions. The TA1 scenario displays the classic development
and climate conflict, akin to the historical development
pathways followed by present industrialized nations
where economic growth is accompanied by declining
emissions intensity and rising absolute emissions.

In all Indian scenarios, domestic coal has high share in
primary energy demand. Although India’s CO, emissions
rise in all scenarios, the per capita emissions in 2030 for
all Indian scenarios remain much below the global aver-
age reported for comparable IPCC SRES non-climate in-
tervention scenarios.

Methane and nitrous oxide emissions scenarios

In the year 2000, methane (CHy,) (18.63 Tg) and nitrous
oxide (N,O) (0.31 Tg) emissions contributed 27% and
7% respectively to the CO, equivalent GHG emissions
from India'"*’. The key driving forces of CH, and N,O
emissions are economic growth, population (livestock
and human), urbanization patterns, land reforms, techno-
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Figure 3. Population projections for India.
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logical progress and global climate change regimes. The
assessment of future emissions of methane and nitrous
oxide for each scenario uses sector mix projected by top-
down modelling exercise with SGM, together with de-
tailed results of bottom-up energy modelling exercises.

Methane emissions (Figure 5) show rising trend in all
scenarios, though the growth rate is lower compared to
CO; emissions. The trend across scenarios is comparable
to CO,, with lowest emissions in 2030 in IB1 and highest
in IA1 scenarios. In case of IB1 scenario, the emissions
remain stable following the sustainable practices in
paddy, livestock and municipal solid waste management.
The rise in methane emissions in other scenarios is
mainly from enhanced coal mining and ill-managed land-
fills in the rapidly growing urban centres.

Nitrous oxide emissions (Figure 6) grow at rates faster
than methane emissions. Their comparative trend across
scenarios is similar to those of CO, emissions. Main source
that enhances N,O emissions is the rising use of nitroge-
nous fertilizer by modernizing agriculture. Two other sec-
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Figure 4. Carbon dioxide emissions scenarios for India.
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Figure 5. Methane emissions scenarios for India.
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tors where N,O emissions increase rapidly are: (i) the
manufacture of nitric acid as feedstock for other indus-
trial products and (ii) the emissions from fuel combus-
tion.

The emissions of three greenhouse gases increase in all
four scenarios, though at different growth rates. There are
no endogenous greenhouse emissions mitigation interven-
tions presumed in any of these scenarios. The develop-
ment choices embedded in each scenario lead to different
greenhouse gas emissions trajectories. For instance, in
IB1 scenario, the methane emissions are lower due to
practices like waste recycling in urban areas and micro-
irrigation in agriculture. In the same scenario, N,O emis-
sions are lower by sustainable agriculture practices due to
lower and efficient use of nitrogenous fertilizers. Despite
higher economic growth in IA1 scenario compared to A2
scenario, the CO, emissions intensity is lower in IA1 sce-
nario due to enhanced supply of clean fuels and technologies
and efficient energy use due to enhanced competition.
However, methane and N,O emissions in IAl scenarios
are higher due to water and chemical inputs intensive ag-
riculture. Thus, the conditions and choices, on demand
and supply-side, that are endogenous to a scenario, are
the key determinant of emissions pathways.

CO; equivalent emissions for reference (IA2) scenario

The growth rate of emission of each gas differs across
scenarios; however the trend is comparable across gases.
The CO, equivalent emissions are presented here for one
benchmark scenario, namely IA2 scenario. For this sce-
nario, the CO, equivalent GHG emissions grow nearly
2.6 times during the period from 2000 to 2030 (Table 1).
Chief contributors of growth are CO, and N,O as dis-
cussed earlier. The differing growth rates of each gas
leads to altered shares of each in the global warming po-
tential. The share of CO, which was 66% in 2000 would
increase to 73% in 2030. The share of methane which
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Figure 6. Nitrous oxide emissions scenarios for India.
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was 27% in 2000 would be reduced to 15% in 2030. And,
the share of N,O will remain stagnant at about 7%.

Emissions intensity in scenarios

In rapidly growing developing economies, like India, the
increasing trend of emissions across scenarios is normal.
What is vital here is not the growth of emissions, but the
change in emissions intensities, i.e. the emissions per unit
of GDP. In all Indian scenarios, the CO, equivalent emis-
sions intensity show sustained improvement over a period
of three decades. In fact, the reduction in intensity in Al
and B1 scenarios is exceptionally high, more than 3% an-
nual improvement, a rate rarely observed for a sustained
period during the development phase of the current indus-
trialized nations. The 2.2% annual improvement in inten-
sity in case of IA2 scenario is also better than the
historical long-term rates. Only in IB2 scenario, the rate
of intensity improvement is low due to slow technologi-
cal progress presumed in the storyline. However, this
scenario has the lowest economic growth rate and there-
fore overall emissions growth is moderate. In general, it
is comforting that although the economic growth across
scenarios exhibit a wide range (4.5-7.5%), the growth
rates of CO, equivalent emissions (2.6-3.9%) are con-
fined to a lower band and narrower range. This notwith-
standing, the secularly rising trend of emissions in the
medium-term calls for extending the scenario analysis to
a longer period, like 100 years, during which the global
climate change regime would aim to achieve the
stabilization of greenhouse gas concentration to meet the
ultimate objective of the United Nations Framework
Convention on Climate Change®.

Long-term CO, emissions scenarios for India

The high growth rate of CO, emission is driven by fossil
fuel demand, especially coal including the increased sup-
ply of domestic coal. In the long-run, spanning 21st cen-
tury, the share of methane emissions in India’s global
warming potential declines in all scenarios®' since the ac-
tivities producing methane grow at much slower pace
compared to fossil energy consuming activities. Thus, in
the long-run, it is the CO, emissions from energy use that

Table 1. Emissions trend for IA2 scenario
Emissions
(Tg or million tonne) 2000 2010 2020 2030
CO, 956 1507 2080 2572
CH, 18.63 20.08 21.73 24.36
N,O 0.308 0.505 0.689 0.807
CO; equivalent GHG" 1454 2115 2839 3507

’Global warming potentials used for conversion to CO; equivalent
GHG emissions are: CO; (1), CH4 (21) and N,O (310).
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would overwhelm the CO, equivalent emissions scenarios
for India. The analysis, next, is therefore focused on the
long-term CO, emissions scenarios for India spanning
100 years. Following the IPCC SRES, one more scenario
IA1T is added in the long-term analysis. The TA1T sce-
nario is a variant of the IA1l scenario, with stronger as-
sumptions about the supply of advanced technologies.
The Indian long-term scenarios, like the IPCC scenarios,
do not presume any explicit measures to address climate
change.

CO, emissions scenarios

The long-term CO, emissions scenarios for India (Figure
7) show sustained rising emissions trend throughout the
century in all scenarios. The scenario storylines presume
significant endogenous technological change in all sce-
narios, including improvements in current technologies
and introduction of new and clean energy technologies
and resources. The scenario results for 2100 show a large
range of emissions across scenarios (Figure 7). The con-
clusions evident from Figure 7 are: a) long-term emis-
sions pathways vary significantly across scenarios, thus
reinforcing the conclusion that the endogenous develop-
ment choices matter significantly in shaping emissions
pathway for each scenario, b) all scenarios display rising
emissions trends reaching to the year 2100, thus raising
alarm vis-a-vis the ultimate objective of the UNFCCC to
stabilize concentration of greenhouse gases, c¢) advanced
technologies, especially the alternate energy technolo-
gies, can reshape the emissions profiles as is evident from
IA1T emissions scenario, d) the advanced energy tech-
nologies shall not be adequate to stabilize emissions in
absence of policies to address climate change, and e) the
sustainable development choices, as in IB1 scenario,
would deliver low emissions profiles even in absence of
explicit climate policies.

Global scenario assessments have shown that stabiliza-
tion of GHG concentrations would require explicit mitiga-
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Figure 7. Long-term (100 years) CO, emissions scenarios for India.
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tion interventions. However, for scenarios where endogenous

development choices are climate-friendly, the mitigation
. 1

costs are substantially lower".

Indian scenarios and the global stabilization regime

This analysis presumes, as a benchmark, the stabilization at
550 ppmv CO, concentration. To caution, the 550 ppmv CO,
concentration stabilization target is chosen just as one
benchmark, for the analysis, from a range of concentra-
tion benchmarks that may be chosen. It is neither pre-
ferred nor advocated as the ideal stabilization level.
Figure 8 shows Indian CO, emissions scenarios, together
with an optimal emissions trajectory for India, if a 550
ppmv CO, concentration stabilization regime is opted
globally with tradable emissions rights. The stabilization
analysis uses results from global modelling studies™**
and introduces these signals into Indian emissions sce-
nario modelling exercise. As can be seen from Figure 8,
the emission trajectories of all Indian scenarios are higher
than the trajectory required for the cost-effective 550
ppmv CO, concentration stabilization”’. Whereas the low
emission scenarios like IB1 and IA1T would require
moderate mitigation efforts and costs, the alarming fact is
that the mitigation needs for the rest of the scenarios
could be very high and would cause high economic dam-
ages.

The fact that IB1 scenario already includes significant
sustainable development measures and IA1T scenario in-
cludes advanced energy technologies is not comforting
since further mitigation in these scenarios could be ex-
pensive. Given the stringent mitigation needs of stabiliza-
tion, India would face continued pressure for mitigation
commitments. Whereas in a cost-effective mitigation re-
gime for stabilizing the concentration at level equivalent
to or stringent than 550 ppmv CO, concentration, India
would have to mitigate; how much the mitigation burden
on India shall be is an independent issue and will be decided
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Figure 8. Endogenous and 550 ppmv CO, emissions stabilization
scenarios for India.
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by allocation of emissions rights or financial incentives
within the climate regime. The understanding of mitiga-
tion burden on India is therefore of interest, regardless of
the nature of burden sharing regime. Next, the high emis-
sion IA, case is analysed to examine the evolution of
emission indicators like per capita emissions implications
of stabilization on the Indian energy system and the ex-
tent of technological change induced by the participation
in the stabilization regime.

Per capita emissions and income in IA2 scenario
and implications

The CO, emissions in IA2 scenario increase during the
century by about six times, from nearly a billion tonne in
2000 to over 6 billion tonne in 2100. In this scenario,
most emissions are from coal used in the power and in-
dustry sectors and continued use of fossil fuels through-
out the economy. The global stabilization at 550 ppmv
CO, concentration would require the India’s emissions
trajectory to end in 2100 at 5.8 billion tonne emission
level (Figure 8). Even in a high emission scenario like
IA2, the per capita emissions of CO, from India shall be
very low (Figure 9). The per capita emission CO, emis-
sion increases from a very low 1 tonne in 2000 to 3.6
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Figure 9. Per capita CO; emissions in IA2 scenario (tonne of CO,/
person/year).

Table 2. Annual growth rate of GDP, CO, equivalent and improve-
ment of emissions intensity (from 2000 to 2030)

CO, Improvement
Scenario GDP equivalent of emissions intensity®
1A1 7.5% 3.9% 3.6%
1A2 5.5% 3.3% 2.2%
IB1 6.5% 2.6% 3.9%
1B2 4.5% 3.1% 1.4%

“Intensity refers to CO, emissions per unit of GDP.

389



SPECIAL SECTION: CLIMATE CHANGE AND INDIA

tonne in 2100, which is what the global per capita aver-
age emission was in the year 2000. Thus, even in the high
emission scenario, India’s per capita CO, emission during
next 100 years would never exceed the current global per
capita emissions and would remain below the per capita
emissions of industrialized nations under the equivalent
IPCC scenario.

Stabilization-induced technological changes in IA2
scenario

Participation by a country in global CO, concentration
stabilization regime would cause economy-wide struc-
tural changes, mainly in the energy systems. In case of
IA2 scenario, the mitigation responses in India induced
by the 550 ppmv CO, global stabilization regime are
shown in Figure 10. The top line in Figure 10 is the base-
line CO, emission trajectory of IA2 scenario. The top-
line of the lowest dark area is the optimal stabilization
trajectory for India in IA2 scenario. It is constructed by
using marginal mitigation cost for each period that is
identical to the global permit prices imported from the
modelling run of MiniCAM model**® set-up to achieve
the 550 ppmv stabilization vis-g-vis the global SRES A2
scenario. The shaded areas show the mitigation contribu-
tion contributed by different technologies due to their ad-
ditional penetration beyond the baseline IA2 scenario, in
order to reach the stabilization baseline.

Evidently, the global stabilization regime would induce
significant technological changes in India, especially in
the energy sector. Coal, which is otherwise the main fuel,
will have to be replaced substantially and throughout the
century in the stabilization scenario by gas, nuclear and
renewable energy. The demand for energy will reduce
due to enhanced penetration of energy efficiency tech-
nologies. These low or no carbon intensive technologies
are among the endogenous technology stock in TA2 sce-
nario, though their shares would be lower in IA2 scenario
compared to those under stabilization. The technologies
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Figure 10. Stabilization (550 ppmv CO,;) induced technological

change — [A2 scenario.
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like carbon capture and storage would never penetrate in
the non-climate intervention scenarios since their outputs
are singularly aimed to reduce externalities from green-
house gas emissions. Such technologies, including those
that remove carbon from energy use or others like soil
carbon fixation or biomass sequestration, would penetrate
in stabilization scenario. These technological changes,
induced by exogenous stabilization signals, would cause
economic losses vis-a-vis the endogenous economy. The
global agreements would need such information and also
insights from global, regional and national scenario as-
sessments, for addressing the complex equity and efficie-
ncy concerns.

Equity, efficiency and the stabilization

The scenario analysis for India shows that for several dis-
tant decades the per capita greenhouse emissions and in-
come in India would be low enough not to invite any
additional mitigation burden on the equity grounds of ‘re-
sponsibility’ or ‘capacity to pay’>’>*. ‘Common but dif-
Serentiated responsibilities’ and leadership of developed
countries (Article 3.1, UNFCCC) apart, the scenario re-
sults convey that the global climate agreements would
have no fair grounds to impose mitigation burden on India
for next several decades. But at the same time, the princi-
ples of cost-effectiveness to ensure global benefits (Article
3.2, UNFCCC), utility maximization® and wide participa-
tion™ exhort India’s participation.

The analysis of India’s emissions scenarios suggest
that this classic conflict between ‘equity and efficiency’
will persist into the distant future. The Kyoto Protocol®
recognizes this, albeit weakly. The Clean Development
Mechanism (CDM) (Article 12, Kyoto Protocol) facili-
tates voluntary participation of developing countries in
the mitigation, with no commitment to mitigation but also
no allocation of emissions rights. A cost-effective stabili-
zation regime would require universal participation and
would benefit from low cost supply of mitigation from
India, and in general from all developing countries, much
beyond what could be induced by CDM operating as an
instrument at the margin of the endogenous baseline. The
scenario studies have shown that global mitigation needs
to achieve stabilization shall be stringent and these would
require pervasive, and not marginal changes, that could
alter the structure of economic activities in general and
energy system in particular. Thus, the mitigation (and
also adaptation) burden could be minimized by main-
streaming climate goals within the endogenous develop-
ment choices rather than devising actions that operate
marginally over a climate-unfriendly baseline. The reso-
lution of the equity and efficiency conflict in climate
regime could best lie, not in the climate centric pro-
grammes, but in the international mechanisms that could
align global sustainable development and climate goals.

CURRENT SCIENCE, VOL. 90, NO. 3, 10 FEBRUARY 2006



SPECIAL SECTION: CLIMATE CHANGE AND INDIA

Mainstreaming climate interests in development
choices

Post-facto mitigation actions, induced at the margin of
the emission baselines, are inadequate or too expensive to
meet the mitigation needs of stabilization. The question
then to be addressed in future climate agreements is:
‘how climate change is mainstreamed into development
choices to create pathways having lower emissions and
higher mitigative and adaptive capacities?’. A study’®
argues the case for mainstreaming by an inclusive strat-
egy that promotes the climate cause through innumerable
economic development actions that happen daily and every-
where, rather than following the current climate strategy
that marginalizes the climate cause by pursuing exclusive
climate-centric actions.

Climate-friendly development actions in India

In India, various programmes such as those supporting
renewable and energy efficiency technologies, led to
nearly 111 million tonnes of emissions mitigation in the
decade of 1990s*’. India’s Initial National Communica-
tion (India’s INC) to the UNFCCC? enumerates numer-
ous initiatives undertaken for sustainable development
reasons and which have accrued climate benefits in addi-
tion. The notable programmes among these are: popula-
tion control measures, investments in enhancing road
quality, metro railway in large cities, conversion of fleet
of public vehicles to CNG in Delhi, support to energy
conservation and efficiency programmes, advanced coal
technology, incentives for renewable energy technolo-
gies, investment in water conservation practices, resource
recycling and afforestation and land restoration. India’s
INC also notes the climate-friendly contribution of legal,
institutional and financial reforms like the enactment of
Energy Conservation Act, 2001 and Electricity Act 2003;
establishment of regulatory authorities; and rationaliza-
tion of tariff and reduction of subsidies to fossil energy
and electricity.

Sustainable development, stabilization and energy
choices

Among the most important development choices with
relevance to climate change are those made in the energy
sector. Increased access to safe energy and energy ser-
vices can have several consequences for climate change,
dependent on the pathway. Specifically in the field of en-
ergy, the policies for promoting energy efficiency and re-
newable energy are common to sustainable development
and stabilization agendas. Despite the needs for expand-
ing their energy consumption for sustained economic
growth, most developing nations have instituted policies
to ensure cleaner and more sustainable energy future.
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These policy choices have a significant impact on energy
trends, social progress and environmental quality in de-
veloping countries™. Energy security is a precondition for
sustainable economic growth. In India, so as in China and
South Africa, coal is a major domestic energy resource.
Instability in global energy market like energy supply
disruptions or high prices of oil could make the energy
system of these countries more coal, and hence carbon,
intensive. Energy security in developing countries can be
enhanced on the demand-side by improving energy effi-
ciency and on the supply-side by enlarging the portfolio
of domestic energy resources as well as access to regional
energy resources. The proposed bio-fuel programme in
India® is an excellent example where multiple dividends can
accrue in terms of energy security, sustainable local develop-
ment and climate benefits of mitigation and adaptation.

In early phases of development, countries make in-
vestments in back-bone assets, i.e. the infrastructure on
which additional investments are made for manufacturing
and delivering goods and services. Infrastructure choices
create lock-ins**? for how human, technological and
physical capital is deployed. The lock-ins creates path
dependence, which is not apparent in the near-term. In
longer term the bifurcation is more evident, however it is
then too late and expensive to shift from the path®. For
instance, the transportation infrastructure in industrialized
countries developed without explicit attention to energy
security or climate change concerns. The past infrastruc-
ture decisions have created lock-ins into energy and
emissions intensive pathway. Climate-friendly infrastruc-
ture choices are feasible in developing countries that are
presently creating the back-bones. A couple of decades of
delay, in rapidly growing economies like China and In-
dia, to align the infrastructure choices towards low en-
ergy intensity and climate-friendly pathway could create
adverse lock-ins.

Besides infrastructure choices, there are numerous other
development policies and actions that could profoundly
influence future energy use and associated emissions. The
urban development is one key area. Differentiated struc-
tures of settlements generate widely differentiated emissions
through transportation. Nivola* shows how divergent
policies in Europe and the United States since 1945 have
shaped widely different structures for cities, and in turn
widely different demands for transport services, energy
consumption®” and CO, emissions. Financial policies,
like differentiated taxes on gasoline, which are imple-
mented for budgetary reasons and not for environment or
climate change reasons have led, over the course of half a
century, to higher energy efficiency of cars in Europe
than in the United States, and therefore to lower emis-
sions per passenger-km travelled. The 21st century will
witness major urbanization in India. Urban development
choices would offer opportunities, those if wisely har-
nessed would deliver profound sustainable development
and stabilization benefits.
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Aligning mitigation and adaptation actions

Global climate policies have traditionally focused on
mitigation question. There is a growing recognition of
significant role of developing countries in mitigation and
adaptation policies*®. Climate mitigation and adaptation
policies are not addressed jointly due to common miscon-
ception that they belong to entirely different domains.
Development though is common determinant of mitiga-
tive and adaptive capacities*’. National communications
from several countries**”® have acknowledged the co-
benefits of linked mitigation and adaptation actions. Re-
cent studies have highlighted co-benefits from invest-
ments in human development, technology cooperation
and transfer and local initiatives and have proposed pol-
icy frameworks for harmonizing climate change mitiga-
tion and adaptation responses’® ™. Some areas where
sustained co-benefits from integrating mitigation and ad-
aptation actions can accrue are: (i) biomass, land-use and
unmanaged ecosystems, (ii) water management, iii) agri-
culture, (iv) energy for space heating and cooling, and (v)
design of long-life assets, like infrastructures.

Biomass and land use policies have high synergies and
substantial co-benefits for climate change mitigation and
adaptation. For instance, the National Alcohol Program
(PRO-ALCOOL) in Brazil* launched in 1975 promoted
ethanol production to substitute gasoline and support do-
mestic sugar industry. Over three decades, it delivered direct
mitigation benefits and indirect benefits like local em-
ployment, energy security and conservation of foreign
exchange. Biomass plantations in surplus and waste lands
deliver several spillover benefits like income for forest-
dependent communities, employment to surplus agricul-
ture labour™ and land conservation, besides enhancing
adaptive capacity of local communities. In the forestry
sector, opportunities for linking mitigation and adaptation
exists in afforestation and reforestation projects like
commercial bio-energy, agro-forestry, forest protection
and forest conservation through sustainable management
of native forests™. Numerous country-specific case stud-
ies emphasize these options™°.

An area where mitigation and adaptation are directly
linked is the change in future energy consumption arising
from incremental change in climate parameters like tem-
perature and rainfall that could alter demand for space
cooling and heating and water pumping. The projection of
India’s future energy demand under the changed climate
shows higher demand for primary energy and electricity
due to increased space cooling and irrigation needs™. The
increase in aggregate energy demand would add to carbon
emissions, creating a vicious circle of climate change.
The national development policies such as instituting the
building codes and water conservation can reduce energy
demand, additional emissions and also benefit adaptation.

In most developing countries, incomes of farming
communities derive from the rain-fed cultivation. Chang-
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ing precipitation patterns and enhanced evaporation due
to higher temperature could alter water demand for agri-
culture. The increased water stress due to the dual effects
of unsustainable water consumption and climate change
would make these communities more vulnerable. Water
deficits increase greenhouse emissions from dual effects
of increased energy demand for pumping and reduced
electricity generation from hydroelectric projects®. Sus-
tainable water management projects like rainwater-
harvesting, watershed development, drip irrigation, zero
tillage, bed planting, multiple-cropping system, crop di-
versification, agro-forestry and animal husbandry are
win—-win-win solutions that deliver development, mitiga-
tion and adaptation co-benefits. Policies for changing
cropping practices and patterns, flood warning and crop
insurance also deliver similar multiple benefits™.

Mitigation and adaptation co-benefits from regional
cooperation

Regional cooperation is among the key principles of sus-
tainable development. Its compelling is the potential to
sustain economic growth through rational deployment of
region’s human and natural resources. The South Asian
region comprising of Bangladesh, Bhutan, India, Mal-
dives, Nepal, Pakistan and Sri Lanka holds quarter of the
global population. The countries have diverse energy re-
source endowments — coal in India, gas in Bangladesh,
hydro potential in Himalayan nations of Bhutan and Ne-
pal and strategic location of Pakistan for the transit routes
linking South-Asia with the vast gas and oil resources of
Central Asia and the Middle East. Maldives and Sri
Lanka, as small island nations face energy security and
scale economy concerns. Despite diverse comparative
advantages, there is little energy and electricity trade in
the region.

The recent cooperation initiatives, like the recent South
Asia Free Trade Agreement (SAFTA), entering into force
from 1 January 2006, could deliver substantial direct, in-
direct and spill-over benefits via economic efficiency, en-
ergy security, water security and environment’. Efficient
energy trade in South-Asia would yield direct economic
benefits due to energy efficiency gains resulting from im-
proved fuel and technology choices. An analysis of a styl-
ized cooperative regime shows that the benefits of
cooperation over the 20-year period from 2010 to 2030
could be US$319 billion; which would add 1% of growth
each year to the region’s GDP for these 20 years”’.

Besides direct economic benefits, the South-Asia re-
gional cooperation would deliver significant climate and
local air quality benefits. The cumulative carbon mitiga-
tion for the period 2010-2030 would be 1.4 billion-tonne
of carbon (i.e. 5.1 billion-tonne of CO,); the mitigation
amount larger than what the Kyoto Protocol is expected
to achieve. The altered energy mix would also reduce 2.5
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million tonne of SO, emissions each year, i.e. 30% of to-
tal emissions from the region. The hydro development
could yield spill-over benefits of enhanced water supply
and floods control.

Conclusions

The following conclusions are evident from the emissions
scenario analysis: (1) endogenous development paths are key
determinants of long-term emissions profiles, (ii) India’s
long-term scenarios display a wide range of emission pro-
files, (iii) concentrations stabilization would require miti-
gation even in low emission scenarios, (iv) stabilization
regime would induce significant mitigation, technological
change and concomitant burden on India, (v) mitigation
burden is substantially lower in scenarios that follow sus-
tainable development pathways, and, (vi) sustained multiple
dividends would accrue if development and stabilization
actions are aligned.

The coincidence of the time-frame for addressing cli-
mate change and the development phase of developing
countries is conventionally viewed as the ‘what comes
first?” question, as in the classic ‘chicken and egg’ di-
lemma. The analysis in this paper shows that this conven-
tional perspective would lead to inferior policies, which
would miss opportunities of accruing multiple benefits
from synchronized development and climate actions. The
‘Gordian knot” of ‘development or climate’ could be best
cut by aligning development and stabilization goals,
strategies and actions. Evidently, the policies to meet na-
tional sustainable development goals have important im-
pacts on national greenhouse gas emissions and capacity
to mitigate and adapt. The direction and magnitude of the
changes vary depending on the policy and on national
circumstances. Some general lessons that emerge are: (i)
in a country, the sectors that are farther away from the
production frontier offer opportunities for multiple divi-
dends by freeing resources to meet sustainable develop-
ment goals and in addition reduce GHG emissions and
enhance mitigative and adaptive capacities, (ii) national
circumstances, including endowments in primary energy
resources and institutions™ matter in deciding the extent
to which development and climate benefits are ultimately
realized, (iii) the win—win opportunities would diminish
as markets and institutions get organized in time in de-
veloping countries; therefore global climate agreements
in early periods should pay special attention to capture
multiple dividends in the near-term and avoid lock-ins
that cause path dependence towards high emission pro-
files in long-term.

Emissions pathways that can stabilize concentration,
such as at 550 ppmv CO, concentration, are far under the
endogenous emissions pathways. Therefore, mitigation
instruments designed to alter endogenous emission path-
way at the margin would be ineffective and would cause
excessive distortions. It is advisable and feasible to main-
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stream climate concerns into evolving development per-
spective. The new political and economic framework can
stimulate climate benign, non-climate actions that shape
climate-friendly pathways. The opportunities can be taken
up by existing businesses into innovative ventures, re-
quiring the forging of coalitions between the mainstream
policy agencies, civil society and private actors’ . Within
wider and inclusive contexts, in the near-term the mar-
ginal instruments like CDM can still play additional role
as one of the instruments for aligning national sustainable
development strategies with climate objectives. As is evi-
dent from India’s emissions scenarios, different green-
house gases have common as well as different drivers.
This offers flexibility as well as opportunities of aligning
mitigation actions across comprehensive basket of green-
house gases and local emissions. Crafting policies and in-
struments that realize innumerable such opportunities
would be key to aligning development and climate interests.

The architecture of future climate regime should there-
fore aim for instruments that mainstream climate interests
within development choices. A key lesson from scenario
assessment is that climate agreements can deliver more if
they view the climate problem from the development
lense. Climate centric instruments are inferior to those,
which first support endogenous climate-friendly actions
and then induce exclusive climate centric actions. The
benefits of aligning development and climate actions are
not exclusive to developing countries, though their wel-
fare gains are more apparent. The alignment should be
embraced by developed countries too, so as to modify
their unsustainable emissions pathways that are the pri-
mary cause of climate change.
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