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1.0 Introduction

India is a developing country with nearly a billion population. There has been a rapid rise
in the use of energy resources and greenhouse gas (GHG) emissions due to structural
changes in the Indian economy in the past fifty years from a predominantly agrarian base
to a sizable industrial base. True to developing country characteristics, the energy needs
of nearly seven hundred million rural population and rural industries are met by biomass.
However, the growth of biomass energy has stagnated over the past decade due to growth
in fossil fuel consumption. At present, the commercial energy demand is growing at a
high annual rate of over six percent (Shukla, 1997). The energy mix has shifted towards
coal, due to higher endowment of coal relative to oil and gas (CMIE, 1997). This has lead
to a rapidly rising trend of energy emissions intensities (Shukla, 1997; Loulou et al.,
1997). This trend, which is likely to continue, will enhance India’s share in the global
emissions in next few decades (Shukla, 1996; Fisher-Vanden et. al, 1997).

While the per capita GHG emissions from India are below a quarter of the global average,
the total annual emissions have reached nearly 300 million tons of carbon equivalent
(Shukla, 1997). Most carbon emissions arise from use of coal in electric power and
industry sectors, while agriculture and livestock sector emit substantial amounts of methane.
The mitigation of greenhouse gases has attained importance due to its implications on
global climate change. The Kyoto Protocol (UNFCCC, 1997) under the UNFCCC has
proposed a mitigation regime. Carbon mitigation in India is complicated by the fact that
India has large coal reserves, but limited gas and oil reserves. The substitution away from
coal therefore would require energy imports. While India has the experience with
emerging renewable energy technologies, the capital and foreign exchange constraints are
likely to restrict the shift away from coal, unless the economic and fiscal policies to relax
these constraints are instituted under a co-operative global regime.

Domestic reform measures associated with higher economic growth rate and investment
availability, removal of trade barriers, access to global finance and technology, structural
shifts in the economy, technological and environmental interventions, faster turnover of
capital stock and thrust on infrastructure development would alter the energy and
environment trajectories. Reforms would result in higher degree of environmental
interventions as rising incomes lead to a greater demand for a cleaner environment and there
are greater financial resources available for investment in clean and advanced technologies.

There has been a growing concern on the control of local pollutants due to rising concern
about their environmental damages. Coal combustion results in considerable particulate
emissions along with oxides of sulfur and nitrogen. This has been a grave concern for
local pollution and is drawing policy attentions (Shukla, 1997). Some of the policy
initiatives that have been introduced are coal washing for control of particulate emission,
improving petroleum refinery product quality and installation of emission control
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equipments for SO, control that may lead to lowering of energy efficiency due to high
auxiliary power consumption.

The analysis presented here spans four decades and examines a reference scenario and a
few carbon mitigation scenarios. It provides insights into the implications of mitigation
commitments on energy and technology mix, energy costs, mitigation costs and
competitiveness of Indian industries. An integrated bottom-up modelling framework is
used including an energy system model, fifteen end-use sector models and a demand
projection model that separately projects demands for thirty-seven end use services.
Demand-supply integration within a bottom-up framework is achieved through a soft
linkage of the energy system model with the end-use sector models whereby the output of
each end-use modelling exercise is exogenously passed to the energy system model as
input.

2.0 Methodology

2.1  Modelling framework

The methodological framework involves an integrated assessment of macro-economic,
energy and environmental issues using a system of bottom-up models. Bottom-up energy
system models follow the engineering paradigm with disaggregated and detailed
representation of technologies. The enduse demands are projected exogenously, and
macro-economic effects like energy price feedbacks are not endogenous to the model.
However, demand projection does maintain overall macro-economic consistency. The
methodology reflects future trends of macroeconomic growth patterns and and other
factors affecting energy usage. The macroeconomic growth projections (overall as well as
sectoral) represent the present growth patterns and projects for the future using the
logistic regression method. The developing country dynamics and the likely future growth
trajectories with structural alterations in the economy have been represented in this
methodology based on discussion with experts. The bottom-up models used are: 1)
MARKAL - an energy systems optimization model (Berger et al, 1987, Fishbone and
Abilock, 1981, Shukla, 1996) which is used for overall energy system analysis, ii)
AIM/ENDUSE model (Morita et al, 1994, Morita et al, 1996, Kainuma et al, 1997) which
is a sectoral optimization model used to model fifteen end-use sectors, and iii) a demand
model which projects demands for each of the thirty seven end use services. The
modelling approach adopted here soft-links bottom-up models for the energy demand side
and supply side with extremely detailed representation of technological characteristics.
This is a comprehensive approach towards projecting future long-term energy and
emissions trajectories. Integration of demand and supply within a bottom-up framework
is achieved through a soft linkage of MARKAL with the AIM/ENDUSE model whereby
the output of each end-use modelling exercise is exogenously passed to the MARKAL
model as an input. The demand model uses logistic regression method for demand
projection and links sectoral demand projections to the overall Gross Domestic Product
(GDP) and sectoral Gross value Added (GVA) projections to achieve overall macro-
economic consistency.

The time horizon of the models is forty years, from 1995 to 2035. The models have
detailed representation for supply side and demand side technologies (Tablel). The
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supply side technologies include those for electricity generation and oil refining. Five
enduse demand sectors are modelled. On the demand side, technology penetration is
exogenously specified based on sector specific studies and expert information. The three
main factors that are assumed to influence technological progress in the model are new
technology penetration, alterations in present technologies and autonomous energy
efficiency improvements.

Table 1: Technology Specification

SECTORS NO. OF SUB-SECTORS NO. OF TECHNOLOGIES
Industrial 11 152

Residential 2 46

Agricultural 1 14

Transport 8 25

Services 1 9

Power Sector* 1 22

Oil Refinery* 1 12

Total 25 280

* These energy supply technologies are represented in MARKAL, but not in AIM/ENDUSE models

Logistic regression is used for projecting the demand for each end-use sector based on
past sector level consumption data as well as estimates, if available, from other detailed
studies for some future years along with expert opinion on the future trajectories of these
sectors. Since Indian economy is presently on a rapid development path, growth rates in the
demands for most goods in the end-use sectors are high. The experience of developed
countries shows that these saturate in long run as an economy modernizes. This shape of
increasing growth rate followed by saturating trend is best represented by the S- shaped
logistic curve. Logistic regression method is used since India is now in a high growth
phase, whereas in the long run the growth shall have to saturate and stabilize at a lower
level. Similar representation is also commonly used for technology penetration in the
energy and environment context (Edmonds and Reilly, 1983; Grubler et al, 1993). The
overall macro-economic consistency is achieved by using an integrated demand
projection framework that accounts for all sectors at the bottom level and overall GDP
and consumption at the top level. Logistic regression method is used for long-term
projection of GDP based on past data and future estimates. The GDP projections are then
disaggregated into Gross Value Added (GVA) contributions from Industry, Transport,
Commercial, and Agriculture sectors based on estimations of future relative growth rates of
the sectors. These reflect expected structural changes in the economy. Hence, first the share
of Industry in GDP is projected from logistic regression of the past data, and assuming a
long run saturation level of 35 percent. Next, using similar logistic regression, the projection
for Commercial sector is made in terms of its share in the balance future trajectory of
non-industrial GDP (assuming a long-term saturation share of 65 percent). Branching in this
manner ensures consistency with the total GDP and Industry GVA projections. Share of
Transport in the balance non-industrial and non-commercial GDP is then projected in a
similar way (assuming a 25 percent long-term saturation share). The projections for the
GVA in Agriculture sector are automatically obtained as the final balance. To
counter-validate for consistency, the projections for net-irrigated area are made separately
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using logistic regression of past data and are checked for correlation with the projections for
the agriculture GVA. Domestic sector demand is derived from projections of the Private
Final Consumption Expenditure (PFCE).

The input information to the models is acquired from documents published by various
Government Ministries, utility reports, publications by various institutions like Centre for
Monitoring of Indian Economy (CMIE), Tata Energy Research Institute (TERI), and other
sources along with discussions and interviews with policy makers as well as national and
international experts. AIM/ENDUSE (Asian-Pacific Integrated Model — End-use
Component), a bottom-up model developed by researchers in Japan (Morita et. al, 1996)
is adapted for modelling of end-use sectors, that selects the technology mix within each
end-use sector while minimizing the discounted costs of capital, energy and materials
over a forty years horizon. Separate modelling of each end-use sector allows detailed
representation of technologies within the sector and the technology selection in each end-
use sector is determined by the sector-wide objective.

This technology mix for each end-use sector is provided as an input to MARKAL
together with exogenous bounds on technology penetration. For each end-use sector, the
technology mix thus gets selected via an end-use sector model, which is thus exogenously
linked to MARKAL. For each period, the MARKAL model decides the energy and
technology for forty years while minimizing the discounted capital and energy cost. Such
an integration of bottom-up models facilitates consistent and detailed assessment of
technology policies. MARKAL captures the technology spectrum representing the wide
variations in energy efficiency of existing stocks in various macro-economic sectors in
India. For example, the average plant load factor (PLF) of coal based thermal power
plants varies from 18% to 85% in India (CMIE, 1999). These are represented as separate
technology grades in the model to capture reality. The low efficiency plants represent low
hanging fruits for carbon mitigation where energy efficiency improvements are possible
at very low costs.

2.2 Reference case assumptions

Energy is one of the important strategic factors for national economic development.
However, many factors, such as the state of indigenous energy resources, investment
requirements in energy sector, increasing end-use demands, barriers to technological
improvements, increasing energy-pool import burden and negative environmental
externalities of energy sector activities impose constraints on energy sector growth. The
Reference scenario assumes what is often called a “business-as-usual” dynamics. It reflects
continuation of current policies of the Government and forecasts of macro-economic,
demographic and energy sector indicators. Specific energy sector policies include stress
on energy efficiency improvement, increased penetration of cleaner technologies and
fuels (e.g. reducing sulfur contents to 0.25% by weight in diesel, coal washing beyond
700 km transport etc), development of renewable energy (e.g. 10,000 MW by 2010), and
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adoption of end-of-the-pipe technologies (e.g. flue gas desulfurisation). Detailed scenario
assumptions are listed in the works of Kanudia (1996); Shukla et al. (1997); Shukla and
Pandey (1999); Shukla, Ghosh, et.al (1999); Ghosh et.al, (2001); Ghosh (2000) and Garg
(2001). The reference scenario presumes continuation of current energy and economic
dynamics and provides a reference for comparing the impact of policies or alternate
futures. Assumptions in this scenario are important as they serve as a point of comparison
for other policy scenarios. Investments, energy prices and technological developments are
assumed to follow past trends and most likely future developments, based on expert
opinion. The key driving forces for these changes are economic growth, population,
domestic energy resource supply, energy prices, technological progress, investment
requirements, local environmental concerns and global climate change regimes.

Scenario presumes no policy interventions for GHG emissions control or other than normal non-
market and long-term policy interventions related to energy and technology. Main scenario
assumptions are:

* The reference scenario is assumed to follow a medium economic growth rate. As
already indicated in the methodology, macro-economic consistency of the model is achieved
through consistent GDP projections that drive the end-use demands. The GDP growth
assumptions are based on past trends, present and future projections based on expert
opinion. These projections are for a period of 35 years from 2000 to 2035 using logistic
regression method based on past GDP series and expert opinion on future trajectory.
Compounded annual rate of growth (CARG) in GDP is taken as 5.3 percent over forty years
(1995-2035), decreasing from 6.3 percent in first five years to 4 percent in last five-year
period. This paper projects the overall (GDP) and sectoral growth rates, depending upon the
Gross Value Added Contribution from the sectors. For the residential sector, demands for
rural and urban households are projected separately.

*  Discount rate: 8 percent. This is the best estimate of the real discount rate taking into
account the economic characteristics, capital structure, functioning of markets, and other
factors. However, sensitivity analysis on discount rates reveal that model results do not
change much between 6% to 10% discount rates.

*  No carbon emission mitigation targets.

* There is sufficient evidence of recent policy decisions in India that are aimed at
controlling local pollution levels and would reduce SO, emission coefficients from
fuel combustion activities in near future. This is built in the model by gradually
introducing local pollution control measures in order to meet stricter environmental
standards. Some of the measures that have been considered are reduction in sulfur
content in petroleum products, sulfur emissions control by Flue Gas Desulfurisation
(FGD) process in power plants, coal washing and methods for improving the efficiency
of electrostatic precipitator (ESP) functioning.
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3 Energy System Projections and Emission Trajectories

3.1 Growth in Economy, Energy and Electricity

In the baseline scenario, the economy grows around 8 times in the forty- year period while
the energy consumption grows about 3 times and the electricity consumption grows 5.5
times (Figure 1). The per capita GDP is projected to grow 5 times in forty years from a
present value of about $280. There are improvements in the efficiency of energy use due
to structural changes in the economy, shifts in consumption patterns, advanced technology
penetration on both supply and demand side and autonomous efficiency improvements of
technologies that lead to gradual lowering of the energy consumption growth rate.
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Figure 1: Growth in Economy, Energy and Electricity
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3.2 Energy and Technology Mix

There is a three times increase in the energy demand in the reference scenario over a
period of forty years (Figure 2). Consumption of commercial energy rises by three and a
half times, while use of traditional energy forms like biomass increase by only one and
half times. Coal continues to dominate the Indian energy sector, although its share in the
commercial energy consumption reduces from above 60 percent in 1995 to 53 percent in
2035. Coal consumption touches almost one billion tons in 2035 from 300 MT in 1995.
The decline in coal share is mainly due to coal to gas substitution, mainly in the power
sector, with the natural gas share rising from the present 7 percent to 12 percent in forty
years. The consumption of diesel and gasoline increases almost five-folds in forty years,
with 37 MT of consumption in 1995. Non-commercial biomass energy use stagnates,
causing a decline in its share of 35 percent to 18 percent in 2035.
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Figure 2: Energy Demand in Reference Scenario
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Electricity sector is the fastest growing energy sector. The electricity demand grows five
and a half times in forty years, from the 1995 consumption level of 310 Billion units. The
capacity increases almost four-folds in forty years (Figure 3), finally reaching a value of 395
GW. The increasing competitiveness of gas based generation is evident from the rising
share of gas capacity from 7 to 19 percent over 1995 to 2035, while the coal capacity
declines from slightly above 60 percent to 50 percent share in the same period.
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Figure 3: Generation Capacity in Reference Scenario
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The sector level fuel consumption indicates continued dominance of power sector in coal
use and transport sector in petroleum products, with each having above 70 percent share in
2035 (Table 2). Power sector share in natural gas consumption increases to more than half
from the present one third, caused by increasing competitiveness of Combined Cycle Gas
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Turbine technologies (CCGT) for electricity generation. Gas consumption also rises
rapidly in other industries like fertilizers and petro-chemicals. While the share of gas in
primary energy still remains low, the trends suggest a rapidly rising penetration of gas.

Table 2: Sectoral Fuel Consumption patterns (PJ)

FUEL SECTOR (1995 |2005  [2015 2025 2035

PJ)

Coal Power 3649  [5732 7873 10385 [12752
Steel 1047 1476 1837  [2180  |2259
Cement 250 472 711 854 908
Brick 118 186 303 491 662
Paper 60 107 168 222 257
Textile 40 66 94 108 110
Transport |33 0 0 0 0
Residential |62 70 82 95 98

Petroleum |Transport |1450 (2722 5061 7228 7973
roducts

Industry 972 1332 1658 1931 2163

Natural Power 235 369 1271 1977 2052
gas

Fertilizer |84 208 336 394 463

Non-energy (333 580 874 1189 1380

The crude oil imports register a sharp increase after 2015 when India's presently known
oil reserves dry up. The reference scenario assumes exploration rate of crude oil reserves
and expectations about new reserves in accordance with projections from published
Government documents and other sources as well as expert opinion. There have been
substantive additions to the Indian refining capacities recently as private and public
sectors have added new plants. The demand for petroleum products is mainly driven by
level of transport activity in the country and that has been modeled in detail. The model
allows for import of petroleum products if indigenous production is insufficient to meet
this demand. Refining capacity limitations require further import of refined petroleum
products, especially diesel and gasoline, to meet the growing transport demands. The
reference scenario does assume refinery capacity additions, but the rate of refinery
capacity additions is expected to fall below the rate of increase in demand for the
petroleum products and therefore imply increasing reliance on imports. These keep India's
foreign exchange commitments for petroleum around 25 percent of total showing a seven
fold increase in absolute values during 1995-2035. Since India has little known oil
reserves, the oil imports scenario for the future is a cause for considerable concern for the
policy makers. Even with rapid rise in revenue from some sectors like software exports,
oil imports continue and will continue to be an area of great policy concern. This is
because fluctuations in international oil prices have substantial economic and social
implications. Coupled to this is the fact that growth rate in demand for oil products would
necessitate increasing oil imports. Diesel and gasoline consumption increase almost five
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and a half times due to rapidly growing transport sector demand. In the past few years,
there has been a rise in the share of road transport vis-a-vis rail. An important policy
intervention will be to evolve a national transport policy giving thrust to rail transport for
inter and intra-city movements.

Energy demand in industry too increases rapidly, raising the share of industry in primary
energy consumption to 41 percent in 2035 from the present 29 percent (Table 2). A
relatively slower growth is anticipated for primary energy usage in the household sector
resulting in a decline in its share in primary energy from 56 to 28 percent over the forty-year
horizon. There is a shift in the energy consumption pattern from an inefficient biomass to
more efficient LPG for cooking, and from kerosene to much more efficient electric lighting.
The share of households in electricity consumption rises from 19 to 24 percent due to the
switch to electricity from other fuels and rapid penetration of electrical appliances driven
by increasing urbanization and improvements in living standards. Agriculture and
commercial sectors, being primarily electricity consumers, continue to have insignificant
share in primary energy. The agriculture sector electricity consumption growth rate falls
rapidly leading to a decline in the total electricity consumption share from about 30
percent in 1995 to 10 percent in 2035. This is caused by adoption of better agriculture
practices driven by land reforms, improvements in the efficiency of usage of irrigation
pumpsets, alterations in the demand pattern fuelled by electricity sector reforms, and most
important better accounting of transmission losses that are currently shown as agriculture
sector losses.

3.3 Reference case Emission projections

The integrated modelling framework projects carbon and local pollutant emissions up to
2035. The emissions of two other important GHGs namely methane and nitrous oxide
depend more on agriculture sector and therefore are not direct model outputs. Their
emission projections are mainly based on the growth of rice paddy cultivation, livestock
population, biomass consumption, waste decomposition (solid and water) and use of
nitrogen fertilizer. We have used secondary data sources and some MARKAL
input/outputs to estimate these growths and then used inventory framework (IPCC, 1996)
to project methane and N,O emissions. These are estimated based on standard IPCC
approved methodologies where activity level (e.g. area under paddy cultivation) is
multiplied by per unit emission coefficient (e.g. methane emitted per unit paddy area).

The emission inventory projections for emissions baskets of GHG and local pollutants are
given in Table 3. For the reference scenario, carbon emissions rise from 212 to 761
million tons of carbon from 1995 to 2035. While the carbon emissions grow by about
three and a half times, those for local pollutants grow less than twice. Methane emissions
grow along with agriculture sector growth rate while N,O trajectories follow those of
nitrogen fertilizer use. The growth of carbon, SO,, NOx and particulate emission
trajectories move in closer bands up to 2010, but in later periods, those of local pollutants
reduce much faster than that of carbon, which continues growing. These indicate that
GHG and local pollution emissions will be de-linked in future. The main thrust in local
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pollution reduction is provided by improved fuel quality resulting in lower sulfur and ash
contents, adoption of pollution control measures like Flue Gas Desulphurisation (FGD)
process and stricter enforcement of emission regulations as well as efficiency
improvements. Some of the factors contributing towards efficiency improvements are
renovation and modernization of existing plants, setting up of new plants with advanced
technologies like Super-critical Pulverised coal combustion, process improvements in
energy intensive industries like steel, use of better quality fuel eg. coal with lower ash,
and fuel switching. For example, electrification of villages would vastly improve the
efficiency of lighting energy consumption by switching from highly inefficient kerosene
lamps. Policy initiatives have already been introduced in these areas.

Table 3: Emission Inventory Projections

GASES (MT) [1995 2005 2015 2025 2035 |CAGR*
Carbon 212 333 492 646 (738 3.1
Methane 17.6 [19.5 |21.5 [23.2 [25.7 [0.9
N,O 02 103 (0.5 0.7 (0.8 ]3.5
CO, equivalent |1219 1726 |2413 3075 |3504 |2.7

SO, 48 |56 |74 |84 |74 |l.1
NOx 4.1 156 (69 |82 [8.7 |19
Particulate 3.1 43 |43 |4 3 -0.1

CO 37.1 40.8 [41.5 [43.4 [43.5 ]0.40

* Compounded Annual Growth Rate over 1995-2035 (%)

The carbon intensity of GDP improves by 2 percent annually, mainly due to energy
efficiency improvements and to a minor extent from the switch to lower carbon intensity
fuels like coal to gas substitution. Energy intensity improvements (through retrofitting
measures, autonomous efficiency improvements brought about by learning by doing,
adoption of advanced processes and technologies, better managerial practices, stricter
legislation, structural changes in economy, alterations in consumption patterns, among
other factors) bring down the energy requirement for providing the same level of energy
services. This in turn lowers the carbon emissions. The power sector grows rapidly and
maintains the highest share of 44 to 47 percent in total emissions (Table 4). Transport
sector emissions increase almost five-folds during 1995-2035. The contribution of road
remains at around 90 percent for all years. In India, share of road transport has been rising
in proportion to rail. This trend needs to be arrested, as railways are a more efficient mode
of transport than roads. Policy initiatives are being taken in this direction. There is an
impetus to improve the carrying capacity of railways and build new capacity. This in turn
would lead to carbon emissions reductions as energy intensity of railways is much lower
than different modes of road transportation, especially with thrust on electrification of
railways. Increasing rail's share is essential not only for improving overall efficiency of
the transport sector, but also to control carbon emissions.
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Table 4: Sector wise shares in emissions (%)

GAS SECTOR  [1995 (2005 (2015 [2025 (2035

CO, Power 44 145 |44 |45 47

Industry 35 134 |31 29 |28

Transport |14 16 20 |22 21

Methane Livestock (39 39 39 38 37

Paddy 23 |21 19 17 15
Biomass 16 15 14 13 12
MSW 8 11 14 17 |21
N>,O N-Fertilizer (65 |70 |74 |75 |74
CO, Power 28 |31 32 |34 |36
equivalent
GHG
Industry 22 |23 |23 22 |21
Agriculture |25 |21 18 16 15
Transport |9 11 15 17 16
SO, Power 45 56 58 57 48
Industry 35 (30 |29 (30 |38
NOx Transport |30 [28 |27 |28 |26
Power 28 |33 36 |37 |41

Industry 19 20 |21 21 20

Residential |18 15 13 12 11

CO Residential |90 88 90 88 88

Transport |9 10 |6 7 7

Particulate  |Transport |55 56 (64 |66 |66

Industry 30 |33 |30 |30 |28

Power 13 9 3 2 2

4 Carbon Mitigation Analysis

Mitigation of carbon emissions is an important area of concern to policy makers. The
carbon tax indicates the marginal cost of carbon mitigation required to induce shift
towards cleaner technologies and fuels so as to achieve the desired level of mitigation.
Carbon tax, although achieves desired mitigation, increases the marginal cost of fossil
fuels. This leads to an increase in the long run marginal cost of electricity and increase in
the cost of end-use services (like industrial goods) due to increased cost of energy input
and shift towards cleaner but costlier technologies.

4.1 Mitigation scenarios

For carbon mitigation analysis, we consider three scenarios with different levels of
cumulative mitigation commitment. For the Reference Scenario, the cumulative emissions
from 1995 to 2035 add to nearly 20 billion tons of carbon (Bt C). Three mitigation scenarios
are considered having cumulative emission reductions of 5 percent, 10 percent and 15

10
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percent over the reference scenario. These correspond to cumulative mitigation targets of 1
Bt of carbon, 2 Bt of carbon and 3 Bt of carbon over the period 1995-2035 respectively.
Construction of different mitigation scenarios addresses to a certain extent the uncertainties
regarding future carbon prices, as the marginal cost trajectories for carbon mitigation
corresponding to these scenarios provide alternate long-term carbon price trajectories.

The approach adopted here for carbon mitigation analysis is to assess the implications of
following long-term optimal carbon mitigation trajectories, corresponding to different cumulative
carbon mitigation targets over the period of analysis. This is similar to the emissions reductions
commitment concept of the Kyoto Protocol. The analysis in the paper discusses the marginal
costs of carbon mitigation corresponding to these optimal emission trajectories. These marginal
costs are indicative of the carbon taxes that would achieve the quantitative carbon emission
limits. Blunt tax policies on the other hand do not reflect the marginal costs of carbon emission
reduction and hence deviate from the optimal tax trajectory. Under conditions of market
equilibrium, the carbon tax should be equal to the marginal cost of carbon mitigation.

Figures 4 and 5 show the optimal carbon emission trajectories and the marginal cost of carbon
mitigation under various mitigation scenarios. Under cumulative mitigation, the carbon emissions
decline towards later periods because of inertia of technological stock existing at the beginning
of the horizon (1995) and high investment cost of cleaner technologies. Minimization of system
discounted cost makes the high investment cost technologies more attractive in later periods.
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Figure 4: Carbon Emission Trajectories
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The present best estimates for carbon price are taken from the World Bank’s recently set
up Prototype Carbon Fund (Kala, 1999) that has declared to buy Carbon Emission Rights
(CER) at US $20/tC. With a global price of $20/t of C, mitigation would be cost effective
till the marginal costs of carbon mitigation are lower than $20/tC. The Clean
Development Mechanism (CDM) is a voluntary instrument proposed in the Kyoto
Protocol (UNFCCC, 1997), through which developing nations can participate in
greenhouse gas mitigation. CDM provides benefits such as access to global carbon
market for emissions reduction trading, technology transfers, improvements in the local
environment and share of surplus from CDM projects. As per the Kyoto Protocol,
Annexure 1 parties should ensure individually or jointly that their aggregate
anthropogenic carbon dioxide equivalent emission of GHGs listed in the protocol do not
exceed the assigned amounts with a view to reduce the overall emission of such gases by
at least 5 percent below 1990 levels in the commitment period 2008 to 2012. Our analysis
shows that if India follows the long-term optimal emission trajectory corresponding to a
mitigation target of 3 Bt carbon over 40 years, nearly 280 MT of carbon will have to be
mitigated over the next twelve years (2000 to 2012). The mitigation cost for this amount,
derived from the marginal cost trajectories, would approximate about $4 billion. With a
global carbon price of $20/t, India’s participation in emission would lead to net savings of
over 1 § billion in the next twelve years. Therefore this offers interesting CDM
opportunities for India. Higher carbon prices will substantially increase the CDM
potential. This paper estimates the long-term optimal emission trajectories corresponding
to cumulative targets of 1BT, 2BT and 3 BT of C over the entire analysis period. These

11
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mitigation targets and the consequent long-term optimal emission trajectories and are in
turn determined by global carbon price signals. The marginal cost trajectories in our
analysis are indicative of the global carbon price and show higher carbon prices (greater
than $20/T of C) as emission constraints become stricter in later years. Some other works
have estimated the long-term emission trajectories and CDM contribution at higher
carbon prices corresponding to 4BT and 5BT cumulative mitigation targets (Ghosh et.al,
2001; Garg, 2000).
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Figure 5: Marginal Cost of Carbon Mitigation
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4.2 Contributions to Emission Reductions

Analysis of carbon mitigation scenarios provides some useful insights regarding supply side
and demand side contributions of the energy system to emissions reductions (Table 5). In
the early periods (2005-2015), the demand sectors contribute more in carbon emission
reduction than the supply side. But in later periods, the supply side contribution increases,
finally reaching a three-fourth share in the total mitigation in 2035.

Table 5: Supply and Demand side contributions to Emission reductions (%)

2005 |2015 |2025 |2035
1 Bt C Mitigation | Supply side 13 43 68 75
Demand side | 87 57 32 25
2 Bt C Mitigation | Supply side | 28 43 66 75
Demand side | 72 57 34 25
3 Bt C Mitigation | Supply side | 38 43 72 75
Demand side | 62 57 28 25

On the demand side, there is a faster rate of technology stock turnover due to relatively
lower lifetimes of end-use technologies as compared to power generation technologies. The
supply side technologies have a much longer lifetime and high investment requirements that
lead to replacement of the technology stock taking much longer time. Judged from a market
perspective, there are large inefficiencies on the demand side due to capital shortages, risk,
high transaction costs and weak financial markets. The supply side, being better organised
has lower inefficiencies. Therefore, demand side technological interventions will have an
important role to play in short-term mitigation options, which offers interesting CDM
opportunities. Especially for the industrial sector, the penetration of advanced technologies,
use of cleaner fuels and autonomous efficiency improvements in technologies offer sizeable
‘no-regret’ options. Table 6 shows the sectoral contributions on the demand side in the 2 Bt
C mitigation case. A number of mitigation options exist in industries, which happens due to
myriad technological changes. Our analysis shows that in the 2 Bt C mitigation scenario,
industry alone has a cumulative reduction potential of 212 Mt C over forty years. Steel,
cement and aluminum industries account for more than three-fifths of the total mitigation
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potential of industries. The rest is accounted for by other energy-intensive industries such as
sugar, textiles, pulp and paper, and chlor-alkali. In iron and steel industry, mitigation arises
from a switch to electric arc process and gas based sponge iron process that can lead to
around one-third reduction in energy intensity with a corresponding decline in the carbon
intensity. There are ongoing programmes for demand side energy efficiency
improvements. The largest steel manufacturer in the country, Steel Authority of India
Limited (SAIL) has undertaken a massive modernization programme for their four
integrated steel plants to improve energy efficiency (SAIL, 1996). Cement mitigation
potential arises due to substitution of wet process of cement manufacture with dry process,
the latter being more energy efficient. At present, the cement sector is witnessing
consolidation as well as phasing out of the wet cement manufacturing process. The share of
wet process has declined from 14 percent in 1994 to 5 percent in 2001(ICRA, 2001). In
aluminium industry, mitigation arises from substitution of the Bayer’s process for alumina
making with energy-efficient ALCOA process, In other industries like sugar, technological
changes arise from penetration of cogeneration technology, which reduces emissions
through substantial energy efficiency improvement. In paper industry, waste recycling and
energy efficiency improvements reduce emissions. Transport sector potential is large due to
wide scope for vehicular efficiency improvements, shifts from road to rail transport and
development of mass transit systems for efficient urban transport management. Introduction
of a large fleet of CNG buses in the national capital replacing diesel buses is a reality that
is un-folding rapidly. Mitigation potential in the residential and commercial sector arises
due to improvements in the efficiency of enduse lighting and cooking equipments and other
electrical appliances through autonomous efficiency improvements as well as penetration of
advanced technologies like Chloro-Fluorescent lamps for lighting. Agriculture potential is
contributed mainly by advancements in irrigation technology.

Table 6: Demand side contribution to emission reductions in 2 Bt C scenario (%)

DEMAND SECTORS | 2005 | 2015 | 2025 | 2035

Industry 41 28 16 15
Steel 14.5 112 |53 4.5
Cement 11.1 8.4 4 33
Aluminium 6.2 4.8 2 1.5
Other 9.2 3.6 4.7 5.7
Industries

Transport 31 28 17 9

Residential & 04 0.7 0.5 0.5

Commercial

Agriculture 0.2 0.4 0.5 0.1

Overall 72 57 34 25

The supply side mitigation options are primarily associated with fuel switching from coal
to natural gas. Long-term options include penetration of carbon-free technologies like
nuclear and renewable technologies. Some other options are use of clean coal
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technologies like Integrated Gasification Combined Cycle (IGCC), having very high
conversion efficiencies of about 45 percent or more, as compared to conventional coal
technologies like Pulverized coal combustion having efficiencies in the range of 33 to 37
percent. Advanced technologies for electricity generation offer attractive CDM
opportunities. In the power sector, a shift from coal power to gas power and renewable
technologies is apparent with increasing mitigation requirements. Even a small mitigation
target of 5 percent causes the coal capacity share to decline to 39 percent in 2035,
compared to 50 percent for reference case. A 15 percent mitigation target further brings
down the coal share to 30 percent in 2035. The gas power shows the converse trend, as it
is the main substitute for declining coal power. Higher gas demand for 5 percent to 15
percent mitigation targets can be supplied from higher domestic production and less
expensive import of gas from nearby regions. But stringent mitigation targets of 25
percent, say, would require substantial and expensive gas imports. Increasing mitigation
targets would also require early penetration of renewable power technologies like wind,
solar, biomass and large hydro and a higher share of nuclear power.

The mitigation scenarios cause alterations in the energy consumption trajectories (Table 7).
Inertia of existing technological stock in the energy system prevents significant fuel
substitution till the year 2010 for meeting carbon mitigation targets. In the 5 percent and the
15 percent mitigation scenarios, coal is mainly substituted by natural gas. While natural gas
exhibits early penetration, renewable penetration is late due to their high initial investment
costs. Due to the rising gas prices with higher use of gas, the renewable energy penetration
becomes higher with rising mitigation targets. Carbon mitigation would require
technological transformation of Indian energy system. This will need investments in
infrastructure to support the new technologies and reforms to remove the barriers for
penetration of advanced technologies.

Carbon mitigation would require technological transformation of Indian energy system.
A useful hedging strategy would be to keep the energy and technology mix flexible. Gas
is a robust option that meets multiple objectives like low emissions and peak load
requirements, while having low investment costs and short construction periods. There is
a need to gain experience with emerging renewable technologies. Developing a wide
range of energy options would require enhancement of research and development,
investment in infrastructure, building of indigenous manufacturing capabilities,
promoting a regional co-operation regime, combined with market reform and sustainable
development measures.

Table 7: Impact of Carbon Mitigation on Fuel Substitution

SCENARIO 2005 2015 2025 2035

1 BtC* mitigation Drop in coal | 0.1 0.2 1 2.8
consumption”
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Increase in gas | 0.1 0.1 0.4 1.4
consumption”
Increase in renewable | O 0 0.1 0.5
energy consumption”

3 BtC mitigation | g in coal | 0.4 1.8 45 7.9
consumption
Increase in gas | 0.3 1.1 2.2 3.6
consumption
Increase in renewable | 0 0.2 0.6 24
energy consumption

*Bt C= billion ton of carbon

+Drop or increase in fuel consumption over reference case (in Exa Joules)

4.3 Mitigation Cost and Competitiveness

For the mitigation target in India to be cost effective as exhorted by the UNFCCC, the
marginal mitigation cost for India should equal the global tradable permit price trajectory.
A sound mitigation strategy for India therefore will require anticipation of global permit
price trends and the burden sharing arrangement. Both of these parameters are highly
dependent on the outcome of global climate change negotiation process. Unless a
reasonable burden sharing arrangement is agreed upon, India’s participation in emissions
limitation at a globally cost effective level shall impose excessive burden on the Indian
economy. Analysis in some other work by the authors (Shukla, Ghosh et.al, 1999)
indicates a disjoint between solving global environmental and local environmental
problems, with the latter requiring cheaper interventions than those required for carbon
mitigation. Therefore carbon mitigation in India will have to be done for its own sake.
Co-operative instruments such as CDM can provide benefits such as technology transfers,
improvements in local environment and share of surplus from CDM projects and thereby
lower the burden arising due to mitigation actions.

A direct implication of mitigation cost is the higher cost of energy and energy intensive
commodities. Carbon mitigation leads to a rise in the long-run marginal costs (LRMC) of
energy and electricity. Cement industry, owing to high use of coal and electricity, and
little fuel substitution opportunities, exhibits large increase in the production cost. Our
analysis shows that under a 15 percent mitigation scenario, the cost of cement production
rises by 40 percent in 2035, compared to the reference scenario. In the same scenario, the
cost of steel rises by about 35 percent in 2035. The increase in the price of vital raw
material inputs for manufacturing industries will adversely affect the competitiveness of
entire Indian industry. Impact on international competitiveness will depend upon to what
extent industries of other countries get affected by mitigation targets, primarily due to
differences in the carbon intensity of their energy as compared to India, where coal is the
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dominant energy supplier. If a carbon mitigation regime is in place, competitiveness is
likely to be affected by industries of countries having a large share of energy with low or
nil carbon content like natural gas, hydro or nuclear in the energy mix. Therefore,
adoption of mitigation targets will require adoption of appropriate burden sharing and
revenue recycling policies

5 Energy and Technology Strategy

Our analysis identifies some of the strategic energy and technology options and choices
for India. These strategies form an integral part of the analysis of future energy trends and
GHG emission trajectories, which is the central theme of the paper. The choices are
profoundly influenced by factors like global energy price, resource levels and emissions
limitations targets.

Nonetheless, one needs to consider the myriad constraints from social, economic and
political domains, which have vital bearing on energy and technology choices. As already
discussed, the reference scenario assumes what is often called a “business-as-usual”
dynamics and presumes continuation of current energy and economic dynamics and the
most likely future course of events and policy interventions. This scenario presumes no
policy interventions for GHG emissions control, other than normal non-market and long-
term policy interventions related to energy and technology. Carbon mitigation scenarios
require specific interventions and implementation of strategies that are unlikely to happen
in the natural course of events for achieving GHG emission reductions over the reference
case.

5.1 Energy Supply Options

Energy resources and technologies offer the most critical options in the least cost strategy
for greenhouse gas emissions mitigation. Our analysis suggests that a vital set of options
are provided by the energy supply side that significantly influence the energy system
costs. Some of these include possibilities for increasing natural gas usage, changing
competitiveness of renewable technologies, penetration of carbon-free technologies such
as nuclear and hydro and options for efficiency enhancements in electricity supply.

Opportunities and Barriers in Natural Gas Supply

Coal has been the dominant supplier of primary energy in India due to its domestic
abundance. But lately, there is a shift from coal usage to other fuels due to slow additions
to domestic coal mining capacity, relaxation of fuel imports and investments by
international power companies. There is a rising preference for natural gas usage,
especially in the power sector driven mainly by risk lowering due to lower initial
investment, increasing competitiveness of gas based technologies like Combined Cycle
Gas Turbines (CCGT) with high efficiencies, low gestation period and environmental
impacts and high operational efficiency. Low realisation of the economic potential for
gas usage arises due to barriers such as coal tariff distortions, little environmental
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incentives and political problems associated with negotiations on gas supply and pipeline
routes. There is a potential for using imported gas, especially at coastal locations near the
ports having liquid gas terminals and situated far away the coal mines. The switch from
coal to gas has occurred to a minor extent as the market has responded to gas import at
competitive prices. Transport of imported liquid gas to the hinterland still remains an
expensive option vis-a-vis coal. Natural gas can be transported either through the pipeline
route or as liquified natural gas (LNG) over the sea via tankers. The off-shore pipelines
and on-shore pipelines are cost effective compared to LNG transport at distances under
3000 and 6000 kilometers respectively for a 10 billion cubic meter (bcm) supply (IEA,
1995). Some of the attractive options for natural gas supply to India are the Middle East,
Central Asia and newly discovered reserves off the Bangladesh coast in Bay of Bengal.
The delivered cost of LNG at the West Coast of India from the Middle East and at the
South Coast of India from South-East Asia is estimated to be in the price in the range of
$3 to $4 per GJ (giga joule). The supply of gas to the hinterland involves added costs.
The pipeline delivery of natural gas has economic cost between $4 to $5 per GJ, a price
too high to induce substitution of domestic coal delivered at $2 per GJ (Audinet et. al,
2000). In the hinterland, gas shall imported LNG from the West Coast to North Indian
states shall be competitive only if it is transported over land by pipeline directly from
long-term sources such as from Bay of Bengal off the cost of Bangladesh and Myanmar
or from Turkmenistan. The lower price of gas transport from these locations compared to
secondary transport of imported gas at the coast will have to be assessed vis-a-vis the
security risks associated with inter-country pipeline projects.

There are greater coal to gas substitution possibilities upon carbon tax imposition if the
environmental externalities from local pollution are internalized. A pollution tax along
with a carbon tax will enhance fuel shift from coal to gas, as coal usage is associated with
higher environmental externalities as compared to cleaner fuels like natural gas. Our
analysis suggests that even in a 3 Bt carbon mitigation scenario, natural gas based power
generation can meet one-fifth of the total power demand in 2035, which is a 5 percentage
point increase in share as compared to the reference scenario. Tariff barriers persist in the
case of natural gas, but these are expected to ease in the wake of economic reforms.
Regional cooperation in gas supply therefore has considerable economic value for India,
but these remain shrouded in political problems. Studies show that the Turkmenistan
pipeline route, via Afghanistan and Pakistan and entering India through Punjab and
ending near Delhi can deliver gas at $3 per GJ in North Indian states having very rapidly
growing demand (Tongia and Arunachalam, 1999). At this price, a substantial market for
gas exists in North India. But the ultimate success of enhanced gas supply shall depend on
political will and acumen.

Renewable Technologies
The renewable energy program was initiated by the government two decades ago to
diversify energy sources. It adopted a technology push-approach to initially develop niche

applications in rural areas where grid electricity was unavailable and later on shifted
focus to grid connected commercial applications. Recent success has been the wind
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energy programme in which the capacity has spurted during past few years and has finally
grown to over 1 GW (Shukla, 1999), though the renewables continue to account for less
than 1 percent of the power generation capacity in the country.

Our analysis of renewable electricity generation technologies suggests that in the
immediate future, there is a high economic potential in India for small hydro and wind
power technologies. Biomass is attractive in the medium term and solar technologies in
the long run. Analysis shows that in a 15 percent carbon mitigation scenario, renewable
energy technologies can meet 8 percent of the total electricity demand in India in 2035 as
compared to their 5 percent share in meeting demand in the reference case in 2035. There
exists considerable experience and capabilities on renewable technologies like biomass
gasifier, small hydro and wind power. Though at present the renewables have a small
contribution in electricity generation, the capabilities promise the flexibility for
responding to emerging environmental and sustainable development needs. Imposition of
environmental levies on polluting technologies will help in the higher penetration of
renewable technologies.

Hydro and Nuclear Technologies

Hydropower was favored in the early years of independence to bolster self-sufficiency,
and India built large-scale projects with large capacities. But in later years, there has been
a considerable slowdown in the growth rate of hydro power capacity. There has been a
steady decline in the hydro-thermal ratio, which is expressed as percentage of hydro and
thermal power capacity in total capacity. This ratio declined from 44:56 in 1960 and 1970
to 40:60 in 1980, and to 25:75 in 1995 (CMIE, 1999). The hydro thermal ratio imbalance
has lead to rising peak power deficit in the country as hydro technology is suitable for
meeting peak power demand. In order to enhance the peak capacity, there is a thrust on
development of pumped storage projects. Some of the major barriers in hydro power
development are high investment requirements, long gestation periods, socio-
environmental opposition and political risks of hydro projects due to inter-state disputes
on power and water sharing (Shukla, Ghosh, et. al, 1999). About two-thirds of the total
potential remains unexploited, amounting to about 50,000 MW (CMIE, 1999). Our
analysis suggests that in a 15 percent carbon mitigation scenario (3 Bt of cumulative
carbon mitigation), the hydro power capacity share increases to 26 percent in 2035 vis-a-
vis 18 percent share in the reference scenario. India’s energy and mitigation strategy
urgently needs to address the issues impeding hydro power development in the country
and design measures to overcome the barriers. The most important social barrier is the
payment of compensation and arranging alternate settlements for the displaced persons in
a just and transparent manner. Since hydro power development is associated with large
social benefits, appropriate policy initiatives and design of suitable measures would be
able to overcome the barriers facing hydro power development.

Though the Indian nuclear programme dates back to as early as 1969, it meets only
around 2 percent of the total power demand in the (Shukla, Ghosh, et. al, 1999). Most of
the Indian nuclear plants operate at less than 50 percent capacity utilisation. India has a
three-staged nuclear power programme, linking the fuel cycle of PHWR and Fast Breeder
Reactor (FBR) for judicious utilisation of limited uranium and vast thorium reserves.
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India is an emerging leader in the development of reactor and associated fuel technologies
for Thorium utilization. India’s Advanced Heavy Water Reactor (AHWR), which
employs thorium based fuel, has several advanced safety features. Besides, the Fast
Breeder Reactor (FBR) technology is also indigenously developed. High investment
requirements and socio-political problems deter nuclear energy penetration. In recent
years, safety and environmental impacts have gained increasing attention. Our analysis
suggests that in a 3 Bt C mitigation scenario, nuclear energy doubles its share in meeting
the total power demand in 2035 as compared to the reference scenario share of 5 percent.
Difficult social and political barriers need to be overcome to exploit the economic
potential of this option.

Electricity Transmission and Distribution (T&D) System

The Indian electricity transmission and distribution system offers enormous opportunities
for efficiency improvements. Low investments, operational inefficiencies and fiscal
indiscipline have plagued the T&D system with T&D losses accounting for about one-
fifth of the total electricity generated (Shukla, Ghosh, et. al, 1999). This is the reported
figure in government documents, whereas in many states where reforms are underway,
the loss estimation is much higher. A quarter of electricity losses is attributed to pilferage
and inability to recover revenues, which implies fiscal indiscipline. In most of the places
where unbundling of generation, transmission and distribution is taking place, appropriate
accounting is leading to estimation of T&D losses to as high as 40 to 50 percent. A very
high percentage of this is commercial losses due to non-recovery of dues, non-metering of
supply, pilferage and theft. The expansion and technology upgradation of the network
have suffered due to lack of resources and has led to low quality and reliability of service
to the consumer. The current focus of T&D system enhancement is on national grid
integration, reactive power management and providing adequate metering, load dispatch
and communication facilities. The present electricity sector reforms process in the country
has identified T&D as a vital sector needing sweeping reforms to alter institutional set-up,
create competition and incentives for new investments, enhance technology and
interconnect the regional grids. Such reforms are already underway but are unlikely to be
successful without strong competition. Electricity tariff rationalisation is an integral part
of reforms in transmission and distribution. There is a thrust on distribution privatization
and in certain cases this is being met with socio-political opposition due to electricity
price increases from the existing tariff structure, thereby hampering the pace of reforms.
There are implementation hurdles in control and monitoring of measures for T&D
efficiency enhancements.

5.2 Demand-Side Technology Options

The identification of demand side technology options is vital for India’s long-term
technology strategy formulation. Our analysis suggests that the technology options on the
demand side provide very high potential for carbon emission reduction in the early
periods. In the 15 percent mitigation scenario having 3 Bt C emission reduction over a
forty year period, these technology options have more than 60 percent contribution to
emission reduction in 2005. Some of the strategic technology options are identified as:
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Industry Sector technology options

This sector offers the highest potential for efficiency improvements in demand side
technologies. Our sectoral analysis using the the AIM/ENDUSE model identifies some
prominent technology options such as the cogeneration process in sugar industries,
improved Dry process for cement manufacture, Basic Oxygen Furnace (BOF) and
Continous Casting Process (CCP) in the iron and steel industry and waste recycling
technology in paper industry. Implementation of Demand Side Management Programme
(DSM) in the electricity sector can lead to considerable efficiency enhancements in the use
of generic technologies such as the electric motor. At present, the efficiency of motors
used in most of the industries is quite low. For efficiency enhancement of motors,
measures like standardization and labeling of equipments, information programmes and
awareness building measures will prove to be effective. As part of DSM programmes,
measures like reactive power pricing and incentives for power factor improvements can
initiate adoption of more efficient enduse equipments.

Transport Sector options

The transport sector has witnessed a high shift from rail to road over the past four decades
in India. Major contributors for this are the flexibility and customer friendliness of the
trucking industry vis-a-vis inadequate customer orientation of the Indian Railways.
Gradual modernization of road vehicle stocks due to technology turnover and increasing
attractiveness in the use of alternate fuels like Compressed Natural Gas (CNG) are
providing further impetus for expanding road shares. Low level of infrastructure
investments has dramatically increased the share of road transport. But increased
congestion along with inadequate road maintenance activities have led to very low overall
efficiency of the transport sector, the enhancement of which will provide significant
contribution towards curbing urban pollution and carbon emission reductions.

However Indian railways have the potential of becoming major player in the multimodal
transport system in India (Raghuram, 1999). This requires government policy thrust to
railway infrastructure development, better rail connectivity for trade and urban centers,
increasing line capacities of high-density corridors, establishing commuter rail services in
more cities, increasing operational efficiencies and reducing non-operational expenses,
and innovative pricing strategies would help realize this scenario. There is already a
conscious effort by the Indian Railways to win back her transport shares, targeting a 40%
share by 2010. Measures like increased container movement and time-tabling of freight
trains have also started. Delhi Metro rail project is already under implementation and a
similar project for Bangalore is in advanced stage of planning. For a developing country
like India with inadequate transport infrastructure and scarce resources, road and rail
should complement and not compete with each other.

Demand Side Management (DSM) Program for Electric Appliances

The household and commercial sectors offer sizable opportunities for introducing
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efficient DSM options as the demand for electricity is increasing rapidly in these sectors
along with rapid change in technology stocks. Some of the DSM measures include setting
of appliance standards, labeling, consumer awareness programs and implementation of
time-of-use tariff for electricity. DSM measures lower the level of consumption as well as
change the consumption pattern by enduse consumers. Even TOU tariffs, other than
altering when electricity is used, can initiate electricity conservation activities. This can
happen if electricity rates during peak periods are high enough to incite shift to more
efficient equipments and engage in other conservation activities, taking into account the
fact that these consumers have low flexibility to shift consumption patterns to off-peak
periods.

Use of Traditional energy technologies

The energy use by traditional energy technologies represents nearly a third of total energy
use in India. These technologies, e.g. biomass stove for cooking, operate at very low
efficiencies of 8 to 10 percent. They are the major source for indoor air pollution and
cause serious health hazards to low-income population using these technologies. The
recent Human Development Report (UNDP, 1998) reports 589,000 deaths in India
annually from the indoor air pollution caused by household energy use. Substantial
improvements in the efficiency of usage of these traditional energy forms offer a sizable
“no regret” potential for carbon mitigation Providing alternate employment avenues for
rural women-folk has a strong linkage with penetration of cleaner fuels. For example, in
many villages of Kutch region (Gujarat state) the women-folk have shifted to using
gas/kerosene instead of firewood, since they have started manufacturing handicraft items
that have a ready market in urban areas. They have realized the value of their time and
use it more productively rather than wasting 5 to 6 hours a day in collecting firewood.
Therefore social changes coupled with efficiency improvements in the usage of
traditional energy forms could initiate market development of these traditional energy
forms, which in turn could substitute fossil fuel usage.

6.0 Conclusions

The paper provides a rational long-term energy and technology strategy for India taking
into consideration the energy supply options and technology choices. The near-term
strategy options should focus on natural gas supply enhancement and certain
technological interventions on the demand side. Our analysis suggests that the demand
sectors offer sizable potential for carbon mitigation in the short-term, with maximum
contribution from the industrial and the transport sector. The supply side relatively has
much lower flexibility related to emission reduction choices in the short-term. The
demand side interventions are aimed at improvements in the efficiency of existing
technologies, penetration of advanced technologies and fuel switching. Due to large
inefficiencies existing in the demand sector, most of these options offer ‘no-regret’
potential for emission mitigation. The specific sectoral contributions in short-term
emission reductions, while following an optimum long-term emission reduction
trajectory, offers useful insights regarding implications for the Clean Development
Mechanism (CDM). This is a voluntary instrument under the Kyoto Protocol through
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which developing nations can participate in greenhouse gas mitigation. There are
possibilities of reaping significant benefits through participation in CDM, which
according to our analysis can approximate to more than $1 billion savings in the next 12
years while following a 3 BT carbon mitigation target over a forty-year period.

The medium and long-term technology choices include improvements in the T&D
infrastructure for electricity supply, penetration of renewable and nuclear energy
technologies and building of better transport infrastructure. These fit into the overall
development strategy for the country. The supply side has a large contribution in emission
reductions in the medium and long-term. This arises due to higher flexibility in
technological interventions in later periods, mainly brought about by fuel switching from
coal to gas, increasing the share of renewable technologies and to a certain extent by
advanced technology penetration like IGCC and autonomous efficiency improvements.
The mitigation analysis presumes mitigation actions to take place over a conventional
reference future, but analysis of bifurcation scenarios (Hourcade, 1993) that are beyond
the reach of current conventional wisdom can provide added insights. These scenarios
consider alterations in the development path rather than incremental and isolated changes.
These alterations incorporate various factors like demographic measures, equity, resource
conservation, economic efficiency of choices, alterations in institutional structures,
infrastructure development, employment opportunities, education, sustainable agricultural
practices, decentralisation, biodiversity and social or cultural diversity.

The paper shows that India has significant potential for low cost mitigation supply. Our
analysis suggests that there are significant savings potential the Indian economy in the
next ten to twelve years if the country chooses to follow an optimal long-term carbon
mitigation trajectory of up to about 15 percent over four decades. With a $20/t of global
carbon price, such direct savings can be of the order of just over a billion $. Besides, there
are ancillary benefits due to reduced local pollution. A number of barriers exist in the
implementation of efficient energy and carbon mitigation strategies. These can be
overcome through overall economic and energy sector reforms, mechanisms for
international technology transfer and cleaner investments, regional co-operation
mechanisms and agreements and global co-operation in emissions mitigation. In a broad
spectrum, it needs to be kept in mind that the energy and emissions mitigation strategy
should harmonise the needs of sustainable national development priorities with the goals
of global climate change.
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Figure 1: Growth in Economy, Energy and Electricity
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Figure 2: Energy Demand in Reference Scenario
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Figure 3: Generation Capacity in Reference Scenario
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Figure 4: Carbon Emission Trajectories
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Figure 5: Marginal Cost of Carbon Mitigation
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