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Abstract

Due to the growing energy needs along with increasing concerns towards control of greenhouse gas emissions, most developing
countries are under pressure to find alternative methods for energy conversion and policies to make these technologies economically
viable. One of the instruments that have been adopted by many industrial countries is that of the carbon tax. The rate of introducing
carbon taxes however, depends upon the local economic conditions and market forces. The case of Indian power sector has been
examined by using MARKAL model for introduction of carbon taxes at four different trajectories. Their implications on the power
generation choices have been investigated for a time span of 25 years from the year 2000. In general large hydropower plants have
emerged as the first choice followed by wind energy systems. However, cheaper availability of coal in India keeps scope of use of coal
based technologies for which pressurised fluidised bed combustion technology has been found to be the balanced choice among
fossil technologies. There exists a potential of reduction of greenhouse gas emissions by about 25% as compared to the 'business-as-
usual' case in presence of high carbon tax rates.
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1. Introduction

During past decade, electricity demand in India has
increased many folds at an average rate of 6.13% per
year. Increase in power generation capacity could not
keep pace with this increasing electricity demand and
could grew at a rate of 4.17% between the years 1990
and 2000. Whatever increase in power generation
capacity has taken place during past few years, has
been more in the field of coal based thermal power as
compared to other available options such as hydro,
wind, nuclear, solar, gas, and oil based power. In India,
coal is available in large quantities and prices of various
grades of coal are relatively much less as compared to
the prices of oil and gas in most of the industrial
countries. This makes coal power plants an obvious
choice for power generation using conventional technol-
ogy for firing coal that often does not offer a high fuel

efficiency. As a result, more carbon is burnt for
generation of each unit of electricity causing a higher
value of CO2/kWh associated with most Indian thermal
power plants.

While deciding about the type of new power plant,
decisions are primarily based on factors that influence
the initial and operational costs such as investment, fuel
cost, operation and maintenance cost, and plant life.
Considering this prevailing basis of technological choice
to continue for next 25 years, the annual CO2 likely to
be emitted into atmosphere due to power generation in
the year 2025 will increase four fold from the present
level (Bansal, 2000). This trend projection gives serious
indications towards the need of searching and assessing
different ways for controlling emission of CO2 into
atmosphere to check the alarmingly increasing green-
house effect. Many industrial countries are putting in
efforts in this direction specially after the guidelines and
targets set through the Kyoto Protocol. Few developing
countries like China, have also started their large-scale
efforts in this direction probably due to the possibility of
getting targets for controlling CO2 emissions after the
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end of 'grace period' that has been given to developing
countries (Chandler et al., 1998). In addition to the
difference of studied time frame of this work with
previous works, one special condition related to nuclear
power capacity has been considered. As nuclear power is
a strictly controlled field with the government, addition
of nuclear power generation capacity is not left on
choice of MARKAL. Envisaged expansion of nuclear
capacity as per plans of Indian government for the entire
period of this study have been taken and it has been
assumed that that much of nuclear capacity would be
available for use irrespective of its economics of
generation. Such situation is quite realistic keeping in
mind the defense related reasons. However, in this work,
scope has been left for MARKAL to decide the
utilisation level of whatever nuclear capacity would be
available at any point of time on purely competitive
basis. As per the plans called 'vision 2020', by the year
2020, nuclear capacity of 20,000 MW would be added in
India with intermediate targets of addition of 2500 MW
by the year 2005 and 8000 MW by year 2010 (NPC,
1999).

2. The concept of carbon tax

The concept of carbon tax is based upon the principle
of introduction of artificial shadow price in the system.
It can be applied at any one of the two places, one is
increasing the prices of any carbon containing fuel in
proportion of the amount of carbon. An alternative way
is to introduce taxes on the effect of burning carbon i.e.
emission of carbon dioxide. There are practical pro-
blems in adding shadow prices to the fuel prices as it
affects the price competitiveness of various fuels in the
global market. On the other hand, in the later method if
due to inefficient utilisation of fuel some amount of
carbon monoxide is emitted, there are no taxes as it is
not a greenhouse gas. However, it is assumed that
inefficient fuel utilisation and hence emission of
carbon monoxide is itself indirectly imposed tax as it
increases the fuel consumption. In the option of
imposing taxes on emissions, one advantage is there
that emission of greenhouse gases other than carbon
dioxide can also be covered (NOx and SOx). Charging
taxes merely due to their presence in the fuel is not
justified as these components of fuel may or may not
yield greenhouse gases depending upon the combustion
system and emission treatment system adopted at any
power plant.

The concept of carbon tax has been assessed as one
important tool for controlling greenhouse effect in many
countries. Energy Technology Systems Analysis Pro-
gram (ETSAP), has presented effects of carbon taxes
studied by different research groups in 12 European
countries using the energy planning tool MARKAL

(ETSAP, 1999). Studies have also been conducted for
studying penetration of specific technologies in presence
of carbon taxes. Strategies for development of biomass
energy systems have been evolved through a dynamic
analysis conducted by Gielen et al. (1998). Studies
conducted in the US for reducing the carbon dioxide
emissions from the electricity generation using model
National Energy Modelling System (NEMS) revealed
that induced diffusion and use of known renewable
technologies by supply side policies can reduce carbon
emissions by about 20% by the year 2010. When
combined with demand-side policies this concept accel-
erates the diffusion of more energy efficient equipment
and renewable resources resulting in reduction of carbon
emissions due to the electric power sector by about 25%
by 2010 (Bernow et al., 1998). Similar results have been
quoted in carbon mitigation studies conducted in
Canada for the province Quebec through stochastic
programming considering uncertainties involved in
stringent measures for carbon mitigation (Kanudia
and Loulou, 1996). In China, studies have been
conducted to define least cost electric power and
environmental options for China (Chandler et al.,
1998). Besides suggesting the least cost options, it has
been shown that technology alone cannot solve the
environmental problem. It has to be linked with
legislation, penalties and incentives i.e., the concept of
carbon tax and other similar steps are necessary even for
developing countries.

It has been inferred by most researchers (Gielen and
Kram, 1998; Loulou et al., 1997; ETSAP, 1999), that
different possible routes of introduction of carbon taxes
have varied implications on the power sector and on
entire economy of any country. In some cases,
introduction of carbon taxes at high rates and then
stagnation of taxes for future is possible and gives
maximum returns in terms of emission savings. On the
other hand, in few other cases, it is more suitable to
increase such taxes gradually with time. In the case of
developing countries like India, proper choice about
method of introduction of carbon taxes is even more
important due to limited availability of money and high
social impacts of any shadow price like carbon tax. Four
different rates of carbon tax have therefore been
experimented in this work namely low, moderate,
reference and high tax rate. Four cases of low,
moderate, reference and high tax are cases of 25%,
50%, 100% and 200% of the stabilisation tax rates
found by Loulou et al. in Indian context for the year
2000 (Loulou et al., 1997). For all subsequent years
these rates have been increased at the rate equal to the
prevailing rate of inflation i.e. 6.5% per year in India
(CMIE, 2000). The tax trajectories thus obtained have
been shown in Fig. 1. These four cases represent four
different levels of commitment as a policy for control-
ling the greenhouse effect.
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Table 1
Estimated renewable energy potentials in India

2000 2005 2010 2015 2020

• Low tax
• Reference tax

Moderate tax
High tax

Fig. 1. Considered carbon tax trajectories.

3. The Indian power sector

The Indian power sector has few characteristic
features that make it different from power sectors of
most developing countries. On the aspect of power
generation potential, there exists a huge potential of
large hydro, wind and small hydro based power
generation in addition to potentials of solar, ocean
and bio energy. Only a few countries have such a wide
range of options for renewable energy and in most of the
cases, respective potentials are relatively much less.
Table 1 shows economic potentials of various renewable
energy options in India (Naidu, 1996).

As far as reserves of fossil fuels are concerned, India
has 79,106 million tonnes of proven reserves of coal,
against 660 million tonnes of crude oil and 648 billion
cubic meter of natural gas reserves (CMIE, 2000). Coal
is the mainly used fossil fuel for generation of electricity
with about 71.3% of its total use in the country went for
power generation (215.3 million tonnes) in the year
1998-1999. Whereas, 8714 million cubic meters of
natural gas was used in the year the same year for
power generation which is only 38.7% of the total use of
natural gas in the country. Four crude oil products,
namely, high speed diesel, light diesel oil, furnace oil and
low sulphur heavy stock are used in the power sector,
but their consumption in the Indian power sector just
0.226, 0.184, 0.764 and 1.63 million tonnes, respectively,
including imports, which is negligible as compared to
use of coal.

On the generation side, plant utilization level of
thermal plants are found to vary from 15% to 85%
depending upon their ownership. Very nicely managed
power generation companies like the National Thermal
Power Corporation attain a plant load factor as high as
85% in their plants situated all over the country. In the
case of not so nicely managed plants like state
government owned plants in the state of Bihar, observe
an extremely low plant load factor as low as 15%.

Source/system Approximate potential

Technologies considered in this
study

Solar energy
Wind energy
Large hydro power
Small hydro power (up to

15 MW capacity)

Other renewable energy
technologies

Bio-gas plants
Improved wood-stoves
Bio-mass
Ocean energy
Energy from urban, municipal

and industrial waste

20MW/km2

20,000 MW
84,000 MW
10,000 MW

12 million (nos.)
120 million (nos.)
17,000 MW
50,000 MW
1700 MW

Source: Naidu (1996).

However, an average PLF across the country is found to
be 64% in year 2000 which is increasing slowly due the
to ongoing reforms in the Indian power sector. In the
case of the distribution of generated power, transmission
and distribution losses are as high as 48% in few states
and an average of 20% T&D losses are observed
nationwide (CMIE, 2000). This typical feature addi-
tionally increases the requirement of power generation
capacity which otherwise is supposed to be governed by
the trend of power demand at the end use. Total end use
electricity demand in India can be divided into five
major sectors of the economy. Due to structural changes
in each of these sectors namely industrial, residential,
agriculture, commercial and transportation sectors,
during past 10 years total power demand has increased
from 267 to 535 TWh from year 1990-91 to 2001-2002.
As per the projections of sixteenth power survey of India
conducted by the Central Electricity Authority of India,
this demand will grow up to 782 TWh in year 2006-07
(CMIE, 2000). For the estimation of power demand in
intermediate years and for periods further, this trend has
been put in the form of a correlation between year and
power demand as given in Eq. (1). In this equation for
finding power demand (in GWh) for in any year (after
1980), the year has to be kept as such in place of 'X’:

Demandn = 457:08X2 - 1799248:41X þ 1770691242:52:

(1)

The above quadratic equation has been obtained
through curve fitting in the plot of 'electricity demand
vs. year' starting from the year 1980 as shown in Fig. 2.
It has been assumed that as India is a developing
country, demand of electricity will continue to grow
with the same trend during the entire period of this
study. Therefore, using this equation, electricity demand



1238 J. Mathur et al. / Energy Policy 31 (2003) 1235-1244

1400000

O

1200000 -

1000000 -

800000 -

3 600000 -|
o

Q.

400000 -

200000 -

y = 457.08x2 -1799248.41 x + 1770691242.52
2

0
1970

R2 = 0.9985

1980 1990 2000 2010 2020 2030

d e m a n d • ••••• a v a i l a b i l i t y Trend line

Fig. 2. Trend of power demand in India.

in future has been calculated for supplying as exogenous
parameter to MARKAL.

Power demand in India has always been more than
the generated power. Due to this difference always there
has been a shortage of power in India that reaches up to
a level of 18-20% during the peak load hours and 8-
10% on an average. Expansion of power generation
capacity gets restricted mainly due to the reason of non-
availability of funds for installing new capacity. In
addition, sometimes socio-political reasons like agita-
tion and resistance of people who are bound to be
shifted and rehabilitated due to submergence of large
areas for large hydro power plants, also become hurdle
for installation of desired power generation capacity. All
the above-mentioned features collectively make the
Indian power sector very peculiar. Therefore, proper
planning is very much needed especially in a case in
which in addition to meeting the demand, there is some
additional objective like controlling greenhouse emis-
sions in this case.

4. Modeling approach through MARKAL

For finding the effects of introduction of carbon taxes
at four different rates on the suitability of technologies
in future and resulting greenhouse emissions, the Indian
power sector has been modeled. In this modeling,
aspects related to availability of fuel/energy source,
power generation or conversion technologies, power
transmission and end use demand have been covered.
The objective was to find the optimum set of choices
under dynamic conditions and to assess potential of
reduction in the emission of carbon dioxide from the
power sector. This was done for a time span starting
from the year 2000 till the year 2025 in five intervals of
five years each. A much widely used energy planning

software MARKAL (MARket ALlocation) has been
used for this purpose which operates with the bottom-
up approach to deal with energy systems. It requires
definition of the considered case in the form of a
'Reference Energy System' through various time depen-
dent and time-independent parameters. Solution for the
objective function of minimising the total discounted
system costs is obtained through satisfying the partial
equilibrium condition at all intermediate stages in all
aspects as explained in the following steps:

4.1. Flow conservation

For the flow of each form of energy, the consumption
must not exceed the availability through the inequality;

, 0ACTðk;

inpk;f A CTðk; t) —

where k any technology in the model, f any form of
energy, outk;f amounts of energy form f produced by
one unit of activity in technology k; inpk;f amounts of
energy form f consumed by one unit of activity of
technology k;ACTðk; tÞ: activity level of technology k at
time t; IMPðf; tÞ: energy import in form f at time t;
EXPðf; tÞ: energy export in formfat time t:

4.2. Demand satisfaction

Demand demd for each type of end use of electricity, is
to be satisfied at each period through the condition

where, CAPðk; tÞ is capacity of technology k at time t;
is the demand for end use of energy (electricity) at



J. Mathur et al. / Energy Policy 31 (2003) 1235-1244 1239

period t; and the summation is done over all the
technologies k; which produce energy for demand d:

Demand in the above expression is the gross demand
that includes losses in the transmission, distribution and
utilisation, incorporated through different parameters in
the model.

4.3. Capacity transfer

In case of each technology k, total capacity at any
period results from the capacity installed previously that
is still operative, initial capacity and the investment in
new capacity.

CAPðk; 0 - X INVðk;pÞpresidk;t;

p

where INVðk;pÞ is investment in technology k in period
p; residk;t is the residual capacity of technology k at
period t; the summation extends over all previous
periods p such that t—p does not exceed the life of
technology k:

4.4. Capacity utilisation

In each technology, k's activity cannot exceed its
maximum utilisation corresponding to the installed
capacity at any time period t:

ACTðk; t) - utilk:CAPðk;

where, utilk;t is the annual utilisation factor of technol-
ogy k: The electricity generation technologies may have
single annual utilisation factor or seasonal utilisation
factors the sum of which should be less than unity.

4.5. Source capacity

Use of any energy carrier/form of energy f through
technology k; must not exceed the annual availability of
its capacity at any time period t:

E
k

inpk;f ACTðk; t srcapf;

where srcapf;t;i is the annual availability of energy form
/ from source i at period t:

4.6. Growth constraint

Due to certain reasons like limited excavation
facilities for fuel and sometimes due to regional
priorities and constraints, capacity of any technology
cannot grow by more than certain percentage or value in
each period as expressed below:

CAPðk; t þ 1 - (1 þ growthkÞ CAPðk; tÞp0;

where growthk is the maximum allowable growth factor
for each technology at time period t.

In addition, limits like maximum cumulative con-
sumption of fuel can also be imposed as per the situation
in the model.

For bringing different costs at different points of time
to a common comparable platform, first, all costs are
converted into equivalent costs in the base year using the
financial discount rate using the following equation.
Adding up all the costs yields the total discounted
system cost (TDSC) as given by the expression below
which is to be minimised

TDSC = technology cost þ fuel cost þ O&M

cost — revenue — salvage value þ emission tax:

5. Characteristics of the considered system

Making the Reference Energy System (RES) is a way
of representing the activities and relationships of an
energy system, depicting energy demands, energy con-
version technologies, fuel mixes, and the resources
required satisfying energy demands. In this work,
through MARKAL, building the reference energy
system therefore, was the first step towards building
model of the Indian power sector. Ten power generation
technologies and related fuel chains have been consid-
ered in this analysis. These technologies are either
already in use or are considered to be technically and
economically viable in India. Table 2 presents main
details of these technologies used in framing a reference
energy system in the MARKAL analysis. Outline of the
study is as given below:

• base year: 1999-2000,
• time span of study: 25 years (starting year 2000,

ending year 2025),
• time periods: 5 (5 year duration each),
• discount rate: 10% per annum (based on the

prevailing bank interest rate on deposits),
• inflation rate: 6.5% per annum (CMIE, 2000).

The analysis has been carried out assuming power
generation for the central electricity grid of the country
and hence, effect of spatial distribution of hydro and
wind power potential has been neglected.

Purpose of all the plants covered in this study is
considered to be feeding the electricity grid. In industrial
countries however, renewable energy systems like wind
power plants are mainly used to reduce the load
duration on conventional plants during various times
of the day. In the case of India, there always exists a
possibility of consumption of additional power as the
economic growth is not stabilised and the growth of
many sectors is restricted due to shortage of power. In
the RES, no heating load is considered to be met
through the heat rejected in energy conversion
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Table 2
Overview of key figures of selected technologies

Technology

Conventional coal power plants
PFBC based coal power plants
IGCC based coal power plants
Large hydro power plants
Small hydro power plants
Natural gas based power plants
Oil based power plants
Nuclear power plants
Photovoltaic power plants
Wind energy systems

Efficiency (%)

37
41.5
45
—
—
40
39
33
—
—

Emission
coefficient Kg.
CO2/kWh

0.87
0.80
0.73

—
—

0.48
0.70

—
—
—

Investment cost
Rupees/kW

008000
33,500
60,000
60,000
74,000
30,000
30,0
90,000

300,000
40,000

O&M cost*
(fixed) Rupees/
kW/yr

800
920

1200
800
500
800
800

1600
400
320

O&M cost*
(variable)
Rupees/kWh

0.35
0.40
0.55
0.35
0.25
0.35
0.35
0.60
0.20
0.15

*Figures do not include administrative and other overhead costs, Source: CMIE (2000).

processes. As in India, requirement for space heating is
only for about 2 months in a year, use of electricity is
preferred and laying of piping, etc. for heat transfer is
avoided unlike North American and European coun-
tries. Transmission and distribution losses amounting
20% of the generated electricity are considered as
national average. Although, in some parts of the
country these are much higher, this analysis is kept
independent of the regional variations.

Costs of various power plants are taken from Indian
sources only rather than converting the costs from other
countries into Indian currency. This has been done
because costs in different countries may have some
hidden extra cost that may not be relevant here. For
example, variation in environmental regulations and
quality of fuel necessitate different types of emission
control equipment. A mismatch has been observed in
the costs of power plants worldwide.

6. Assumptions and boundaries of this work

Power plants working as centralised utilities have only
been covered in this work and non-utilities have been
kept out of the scope of this work. Analysis has been
conducted corresponding to yearly demand. It has been
assumed that all the power plants existing and working
at the beginning of the base year will continue to work
throughout the period of this study. Taking of this
assumption is particularly valid in India because even
very old plants are kept in working condition with
necessary maintenance and minor retrofitting. The
Power Sector Reforms Committee has also suggested a
similar line of action for future to improve performance
of old plants that are close to the end of their expected
life. Prevailing inflation rate in India has been used to
extrapolate price of any commodity or technology for
any point of time in future from the price of base year. It
has been assumed that the same rate of inflation will

prevail over the entire period of this study. Similarly,
same discount rate will continue to exist throughout the
span of this study. The current growth rate of gross
domestic product (GDP) will not deviate from the trend
in the last decade. There are some temporary rise and
falls in the trend plot due to some extremely favorable or
unfavorable year for economy. However, overall growth
of GDP has shown a consistency and it is likely to keep
the same trend in future. This assumption though was
not directly important but governs the trend of increase
in energy demand. In general, it has also been assumed
that sufficient infrastructure support will be present in
the fields such as manufacturing, transportation, refin-
ing.

7. Results

Results have been obtained for five cases, for the case
of no carbon tax and subsequently for four cases of
carbon taxes as explained earlier. Results of the first
case, i.e. case without carbon tax suggest that the model
finds hydro power as the most economic option. In the
first period, the model prefers small hydro overall
technologies and first gives full allocation to it.
Remaining allocation is given to large hydro category.
In the second period, model has given allocation to wind
energy first and remaining allocation again came to
large hydro technology. One interesting phenomenon
here has been that in the first period large hydro was
assessed the second best technology, as small hydro was
the first choice. In the second period, even if small hydro
option is not there as it gets saturated in the first period
itself, large hydro again gets remaining allocation after
wind power capacity is fully utilised in the second
period. This change is explained by the difference
between discount rate and inflation rate. The inflation
rate (6.5% per year) considered in this model is lower
than the discount rate (10% per year). The total hydro
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and wind power potentials get fully utilised by the
fourth period (i.e. years 2015-2020) and therefore, coal
is found to be the next most attractive option for
capacity expansion. Among the three coal power
technologies, conventional coal power is picked up by
the model. This is due to the reason that among these
three technologies, it has least initial investment and
operation and maintenance costs. Low prices of coal do
not allow the efficiency related advantage (or fuel saving
in other words) of other two coal based technologies to
come into picture. Due to relatively high fuel prices, gas
and oil based power plants do not get any allocation.
The IGCC based coal power technology, as requires too
much initial investment, does not get any allocation at
all. Growth of various technologies allocated given by
the model has been shown in Fig. 3 and given in Table 3.

8. Effects of emission taxes

With the introduction of tax at the low rate
mentioned as low tax case, no effect has been observed
on the technological choices given in the simple case
without tax. In the case of moderate tax, the choice of
PFBC based coal power plants becomes better as
compared to conventional coal power plants and hence
allocation is given to PFBC coal power plants during the
last period replacing the conventional coal power plants,
allocated in the case without taxes and with low taxes.
At moderate taxes and high tax rates, the model suggests
to have more capacity of large hydro power. A minute
inspection of results reveals that the model even prefers
to have the fossil based capacity standing unutilised and
prefers to invest in additional clean renewable energy
based capacity instead of paying for taxes. In the later
stages however, due to increase in demand, there is no
choice but to use fossil fuel based technologies as
renewable energy based technologies cannot cater to the
entire demand of future periods. Table 4 gives utilisation
of plants (in terms of percentage) as suggested by the
model in brackets besides the values of recommended

300

capacities. Other technologies like gas, oil, IGCC power
plants do not appear in the choices with any of the
considered tax rates (Fig. 4).

9. Potential of reducing CO2 emissions

Starting from the case of no tax, with the introduction
of CO2 taxes up to the moderate rare there is not
considerable reduction of emission, as the choices are
not altered much. With further increase in rates, it is due
to more renewable energy based power generation,
emissions come down in the initial period of the study.
This advantage however, reduces in future periods due
to increase in demand, as use of fossil-based capacity
becomes a necessity. Towards the end, there is about
26% reduction in CO2 emissions as compared to the
case of 'no tax' as shown in Fig. 5. Details of CO2

emissions from the power sector under various carbon
rates are given in Table 5.

10. Conclusions

Results of modeling of the Indian Power Sector with
no carbon tax and with four different carbon tax cases
reveal that hydropower in general, tends to be the first
choice for India. Almost in every case it was given the
first allocation. While dealing with small hydro technol-
ogy, it is found to be at an unstable situation in the
solutions. At present it is among the preferred technol-
ogies but it will continue to remain attractive only if
either the discount rates come closer to the inflation
rates or emission taxes are introduced. Besides hydro-
power, wind energy is another attractive technology for
India and becomes more and more attractive with
introduction of emission taxes.

Due to the cheaper availability of coal, conventional
coal based plants are the best choice among all fossil fuel
based technology. However, it is not very uneconomic to
use PFBC based plants as they had replaced the

El Others

BWind

• PFBC

d Natural gas

El Small Hydro

d Large Hydro

•Conventional coal

2000 2005 2010 2015 2020 2025

Fig. 3. Growth of technologies in the case without carbon taxes.
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Table 3
Growth of technologies with various carbon tax ratesa

(a) No tax case
Conventional coal
Large hydro
Small hydro
Natural gas
PFBC
Wind
Others

(b) Low tax case
Conventional coal
Large hydro
Small hydro
Natural gas
PFBC
Wind
Others

(c) Moderate tax case
Conventional coal
Large hydro
Small hydro
Natural gas
PFBC
Wind
Others

(d) Reference tax case
Conventional coal
Large hydro
Small hydro
Natural gas
PFBC
Wind
Others

(e) Base case with high tax
Conventional coal
Large hydro
Small hydro
Natural gas
PFBC
Wind
Others

Base yr

55.97
21.89

0.5
7.81
0.5
1.5
3.7

55.97
21.89

0.5
7.81
0.5
1.5
3.7

55.97
21.89

0.5
7.81
0.5
1.5
3.7

55.97
21.89

0.5
7.81
0.5
1.5
3.7

55.97
21.89

0.5
7.81
0.5
1.5
3.7

2005

55.97
34.39
20
7.81
0.4
1.5
6.5

55.97
34.93
20
7.81
0.4
1.5
6.5

55.97
34.93
20
7.81
0.4
1.5
6.5

55.97
77.11
20
7.81
0.4
1.5
6.5

55.97
85
20
7.81
0.4
1.5
6.5

2010

55.97
49.3
20

7.81
0.4

20
11.5

55.97
49.3
20

7.81
0.4

20
11.5

55.97
49.85
20

7.81
0.4

20
11.5

55.97
77.11
20

7.81
0.4

20
11.5

55.97
85
20

7.81
0.4

20
11.5

2015

55.97
67.7
20
7.81
0.4

20
16.5

55.97
67.7
20
7.81
0.4

20
16.5

55.97
67.7
20
7.81
0.4

20
16.5

55.97
77.11
20
7.81
0.4

20
16.5

55.97
85
20
7.81
0.4

20
16.5

2020

65.04
85
20

7.81
0.4

20
21.5

65.04
85
20

7.81
0.4

20
21.5

65.04
85
20

7.81
0.4

20
21.5

65.04
85
20

7.81
0.4

20
21.5

55.97
85
20

7.81
8.69

20
21.5

2025

90.33
85
20
7.81
0.4

20
26.5

90.33
85
20
7.81
0.4

20
26.5

65.04
85
20
7.81

22.88
20
26.5

65.04
85
20
7.81

22.88
20
26.5

55.97
85
20
7.81
8.69

20
26.5

Others: sum of Nuclear, IGCC, Oil, PV based power generation capacities.
aAll capacities are in GW.

conventional coal plants with introduction of carbon
taxes even at moderate rates. Fuel-wise, coal is in
general the most preferred fuel in Indian power sector,
but there exists a possibility of replacement of coal by
gas as a choice of fuel for power generation. Changes in
relative costs of these fuels or relative investments of
plants examined through sensitivity analysis show
possibility of this change as also found in case of
emission taxes at high rates. Nevertheless, due to
relatively much higher price of oil, it has no possibility
to be the preferred choice over other fuels like coal and
gas. With the existing state-of-art and corresponding

costs, technologies like photovoltaic systems and IGCC
based power plants do not have any chance to get
preference with the scenarios considered. Therefore,
more research is necessary to improve the efficiency of
these systems or to find methods for reduction in specific
investments.

With the objective of reducing CO2 emissions, taxes
can be introduced in the Indian Power Sector. There
exists a potential of reducing emissions up to about 25%
from the level that is expected to be there in absence of
such taxes. However, introduction of high carbon taxes
changes the entire power generation strategy. In the case
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Table 4
Capacity utilisation of power plants (with and without taxes)

Unused capacity (%)
2005

Unused capacity (%)
2010

Unused capacity (%)
2015

Unused capacity (%)
2020

Unused capacity (%)
2025

Conventional coal power plants
Plant availability

factor (%)
No tax case
Low tax case
Moderate tax case
Reference tax case
High tax case

64

0
0
0

45.22
53.68

Natural gas based power plants
Plant availability

factor (%)
No tax case
Low tax case
Moderate tax case
Reference tax case
High tax case

Nuclear power plants
Plant availability

factor (%)
No tax case
Low tax case
Moderate tax case
Reference tax case
High tax case

64

64
64
64
64
64

75

75
75
75
75
75

64

0
0
0

29.22
37.68

64

64
64
64
64
64

75

75
75
75
75
75

64

0
0
0
0
8.46

64

0
0
0

64
64

75

75
75
75
75
75

64

0
0
0
0
0

64

0
0
0
0
0

75

75
75
75
75
75

64

0
0
0
0
0

64

0
0
0
0
0

75

75
75
75
75
10.91

250

El Others

I! Wind

• PFBC
Q Natural gas

HSmall Hydro
d Large Hydro
m Conventional coal

2000 2005 2010 2015 2020 2025

Fig. 4. Growth of technologies in the case with high rate of carbon tax.

of high emission tax rates, the model finds it more
economical not to use some of the existing power plants
which emit more carbon, instead install extra capacity of
the cleaner technologies. In case the money for cleaner
technologies is not immediately available, it would be
better to increase the taxes at slower rates than the rates
considered in this analysis. In that condition, the model
will find a balance between the requirement and
availability of money as the increase renewable energy
based capacity will be at a slower rate, requiring lesser
amount of money.

From the results it has been found that the increase in
total discounted cost of the system for reduction of
cumulative CO2 emissions over the period of this study
is around 140 rupees per ton of CO2 saving with high
taxes. This cost gets reduced to about 100 rupees per ton
of CO2 with reference tax case where the potential of
reduction in cumulative emissions also gets reduced.
These costs are much less as compared to the rates
found for other countries like Germany, as the renew-
able energy based power generation is relatively much
cheaper in India. Therefore, targets for reduction in
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Table 5
Carbon dioxide emissions (thousand tonnes per year)

2005 2010 2015 2020 2025

No tax case
Low tax case
Moderate tax case
Reference tax case
High tax case

276,860
274,814
274,814
81,915
45,823

276,981
276,981
274,870
150,219
114,128

299,419
299,419
299,419
274,926
238,834

344,442
344,442
344,442
344,442
340,882

468,603
468,603
458,677
458,677
342,821

2005 2010 2015 2020 2025

- Base (no tax) Reference tax • High tax

Fig. 5. Emission reduction with taxes in base case scenario.

emissions are to be fixed with respect to the capacity of
the economy to bear the extra cost of emission reduction.
This cost should also be compared with other means of
reducing emissions as well. For example, introduction of
Compact Fluorescent Lamps (CFL) for lighting would
bring some additional cost in the system but would
decrease the energy demand. This decrease in demand
would in turn bring down the emission level even without
introducing emission taxes. Such alternatives are to be
weighed with respect to each other before finalization of
a nationwide policy for emission reduction.
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