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About the PESD – IIM Study 
 
Since 2002 the Program on Energy and Sustainable Development (PESD) has been 
engaged with the Indian Institute of Management in Ahmedabad (IIM-A) to study reforms 
in the electric power sectors of two key Indian states: Gujarat and Andhra Pradesh.  These 
are critical states as India works to translate visions of power sector reform adopted at the 
Central (Federal) level into state and local practice.  This work, funded by the US Agency 
for International Development, has involved surveying every unit of every thermal power 
plant in both states.  In addition, we have surveyed a sample of the captive power plants in 
Gujarat state.  We have been particularly interested in computing the "baseline" of fuel 
consumption and emissions of key pollutants, including carbon dioxide; our studies also 
explore how those baselines change over time and may change in the future as the reform 
efforts proceed.  The baseline is a key measure of the efficiency of the sector; it is also the 
core concept needed to make operational such schemes as the clean development 
mechanism (CDM) of the Kyoto Protocol, which seeks to encourage investment in projects 
that result in emissions that are lower than the baseline level. 
 



  

Abstract 
 
The study traces the pattern of development of the electricity sector in India through 
a case study of the state of Andhra Pradesh. The main objective of the study is to 
assess the impact of reforms on the electricity generation industry at the state level. 
The state is selected as a unit of study to bring out the regional variances that may 
not be captured at a more aggregate or country level study. The study finds that there 
has been a steady improvement in the efficiency of generation from coal and gas. 
However, generation from clean sources like hydro has been declining. This 
changing generation mix has led to a steady increase in emission intensities. The 
carbon intensities so obtained is used for construction of a baseline for the state. The 
study reports an increase in the baseline intensity and explores the causes for such an 
increase. 
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Impact of Power Sector Reforms on Technology, Efficiency and 
Emissions: Case Study of Andhra Pradesh, India1 
 
P.R. Shukla, Debashish Biswas, Tirthankar Nag, Amee Yajnik, Thomas Heller 
and David G. Victor 
 
 
1. INTRODUCTION 

 
 
The study examines the development of the electricity sector at the state level in India 
during the past decade and assesses the impact of reforms on technology, efficiency, and 
global emissions. For this purpose, the state of Andhra Pradesh has been chosen as a case 
study. Another paper evaluates the state of Gujarat with these same objectives. Most of the 
studies on the impact of reforms on technology, efficiency, and greenhouse gas emissions 
have concentrated on analysis of national policies and national approaches. However, in 
many countries much of the energy policy is controlled at the sub-national level. This is 
particularly true in case of electricity, not only in developed countries but also in India, 
whose importance as a source of greenhouse gas emissions is large and growing. In India, 
electricity is on the concurrent list, thereby making it the responsibility of both the centre 
and the state. The state is selected as the unit of study specifically to examine the issues 
that are specific to the sub national level governments. 
 
The study addresses a number of issues related to changing trends in electricity generation 
and its impact on greenhouse gas emissions in the state. First, the study focuses on the 
changing behavior of the efficiency and fuel structure of the power generating stations in 
the state. Second, the study analyzes the reasons behind these changes and examines 
different parameters, which affect them. Finally, the study analyzes how the changes 
taking place in the sector has an impact on the global emissions and estimates the energy 
intensities, which are then used to construct a carbon abatement baseline for the state. 
 
The study begins with a description of the development of electricity sector in the state by 
analyzing the pattern of development. This has been taken up in section 2. Later sections 
cover the impact of reforms on technology and efficiency and link it with the changing 
energy intensity in the state. The study design and the methodology followed for 
conducting the study are explained in section 3. Sections 4 to 6 brings out the changes 
associated with the power sector reforms. These include changes in the fuel structure 
(Section 4), and changes in efficiency of the thermal plants (Sections 5 and 6). In section 7, 
the factors that influence the efficiencies of thermal plants in Andhra Pradesh have been 
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analyzed. In Section 8, the effect on greenhouse gas emissions due to the power sector 
reforms process has been highlighted. Finally, section 9 draws conclusions from the 
Andhra Pradesh experience, which reveals that the reforms have been associated with 
changes in ownership structures, shift in technology, improvement in energy efficiency and 
decreasing carbon intensities. 
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2. Electric Power Industry in Andhra Pradesh 

2.1. ECONOMIC PROFILE OF THE STATE 
 
Andhra Pradesh is a state in the southern part of India with an area of 275 thousand square 
km. and supports a population of around 76 million. The state was formed in 1953 from 
parts of Madras and Hyderabad states. Later it was extended in 1956 to include the 
majority of Telugu speakers in the Hyderabad area.  
 
The total population of the state in 2001 was 75.7 million. The population growth in the 
state in the last decade (1991-2001) is 14 percent.  
 

Table 1: Andhra Pradesh and India (20002) 

 AP India 
Population (million) 75.7 1027 
Area (1000 sq. km) 275 3287 
GDP Growth Rate (%) 3.79 5.57 
Per capita Income (Rs.)3 18,306 19,476 

  Source: 1)MoF, 2000. Economic Survey 1999-2000. 
  2)CMIE, Energy, May 2003. 
  3) CMIE, Monthly Review of the Andhra Pradesh Economy, Jan 2004. 
 

2.2. DEVELOPMENT OF THE ELECTRICITY SECTOR 
 
The last decade has witnessed a number of changes in this sector. These constitute capacity 
expansion and production, evolution of new institutions and shifts in ownership structures 
and fuel mixes. All these developments have mainly taken place on the generation side 
because the initial reforms started with particular focus on the supply side. Transmission 
and distribution issues have been taken up in the later stages of the reforms. This has 
caused the transmission and distribution to remain mostly under state control. The present 
discussion focuses mainly on the generation sector. 
 
Since Independence, electricity has been placed in the concurrent list in the Constitution of 
India, implying that both the Parliament and State Legislature have the authority to 

                                                 
2 Here 2000 is used to refer to the period from April 2000 to March 2001. The same terminology has been 
used elsewhere in the paper. 
3 Per capita income uses Gross State Domestic Product for the state and Gross National Product for India. 
Distribution of central income and other related issues may cause problems in comparison among the state 
and national figures. 
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legislate on the subject. The central government adopted a policy of development of 
electricity through the public sector after the Industrial Policy Resolution of 1956 leading 
to the creation of State Electricity Boards, which looked after the power sector at the state 
level. Prior to the formation of the state, small power stations served the area with a total 
installed capacity of 100 MW. This capacity mainly consisted of local thermal and hydro 
plants supplying power to the towns and villages. Among these small plants, the Nizam 
Sagar (15 MW) hydro plant and Husseinsagar (22.5 MW) plants were notable. A joint 
venture was also conceived with the state of Orissa to set up a hydro plant on the 
Machikund river flowing through the two states. However, with the absence of the grid, 
power supply was confined to localized areas.  
 
With the formation of the state in 1953, diesel sets were installed in all the districts and 
other local areas to quickly build up an autonomous state capacity and deal with the 
usually associated long gestation periods and transmission constraints. Existing supply 
constraints had led to a very low per capita consumption in the state and measures were 
needed to boost it up for the overall development of the state. In accordance with the 
Electricity Supply Act (1948), the Andhra Pradesh State Electricity Board (APSEB) was 
created in April 1959 as a vertically integrated entity in charge of generation, transmission, 
and distribution of electricity in the state. The different divisions under the state 
government of AP draw their own five year plans along with the central plans. The state 
plans are supported by tax revenues, central assistance and other resources managed by the 
state. In the period from 1960 to 1982, APSEB was the sole generator of electricity. 1983 
onwards the central sector plants managed by NTPC also started contributing the 
generation in the state. Post 1990, after the initiation of the reforms that allowed private 
sector participation in generation, a number of Independent Power Producers (IPP) set up 
generating stations in the state which were mostly based on gas or naphtha. There was also 
a growth in capacity following the setting up of mini hydro and wind based plants by the 
private players. 
 
Earlier the state government had control over fixing the tariff. The enactment of the 
Electricity Regulatory Commission Act (ERC), 1998 led to the setting up of the Central 
Electricity Regulatory Commission and State Electricity Regulatory Commissions, which 
took over the state’s power of deciding the tariff. The Government of AP. passed AP 
Electricity Reforms Act in 1998. The main objectives of the act was setting up of the AP 
Electricity Regulatory Commission, restructuring the electricity industry and provide 
avenues for more private sector participation. Following this, the AP Electricity Regulatory 
Commission was set up as an independent and autonomous body to set the tariff and create 
an environment for dynamic and equitable growth of the electricity sector in the State. 
APSEB was also restructured into two independent corporations: Transmission 
Corporation of Andhra Pradesh Limited (APTransco) and Andhra Pradesh Power 
Generation Corporation Limited (APGENCO). The distribution function was later 
separated from APTransco and divested with four distribution companies as subsidiaries to 
APTransco.  
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These policy changes have been accompanied by a steady growth in capacity and 
consumption between 1990 and 2000. The installed capacity of the state increased over 
sixty percent and the generation available to the state increased over hundred percent 
during this period. 

 

 

Figure 1: Electricity capacity and generation in AP 

 

Source: CMIE, Energy, May 2003. 
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Figure 2: Electricity for Consumption(excluding theft)  in AP 

Source: CMIE, Energy, May 2003 
 
 
The electricity production in the state closely tracks the net state domestic product. Starting 
from 5 Trillion KWh in 1980, consumption has increased to 30 Trillion KWh in 1998. The 
per capita electricity consumption in AP in 2000 has been 391 units compared to the all-
India average of 355 units (see table 2). The total installed generation capacity has been 
7.98 GW in 2000. A huge demand comes from the agricultural sector, which is expected to 
remain the largest consumer. There are reasons to believe that it may also cover a part of 
the unmetered/estimated consumption and T&D losses. The industrial sector also accounts 
for a significant portion of the consumption. However, compared to agricultural 
consumption the industrial consumption has grown at a much slower pace. 
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Table 2 : The electricity sector in AP and India (2000) 

Parameters AP All India 
Installed Capacity (GW) 7.98 101.6 
Generation (TWh) 45.7 501.2 
Total Energy Deficit (%) 7.8 7.8 
Peak Energy Deficit (%) 14.6 13.0 
Per Capita Consumption 391 355 
Plant Load Factor 85.4 69.0 
T&D Losses 32.9 29.9 
Rural Electrification 99.9 86.5 
Population Covered (%) 100 87.7 

Source: 1)Planning Commission: Annual Report on the Working of State Electricity 
Boards and Electricity Departments, 2002. 

   2)CMIE, Regional Monitoring Service, Andhra Pradesh, October 2003. 
 
 
AP is an energy deficit state. However, in recent years the average energy deficit has 
reduced to that of the national average. The energy deficit of around 22 percent in 1996 has 
reduced to almost 7 percent in 2000.  
 

2.3. MARKET STRUCTURE 
 
In 1991, the government of India opened up the generation sector for private participation. 
Following this, many changes have taken place in the generation sector and different 
power companies have set up capacities in the state. Compared to the generation sector few 
changes have taken place in the transmission or distribution sector.  
 
In 1990, 84 percent of the generation capacity was controlled by APSEB, which is a state 
owned enterprise. The rest was from central sector allocations in which National Thermal 
Power Corporation (NTPC) had a major share. The transmission and distribution sector in 
the state was fully controlled by APSEB.  
 
In 2001, as shown in figure 3, a number of independent power producers were generating 
electricity though APSEB remained the dominant player owning over seventy percent the 
installed capacity. Independent power producers owned 11 percent of the capacity. The 
central companies like NTPC, Neyveli Lignite Corporation Limited (NLC), and Madras 
Atomic Power Plant (MAPP) have earmarked capacities for the state, though NLC and 
MAPP are located outside the state boundaries. The aggregate of such capacities amount to 
12 percent of the total capacity of the state. There has been a growth of almost 40 percent 
in the capacity for APSEB between 1990 and 2001. The private and the central sector have 
shown considerable growth in this period. Also with the growth of private sector capacity, 



 

8 

different ownership structures have emerged. One such structure is that of AP Gas Power 
Corporation Ltd. (APGPCL) which has been jointly set up by APTransco and a consortium 
of companies and being run by APGENCO. These are covered in detail later. 

 

Figure 3: Market Structure of the electricity sector in AP in 1990 

Residential (14 %)

APSEB 
(4065 MW)

Commercial (3.4 %)

APSEB APSEB

Industrial (38 %)

APGPCL (66 MW)
Agricultural (41.7 %)

Central Sector 
(NTPC, NLC 

& MAPP 
(762 MW) 

PGCIL

Others (2.9 %)

Generation Transmission Distribution Consumption

Residential (14 %)

APSEB 
(4065 MW)

Commercial (3.4 %)

APSEB APSEB

Industrial (38 %)

APGPCL (66 MW)
Agricultural (41.7 %)

Central Sector 
(NTPC, NLC 

& MAPP 
(762 MW) 

PGCIL

Others (2.9 %)

Generation Transmission Distribution Consumption

 



 

9 

Figure 4: Market Structure of the electricity sector in AP in 2001 

 
*Capacity includes both thermal and hydro plants. 
 
 

2.3.1. Generation 
 
Most of the power generation in the state is carried out by APGENCO. APGENCO 
accounts for around 70 percent of the installed capacity. The central and the private sector 
cater to the rest. 
 
The central sector consists of two plants of NTPC viz. Ramagundam and Simahadri. Power 
is also provided to the state from Madras Atomic Power Project (MAPP) and the Neyveli 
Lignite Corporation (NLC). Andhra Pradesh Gas Power Corporation Limited (APGPCL) 
has been set up jointly by APTransco and a consortium of 40 companies for providing 
power to these companies. In the private sector there are four players, GVK Industries 
Limited (GVK), Lanco Kondapalli Power Private Limited (LKPPL), Spectrum Power 
Generation Limited (SPGL) and BSES Andhra Power Limited (BAPL). All these four IPPs 
have PPAs with APTransco and supplies electricity exclusively to the AP Grid. 
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Figure 5 : Structure of the Electricity Industry in AP 
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2.3.2     Transmission and Distribution 
 
The power grid in the state is maintained by APTransco. It allows transmission of power 
from other generating companies and to distribution companies after payment of the 
wheeling charges. Apart from APTransco, Power Grid Corporation of India Ltd. (PGCIL) 
looks after the linkages with the regional grid and inter regional power transfer. The 
distribution sector is managed by four Distribution companies, APCPDCL, APSPDCL, 
APEPDCL and APNPDCL which are all subsidiaries to APTransco.  
 

2.4. GOVERNMENT POLICIES AND REGULATIONS 
 
The Indian Constitution has included electricity in the concurrent list, which means that 
both the centre and the states share the responsibility for this sector. The very first attempts 
at introducing legislation in this sector were made as early as 1887. However, these 
attempts were restricted to ensuring safety for personnel and property. The first legislation 
i.e. the Indian Electricity Act was passed only in 1910 followed by other acts. Until 
recently, the Indian Electricity Act (1910), the Electricity Supply Act (1948) and the 
Electricity Regulatory Commissions Act, 1998, were the main regulations for the sector. 
The recent introduction of the Electricity Act (2003) have replaced the previous acts and 
consolidated them. Apart from the national level acts, each state is governed by its 
individual legislations. In 1991, the Policy on Private Participation in the Power Sector was 
drafted, which encouraged private participation in generation. At the same time, the 
Electricity Laws Amendment Act was passed, which gave more authority to the regional 
load dispatch centers. The Electricity Regulation Act of 1998 initiated the setting up of 
Central Electricity Regulatory Commission and has provisions for setting up State 
Electricity Regulatory Commissions. 
 
Earlier the state electricity board and the state government regulated the industry. The 
electricity tariff was set by APSEB, but the state government was interested in allocation 
of subsidies to different consumer classes. Following the directives of the federal 
government, the Andhra Pradesh Electricity Regulatory Commission has been set up under 
The Electricity Regulatory Commission Act, 1998. The commission has already started 
functioning with three members appointed by the state government. The authority of the 
commission is however largely limited to setting of the tariff.  
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Fig 6: Electricity Laws and Regulations 
  

-Electricity Act, 2003 
-Policy on Private Participation in Power 
- Accelerated Power Development and 
  Reforms Program 
-Energy Conservation Act, 2001 
- Colliery Control Order, 2000 

Integration of Policies 
Focus on privatization 
Energy Conservation 
Deregulation of Coal Sector 

2001 and Beyond 

Fe
de

ra
l R

eg
ul

at
io

ns
 

St
at

e 
R

eg
ul

at
io

ns
 

-Indian Electricity Act, 1910 
-Indian Electricity (Supply) Act, 1948 
 

Government Ownership and 
Regulation 

-Policy on Private Participation in Power 
-Electricity Laws (Amendment) Act, 1991 
-Electricity Laws (Amendment) Act, 1998 
-Indian Electricity Act, 1910 
-Indian Electricity (Supply) Act, 1948 
-Electricity Regulatory Commissions Act, 
1998 
-Faster Techno-economic Clearances 

Encouraging Private Participation  
Framework for Independent Regulation 

-State amendment to the Indian 
Electricity Acts. 
-Other State Laws 
 

Government Ownership and 
Regulation 

-Andhra Pradesh Electricity Reforms Act, 
1998 
-Setting up of the state electricity 
regulatory commission 
- Unbundling of the electricity industry 

Encouraging Private Participation  
Framework for Independent Regulation 
Unbundling 

Pre Reforms: 1990 1991 - 2000 

-Environmental Delegation Order  -Policy of Expansion of Power Plants 
-Renovation and Modernization Policy -Liquid Fuel Policy 
-Policy for Mega Power Projects  -Policy on Hydro Power Development  
-Captive Cogeneration plants Policy -Tariff Policy (yet to be implemented) 

Other Federal Policies 



 

13 

3. Design of the Study 
 
The study is based on primary data collected through questionnaire surveys and interviews 
with the utility managers and a number of subject matter experts. The design consists of a 
comparative analysis of the pre and post reform scenarios of the electricity generation 
industry of the state, understanding the factors that drive the changes over the reform 
process and predicting the future outcome based on the findings. 
 
The study covers 39 generating units across 11 plants, encompassing the entire grid 
connected thermal generation industry of the state. Detailed data was collected for each of 
the units in the state for 1990 to 2002 to capture the changes that may have taken place 
after initiation of the reforms in 1991. Two sets of questionnaires were designed for the 
study. The first questionnaire, referred to as the “quantitative questionnaire” was 
administered to the plant manager of the generating plant. This questionnaire required the 
plant manager to furnish details about the technology, efficiency, cost, consumption, 
production, and other parameters related to the generating units. Separate quantitative 
questionnaires were designed for coal and gas based plants since they use different 
technologies. The other questionnaire referred to as the “qualitative questionnaire” was 
administered to senior executives of the generating company who were responsible for 
major decisions. This questionnaire required the respondents to supply information about 
the factors in decision making that affect technology and fuel choice. This questionnaire 
also covered details about various contracts and other qualitative issues.  
 
The quantitative questionnaire is adapted from a questionnaire used by Zhang, May and 
Heller for a study on the Guangdong province of China (Zhang, May, Heller, 2001). The 
questionnaire was modified for India and some items were added. Subject matter experts 
then validated contents of the modified questionnaire. The first set of questionnaires was 
tested with a utility, following which the questionnaire was finalized with additional inputs 
from experts. 
 
The qualitative questionnaire is adapted from a questionnaire used by International Energy 
Agency (IEA, 1998) for assessment of the penetration of energy-efficient coal 
technologies. This questionnaire was subjected to the same set of reviews and pre testing 
as the other questionnaire mentioned above.  
 
The administration of the questionnaire was followed up with interviews with practicing 
managers, regulators and other stakeholders connected with the generation industry in the 
state. The purpose of the interviews was to understand the various factors that influence 
decisions about technology, the reasons for the existence of a wide range of efficiencies 
and their impact on the environment. The interviews also helped to bring forth the various 
institutional and other factors that influence changes in this sector.  
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The analysis of the information collected through questionnaires and interviews includes 
comparison between the ex ante and ex post reform settings to elicit the causes for the 
changes in the post reform period. A baseline has been constructed for the state and the 
causes for a shift in the baseline have been examined. The interviews and questionnaires 
were supplemented by extensive literature survey, as there is a growing body of literature 
about different aspects of the electricity sector reforms in India. 
 
 
 
 
 
4. Fuel Characteristics 
 
Electricity generation in AP is dominated by thermal and hydro sources. The state has a 
large potential for hydro power generation, and the majority of the capacity owned by the 
state in 1990 was hydro based. In the later half of the nineties, hydro generation has 
declined substantially. Coal technologies have shown higher growth mainly through the 
extension of the existing coal plants. The state has easy access to coal from the central and 
south eastern part of the country. Also after the reforms in 1991, a number of private 
players have entered in the generation industry. All the private generation is gas or naphtha 
based. Though most of the production of gas in India comes from the Western offshore 
area, AP and Assam are the other producers of natural gas. 
 
The capacity addition in the state has been accompanied by a shift in fuel structure utilized 
by the thermal sources. In the early nineties, coal was the dominant fuel for thermal power 
generation in the state. In 1990, coal and hydro contributed to most of the generation and 
accounted for most of the installed capacity. However, later a number of new plants set up 
in the state by the Independent Power Producers have used gas or naphtha as the primary 
fuel. The choice of naphtha as a fuel was mainly due to the low prices prevailing in the 
early nineties when these plants were planned. Later with the steep hike in naphtha prices 
and increased production of natural gas in the state, the private producers have been 
favoring natural gas over naphtha. During 1990 to 2000, the production of natural gas in 
the state increased by 34 times. The increased production mainly fuels the new generating 
stations.  
 

Table 3: Natural Gas production in AP 

 1990 1995 1996 1997 1998 1999 2000
   
Natural Gas  
( million cm) 

46 679 799 1022 1218 1363 1604

Source: 1) Annual report of MNES, 2001-02.  2) CMIE, April 2002. 
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All the above developments have led to an increased share of gas based capacities. In 
2000, gas and naphtha based plants accounted for 13 percent of the total capacity 
compared to 1.3 percent in 1990. Though the share of coal has gone down it remains the 
dominant fuel. Hydro based generation has not seen much growth compared to the 90s. 
The state has also been encouraging the development of wind power. There has been 
participation from the private sector with government support, yet the capacities remain 
very low. As of 2001, the total wind capacities in the state was 89 MW. 

 

Table 4: Capacity and Generation mix in AP* 

 1990 2001 
 Installed Capacity Generation Installed 

Capacity 
Generation  

 MW % TWh % MW % TWh % 
         
Hydro 2452 39 10.017 39 3315 29 6.087 12 
Coal 3713 60 15.369 61 5053 56 38.09 75 
Gas 66 1 -  1202 13 6.42 13 
Wind Negligible  Negligible  89 1 .00145 <1 
Sources: 1) Power Development in Andhra Pradesh 2000-01. 
 2) APGENCO Website, www.apgenco.com, 30th Aug, 2003. 
 * Includes total Central capacity and generation in  the state. 
 
The power plants in AP use coal and gas/naphtha. However, for the purpose of analysis, 
coal has been classified into a group and gas/naphtha has been classified into another group 
(table 5). Naphtha, though not a gaseous fuel itself has been grouped with natural gas as 
most of the plants are dual fired and use naphtha in case of unavailability of natural gas. 
There are very few dedicated naphtha based generation units as the steep cost escalation of 
naphtha have pushed up the cost of generation of  these units. Henceforth the term gas is 
used to include both natural gas and naphtha. 
 

 
Table 5: Classification of different fuels along with technology 

Fuel State Solid Gasified 
Fuel Coal Natural Gas Naphtha 
Technology Pulverized 

solid fueled 
boiler 

Mostly dual fueled 
turbines using natural gas 
and naphtha 

Characteristics Steam cycle Combined or simple cycle 
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5. Efficiency of Thermal Plants 

 
In the nineties, installation of new capacity has been undertaken by the state, the private 
players and the central sector. The state owned generation industry has added mainly coal 
based capacity. Easy availability of coal has led to the extension of coal based plants. 
Limited availability of natural gas in the early nineties also contributed to the choice of 
coal as the primary fuel. The central sector also added a new generation plant based on 
coal. Only the private players have opted for gas or naphtha based generation due to the 
low capital cost of the equipment and reduced gestation periods. The existing units have 
also undergone changes in terms of energy efficiency. Heat rate which is a measure of 
thermal efficiency has been used to study these changes. Heat rate is defined as the energy 
in kilo calories (kcal) required to produce a kilowatt hour (KWh) of electricity. Lesser heat 
rate signifies lower energy requirement to produce the same unit of electricity and hence 
better efficiency. 
 
A number of factors influence the heat rate of a generating plant. In the planning stage, the 
choice of technology, size and fuel puts a limit on the thermal efficiency achievable. Other 
factors like vintage of the plant also play a role in determining the upper limit of 
efficiency. This heat rate is specific to each of the generating units and is known as the 
design heat rate. The design heat rate is supplied by the equipment manufacturer. In 
practice, it has been found that the actual heat rate is higher(i.e. less efficient) than the 
design heat rate. Studies carried out on selected plants at the state level have reported 
significant deviations of the actual heat rate from the designed one (Alagh, Shah and Shah, 
1998). A number of factors like ownership of the plant, management practices, 
maintenance schedule, quality of fuel etc. lead to this difference between the actual and 
design heat rates.   
 
Studies that examine the policy incentives for adoption of energy efficient technologies, 
considering that these efficient technologies help in reducing emissions, are relatively 
fewer in number (Verhoef and Nijkamp, 1999). Among these studies, one by Zhang, May 
and Heller focus on the bifurcated development of efficient and inefficient technologies in 
China, the factors that influence this development and its impact on carbon emissions. 
Several studies by Khanna and Zilberman focus on the barriers to adoption of efficient 
generation technologies and its impact on global emissions in the Indian context (Khanna 
and Zilberman, 1999, 2001). Another study carried out on by Singh has reported a strong 
association of technical efficiency with unit size and capacity utilization (Singh, 1991). 
Other studies like the one carried out by Alagh, Shah and Shah provide technical analysis 
of the causes of deviations between actual and design heat rates (Alagh, Shah and Shah, 
1998).  
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The primary fuels used for thermal generation in the state are coal, natural gas and 
naphtha. The thermal efficiency of the plants in AP varies from 1900 kcal per kWh to 4000 
kcal per kWh. The heat rates of coal based units vary from 2290 kcal per kWh to 4000 kcal 
per kWh. Indian coal has got relatively lower calorific value due to its high ash content of 
around 40 percent. On the other hand, the recent technologies based on gas or naphtha has 
comparatively lower heat rates ranging from 1900 kcal per kWh to 2800 kcal per kWh. 
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Figure 7 : Classification of Generation Units 

 
Total Coal Units 

Generation Number of Units 

  

 
 

Total Gas Units 
Generation Number of Units 

 

 
 
Note: 1) Heat rate intervals for solid and liquid fueled plants are selected to allow 
comparison with a  similar study in China (Zhang, May, Heller, 2001). Heat rates for gas 
reflect state of the art combined cycle with best fuel efficiency(1900-2000 kcal/kWh), 
combined cycle with lesser fuel efficiency (2000-2100 kcal/kWh and 2100-2200 kcal/kWh) 
and simple cycle (2200 kcal/kWh and above). 
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The above figures capture a number of changes that have been taking place in the 
electricity generation industry in AP. The different changes that have been taking place for 
different technologies are mentioned below.  
 
 
 
Coal based units 
 
In 1990, prior to the reforms, generating plants having both the lowest (2300-2600 
kcal/kWh) and the next lowest (2600-2900 kcal/kWh) thermal efficiency were in existence. 
Around 31 percent of the generation from coal was produced by plants having the lowest 
heat rates and 68 percent was produced by plants having next lowest heat rates. The rest 
was produced by a few other plants having heat rates higher than 2900 kcal/kWh due to 
their vintage. The generation from plants having the lowest heat rates as a proportion of 
total generation from coal, lignite and LSHS plants had reached 90 percent by 2002. This 
has been accompanied by a percentage decrease in generation from plants having next 
lowest heat rates. During the period from 1990 to 2001, 7 new units have been added 
having higher efficiencies. Also APGENCO has installed two units having heat rates lower 
than 2300 kcal/KWh which has been the lower limit of thermal efficiencies in the state for 
long. 
 
Gas based units 
 
There were negligible gas/naphtha based plants in the early nineties. The initiation of the 
reforms and adoption of policies allowing private sector participation in electricity 
generation has led to the establishment of gas and naphtha based units. The total gas and 
naphtha capacity in 2001 has reached over 1 GW and almost the entire capacity was added 
in the period between 1990 and 2001.  
 
Most of the gas or naphtha based generation comes from units having heat rates between 
1900 and 2100 kcal per kWh. In 1998, all the gas based generation was from units having 
heat rates between 2100 and 2200 kcal per KWh. Compared to that in 2002, 1 percent of 
the generation was from units having heat rates of 1900 kcal per kWh and 67 percent of the 
generation was from units having heat rates between 2000 and 2100 kcal per kWh. This 
suggests that though there has been growth in generation from plants having best(1900-
2000 kcal/kWh) and next best (2000-2100 kcal/kWh) heat rates, these has primarily been 
due to improvements in thermal efficiency of plants. However, the rest of the generation 
was from units having heat rates above 2200 kcal per kWh. This was due to the existence 
of a private generator using both naphtha and gas in dual firing mode. The narrow band of 
heat rates of gas and naphtha plants compared to plants using other fuels show that 
technologies are almost homogenous in terms of thermal efficiency and the variations that 
exist are due to other factors like size, fuel usage, maintenance etc.  



 

20 

 
With the shifting of coal based generation to lower heat rates and penetration of gas and 
naphtha based technologies, a major proportion of electricity is produced by plants having 
comparatively lower heat rates. This along with the lower carbon emissions of natural gas 
implies that this pattern of growth is beneficial for the global climate, although many of the 
units especially the coal based ones will be having heat rates above that in most developed 
countries. 
 
In the case of coal based plants there could be three possibilities: i) the inefficient 
technologies could go on existing along with the more efficient ones ii) the power 
companies can invest in renovation and modernization with associated efficiency 
improvements iii) these technologies could be replaced by more efficient ones. To predict 
the outcome, one needs to understand the institutional and other barriers that prevented 
adoption of more efficient technologies in the first place. With the opening up of the sector 
after the reforms, these barriers have reduced and the more recent technologies have higher 
thermal efficiencies as compared to the existing one.  
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6. Factors Affecting Efficiency 
 
The development of the electricity sector in AP has been characterized by the existence of 
plants, which have the best efficiencies or the next best efficiencies in considerable 
proportions. Here best efficiency refers to units having heat rates in the range 2301 to 2600 
kcal/kWh for coal based technologies and 1900 to 2000 kcal/kWh for gas or naphtha based 
units. The energy efficiency of a generating unit is limited by its design efficiency. Thus, it 
is not possible to substantially improve the efficiencies of existing plants beyond certain 
limits. This has been conceptualized in the putty-clay model4 by Johansen with few ex-post 
options for substitution between capital and other inputs. Factors that influence ex-post 
efficiencies include both institutional and technical factors. Institutional factors include 
institutional development, regulatory framework, ownership structures, tariff setting and 
national and state level policies. Among the technical factors, vintage of the plant, size of 
the unit and type of fuel used are important. 
 
In India, the development of the electricity sector in a state depends on the state planning 
and the central planning. The state puts up their own plants depending on the state 
requirement and the centre puts up their plants depending on their objectives. The 
development of the electricity sector in AP was mostly the outcome of the state planning 
process. The state has adequate supply of coal and this has caused a growth of coal based 
generation in the state. The central preference for pithead stations also has led to an 
increase of centrally managed coal based stations in the state with additional units planned 
in the future. 
 
 
6.1 THE ROLE OF OWNERSHIP 
 
Neoclassical economic theory suggests that efficiency is mainly a function of market and 
incentive structures rather than ownership (Heracleous, 2001). However, the assumptions 
of this theory i.e. existence of perfect competition with no entry or exit barriers does not 
hold true always for the electricity industry. For state owned enterprises, the state imposes 
its own objectives, which may not always be commercially sustainable. Also for private 
utilities, achieving the economies of scale and access to the market remain important 
issues. Extensive studies carried out by Pollitt on the US electric power industry have 
shown that technical efficiency does not vary across ownership types but the state tends to 
use suboptimal input mix(Pollitt, 1995). 
 
In AP, most of the capacity based on coal is controlled by APGENCO, which is under 
control of the state. Figure 13 reveals that the second lowest heat rate range accounts for 

                                                 
4 The putty-clay model defines capital to be putty before the investment but clay afterwards once the 
investment has been made. 
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around 23 percent of the installed capacity in 1990 and was controlled by APSEB. The 
next higher heat rate range accounts for 77 percent of the capacity and both state owned 
plants and central producers (NTPC) are present. The next range (2901 -3200 kcal/kWh) 
consists of state owned plants, which were installed in the early sixties and seventies. The 
same trend is noticed in the year 2001-02 with the most efficient units accounting for 9 
percent of the capacity and the next range of efficient units accounting for over 77 percent 
of the capacity. In the year 2001-02, some of state and central owned units have shifted to 
the higher efficiency range, accounting for more than 70 percent of the installed capacity in 
this segment. This has been possible due to sustained renovation and modernization of the 
older plants with government support.  
 
In 1990, there was very low gas based capacity. These units were jointly owned by 
APTransco and a consortium of 40 companies. In 1998 gas and naphtha based capacity has 
grown considerably, mostly due to the private producers and expansion of the jointly 
owned plant. This growth of gas and naphtha based capacity have not been sustained in 
2001. Only two combined cycle plants of total capacity of 510 MW has been added 
between 1998-99 and 2001-02. The reasons for the growth of efficient gas based capacities 
is threefold. First, the phenomenal increase in naphtha prices has forced some producers to 
shift to natural gas as the primary fuel. Coal linkages and allocation are still decided 
centrally and are difficult to obtain compared to gas. Second, most of the existing gas 
contracts in the region are “take or pay” contracts with one-sided liabilities for the power 
generators. Added to this, the problems with supply of gas have been a major 
consideration. The absence of quality fuel supply agreements have been one of the chief 
reasons for the stalling of private projects (Powerline Research, 1998). Third, the later part 
of the reforms was associated with a declining foreign investment in general and 
decreasing equity participation from the equipment suppliers. It is only after the 
introduction of the Electricity Act, 2003, that domestic private investment in new plants is 
picking up. This has been due to freeing of power trading activities and allowing merchant 
plants to trade in the market. 

 

Table 6: Average Heat Rate(kcal/KWh)  by Ownership 
Ownership Central State Joint Private 
Fuel Type Coal Gas Coal Gas Coal Gas Coal Gas 
1990 2752 - 2625 - - 1930 - - 
1998 2522 - 2565 - - 1900 - 2133 
2001 2497 - 2504 - - 1880 - 2266 
Note: The average heat rate of private sector gas plants have increased due to a single 
plant operating at much higher heat rates. 
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Figure 8: Capacity distribution of Generating Units based on ownership and efficiency 
       Total Coal Based Units 

 

 
 
 
6.2 INFLUENCE AND CHOICE OF UNIT SIZE 
 
The electricity sector is AP is characterized by a wide variation of unit sizes. The unit sizes 
vary from 30 MW to 500 MW for coal based stations. For gas based units the range of unit 
size is from 45.8 to 142 MW leaving apart the steam turbines used for combined cycle 
operation which are bigger in size and goes up to 130 MW. Table 7 reveals that the heat 
rate increases with reduction in average unit size. But as is evident from figure 17, this 
effect is influenced by smaller units of capacity less than 100 MW and beyond this the unit 
size does not have any significant impact on the heat rate. For gas based units the unit size 
seems to bear no significant relation with the heat rate. However, the average unit sizes 
shows the same trend as in coal based plants. The outliers are due to a plant operating in 
dual firing mode and having problems with fuel supply. 
 
The above observation raises questions about the reasons for choosing such widely varying 
unit sizes. Interviews with the plant mangers suggest that in case of coal based units lower 
sizes were deliberately chosen for three reasons. First, instead of a large unit, a set of 
smaller units were often chosen for better reliability. In the face of supply constraints and 
deficits it was always considered prudent to invest a portion of the capital in smaller units 
even though they have lesser efficiencies and have higher per MW installation and 
maintenance cost. Second, prior to 1990 there was a very low capacity of gas or naphtha 
plants which could operate as peak load stations. Though there were considerable hydro 
stations, the peak demand was always outstripping the availability. In this condition, the 
coal based stations faced a fluctuating demand. To avoid partial loading, some of the 
stations were conceived as multiple sets of smaller units. This had the advantage of 
shutting down one unit and operating others at full load for better efficiency.  
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Figure 9: Unit Size and efficiency of Generating Units 

 

6.3 VINTAGE OF THE PLANTS 
Fig. 10 shows the development of the generating capacities in the state over time. The 
figure brings out three important points. First, the fuel and technology has changed over 
time. Starting with coal based units there has been a marked shift to gas based units after 
initiation of the reforms. Second, there has been a change in unit sizes. Unit sizes have 
increased for coal based units, whereas for gas the sizes have increased and then decreased 
again. Third, over time with reforms in import controls and ownership, equipment supply 
has shifted from an Indian dominance (BHEL) to a wide range of private suppliers. 

The oldest plant in operation in AP were installed in 1965. These units had lower unit sizes 
of 30 MW. The figure suggests that since the late seventies, a number of coal based plants 
have come into existence. The growth of coal based plants is characterized distinct range 
of unit sizes between 200 and 250 MW after 1980. Plants installed in the early sixties and 
seventies had components imported from the United States. The later units belong mostly 
to BHEL due to the encouragement of the central government to set up these indigenous 
units. Also the unit sizes were constrained by the choice of unit sizes available from the 
manufacturer(BHEL). With the advent of central sector plants, the unit size has further 
increased to 500 MW. 
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Naphtha and gas based plants have started in the early nineties with unit sizes around 50 
MW. However, with time the unit sizes have risen to over 100 MW. Considerations of 
reliability and loading were taken into account as most of the gas based plants have 
multiple gas units with an associated steam unit for combined cycle operation. 
 
 

Figure10: Unit Size and vintage of coal based  units 

 

         

 
 

B: Boiler Manufacturer; T: Turbine Manufacturer; G: Generator Manufacturer  
 

Note:1) BHEL is the manufacturer of the equipment wherever others not specified. 
         2)Text in parenthesis indicates the make of the gas turbine. 

 
 
 
In the case of coal based generation, the state owned plants show higher thermal efficiency 
compared to the central sector. This observation may be heavily influenced by the vintage 
of the plants, as they are the most recent coal based installed capacities. However, the 
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above discussion does not conclude that state ownership leads to better overall efficiency 
in case of coal based generation. The variables affecting overall efficiency of plants and 
their interactions have further scope for research. 
 
The state has not made much foray into gas based generation but has remained focused on 
coal based plants. Leaving aside state owned plants, which are based mostly on coal, the 
central plants have much larger unit sizes and better efficiencies compared to others.  
 
However, in recent years the gas based plants have been facing problems with availability 
of gas. Compounded with the take or pay contracts offered by gas suppliers, some of the 
plants have shown lower capacity utilization and reduced efficiencies. Ensuring gas 
supplies and enforcing contracts remain one of the key issues that have to be resolved to 
further the growth of gas based capacity as envisaged by the state. 
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7.  Impact on Greenhouse Gas Emissions 
 
The development of the electricity sector in the state is characterized by a shift in the fuel 
structure with the growth of gas based generation. This shift in fuel structure is 
accompanied by a change in efficiency of generation for both the gas and coal based 
stations. These changes were prompted by the policy of the central government allowing 
private sector participation in electricity generation and setting up regulatory mechanisms 
for this sector. Also, generation from hydro stations have decreased considerably compared 
to 1990. These changes in the generation sector had an impact on the baseline. 
 
The Clean Development Mechanism (CDM) under article 12 of the Kyoto protocol allows 
annex 1 countries to meet their emission targets through greenhouse gas (GHG) emission 
reduction/sequestration projects in non-annex 1 countries. According to the Kyoto Protocol 
for CDM to be effective, it must meet several criteria. The creditable emission reductions 
must be “real, measurable, and long term”. Also, the rule of additionality requires a 
baseline estimate that represents estimated emissions reduction that would have occurred 
in the absence of CDM. 
 
The data collected provides carbon intensities for four years from 1990 to 2001. Use of 
carbon intensities as a basis for calculation of the baseline has found favor with several 
researchers (Bosi, 2000 and Zhang, May, Heller, 2001). Hence, carbon intensities are 
assumed indicators of the baseline in this study. The data thus provides four points on the 
baseline for the electricity sector of Andhra Pradesh from 1990 to 2001. 
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Figure 11: Baseline for electricity industry in AP 

 
 
 

Fig 12: Hydro Generation in AP 
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Fig 13: Carbon Intensities of Generating Units by Ownership in 2001 
 
 
The period of reforms have been associated with steadily increasing carbon intensity. In 
the last 11 years from 1990 to 2001, the carbon intensity has increased from 0.17 to 0.20 
kg of carbon per KWh. This has been chiefly due to the decreasing generation from hydro 
plants. The contribution from hydro plants have decreased from 39 percent of the total 
generation in 1990 to only 12 percent in 2001. The carbon baseline was projected up to the 
year 2010 based on government plans. A baseline scenario without the reforms was 
constructed up to 20105. There is a difference of 11 percent between the scenarios. It may 
indicate that the reforms, by encouraging gas and coal plants and reducing hydro 
generation might actually be pushing up the carbon baseline. Fig 13 indicates that among 
the coal plants, the centrally managed plants are the most carbon efficient. Among the gas 
plants, the jointly owned plants are the most carbon efficient. 
 
The carbon intensity in AP was 0.20 kg of carbon per KWh in 1998. The comparable 
figure in China was 0.24 kg of carbon per KWh in 1998 and that is US was 0.16-0.17 kg of 
carbon per KWh. Most of the countries, which had lower intensities, had a considerable 
portion of their generation from clean sources like hydro, gas, renewable and nuclear. In 

                                                 
5 This baseline was constructed using simple logistic regression with the time series data before the reforms. 
The R2 of this regression is 0.98. 
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1998, the US had 45 percent of their generation from such sources. China had 27 percent 
of its generation and AP had 25 percent of its generation from these sources (including 
both state and central generation). The carbon intensity for only coal plants reveals that 
there has been a change from 0.27 to 0.26 kg of carbon per KWh from 1990 to 2001. The 
carbon intensity for gas based generation shows that the intensities have remained more or 
less constant. The carbon intensity of gas plants have decreased from 0.14 kg of carbon per 
KWh in 1990 to 0.13 kg of carbon per KWh in 2001. The declining trend of the intensity is 
due mostly to the increase of gas based generation.  
 
The state of AP has got considerable hydro potential compared to some of the other states. 
However, over the years hydro capacity has grown at a very slow pace. The hydro capacity 
addition has been associated with a decrease in generation from these sources. The causes 
for such a decline have further scope for research. The state has no jurisdiction to set up 
nuclear power plants as they are under the purview of the central government. The capacity 
of renewable sources like those of wind power has been getting popular in the State. 
However, their capacities are too low to make a significant impact on the overall carbon 
intensities. The only option left for the state in terms of reducing intensities is to focus on 
increasing the share of hydro or gas based generation. Because of inadequate supply of gas, 
some of the gas based plants have been showing very low capacity utilization. Some of the 
IPPs had to shift to the more expensive naphtha and maintain a dual firing arrangement. 
The problems in gas supply are further compounded by the take or pay contracts by 
suppliers and widely varying pressure of supply. With the discovery of gas reserves in 
India, the supply of gas is expected to satisfy the demand.  
 
The above discussion takes into account the supply side only. There could be scope for 
reducing emissions by reducing the huge T&D losses that presently exist or implementing 
effective demand side management practices. A future scope of research could be the 
integration of the supply and the demand side approaches and construct the baseline 
starting from the end use. 
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Conclusions 
 
The electricity sector reforms initiated by the government of India in 1991 had far-reaching 
implications. The state has witnessed a number of changes especially in the generation 
sector. This has been a direct result of the federal government policy allowing private 
sector participation in generation. The study has come up with four major conclusions. 
 
First, the reforms have not only led to the entry of private players in generation, but have 
led to the emergence of various ownership structures, which were not present earlier. In 
addition to federal plants, state plants and plants owned by licensees, new structures like 
purely private initiatives, and cooperative ventures between the government and private 
players have come up. In addition, private organizations pooling resources for setting up 
generating plants and sharing the electricity over the state grid has become a unique feature 
of the state.  
 
Second, the shift in ownership structures induced by the reforms has been associated with a 
shift in primary fuel used for generation from coal to gas. Hydro generation has taken a 
backseat with a considerable decline in units generated in spite of increasing capacities. 
 
Third, the changing fuel mix and technology have led to a more efficient generation in case 
of coal or gas plants. This can be largely attributed to the penetration of gas-based 
technologies. Even in older coal-based plants, this trend is evident. This has been due to 
investment in renovation and modernization of coal plants in the last decade. In addition, 
the entry of efficient coal technologies has contributed to some extent in improving the 
efficiency. Though there are various factors affecting energy efficiency, both ownership 
and the scale of the plant may have a substantial role to play.  
 
Fourth, though the energy efficiency of generation has improved for gas and coal plants, 
the rapidly decreasing hydro generation has resulted in the intensity of carbon emissions to 
follow an upward slope. Assuming the carbon intensity to indicate the baseline, the state 
shows an increasing baseline. Retirement of old plants, installation of new gas capacities 
and promoting hydro has scope for driving down the baseline. 
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