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Indian power sector 
 

 
 
 

 
1.1 Introduction 

The power sector has registered significant progress since the process of 

planned development of the economy began in 1950.  Hydro -power and coal 
based thermal power have been the main sources of generating electricity.  

Nuclear power development is at slower pace, which was introduced, in late 
sixties.  The concept of operating power systems on a regional basis crossing the 
political boundaries of states was introduced in the early sixties.  In spite of the 
overall development that has taken place, the power supply industry has been 

under constant pressure to bridge the gap between supply and demand. 
 

1.2 Growth of Indian power sector 
Power development is the key to the economic development.  The power Sector 
has been receiving adequate priority ever since the process of planned 

development began in 1950.  The Power Sector has been getting 18-20% of the 

total Public Sector outlay in initial plan periods.  Remarkable growth and 
progress have led to extensive use of electricity in all the sectors of economy in 

the successive five years plans.  Over the years (since 1950) the installed 
capacity of Power Plants (Utilities) has increased to 89090 MW (31.3.98) from 
meagre 1713 MW in 1950, registering a 52d fold increase in 48 years.  Similarly, 
the electricity generation increased from about 5.1 billion units to 420 Billion 

units – 82 fold increase.  The per capita consumption of electricity in the 
country also increased from 15 kWh in 1950 to about 338 kWh in 1997 -98, 
which is about 23 times.  In the field of Rural Electrification and pump set 

energisation, country has made a tremendous progress.  About 85% of the 
villages have been electrified except far-flung areas in North Eastern states, 

where it is difficult to extend the grid supply.  

 
1.3 Structure of power supply industry 

In December 1950 about 63% of the installed capacity in the Utilities was in the 
private sector and about 37% was in the public sector. The Industrial Policy 
Resolution of 1956 envisaged the generation, transmission and distribution of 
power almost exclusively in the public sector. As a result of this Resolution and 

facilitated by the Electricity (Supply) Act, 1948, the electricity industry 
developed rapidly in the State Sector. 

1 
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 In the Constitution of India “Electricity” is a subject that falls within the 

concurrent jurisdiction of the Centre and the States. The Electricity (Supply) 

Act, 1948, provides an elaborate institutional frame work and financing norms 
of the performance of the electricity industry in the country. The Act envisaged 

creation of State Electricity Boards (SEBs) for planning and implementing 
the power development programmes in their respective States. The Act also 
provided for creation of central generation companies for setting up and 
operating generating facilities in the Central Sector. The Central Electricity 

Authority  constituted under the Act is responsible for power planning at the 
national level. In addition the Electricity (Supply) Act also allowed from the 
beginning the private licensees to distribute and/or generate electricity in the 

specified areas designated by the concerned State Government/SEB.  
 During the post independence period, the various States played a 

predominant role in the power development. Most of the States have established 

State Electricity Boards. In some of these States separate corporations have also 
been established to install and operate generation facilities. In the rest of the 

smaller States and UTs the power systems are managed and operated by the 
respective electricity departments. In a few States private licencees are also 
operating in certain urban areas. 
 From, the Fifth Plan onwards i.e. 1974-79, the Government of India got itself 

involved in a big way in the generation and bulk transmission of power to 
supplement the efforts at the State level and took upon itself the responsibility 
of setting up large power projects to develop the coal and hydroelectric 

resources in the country as a supplementary effort in meeting the country’s 
power requirements. The National thermal Power Corporation (NTPC) 

and National Hydro-electric Power Corporation (NHPC) were set up for 

these purposes in 1975. North -Eastern Electric Power Corporation 
(NEEPCO) was set up in 1976 to implement the regional power projects in the 

North-East. Subsequently two more power generation corporations were set up 
in 1988 viz. Tehri Hydro Development Corporation (THDC) and 
Nathpa Jhakri Power Corporation (NJPC). To construct, operate and 
maintain the inter-State and interregional transmission systems the National 

Power Transmission Corporation (NPTC) was set up in 1989. The 
corporation was renamed as POWER GRID in 1992. 
 The policy of liberalisation the Government of India announced in 1991 and 

consequent amendments in Electricity (Supply) Act have opened new vistas to 
involve private efforts and investments in electricity industry. Considerable 

emphasis has been placed on attracting private investment and the major policy 

changes have been announced by the Government in this regard which are 
enumerated below: 
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- The Electricity (Supply) Act, 1948 was amended in 1991 to provide for 

creation of private generating companies for setting up power 

generating facilities and selling the power in bulk to the grid or other 
persons. 

- Financial Environment for private sector units modified to allow liberal 
capital structuring and an attractive return on investment.  Up t o hundred 
percent (100%) foreign equity  participation can be permitted for 
projects set up by foreign private investors in the Indian Electricity Sector. 

- Administrative & Legal environment modified to simplify the procedures for 
clearances of the projects. 

- Policy guidelines for private sector participation in the renovation & 

modernisation of power plants issued in 1995. 
- In 1995, the policy for Mega power projects of capacity 1000 MW or 

more and supplying power to more than one state introduced.  The Mega 

projects to be set up in the regions having coal and hydel potential or in the 
coastal regions based on imported fuel.  The Mega policy has since been 

refined and Power Trading Corporation (PTC) incorporated recently to 
promote and monitor the Mega Power Projects.  PTC would purchase power 
from the Mega Private Projects and sell it to the identified SEBs. 

- In 1995 GOI came out with liquid fuel policy  permitting liquid fuel based 

power plants to achieve the quick capacity addition so as to avert a severe 
power crisis.  Liquid fuel linkages (Naphtha) were approved for about 12000 
MW Power plant capacity.  The non-traditional fuels like condensate and 

orimulsion have also been permitted for power generation. 
- GOI has promulgated Electricity Regulatory Commission Act, 1998 

for setting up of Independent Regulatory bodies both at the Central level 

and at the State level viz. The Central Electricity Regulatory 
Commission (CERC) and the State Electricity Regulatory 

Commission (SERCs) at the Central and the State levels respectively.  
The main function of the CERC are to regulate the tariff of generating 
companies owned or controlled by the Central Government, to regulate the 
tariff of generating companies, other than those owned or controlled by the 

Central Government, if such generating companies enter into or otherwise 
have a composite scheme for generation and sale of electricity in more than 
one State to regulate the inter-state transmission of energy including tariff 

of the transmission utilities, to regulate inter-state bulk sale of power and to 
aid & advise the Central Government in formulation of tariff policy.  The 

CERC has been constituted on 24.7.1998. 

- The main functions of the SERC would be to determine the tariff for 
electricity wholesale bulk, grid or retail, to determine the tariff payable for 

use by the transmission facilities to regulate power purchase and 
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procurement process of transmission utilities and distribution utilities, to 

promote competition, efficiency and economy in the activities of the 

electricity industries etc.  Subsequently, as and when each State Government 
notifies, other regulatory functions would also be assigned to SERCs. 

- The Electricity Laws (Amendment) Act, 1998 passed with a view to 
make transmission as a separate activity for inviting greater participation in 
investment from public and private sectors.  The participation by private 
sector in the area of transmission is proposed to be limited to construction 

and maintenance of transmission lines for operation under the supervision 
and control of Central Transmission Utility (CTU)/State Transmission 
Utility (STU).  On selection of the private company, the CTU/STU would 

recommend to the CERC/SERC for issue of transmission licence to the 
private company. 

- The Electricity Laws (Amendment) Act, 1998 provides for creation of Central 

and State Transmission utilities.  The function of the Central 
Transmission Utility  shall be to undertake transmission of energy 

through inter-state transmission system and discharge all functions of 
planning and coordination relating to inter-state transmission system with 
State Transmission Utilities, Central Government, State Governments, 
generating companies etc. Power Grid Corporation of India Limited will be 

Central Transmission Utility. 
- The function of the State Transmission Utility  shall be to undertake 

transmission of energy through intra-state transmission system and 

discharge all functions of planning and coordination relating to intra-state 
transmission system with Central Transmission Utility, State Governments, 

generating companies etc. 

 
1.4 Generation mix 

The share of hydel generation in the total generating capacity of the country has 
declined from 34 per cent at the end of the Sixth Plan to 29 per cent at the end 
of the Seventh Plan and further to 25.5 per cent at the end of Eighth Plan.  The 
share is likely to decline even further unless suitable corrective measures are 

initiated immediately.  Hydel power projects, with storage facilities, provide 
peak time support to the power system.  Inadequate hydel support in some of 
the regions is adversely affecting the performance of the thermal power plants.  

In Western and Eastern regions, peaking power is being provided by thermal 
plants, some of which have to back down during off peak hours.        

 
1.5 Emergence of regional power systems 

In order to optimally utilise the dispersed sources for power generation it was 

decided right at the beginning of the 1960’s that the country would be divided 
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into 5 regions and the planning process would aim at achieving regional self 

sufficiency.  The planning was so far based on a Region as a unit for planning 

and accordingly the power systems have been developed and operated on 
regional basis.  Today, strong integrated grids exist in all the five regions of the 

country and the energy resources developed are widely utilised within the 
regional grids.  Presently, the Eastern & North-Eastern Regions are operating in 
parallel.  With the proposed inter-regional links being developed it is envisaged 
that it would be possible for power to flow any where in the country with the 

concept of National Grid becoming a reality during 12th Plan Period.  
 

1.6 Utilisation of installed generating 
capacity 
The size of the generating unit that has been used in the country in coal based 

power stations has progressively increased from about 15 MW prior to the era of 

planned development to 500 MW at present.  With the introduction of new 
design of generating units, certain difficulties arose in their efficient operation 

and maintenance.  The availability of coal in the country is such that the higher 
grades of coal, which have higher calorific value, have been exhausted and 
progressively lower grades of coal are being made available for electricity 
generation in the power stations.  This had resulted into operational problems 

with the boilers designed for higher grades of coal and also put more pressure 
on coal handling plants etc.  As a result of these technical and managerial 
problems, the utilisation level of coal based power stations in the country 

declined in the late 1970s and early 1980s.  The all India Thermal PLF which 
was as low as 27% at the beginning of First Plan progressively increased to 47% 

by the year 1963-64 and than declined to around 42% by early seventies.  

During one year in the seventies i.e. during 1976-77, the PLF touched 55.4% but 
this could not be sustained during subsequent years.  Several factors such as 

inadequate maintenance of generating units, the teething troubles faced in the 
operation of the newly introduced 200/210 MW units and the deterioration in 
the quality of coal supplied to power stations led to a gradual erosion in the PLF 
of the thermal power plants during 5th plan period.  During the 6th Plan, 

Department of Power and Central Electricity Authority undertook a 
comprehensive programme to renovate and modernize old units located in 
different States.  The performance of 200/210 MW units also begins to stabilize.  

Concerted efforts were made by Ministry of Coal to monitor quality of coal 
supplies to power plants.  As a result of all these measures the PLF of thermal 

plants registered a gradual improvement during the 7th plan period.  The plant 

load factor of thermal power stations in the country, which was only 44.2% in 
1980-81, increased to 56.5% by the end of the 7th Plan.  The all India Average 
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PLF of the Thermal Power Plants has further increased to 64.4% by the end of 

eighth plan. 

 
1.7 Private sector 

The initial response of the domestic and foreign investors to the policy of private 
participation in power sector has been extremely encouraging.  However, many 
projects have encountered unforeseen delays.  There have been delays relating 
to finalization of power purchase agreements, guarantees and counter-

guarantees, environmental clearances, matching transmission networks and 
legally enforceable contracts for fuel supplies.  The shortfall in the private sector 
was due to the emergence of a number of constraints, which were not 

anticipated at the time the policy was formulated.  The most important is that 
lenders are not willing to finance large independent power projects, selling 

power to a monopoly buyer such as SEB, which is not financially sound because 

of the payment risk involved if SEBs do not pay for electricity generated by the 
IPP.  Uncertainties about fuel supply arrangements and the difficulty in 

negotiating arrangements with public sector fuel suppliers, which concern 
penalties for non-performance, is another area of potential difficulty.  It is 
important to resolve these difficulties and evolve a framework of policy which 
can ensure a reasonable distribution of risks which make power sector projects 

financially attractive.  
 The capacity addition programme for the 9th Plan envisaged around 17,588 
MW to be added by private generating companies.  In order to achieve the 

targeted private sector capacity addition during the Ninth Plan, the following 
additional facilitating measures have recently been suggested by the promoters. 

Most of these have been accepted while some of them are under the 

consideration of the Government.    
 

i) Speedy environmental clearance 
The Ministry of Environment and Forests has agreed to delegate the powers to 
States for environmental clearance of: 
a) all co-generation plants and captive plants up to 250 MW; 

b) Coal based plants up to 500 MW using fluidized technology subject to 
sensitive areas restrictions; 

c) Power stations up to 250 MW on conventional technology. 

d) Gas/Naphtha based stations up to 500 MW. 
 

ii) Viability of SEBs 

The financial health of the SEBs will be improved through rationalization of 
tariff, restructuring and reforms to make them economically viable and their 

projects bankable to generate energy on economic rate, to provide quality 
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services to the consumers and to ensure a fair return to the investors.  This can 

be best achieved by unbunding single entity (SEBs) and corporatising the same 

for the above activities.  In this context, some of the States have taken initiative 
by unbundling their respective SEBs into separate companies for Generation & 

Transmission & Distribution. 
 
iii) Regulatory bodies 
The Government of India has promulgated Electricity Regulatory Commission 

Act, 1998 for setting up of Independent regulatory bodies both at the Central 
level and at the State level viz. The Central Electricity Regulatory Commission 
(CERC) and the State Electricity Regulatory Commissions (SERCs) at the 

Central and the State Levels respectively. These regulatory bodies would 
primarily look into all aspects of tariff fixation and matters incidental thereto. 

 
1.8 Current problem of power sector 

The most important cause of the problems being faced in the power sector is the 

irrational and unremunerative tariff structure.  Although the tariff is fixed and 
realized by SEBs, the State Governments have constantly interfered in tariff 
setting without subsidizing SEBs for the losses arising out of State Governments 
desire to provide power at concessional rates to certain sectors, especially 

agriculture.  Power Supply to agriculture and domestic consumers is heavily 
subsidized.  Only a part of this subsidy is reco vered by SEBs through cross 
subsidization of tariff from commercial and industrial consumers.  The SEBs, in 

the process, have been incurring heavy losses.  If the SEBs were to continue to 
operate on the same lines, their internal resources generation during the next 

ten years will be negative, being of the order of Rs.(-) 77,000 crore.  This raises 

serious doubts about the ability of the States to contribute their share to 
capacity addition during the Ninth Plan and thereafter.  This highlights the 

importan ce of initiating power sector reforms at the earliest and the need for 
tariff rationalization.  
 

1.9 Power sector reforms 
The Orissa Government was the first to introduce major reforms in power sector 
through enactment of Orissa Reforms Act, 1995.  Under this Act, Orissa 
Generating Company, Orissa Grid Company and Orissa Electricity Regulatory 

Commission have been formed.  Similarly, the Haryana Government has also 
initiated reform programme by unbundling the State Electricity Board into 

separate companies and Haryana Electricity Regulatory Commission has 

already been constituted. 
 With a view to improve the functioning of State Electricity Boards, the 

Government promulgated the State Electricity Regulatory Commission Act for 
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establishment of Central Electricity Regulatory Commission at the national level 

and State Electricity Regulatory Commission in the States for rationalisation of 

tariff and the matters related thereto. Subsequent to the enactment of ERC Act, 
1998 more and more States are coming up with an ac tion plan to undertake the 

reform programmes.  In this respect, Governments of Uttar Pradesh, Rajasthan, 
Madhya Pradesh, Goa, Karnataka and Maharashtra have referred their 
proposals for setting up independent regulatory mechanism in their States. 
 The Electricity (Amendment) Act 1998 was passed with a view to make 

transmission as a separate activity for inviting greater participation in 
investment from public and private sectors.  The participation by private sector 
in the area of transmission is proposed to be limited to construction and 

maintenance of transmission lines for operation under the supervision and 
control of Central Transmission Utility (CTU)/State Transmission Utility (STU). 

On selection of the private company, the CTU/STU would recommend to t he 

CERC/SERC for issue of transmission license to the private company.  In this 
regard, the Government of Karnataka is the first to invite private sector 

participation in transmission by setting up joint-venture company.  Other States 
are also in the process of introducing the reforms in the transmission sector. 
 In view of the urgent need to reduce transmission and distribution losses 
and to ensure availability of reliable power supply to the consumers reforms in 

the distribution sectors are also been considered by establishing distribution 
companies in different regions of the State.  The entry of private investors will 
be encouraged wherever feasible and it is proposed to carry out these reforms in 

a phased manner.  The Governments of Orissa and Haryana have already 
initiated reforms in the distribution sector by setting up distribution companies 

for each zone within their States. 

 With these efforts, it is expected that the performance of power sector will 
improve because of rationalisation of tariff structures of SEBs and adequate 

investment for transmission and distribution sector. 
 

1.10 Capacity addition during 9th plan 
 
1.10.1 Power supply position at the beginning of 
9th plan 

The total installed capacity at the beginning of 9th Plan i.e. 1.4.97 was 85,795 

MW comprising 21,658 MW Hydro, 61,012 MW Thermal including gas and 
diesel, 2,225 MW Nuclear and 900 MW Wind based power plants. 

 The actual power supply position at the beginning of the 9th Plan indicates 

peak shortage of 11,477 MW (18%) and energy shortage of 47,590 MU (11.5%) on 
All India basis.  To meet the growing demand and shortages encountered, 

sufficient capacity would need to be added in subsequent plan periods.  
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1.10.2Ninth plan capacity addition programme 

The Working Group on Power, constituted by Planning Commission, in its 
report of December 1996 had formulated, a need based capacity addition 
programme of 57,735 MW for the Ninth Plan which would by and large meet the 
power requirements projected in 15th Electric Power Survey Report. However, it 

was felt that this capacity addition of 57,735 MW is not feasible and a target for 
capacity addition of 40245 MW was fixed for Ninth Five-year plan. The above 
target was finalised after considering the status of Sanctioned/ongoing schemes, 

new projects in pipeline, likely gestation period for completion of the projects 
and likely availability of funds. The Sector-wise/type-wise details are given 

below. 

 
Sector-wise / type-wise capacity addition programme during 
ninth plan  (Figures in MW) 

Sector Hydro Thermal Nuclear Total 
Central 3455.0 7574.0 880 11909 
State 5814.7 4933.0 --- 10747.7 

Private 550.0 17038.5 --- 17588.5 
TOTAL 9819.7 29545.5 880.0 40245.2 
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Future scenario in power 

sector development 

 
The growth rate of demand for power in developing countries is generally higher 
than that of GDP.  The ratio of the two comes down as the economy grows.  In 

India the ratio which was high at 3.06 in the First Five Year Plan period 
increased to 5.11 in the Third Plan and subsequently reduced to 1.57 during the 

period of 7 th plan & 1.2 at the end of 8th Plan.  For the coming decade the ratio 

may go down progressively.  This has to be reversed by providing central & state 
plan assistance if we wish to support a sustained high growth of GDP of around 

6.5 and above per annum, with demand for power to grow at around 8-9% 
annually. 
 As per the projections made in the 15th Electric Power Survey (Annexure-I), 
the energy and peak demand requirement are likely to increase to 569,650 MU 

and 95,750 MW, respectively, by the end of Ninth Five year Plan  (2001-02) and 
1058440 MU & 176647 MW, respectively, by 2011-12. 
 The basic objective of the planned development of the power sector in the 

country is to meet the rapid rise in power demand with reasonable levels of 
reliability.  The most important primary resources for electric power generation 

are water, fossil fuels  (coal, lignite, oil and natural gas) and nuclear energy.  

These would continue to serve as major sources of power generation in the long 
term, though various forms of renewable sources viz. wind, bio -mass, tides etc., 

will also contribute to meeting the demand.  However, considering the uneven 
spatial distribution of these resources, a co -ordinated approach is necessary in 
developing these resources.  Development of these resources would have to be 
done in such a way as to optimally utilise the investment already made. 

 
2.1 Resources for power generation 

Separate strategies have to be adopted for the development of power systems in 

the long term.  In the short term the efforts should be to improve the 
performance and efficiency of the investments already made and try to bridge 

the gap between demand and supply.  In the long run the approach would have 

to develop a system which would enable the demand to be met in an optimal 
manner with adequate reliability.  

 
 
 

2 
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2.1.1 Development of coal based generation 
Coal based thermal power stations are presently the mainstay of power 

development and this is likely to be so in the immediate future also, 
considering the present status of the projects and various constraints in 

development of hydro and nuclear power. 
 As per the present estimates, the coal reserves in the country are the order 
of 202 billion tonnes with the bulk of the reserves lying in the Eastern Region 
states of Bihar, Orissa and West Bengal.  Of the coal produced, about 70% is 

consumed in the power sector.   Presently, about 200 Million Tonnes of coal 
is consumed yearly in the power sector and this requirement would continue 
to increase in the coming years. The Planning Commission in the 9th plan 

document have projected a coal demand in the country for end of 11 th plan  
(2011-12) of 775 MT and production of 672 MT leaving a gap of about 103 

MT.  It is estimated that the demand for coal by the power sector is likely to 

be substantially in excess of the production by the end of Ninth and Tenth 
Plan periods.  This demand would need to be met by importing coal and 

augmenting domestic coal producing capability.  Both the options would 
require special efforts and policy measures.  The Government had taken a 
major step in opening up coal mining to the private sector.  It is hoped that 
substantial private participation would give a boost to the domestic 

production. 
 Besides quantity, the quality of Indian coal has been a major problem and 
concern for the power supply industry.  With ash content of coals being in the 

range of 30-50%, the beneficiation of coal assumes special significance. 
Establishment of washeries therefore assumes a great importance and 

country has t o address this problem seriously.  

 So far the power sector has relied primarily on railways for coal 
transportation.  However, there are considerable constraints in this area and 

other modes of transport, viz. shipping, rail-cum-sea route for coastal 
projects will have to be examined on case to case basis.  
 Keeping in view the problems of fly ash and the high ash content coal, the 
desirable option would be to develop large pit head coal projects and transmit 

the power to the load centres. Only Washed Coal should be transported to 
load centre stations and washery rejects may be utilised through fluidized bed 
boilers in power stations at the pit head itself. 

 
2.1.2 Development of gas and liquid fuel based 
generation 

As per latest estimates recoverable reserve of oil is of the order of about 746 
million tonnes and that of natural gas about 692 billion cubic metres.  Even 
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today petroleum fuel is being imported on a large scale putting a heavy burden 

on foreign exchange outgo. 

 The cost of power generation using imported fuel is higher than the cost of 
power generation using domestic coal at almost all locations.  Further, since fuel 

is to be imported, the cost of generation would get linked with fluctuations in the 
international oil prices, foreign exchange variation and also sensitiveness to 
international tension, etc.  Accordingly, long term dependence on imported 
liquid fuel for power generation should be minimum.  

 
2.2 Renovation and modernization of 
generating stations 

In order to achieve a satisfactory capital-output ratio, renovation and 
modernisation works need to be carried out at those power stations where the 

availability of the plant is low on account of some constraints. so that  operation 

at high plant load factor becomes possible.  Such renovation and modernisation 
works would also lead to life extension of aged plants. 

 In cases where the grade of coal supplied is low, establishment of coal 
washeries might be dovetailed into the renovation and modernisation 
programme. 
 CEA in consultation with the State Electricity Boards initiated a programme 

of R&M of Thermal Stations under Phase-I of the programme which has since 
been completed. About 163 no. of units were renovated at a cost of Rs. 1165 
crores and additional generation of more than 10,000 MU per annum has been 

realised.  Under Phase II of the programme it is proposed to realise additional 
generation of about 7800 MU per annum with an investment of Rs. 2300 crores.   

 To overcome the problem of necessary funds for renovation and 

modernisation works, innovative financial arrangements could be considered, 
involving a possible change of ownership.  As an example, a State Electricity 

Board and a Central Generating Company might form a joint venture in respect 
of a power station in which the contribution of the SEB would be the current 
value of the power station and the contribution of the Central Generating 
Company would be the funds and expertise required for executing the 

renovation and modernisation works.  
 Renovation and modernisation programmes are highly cost effective and can 
be completed in a much shorter time compared to the gestation period of a new 

thermal power project.  The cost of electricity at the bus-bar is expected to 
reduce if all thermal power stations perform at a high level of availability and 

this can be achieved through renovation and modernisation. 

 
2.3 Local environmental concerns and 
implications of future  growth 
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2.3.1 Introduction 

India has right from the early days of development depended on coal as a major 
source of energy in the form of heat or producing power (Electricity) - a more 

convenient form of energy.  The Thermal Power Stations using the coal having 
40-45 % ash content are contributing to enormous problems of environmental 
degradation and thereby health hazards.  Indian Power Sector is caught between 
the pressure of adding new generating capacities to match the rapid growing 

demand of power to achieve economic and social development and the 
environmental challenges arising from large scale Power generation.  The coal 
based thermal power generation will continue to dominate its role in future also 

as other energy sources have not yet succeeded to take its place. 
 During Stack Emission, SO2 and NOx are released which subsequently get 

oxidised to sulphate (SO4) and Nitrate  (NO3).  In the presence of water vapours 

in the atmosphere these are changed to Sulphuric Acid and Nitric Acid.  Impact 
of Acid rain on buildings/monuments, human health, agriculture, lakes streams 

and fores ecosystem has focussed the social concern widely. 
 

2.3.2 Environmental impact of thermal power 
stations: 

Thermal Power Stations in India, where poor quality of coal is used, add to 
environmental degradation problems through gaseous emissions, particulate 
matter, fly ash and bottom ash. Growth of man ufacturing industries, in public 

sector as well as in private sector has further aggravated the situation by 
deteriorating the ambient air quality.  Ash content being in abundance in Indian 

coal, problem of fly ash and bottom ash disposal increase day by day.  The fly 

ash generated in thermal power station causes many hazardous diseases like 
Asthma, Tuberculosis etc.   

 
2.3.2.1 Air pollution 
Initially, perceptions of objectionable effects of air pollutants were limited to 
those easily detected like odour, soiling of surfaces and smoke stacks.  Later, it 

was the concern over long term/chronic effects that led to the identification of 
six criteria pollutants. These six criteria pollutants are sulphur di-oxide (SO2), 
Carbon Mono-oxide (CO), Nitrogen oxide (NO2), Ozone (O 3), suspended 

particulates and non-methane hydrocarbons (NMHC) now referred to as volatile 
organic compounds (VOC).  There is substantial evidence linking them to health 

effects at high concentrations.  Three of them namely O3, SO2 and NO2 are also 

known phytotoxicants (toxic to vegetation).  In the later part Lead (Pb) was 
added to that list.  
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2.3.2.1.1  Nitrogen Oxide (NOx) 

Most of the NOx is emitted as NO which is oxidised to NO2 in the atmosphere.  

All combustion processes are sources of NOx at the high temperature generated 
in the combustion process. Formation of NOX may be due to thermal NOx which 

is the result of oxidation of nitrogen in the air due to fuel NOx which is due to 
nitrogen present in the fuel.  Some of NO2 will be converted to NO3 in the 
presence of 02.  In general, higher the combustion temperature the higher NOx is 
produced.  Some of NOx is oxidised to NO3, an essential ingredient of acid 

precipitation and fog.  In addition, NO2 absorbs visible light and in high  
concentrations can contribute to a brownish discoloration of the atmosphere. 
 

2.3.2.1.2  Sulphur Oxide 
The combustion of sulphur containing fossil fuels, especially coal is the primary 

source of SOx.  About 97 to 99% of SOx emitted from combustion sources is in 

the form of Sulphur Di-oxide which is a criteria pollutant, the remainder is 
mostly SO3, which in the presence of atmospheric water is transformed into 

Sulphuric Acid at higher concentrations, produce deleterious effects on the 
respiratory system.  In addition, SO2 is phytotoxicant. 
 
2.3.2.1.3  Particulate matter 

The terms particulate matter, particulate, particles are used interchangeably and 
all refer to finely divided solids and liquids dispersed in the air. 
 
2.3.2.2 Water pollution 
Water pollution refers to any change in natural waters that may impair further 

use of the water, caused by the introduction of organic or inorganic substances 

or a change in temperature of the water. 
 In thermal power stations the source of water is either river, lake, pond or 

sea where from water is usually taken.  There is possibility of water being 
contaminated from the source itself.  Further contamination or pollution could 
be added by the pollutants of thermal power plant waste as inorganic or organic 
compounds. 

 
2.3.2.3 Land degradation  

The thermal power stations are generally located on the non-forest land and do 

not involve much Resettlement and Rehabilitation problems. However it's 
effects due to stack emission etc, on flora and fauna, wild life sanctuaries and 

human life etc. have to be studied for any adverse effects. One of the serious 

effects of thermal power stations is land requirement for ash disposal and 
hazardous elements percolation to ground water through ash disposal in ash 

ponds. Due to enormous quantity of ash content in India coal, approximately 1 
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Acre per MW of installed thermal capacity is required for ash disposal. 

According to the studies carried out by International consultants if this trend 

continues, by the year 2014 -2015, 1000 sq. km of land should be required for 
ash disposal only.   

 
2.3.2.4 Noise pollution 
Some areas inside the plant will have noisy equipments such as crushers, belt 
conveyors, fans, pumps, milling plant, compressors, boiler, turbine etc.  Various 

measures taken to reduce the noise generation and exposure of workers to high 
noise levels in the plant area will generally include: 
i) Silencers of fans, compressors, steam safety valves etc.  

ii) Using noise absorbent materials. 
iii) Providing noise barriers for various areas. 

iv) Noise proof control rooms. 

v) Pro vision of green belt around the plant will further reduce noise levels. 
 

2.3.3 Technology upgradation 
2.2.3.1 Clean coal technologies 
Clean coal technologies offer the potential for significant reduction in the 
environmental emissions when used for power generation.  These technologies 

may be utilised in new as well as existing plants and are therefore, an effective 
way of reducing emissions in the coal fired generating units.  Several of these 
systems are not only very effective in reducing SOx and NOx emissions but 

because of their higher efficiencies they also emit lower amount of CO2 per unit 
of power produced.  CCT's can be used to reduce dependence on foreign oil and 

to make use of a wide variety of coal available.   

 Blending of various grades of raw coal along with beneficiation shall ensure 
consistency in quality of coal to the utility boilers.  This approach assumes 

greater relevance in case of multiple grades of coals available in different parts of 
the country and also coals of different qualities being imported by IPPs.  
Ministry of Environment and Forests vide their notification dated 30th June 
1998 had stipulated the use of raw or blended or beneficiated coal with an ash 

content not more than 34% on an annual average basis w. e. f. 1st June 2001. 
 CPCB has constituted a Steering Committee consisting representative from 
some SEBs, CPCB, Ministry of Coal, Ministry of Power, CEA and World Bank to 

carry out cost benefit analysis of using clean coal technologies and assess and 
prioritize technically feasible and economically viable measures to improve coal 

quality. 

 
2.2.3.2 Refurbishment of existing thermal power stations 
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Continuous deterioration in performance of thermal power stations had been 

observed during early 80's.  Therefore, Renovation and Modernisation 

Schemes(R&M Schemes) were drawn and executed for improving the 
performance of existing thermal power stations.  Pollution control measures in 

these power stations being a capital-intensive activity, it accounted for major 
portion-around 40% of Rs. 12 Billion kept for R&M schemes under phase-I. 
During phase-I, 163 units of 34 thermal power stations were covered.  As a result 
of R&M schemes these achieved 10,000 million units of additional generation 

per annum against the target of 7000 million units.  Encouraged by the results 
achieved, R&M phase-II programme is presently under progress.  Total 
estimated cost of these works is Rs. 24 Billion.  Most of the Electricity Boards or 

other generating agencies are facing financial constraints to carry out R&M 
activities.  Therefore, this area has to be taken on priority to arrange financial 

assistance. 

 Several organizations have carried out Energy audits of thermal power plants 
with a view to suggest measures to improve their operational efficiency and to 

identify areas having wasteful use of energy.  Steps have been suggested to 
reduce energy losses and their implementation is being monitored vigorously. 
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Power plant technologies 
 

 
 

 
3.1 Existing technology 

The Thermal Power Stations in the country are mostly based on the following 

technologies: 

i) Steam Power Plants 
ii) Gas Turbine Power Plants 

 
3.1.1 Steam power plants 

The Steam Power Plants are mostly coal-based power plants having maximum 
unit size of 500 MW.  Recently, CEA has cleared on IPP proposal to install two 

units of 660 MW to be commanded in Tamil Nadu in about 4-5 years time.  One 
Mega Private Power Project at Hirma is proposed with unit size of 720 MW, All 
the Steam Power Plants except one at Talcher are conventional drum type and 

majority of them are two pass design.  Few power plants are having single pass 
tower type design with drum.  The Talcher power plant of NTPC is the only 

power plant commissioned with two 500 MW units having once through boilers.   

 All the Steam Power Plants in the co untry are having sub-critical steam 
parameters.  Indigenous manufacturers are capable of offering steam power 

plants up to 500 MW unit size and are quite competitive compared to the World 
leaking manufacturers. 

 
3.1.2 Gas turbine power plants 

The present installed capacity of gas turbine power plants is about 9000 MW, 
which is 13 % of the total thermal power plant capacity.  Govt. of India has 
permitted installation of additional 12000 MW of liquid fuel based power plants, 

mostly gas turbine plants, as a short term measure to bridge the gap between 
demand & supply. 

 The major gas turbine power plants are combined cycle plants and few small 

capacity plants are on open cycle mode.  The gas turbine power plants are 
having varying unit sizes and makes. Recently M/s ENRON has set up a 

combined cycle power plant at Dabhol in Maharashtra having gas turbines of 
latest 9FA advance class technology with unit size of 250 MW (ISO).  Few other 
IPPs have also proposals to set up combined cycle plants with advance class gas 
turbines namely 9 FA of GE make and GT-26 of ABB make. 

 

3 
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 M/s Bharat Heavy Electrical Ltd. (BHEL) is having collaborations with GE 

and Siemens and thus able to offer gas turbines of latest advance class 

technology. 
 

3.1.3 Other common technology 
The other common technology is Diesel Engine Power Plants based on Liquid 
fuel.  But diesel engine based units are mostly installed by the Industries for 
their captive use.  On the utility side, some small diesel engine power plants are 

located in few states and certain isolated areas like in Andaman Island.  Recently 
one 200 MW diesel engine based power plant has been commissioned by an IPP 
in Tamil Nadu.  This plant is having four units of slow speed engines each of 50 

MW capacity.  Few more diesel engine power plants proposed in capacity range 
of 100-120 MW have been given clearance by CEA. 

 
3.2 Advanced technologies: status in India 
and abroad 
 
3.2.1 Energy extraction from coal 

The two fundamental processes for extraction of energy from coal are (i) Direct 
Solid Combustion such as conventional Pulverised Coal (PC) Combustion or the 

emerging Fluidised Bed Combustion (FBC) and (ii) Indirect combustion through 
Coal Gasification followed by coal gas combustion. 
 Fluidised Bed Combustor is a “three-in-one device” characterised by highly 

desirable features of multi-fuel capability, pollution (SO2 and Nox) control, and 
energy conservation. All the four members of this family, namely Atmospheric 

Fluidised Bed Combustor (AFBC), Circulating Fluidised Bed Combustor (CFBC), 

Pressurised Fluidised Bed Combustor (PFBC) and Pressurised Circulating 
Fluidised Bed Combustor (PCFBC) have the potential for clean power 

generation. Additionally, PFBC and PCFCB systems operating in a combined 
cycle mode (Rankine and Brayton) have the potential for overall plant 
efficiencies of the order of 40-45% compared to 33-37% efficiencies offered by 
power plants based on Conventional PC firing, AFBC and CFBC operating on a 

single (Rankine) cycle. 
 Coal gasification, at pressures up to 40 atm and suitable temperatures, 
results in a low calorific value (4 -7 MJ/Nm3) gas mixture of CO and H2, which 

can be burnt and expanded in a gas turbine for power generation. In an 
Integrated Gasifier Combined Cycle (IGCC) plant, this is supplemented by steam 

turbine power generation using steam generated from the gas turbine exhaust 

gases. Three types of coal gasifiers are in different stages of demonstration and 
commercialisation in the world: Fixed Bed (Moving Bed) Gasifier (e.g. the 

LURGI Dry Ash System), Fluidised Bed Gasifier (e.g. KRW system and 
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Entrained Bed Gasifier (e.g. Shell and Texaco Systems). Each of these 

technologies is suited to a particular type of coal, and under specific operating 

conditions gives the desired quality of product coal gas. 
 

3.2.2 Coal utilisation technology 
 

3.2.2.1 Clean coal utilisation technologies 

A number of technologies based on coal combustion/coal 

gasification/combination of coal combustion and coal gasification aimed at 
environmental acceptability and high efficiency have been under development 
for almost three decades. Four of these are proven commercial technologies 

while the rest are in different stages of development and demonstration as noted 
in the Table ES-1. 

 
3.2.2.2 Other advanced technology 
Supercritical Boiler Technology is commercialised in several countries with 

overall plant efficiencies of 43 – 45% and with DENOX and DESOX systems. 
There is negligible interest in India in the technology at present. Slagging 
combustion technology has the special feature of burning high ash coal at very 
high temperatures in a primary chamber where molten ash slag can be removed 

before allowing almost ash -free hot gases to enter a secondary chamber to 
generate steam. After laboratory scale studies, this technology has been 
abandoned because of the inadequate flowing ability of Indian molten ash. 

 
 Technology Worldwide Status Status in India 
A. PC Firing with 

SOx              
And NOx Control 
System 

Commercialised NOx control commercialised 
SOx control not in use 

B
. 

AFBC Power 
Plant 

Commercialised upto 
165 MWe (USA) 

2x10MWe units operating  

C
. 

CFBC Power 
Plant 

Commercialised upto 
250 MWe (France) 

1x30 MWe unit commissioned by 
BHEL-LURGI Maharashtra (1997) 

D
. 

PFBC Power 
Plant 

Demonstration units 
upto 130 MWe (Sweden, 
Spain, USA,  Japan) 

Bench scale R&D at BHEL and IIT 
Madras 

E
. 

(i) IGCC Power 
Plant 

Demonstration units 
upto 250 MWe (USA, 
Netherlands) 

6.2 MWe demo plant at BHEL, 600 
MWe Conceptual design at IICT 
Hyderabad; Gasifier pilot plants 
at BHEL and IICT; Proposal for a 
250 MWe demo plant by CSIR with 
the Government 

 (ii) Hybrid 
IGCC Power 
Plant 

Pilot plant R&D (UK) No activity 

F
. 

Fuel Cell based 
PFBC Power 
Plant 

Advanced R&D On-going R&D in fuel cells 
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 Technology Worldwide Status Status in India 
G
. 

MHD based 
Combined Cycle 
Power Plant 

R&D suspended in 
Russia and USA, on-
going in Israel 

Pilot Plant in BHEL, R&D 
terminated 

H
. 

PC Fired 
Supercritical 
Power Plants 

Commercialised upto 
1000 MWe 

Not in use 

I
. 

Slagging 
Cyclone 
Combustion 
Technology 

Advanced R&D Lab Scale Studies 
R&D terminated 

 
3.2.3 Coal beneficiation 

Coal Beneficiation has been identified as essential for Indian high ash non-
caking (power grade) coals to improve the power plant performance and reduce 

overall costs. Coal washeries to supply clean coal to power plants more than 
1000 km from the coal mines have been made mandatory from June 2001. 
Three coal washeries were proposed at Piparwar, Bina and Kalinga. One is in 
operation. Standard benefication technology is available. However technology 

improvements are needed to increase the amount of ash removal. Pre-
combustion physical cleaning of coal to reduce sulphur is not practised, as it is 
not essential at present. 

 
3.2.4 Coal water slurry (CWS) combustion 

CWS combustion has great potential for application in Indian power plants, 
primarily for oil substitution, as a support fuel in low load flame stabilisation 
and load sharing. R&D on CWS preparation and combustion have been 

conducted at laboratory level at CFRI, Dhanbad and in the Fuel Evaluation Test 
Facility (FETF) in BHEL, Tiruchy. Presently BHEL, CFRI, NTPC and IIT Madras 
are jointly involved in the preparation of a proposal for demonstration of CWS 
combustion using high sulphur Assam coal in an operating Thermal Power 

Station. 
 

3.2.5 Re-powering technology 
Old power plants with a total capacity of about 20000 MWe are at the end of 
their projected life (25-30 years) and need to be shut down unless a Renovation 

and Modernisation Scheme is adopted partly involving retrofitting. Such a 
national program is in place in India. However a far more advantageous 
technique of extending the life of old power plants is “Repowering” them with 

more efficient and environmentally friendly furnace-boilers. The advantages are 
higher efficiency, better pollution control, less gestation period, and possibly less 
cost in addition to extension of life by another 20-30 years. CFB boilers are 
excellent candidates for such “repowering” of old PC fired boilers. Several 

successful projects have been implemented abroad, especially USA. There is a 
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great potential for this technology in our country and needs to be seriously 

pursued. 

 
3.2.6 Fluidised bed combustion 

Fluidized bed combustion (FBC) reduces emissions of SO2 and NO2 by 
controlling combustion parameters and by injecting a sorbent (such as crushed 
limestone) into the combustion chamber along with the coal.  Coal mixed with 
the limestone is fluidized on jets of air in the combustion chamber.  Sulphur 

released from the coal as SO2 is captured by the sorbent in the bed to form a 
solid calcium compound that is removed with the ash. The resultant waste is a 
dry, benign solid that can be disposed of easily or used in agricultural and 

construction applications.  More than 90 per cent of the SO2 can be captured 
this way. 

 At combustion temperatures of 1,400 to 1,600° F, the fluidized mixing of the 

fuel and sorbent enhanced both combustion and sulphur capture.  The operating 
temperature range is about half that of a conventional pulverized coal boiler and 

below the temperature at which thermal NOx is formed.  In fact, fluidized bed 
NOx emissions are ab out 70 to 80 percent lower than those for conventional 
pulverized coal boilers.  Thus, fluidized bed combustors substantially reduce 
both SO2, NOx emissions.  Also, fluidized bed combustion has the capability of 

using high ash coal, whereas conventional pulverized coal units must limit ash 
content in the coal to relatively low levels. 
 Two parallel paths were pursued in fluidized bed development – bubbling 

and circulating beds.  Bubbling beds use a dense fluid bed and low fluidization 
velocity to effect good heat transfer and mitigate erosion of an in bed heat 

exchanger.  Circulating fluidized bed use a relatively high fluidization velocity, 

which entrains the bed material, in conjunction with hot cyclones to separate 
and recirculate the bed material from the flue gas before it passes to a heat 

exchanger.  Hybrid systems have also evolved from these two basic approaches. 
 Fluidized bed combustion can be either atmospheric (AFBC) or pressurized 
((PFBC).  AFBC operates at atmospheric pressure while PFBC operates at 
pressure 6 to 16 times higher.  PFBC offers potentially higher efficiency and 

consequently, reduced operating costs and waste relative to AFBC. 
Second generation PFBC integrates the combustor with a pyrolyzer (coal 
gasifier) to fuel a gas turbine (topping cycle), the waste heat from which is used 

to generate steam for a steam turbine (bottoming cycle).  The inherent efficiency 
of the gas turbine and waste heat recovery in this combined cycle mode 

significantly increases overall efficiency.  Such advanced PFBC systems have the 

potential for efficiencies over 50 per cent. 
 

3.2.6.1 Atmosphere fluidised bed combustion (ACFB) status 
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In the USA, the Tri-state Generation and Transmission Association, Inc, Nucla 

Station repowering project provided the data base and operation experience 

requisite to making Atmospheric Circulating Fluidised Bed (ACFB) a 
commercial technology option at utility scale.  The Nucla ACFB plant was of 100 

MW capacity and upto 95% SO2 removal was achieved during the 15,700 hours 
of demonstration and NOx emissions averaged a very low 0.18 lb/106 btu.  Today 
many boiler manufacturers offer an ACFB in its product line.  A 250 MW size 
ACFB is already in operation in France and a 300 MW ACFB demonstration 

plant is to be built in USA. 
 In India, ACFB plant has been set up by few Industries for captive use in the 
capacity range of 30-60 MW.  The first major ACFB project based on lignite as 

fuel is presently under construction by M/s BHEL in Gujarat, which will have 
two units each of 125 MW capacity.  CEA has given clearance to M/s Reliance to 

set up a 2x250 MW pet coke based ACFB plant in Gujarat as an IPP project.  

CEA has also cleared an IPP project to set up 1 x 150 MW ACFB plant in West 
Bengal to be supplied by M/s BHEL on turn-key basis based on indigenous coal.  

Few more proposals based on ACFB are likely to materialize in the near future. 
 

3.2.6.2 Pressurized fluidized bed technology status 

Through the Ohio Power Company’s (PFBC) re-powering of the Tidd plant (70 

MWe) in USA, the potential of PFBC as highly efficient, very low pollutant 
emission technology was established and the foundation was laid for 
commercialisation.  Over 11,444 hours of operation, the technology successfully 

demonstrated SO2 removal efficiencies up to 95 per cent with v ery high sorbent 
utilisation (Ca to S molar ratio of 1.5) and NOx emissions in the range of 0.15 to 

0.33 lb/106 Btu.  The Tidd PFBC was one of the first generation 70 MWe P200 

units installed in the early 1990s.  Others were built and operated in Sweden, 
Spain and Japan.  ABB carbon, the technology supplier, uses a “bubbling” 

fluidised-bed design, which is characterized by low fluidized velocities and use of 
an in bed heat exchanger. The first 360 MWe P800 PFBC is being built in Japan 
and is scheduled for operation in 1999.  A second generation P 200 PFBC with 
freeboard firing is under construction in Germany.  A number of other ABB 

carbon PFBC projects are under construction in China, south, Korea, the U.K, 
Italy and Israel.  Two ongoing interrelated projects, McIntosh 4A and McIntosh 
4B in USA will demonstrate pressurized circulating fluidized -bed technology 

(PCFB) at utility scale. McIntosh 4 A will evaluate a 145-MWe first generation 
PCFB configuration using Foster wheeler technology.  McIntosh 4B will 

demonstrate a second generation system by integrating a small coal gasifier 

(pyrolyzer) to fuel the gas turbine “topping cycle” (adding 93 MWe capacity).  
The Second generation PCFB has the potential to significantly improve the 
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efficiency of pressurized-bed  systems by increasing power generation from the 

gas turbine. 

 
3.2.7 Integrated gasification combined cycle  

The integrated coal gasification combined-cycle process has four basic steps (1) 
fuel gas is generated from coal reacting with high temperature steam and an 
oxidant (oxygen or air) in a reducing atmosphere, (2) the fuel gas is either 
passed directly to a hot gas cleanup system to remove particulates, sulphur, and 

nitrogen compounds or first cooled to produce steam and then cleaned, (3) the 
clean fuel gas is combusted in a gas turbine generator to produce electricity and 
(4) the residual heat in the hot exhaust gas from the gas turbine is recovered in a 

heat recovery steam generator, and the steam is used to produce additional 
electricity in a steam turbine generator. 

 Integrated gasification combined -cycle (IGCC) systems are among the 

cleanest and most efficient of the emerging clean coal technologies.  Sulphur, 
nitrogen compounds, and particulates are removed before the fuel is burned in 

the gas turbine, that is, before combustion air is added.  For this reason, there is 
a much lower volume of gas to be treated than in a post combustion scrubber.  
The chemical composition of the gas requires that the gas stream must be 
cleaned to a high degree, not only to achieve low emissions, but to protect down 

stream components, such as the gas turbine, from erosion of corrosion. 
 In a coal gasifier, the sulphur in the coal is released in the form of hydrogen 
sulphide (H 2S) rather than as SO2, which is the case in conventional pulverized 

coal combustion.  In some IGCC systems, much of the sulphur containing gas is 
captured by a sorbent injected into the gasifier.  Others use existing proven 

commercial hydrogen sulphide removal processes, which remove up to 99% of 

the sulphur, but require the fuel to be cooled, which is an efficiency penalty.  
Therefore, hot gas cleanup systems are now being demonstrated.  In these 

cleanup systems, the hot coal gas is passed through a bed of metal oxide 
particles, such as supported zinc oxides.  Zinc oxide can absorb sulphur 
contaminants at temperatures in excess of 1,000° F and the compound can be 
regenerated and reused with little loss of effectiveness. Produced during the 

regeneration stage are salable sulphur, sulphuric acid, or sulphur-containing 
solid waste, which may be used to produce useful by-products, such as gypsum.  
The technique is capable of removing more than 99.9 per cent of the sulphur in 

the gas stream.  With hot gas clean up, IGCC systems have the potential for 
effic iencies of over 50 per cent. 

 High levels of nitrogen removal are also possible.  Some of the coal’s nitrogen 

is converted to ammonia, which can be almost totally removed by commercially 
available chemical processes.  NOx formed in the gas turbine can be held to well 
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within allowable levels by staged combustion in the gas turbine or by adding 

moisture to control flame temperature. 

 
3.2.7.1 Integrated gasification combined cycle (IGCC) status 

Three coal based IGCC projects are in various stages of operation in USA under 
the CCT Program.  They represent a diversity of gasifier types, cleanup systems, 
and applications.  PSI Energy’s 262-MWe Wabash River Coal Gasification Re-
powering Project began operation in November 1995 and continues in its third 

year of commercial service.  The utility dispatches the unit over other coal-fired 
units because of its high efficiency.  The unit, which is the world’s largest single 
train IGCC has produced approximately 1.6 million megawatt hours of electricity 

on syngas through early 1998 and in March 1988 alone generated a record one 
trillion BTUs of syngas. 

 The 250 MWe Tampa Electric Integrated gasification Combined Cycle 

Project began commercial operation in September 1996 and continues to 
accumulate run time.  Availability steadily increased over time, reaching 70 per 

cent over 12 months.  The gasifier has accumulated over 10,000 hours of 
operation and produced over 2,000,000 MWh of electricity on syngas.  Tests 
have included evaluation of various coal types on system performance. 
 The Sierra Pacific Power Company (SPPC) readies for sustained operation of 

its IGCC system on syngas.  The 99-MWe Pinon Pine IGCC project at SPPCs 
Tracy Station began operation on natural gas in November 1996.  The GE Frame 
6FA, the first of its kind in the world, performed well. The plant has undergone 

shakedown and design modifications have been made.  The system routinely 
achieved steady state gasifier operation for short periods through September 

1998.   

 The fourth Clean Energy Demonstration Project in USA, which is in the 
design stage, will offer yet another gasifier design and include the testing of a 

fuel cell operated on syngas from the coal gasifier.  This will provide valuable 
data for design of an integrated gasification fuel cell (IGFC) sy stem.  IGFC has 
the potential to achieve efficiencies greater than 60 percent. 
 An IGCC demonstration plant has been commissioned at Puertollano in 

Spain was preparing to enter syngas generation.  The plant concept is based on 
the Prenoflo gasification pro cess, developed by Krupp-Koppers and 
Siemens/KWU and being used for the first time in this facility.  The design fuel 

is a mixture of ash rich local coal and sulphur-rich petroleum coke from a 
nearby refinery.  This 300 MW power plant depending on the fuel lused is 

expected to attain an efficiency as high as 45per cent.  The combined cycle 

section of the plant has been in operation on natural gas since the summer of 
1996.  It was scheduled to start operation on coal-derived gas in 1998. 
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 The Puertollano power plant consists of three plants jointly designed and 

integrated into the process.  The gasification plant consists of gasification unit 

and a gas-cleaning and sulphur recovery unit.  The gasification unit uses the 
Prenoflo pressurized entrained flow process for coal gasification.  The gas is 

produced by the reaction of coal with oxygen at temperatures reaching 2,900 F.  
This process is capable of gasifying a variety of types and qualities of coal for the 
production of a synthetic fuel.  In operation the plant will gasify a mixture of 50 
per cent local coal and 50 percent petroleum coke, measures by weight.  The gas 

cleaning and sulphur recovery unit treats the gases in the outlet of the gasifier, 
plus removes any contaminants and solid particles from the fuel before sending 
it to the gas turbine. The air separation plant generates oxygen to feed the 

gasification unit and nitrogen for the pneumatic transportation of the fuels.   
 Number of IGCC plants have been set up or under construction in other 

countries namely Netherlands, Czech, Germany, Italy & Japan etc. In India Coal 

gasification plants based on entrained bed process are being operated on 
commercial scale by Fertilizer Corporation of India at Ramagundam (AP) and 

Talcher (Orissa) for producing synthesis gas for ammonia.  The major oil 
refineries in India are proposing to set up IGCC power plants based on bottom 
residues for feeding the power to state Girds.  However, the capital cost of these 
IGCC plants is very high compare to conventional plant. 

 Commercial configurations resulting from the current IGCC and PFBC 
demonstrations will typically have efficiencies at least 20 percent greater than 
conventional coal-fired systems (with like CO2 emission reductions), remove 95 

to 99 percent of the SO2, reduce NO2 emissions to levels equivalent to a 90 per 
cent reduction, reduce particulate emissions considerably and produce salable 

by products from solid residues as opposed to waste. 

 
3.2.8 Supercritical technology  

The largest conventional coal fired station operating in the country has unit 
rating of 500 MW.  These units have supercritical operating parameters of 170 
Ata, 535° C/538° C at the turbine end and utilize a conventional drum type 
forced circulation boiler, except at Talcher STPS where once through boilers 

have been installed.  
 Increase of the steam parameters, i.e. temperature and pressure, is one of the 
most effective measures to increase efficiency and economy as well. This method 

typically in the form of supercritical operation has been followed  since decades 
in many countries; particularly in United States, Europe and Japan. 

 In the 60’s the normal pressure and temperature for supercritical units were 

around 245 bar and 540° C respectively, with only a few exceptions.  In the 70’s, 
pressure was slightly increased to 250 bar and reheater temperature was 

increased to 565° C, in most of the cases.  In the 80’s, main steam temperature 
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was increased to 565° C.  Since the beginning of the 90’s, steam pressure was 

notably increased.  Maximum allowable working pressure was raised to 285 bar 

and temperature was raised in steps from 565° C to 580° C and 600° C 
respectively for the reheater.  The steam parameters in the new projects are even 

higher and exceed 600° C and 620° C respectively. 
 Supercritical cy cle units offer a number of advantages.  The most obvious 
advantage is higher efficiency, and therefore, saving of fuel resources.  The 
improvement in efficiency varies from 1.3% to 3.6% depending upon the steam 

parameters. Higher temperature and higher pressure are only feasible with 
materials, which have sufficient strength at these conditions.  Therefore, 
increasing steam parameters is a matter of development of new materials.   The 

available material sets the limit for feasible temperatures and pressures, i.e. the 
limit for increase of efficiency. 

 A first step to supercritical parameters, i.e.250 Ata and 540° C / 565° C is 

feasible with X20, the standard ferritic / martensitic steel which has been used 
for many years.  With T91/P92, a new, still ferritic/martensitic steel, 270 ata and 

580/600° C can be achieved.  Use of P91 for the main steam & hot reheat piping, 
as this material has higher creep rupture stress than X20, which leads to lower 
wall thickness of the pipes and hence reduction in thermal stresses.  The weight 
reduction in turn shall reduce stress levels at the boiler connections and at the 

turbine connections, as well as on the structural steel work. 
 The class of austenitic steels allows one more step up to 315 bar and 620° C .  
Further increase in the efficiency would be possible with the application of 

expensive nickel-based alloys like Inconel. While considering high steam 
parameters, one has to take care of boiler components, turbine casing and 

piping which are particularly affected by the higher pressures and temperatures.  

Increase in operating temperature will require the application of material with 
sufficient strength at high temperatures, resistance to oxidation, high toughness, 

good weldability and resistance to embrittlement.   
 The National Thermal Power Corporation (NTPC) had entrusted a techno-
economic study to M/s EPDC for super-critical Vs Sub-critical Boilers for their 
proposed Sipat STPS (4x500 MW) in Madhya Pradesh.  M/s EPDC has 

recommended that a first step to the introduction of super-critical technology, 
the most proven steam conditions may be chosen and the most applicable steam 
conditions in India shall be 246 kg/cm2, 538° C/566° C.  With these steam 

parameters, M/s EPDC has estimated that the capital cost for a supercritical 
power station (4x500 MW) shall be about 2% higher than that of sub-critical 

power plant but at the same time the plant efficiency shall improve from 38.64% 

to 39.6%. Being a pit head thermal power project, the saving in fuel charges is 
not justified by increase in fixed charges.  
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Renovation & modernisation 

- Government of India’s 

policy  
 
 

The broad strategy of the Government has been both supply side and demand 
side management to meet these shortages. On the supply side, however, the 

emphasis has primarily been on addition of generation capacity. However, one 

important area, which could not receive desired attention, was the upkeep of 
these plants. As a result, the efficiency of these plants gradually deteriorated and 

PLF's plummeted to alarmingly low levels. The Government did successfully 
implement the Renovation & Modernisation Programmes in the Seventh Plan 
period and spectacular results were obtained.  
 The policy envisages three practical and feasible alternative options, viz.  

(i) lease, rehabilitate, operate and transfer (LROT);  
(ii) sale of plant and  
(iii) joint venture between SEB's and private companies.  

 
The degree of privatisation would vary with each option; these may involve 

temporary or permanent transfer of plant management to the private agencies.  
 
4.1 Privatized renovation & modernisation of 
power plants: policy guidelines 

 
4.1.1Introduction 

With the announcement, in 1991 of the liberalised economic policy of 

Government of India, private investments, including foreign investments, are 
now allowed into all areas of the power sector. However, current attention seems 
to be focussed almost exclusively on greenfield' projects. One area which offers a 

tremendous potential for exploitation through this new avenue of private 
investment is the Renovation and Modernisation (R&M) of thermal plants and 

Renovation, Modernisation and Uprating (RM&U) of hydro power plants 

because they provide low cost options to raise much needed generation in a 
relatively short time. However, barring stray efforts that are yet to take concrete 

shape, this area of activity has not received adequate focus. On the contrary 
R&M is a priority area and should not suffer neglect, especially so when a well 
drawn up technical programme exists. 

4 
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4.1.2 Investment in R&M  

Three alternative options appear practical and feasible for private investments 
in R&M schemes. The degree of privatisation would vary with each option; all 
would involve temporary or permanent transfer of plant management to the 
private agency. Features specific to each are briefly discussed in the following 

section. It is, however, recognised that the States/State Electricity Boards may 
have other innovative options which could also be considered. 
  
4.1.2.1 Option 1. lease, rehabilitate, operate and transfer (LROT)  
Under this option, the private promoter (PP) would take over the power station 

of the SEB on a long-term lease. PP would invest and carry out the R&M of the 

power station and would take over its operation and maintenance. Normally, the 
station would revert to the SEB on completion of contracted years of lease; the 

arrangement could also be renewable on terms to be specified. 
 
4.1.2.1.1 Special features of leasing arrangements are that 

(a) Legal title and ownership of the plant will remain with the SEB throughout. 

(b) It affords flexibility in the pricing of energy to the extent that the lease 
charges, especially for old plants, could be set at a nominal figure or some 
rate below the present market value. If the bulk of the additional energy is to 

be sold directly to consumers, however, it will be appropriate to charge the 
lease at current market value of the assets. 

(c) The terms of the lease arrangement have to be financeable, especially the 

duration has to be long enough to permit loan repayments. 
(d) Lease Agreements will have to be very detailed In regard to the leaseholder's 

obligations for maintenance of the assets and condition in which they will be 
returned. Also, the basis on which the assets added by PP during the lease 
will be evaluated and paid for on their repurchase by SEB will need to be 
specified. 

(e) Lease Agreement has also to be very precise in regard to performance 
parameters to be met and conditions on which existing SEB manpower 
would be utilised by lease-holder. 

(f) In the leasing arrangement, conditions could be specified to stipulate sale of 
part of the generated power (average performance in SEB period plus X 

percent) at a pre-set price and the balance at the price resulting from bid. 

The term of lease could also be open to bidding. 
 
4.1.2.2 Option 2. sale of p lant 
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SEBs could offer power stations, which were uneconomical for them to run and 

difficult to maintain due to overage, for outright sale to private parties. The 

present worth of the plant would have to be assessed which would be the reserve 
price' for the sale. 

 Private Promoter(PP) could have two options, viz. (a) to sell the electricity 
generated at the renovated plant to other consumers on captive basis by utilising 
the transmission and distribution network of the SEB for wheeling electricity on 
payment of wheeling charges; and / or (b) to sell the electricity generated at the 

plant back to the SEB. 
 The special advantage of the option of sale of plant' is that it generates 
sizeable income up front' to the owners of the plant (SEB or State Government). 

The normal practice is for the purchaser to pay for the value of the assets in 
instalments over a period of two to five years. (PP would bear the interest 

liability over this period). 

 Depending on the market value of the assets, this could generate resources 
for the sector currently starved of funds for investments. It is expected that the 

funds generated will be put to use for the power sector in one of the following 
ways: 
(a) to upgrade transmission and distribution arrangements that are in need of 

upgradatio n. 

(b) for any other strategic investments that will improve the power sector 
performance. 

 

Its attractiveness to private investors would be greatly enhanced if the sale 
formed part of a broader scheme of restructuring of SEB, and permitted direct 

sale of power to bulk consumers and/or to private distributors. On the adverse 

side, this route would involve large-scale redeployment of existing SEB staff. 
 
4.1.2.3 Option 3. joint venture between SEBs and private 
companies. 
In this option, a new company will be formed as a joint venture (JV) of the 
SEB/State Government and selected private collaborator. The JV Company 

would undertake the R&M and own, operate and maintain the power station in 
question. The private collaborator would normally be a PP who would assume 
responsibility for the management of the JV. 

 The participation by SEB (and/or the State Government) in the JV would be 
by transferring the existing plant at an agreed value to the fixed assets of the JV. 

PP will finance the full-required investment for R&M, partly through equity and 

balance by arranging required loan finance. 
 Following special features require note: 
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(a) The private collaborator could also be an equipment supplier who would not 

actively associate in the management. However, it is likely that part of the 

collaborator's finance would be through loans; the arrangements for plant 
management and loan repayments would have to be acceptable to the 

lenders.  
(b) JV arrangements involving part ownership by State Government would 

afford some flexibility in pricing of generated power. 
(c) The disadvantage is that unlike in the case of sale of plant, income does not 

accrue to the SEB/ State Government through disposal of assets. Extent to 
which the income foregone up front' will be compensated through cash 
inflow from profits in later years, could be one criterion for evaluating this 

option vis-a-vis that of sale of plant. 
(d) Normally the private collaborator would not be permitted to transfer its 

ownership interest to another party for a period to be specified and may do 

so thereafter only with the consent of the SEB and State Government. 
(e) JV arrangements could also allow for buy -out of one party's interest by the 

other at a future date. 
 

4.1.3 Security of SEB performance  
A key factor for the success of privatised R&M is the degree of security that can 

be given to PP regarding expected returns on the investment and receipt of dues 
for the power supplied. If the power is to be purchased by the SEB, the required 
degree of security can best be provided through: 

(a) A two-part tariff that guarantees recovery of fixed charges' at a stipulated 
base performance level; and 

(b) Commercial arrangements like Letters of Credit' and Escrow Accounts' that 

would provide guarantee regarding receivables'. 
 

If PP has the option to sell power direct to bulk consumers or private 
distributors, the security to be provided by SEB would relate to the reliability of 
power evacuation and wheeling arrangements. 
 Privatized R&M would be workable only if the SEBs were able to realize 

additional revenue from the increased power generation. Private promoter 
would also need assurance in this regard that would be acceptable to lenders. 
Therefore, linking of privatized R&M with a distribution license-permitting sale 

to a territorial area or to bulk consumers is one of the options that could be 
considered. 

 The sustenance of achieved objectives to be derived out of private sector 

participation and successful implementation of all options of private sector 
participation would mainly be dependent on proper and adequate collection of 
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revenue so that the SEB could maintain and operate the plant at the achieved 

level of performance established by the private sector for a long time to come. 

 Based on the bids received, the detailed operational parameters could be 
finalised through negotiations either with a single selected agency or a short - 

list of bids. For the purpose of these negotiations, three areas could be taken up, 
namely, 
i) Operation & Maintenance (O&M),  
ii) Fuel and  

iii) Incentives/Disincentives.  
 
These are explained below. 

i) O&M: could have two components, namely, a fixed component' and a 
variable component'. The fixed component can be given suitable weightage 

depending on whether and to what extent the renovated plant would be 

utilising existing SEB staff. 
ii) Fuel: Plant specific heat rate could be one of the technical criteria for short 

listing bids. The rate as finalised should permit operator to retain benefits 
for improved performance and should also allow for compensation for 
reduced energy off-take for lack of demand or other SEB related factors.  

iii) Incentives/Disincentives: Operational incentives could be related either to 

achievable PLF or to guaranteed availability. A further area for incentives in 
the case of R&M is with reference to completing R&M and commissioning 
by schedule or ahead of schedule. This is generally in the form of a 

percentage extra over basic tariff for a limited period (say, first five years). 
The incentives scheme may be linked to the percentage of additional 

revenue generated on account of early completion of work. Similarly, a 

scheme for penalty should be introduced. 
 
4.1.4 Tariffs/Prices  

Privatized R&M does not lend itself to standardised tariff norms, either with 
regard to technical or with regard to financial parameters. (It may be noted that 
even in case of new thermal generation projects, the notified norms are 

applicable only to plants of certain type and sizes). 
 Technical Norms: In regard to technical parameters, the following would 
need to be determined with reference to each specific case: 

i) Useful life to renovated plant. 
ii) Rated capacity after renovation and achievable performance level. 

iii) Agreed terms between SEB and private promoter regarding development of 

existing staff (for purpose of O&M). 
iv) Plant specific standards of coal consumption, oil consumption, auxiliary 

consumption etc. 
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4.1.4.1 Financial parameters 

Private sector participation would call for full flexibility as to mode of financing 
and consequently on the price structure. Private funding can be in the form of 

equity or loan finance. The guidelines for setting up new generating units in the 
private sector allow a liberal debt: equity mix of 4:1 but carry certain stipulations 
on minimum contributions of promoters. There are also limits on access to 
Indian public financial institutions. Bulk of R&M expenditure will be on cost of 

equipment and other bought out items which can be funded in a variety of ways 
including leasing and suppliers' credit. In the case of imported equipment, 
export credit agencies like ODA, US EXIM etc. can be tapped. 

 Apart from the variability in cost of finance, factors affecting the justified 
rate of return requiring note are :- 

i) Lesser project related risks; and  

ii) Shorter gestation period which will generate a better Internal Rate of Return' 
(IRR) as compared to green field' projects. 

 
Other variable factors in R&M schemes include the following. 
i) Weightage of original plant cost in the total value of assets deployed. 
ii) Residual plant depreciation. 

 
4.1.5 Staff related issues 

Privatised R&M would in varying degrees envisage temporary or permanent 

transfer of plant management, which has implications of staff redeployment. PP 
would need to bring in key management personnel. It requires to be noted, 

however, that there is considerable room negotiation and adjustment between 

SEB and the privatized entity in this regard. 
 In view of the sensitive nature of the issue the SEB and the State government 

are in the best position to take a view in this matter. 
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R&M and life extension of 

thermal power stations 
 

 
5.1 Introduction 

The total installed capacity, as on 31.3.2000 was 96948.67 MW as per the 
following break up: 
 
Thermal (Coal) 
 : 

59650.88 
MW 

Thermal (Gas/Diesel)
  : 

10285.28 
MW 

Hydro   : 23528.51 
MW 

Nuclear  
 : 

  2460.00 
MW 

Non-conventional 
(Wind) : 

  1024.00 
MW 

 
Total Capacity 
 : 

 
 96948.67 
MW 

 
The capacity addition projection for 9th Plan as per mid term review is 28097 

MW.  The projections for the 10th Plan and 11 th Plan periods keeping in view the 

need for increase in per capita consumption are furnished below: 
 

Projected capacity additions 
                                   9th PLAN 

(1997-98 to 
2001-02) 

10th PLAN 
(2002-03 to 

2006-07) 

11th PLAN 
(2007-08 to 

2011-12) 
Hydro    
(MW) 

 8399  8947  28611 

Thermal 
(MW) 

 18818  43312  28953 

Nuclear  
(MW) 

 880  4880  1000 

Total  (MW)  28097  57139  58564 

 
To achieve the massive programme for new capacity additions in the country, 

large investment of funds is required which is rather difficult in the present 
situation of funds constraint with the Government.   In ord er to assist in 

bridging the gap between the demand and supply of power, Renovation and 

5 
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Modernisation (R&M) including Life Extension (LE) of the existing capacities,  

both thermal and hydro,  has been recognised as one of the most cost effective 

options to maximise the generation and supplement the additional capacity 
installation. R&M projects have short gestation period and low cost as compared 

to the installation of new projects. 
 The Government of India had recognised the importance of R&M way back 
in 1984 and a Centrally sponsored programme, called as Phase-I R&M 
Programme was launched in the year 1984 for R&M of 34 nos. of thermal power 

stations covering 163 nos. of thermal units in the country under the overall 
supervision and coordination of the Central Electricity Authority (CEA).  The 
Government of India sanctioned a Central Loan Assistance (CLA) of Rs. 500 

Crores.  The progamme was by and large completed in the year 1991-92 and an 
additional generation of about 10,000 MU/ annum was achieved against a target 

of 7000 MU. The Phase-II  R&M programme for 44 nos. of thermal power 

stations was taken up in the year 1990-91. However,  no central loan assistance 
was provided by the Govt. of India for this programme.  The  Power Finance 

Corporation was assign ed  to provide loan assistance to the State Electricity 
Boards (SEBs) for the R&M works.  However, this programme could not 
progress as per schedule mainly due to paucity of funds with most of the SEBs 
and their non-eligibility to avail PFC loan. 

 
5.2 Phase-I R&M programme 

In order to arrest the deteriorating performance of some of the imported and 

indigenous thermal units of capacity 30 MW to 140 MW and also to improve the 
environmental conditions in the Stations, the Government of India had 

launched phase-I R&M Programme in September 1984 for implementation 

during 7 th plan period as a centrally sponsored scheme.  The programme covered 
163 thermal units (13570 MW) in 34 selected power stations.  The programme 

was completed in the year 1991-92 and a total am ount of Rs.1066.00 crores was 
incurred which included the Central Loan Assistance of Rs.401.62 crores.  Out of 
the total expenditure incurred, about 47% expenditure was for environmental 
activities such as augmentation/ installation of Electrostatic Precip itators, Ash 

handling system,  Dust extraction/ suppression system in coal handling plant,  
etc. 
 The broad break-up of the expenditure activity -wise was as follows: 

Improvement of generation   : 30% 
Environment improvement   : 47%  

Efficiency & others    : 23% 

Targeted additional generation  : 7000 MU/ annum 
Actual additional generation achieved : 10,000 MU/ annum 
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The plan for R&M will also serve the following purpose: 

i) To enable the Government to finalise and plan the new capacity additions 

during 9th, 10th  and 11 th Plans keeping in view the capacity available through 
R&M/ Life Extension. 

ii) To identify the various sources of financing for the R&M/ LEP. 
iii) To serve as a guide to the IPPs for taking up the projects for R&M/Life 

Extension Programme. 
 

 
5.3 Phase-II R&M programme  

The Phase-II R&M Programme was taken up in the year 1990-91 and included 
44 thermal power stations covering 198 thermal units with a total installed 
capacity of 20870 MW.   The list of stations covered under the programme is 
enclosed as Appendix - V.  
 
The brief summary is given in the following Table. 
No. of power stations 
covered 

44 

Number of thermal Units 
covered 

198 

Total Thermal Power 
capacity covered 

20870 (MW) 

Sanctioned cost Rs.2383.02 Crores 
World Bank Loan  Rs. 136.73 Crores 
OECF Loan for LEP of 
Kothagudem ‘A’ TPS 

Rs. 159.00 Crores 

PFC Loan Rs.  258.00 Crores 
Expected Benefits  Additional Generation 

Of 7864 MU/Yr. 

 

Nature of R&M works included in Phase-II programme 
 
(a) Boiler and Auxiliaries 

- Replacement of Economiser/ Superheater tubes and headers 
- Air preheater modifications 

- Augmentation of  capacity of Milling System  

- Provision of Igniters, Safe flame scanners, and retractable oil guns of 
latest design 

- Modification of R.C. feeders   
- R&M of Valves 
- Augmentation of ESPs and associated Ash Handling Plant to meet the 

latest pollution norms 

- Provision of  electronic drum level indicator  on boiler drums 
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(b) Turbine, Generator  & Auxiliaries 

- Replacement of Turbine blades having excessive erosion 
- Modernisation of Condensers 

- R&M of BFPs, CEPs 
- R&M of CW System, Cooling Towers 
- R&M of HP and LP heaters and Valves 
- Modification of Ejectors 

 
(c) Electrical  

- Replacement of Circuit Breakers by those of latest design 

- R&M of Motors 
- R&M of Emergency power supply systems 

- Rewinding of Generator Stator and Generator Rotor  

 
(d) C & I  

- Replacement of obsolete  turbo supervisory instruments 
- Provision of On-line O2  analysers 
- R&M of control loops 

 

(e) Miscellaneous  
- Augmentation  of coal handling plant 
- Augmentation  of water treatment Plant 

- Recycling of Ash water 
 

The activity wise details for 44 Nos. Thermal Power Stations covered under 

Phase-II R&M programme are given in Annexures A.1 to A.44. 
 

5.4 Programme for 9th plan 
Following works have been identified under the scope of 9 th Plan. 
(a) R&M activities transferred from Phase-II R&M programme: 

525 Nos. of R&M activities identified under Phase-II R&M programme and 

which could not be completed during 8th Plan have been included for 
implementation during 9th Plan.  These activities are estimated to cost Rs. 
574.79 crores.   

(b) Additional R&M activities identified for implementation during 9th Plan: 
1046 Nos. of R&M activities have been subsequently identified and are 

estimated to cost Rs. 2028.66 crores.   

 (c) Life extension works 
The LEP works carried out at Neyveli Stage-I TPS (600 MW) and 

Kothagudem ‘A’ TPS (240 MW) were carried out as turnkey contracts and 
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resulted in restoring the capacity of units to their respective Rated 

capacities.  The inclusion of R&M works under the LEP turnkey contract is 

expected to yield better results and also there is adequate scope for 
improving the heat rate of the units. 

 55 Nos. of thermal units with a total capacity (derated) of 4573.5  MW  
are identified for taking up life extension schemes.  Out of this, LEP on 42 
Nos. of units (having derated capacity of 3091.5 MW) are anticipated to be 
completed during 9 th Plan. 

 The station wise details such as number of R&M activities transferred 
from Phase-II R&M programme, additional R&M activities and Life 
Extension Works, expenditure incurred, funds requirements, etc. are given 

in Appendix -VII. 
The activity-wise details for each power stations covered under R&M/ Life 

Extension programme to be implemented in the 9th Plan are given in Annexures 

B-1 to B-49. 
 

The salient features of the 9 th Plan Programme are given as under: 
(a)      (Funds requirements in Rs. Crores) 
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(b)       (Fund requirements in Rs.  Crores) 
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Additional 
Activities 

1046 2028.66 -     

Total (R&M) 
 

1571 2603.45 231.03 411.40 1961.09 2372.50 360 

LEP 55 
units* 

4033.70 
** 

112.27 697.30 2024.12 2721.42 Neyveli 
(U 3 to 

7) 
Grand Total - 6637.15 343.30 1108.70 3985.21 5093.92  

*   Includes 13 numbers of units (derated capacity 1482 MW) on which LEP 

works  are likely to spillover to 10th Plan. 

** Balance amount will spill over to 10th Plan 

 
The target for 9th Plan are based on present R&M status and are subject to 

availability of adequate timely funds and expeditious action by SEBs/ Utilities in 
regard to RLA studies and identification of scope of works for LEP and timely 

finalisation of specifications and orders.   
 
 

5.5 Programme for 10th plan 
Under 10th Plan Programme, the thermal units which have completed or are 
nearing completion the economical design life of 25 years are proposed to be 
taken up for Life Extension Works. There are certain units which are  10 to 15 

years old and have not been covered under earlier R&M programmes may need 
R&M works to  take care of obsolescence, designed deficiencies, environmental 
and safety requirements etc.  

 
The broad details of the programme are given as under:        

                          (Rs. in Crores) 
Capacity (MW) Expected Benefits 

after completion of 
works 

Pa
rt
ic
ul
a
rs
 

of
 

R&
M 
 

wo
rk
s 

  
  
No
. 
of
  
TP
S
 

 N
o.
 o
f 
Un
it
s
 

Ra
te
d 

De
ra
te
d 

Es
ti
ma
te
d 
co
st
 

 Ad
di
ti
on
al
 

Ge
ne
ra
ti
on
 

(M
U/
an
nu
m)
 

Li
fe
 E
xt
en
si
on
 

of
 t
he
 

Ca
pa
ci
ty
 f
ro
m 

LE
P 
(M
W)
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- 107 11292 11022 7497.55 - 11292 

R&M Works  
 

- 68 17310 17310 1903.00 4250 - 

Total 
 

50 175 28602 28332 9400.55 4250 11292 
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5.6 Programme for 11th plan 
Under 11 th Plan programme, Life Extension works have been proposed on those 

thermal units which would be completing 25 years  of life by the end of 10th Plan 
and not covered for  LEP during 8 th, 9th and 10 th Plans.   

 
The broad details of the programme are given as under:    
                       (Rs. in crores) 

Capacity (MW) Particul
ar of 
R&M 
works 

No. 
of 
TPS 

No. of 
Units 

 
Rated 

 
Derated 

Estimate
d Cost  

Additiona
l 
Generatio
n 
MU/annum 

Benefits in 
terms of  
Life 
Extension of 
Capacity 
(MW)   

LEP 
Works 

- 44 7910 7860 4908.00 - 7910 

R&M 
Works 

- 75 20140 20140 2494.00 4850 - 

Total 38 119 28050 28000 7402.00 4850 7910 

 
5.7 Expected Benefits 

Increase in Generation/Capacity: 
??The increase in availability and reduction in partial loss of the unit will result 

in additional generation after carrying out R&M works.  
??After carrying out the LEP works, the units would recapture their rated 

capacity and some of the units will also get uprated resulting into availability 
of increased peaking capacity.  The economical useful life of the units will get 
extended by another 15 -20 years and the whole capacity of these units will be 

available for extended life of the units, otherwise the units would have to be  
retired in the phased manner if the LEP works are not carried out.  

??The benefits in terms of additional generation and life extension capacity  will 
be as under: 

 
FIVE 
YEAR 
PLAN 

Increase in 
annual generation 
from R&M works 

from Units other 
than covered in 

LEP 

Equivalent 
capacity 

addition at 75% 
PLF (MW) 

Capacity 
available for 
extended life 
after LEP works  

(MW) 

9th 
Plan 

11000 MU 1675 MW 3269.5  MW 

10th 
Plan 

4250 MU 650 MW 11292.0 MW 

11th 
Plan 

4850 MU 740 MW 7910.0 MW 

Total 20100 MU 3065 MW 22471.5 MW 

 
5.7 Additional benefits 
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In addition to increase in generation and life extension of the existing capacity, 

the following benefits will also accrue which cannot be precisely quantified:   

i) Increase in reliability due to better control of the operation by providing 
improved controls and instrumentation of latest design. 

ii) Increase in efficiency of the units due to proper combustion, improved 
vacuum and availability of HP/LP heaters etc. will result in saving in fuels 
and secondary oil consumption. 

iii) The pollution control measures included in the R&M schemes such as  

augmentation/installation  of ESPs,  ash water recycling , dry fly ash 
collection etc. have become necessary due to the latest guidelines of the 
Pollution Control Boards.  These are the statutory requirements failing 

which the units will face closure.  
iv) Due to replacement of old pumps and motors with better efficiency and 

operation of the units at full rated output will reduce the auxiliary power 

consumption. 
v) The RLA studies and timely corrective measures and the activities like fire 

fighting schemes and control and instrumentation schemes will improve the 
safety of the plant and equipment and the O&M personnel.  

 
5.8 Financial Justification 

i) Total funds requirement during 9 th,  10 th and 11 th Plans on R&M and LEP 
works.  

Rs.21896.47 Crores  

ii) Total benefits in terms of equivalent capacity addition for increase in 
generation due to R&M and Availability of existing capacity for extended 
period of 15 -20 years after LEP works during 9 th,  1 0th, and 11 th Plans 

2 5 5 3 6 . 5  M W  

iii) Cost of R&M and LEP per MW of capacity  R. 0.85 Crore/MW 
5.9 Perspective  Plan - At A Glance 

   
9th Plan 10th Plan 11th Plan Sl 

No 
PARTICULARS 

R&M  LEP TOTAL R&M  LEP TOTAL R&M  LEP TOTAL 

1 2 3 4 5 6 7 8 9 10 11 
1. No. of Stations 

 
  56   50   38 

2. No. of Units covered 
 

  191 42     
233 

68    107 175 75     
44 

119 

3. Capacity covered 
(MW) Derated 
 

25856 3091.
5 

28947.
5 

17310 11022 28332 20140 7860 28000 

4. Funds requirement 
(Rs. in Crores ) 
 

2372.5
0 

2721.
42 

5093.9
2 

1903 7497.5 9400.5 2494 4908 7402 

5. Benefits 
a) R&M Works: 

 
 

        

 i) Addl. Generation 
(MU/Year)  

(11000
) 

- (11000
) 

(4250) - (4250) (4850) - (4850) 
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 ii) Equivalent 
Capacity Addition at 
75% PLF (M W) 
 

1675 - 1675 650 - 650 740 - 740 

 b) LEP  works  
Capacity available 
after Life Extension 
works (MW) 
 

 
- 

 
3269.
5 

 
3269.5 

 
- 

 
11292 

 
11292 

 
- 

 
7910 

 
7910 

 
Total funds requirement during 9 th, 10 th and 11th Plans: Rs.21896 Crores. 

  


