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Abstract

Prior to Independence Power Sector in India was mainly controlled by Britishers and governed by
Electricity Act, 1910 which regulated the operations of licenses of electricity companies. With the advent
of independence, leaders and planners of India had the consensus of reorganizing the structure of Indian
economy. Uninterrupted supply of power is the precondition for rapid growth of industrialization.
Enthusiasm of private investment in such industries was not very encouraging. The Indian Government,
therefore, initiated the steps of nationalization of the electricity sector. However, post Electricity Act of
2003, again the role of private sector in generation and distribution of electricity has greatly increased.
The sources of data and information for the study are Annual Reviews of Performance of Thermal Power
Stations, General Reviews (Annual), Annual Reports published by Central Electricity Authority (CEA),
Ministry of Coal, Power, Government of India and Websites of Thermal Power Stations located in
different states. The study will include input and output variables such as Capacity, Generation,
Maintenance, Outage, Operating Availability, Plant Load Factor, Fuel Consumption etc. on which data
would be readily available.

Keywords: Thermal, PLF, FO, MU, Kwh.

1. Introduction

Prior to Independence Power Sector in India was mainly controlled by Britishers (Kale, 2004) and
governed by Electricity Act, 1910 which regulated the operations of licenses of electricity companies.
With the advent of independence, leaders and planners of India had the consensus of reorganizing the
structure of Indian economy. Overwhelmed by the historic success of perspective planning with greater
role of State in erstwhile USSR, leaders were enthusiased for setting up the big and heavy industries under
the public sector enterprises with commanding heights because such industries require huge investment,
have long gestation period and are natural monopolies with their product falls in the realm of merit goods.
Enthusiasm of private investment in such industries was not very encouraging. However, uninterrupted
supply of power is the pre condition for rapid growth of industrialization. The Indian Government,
therefore, initiated the steps of nationalization of the electricity sector. The Electricity Act, 1948 led to
the establishment of State Electricity Boards (SEBs) which were entrusted with triple role of electricity
generation, transmission and distribution (Choukroun, 2001). The Act also paved the way for the creation
of Central Electricity Authority (CEA) for developing sound adequate National Power Policy and co-
ordinate the activities of concerned Planning Agencies. For realizing the objective of establishment of big
and heavy industries including power generation industry, Government of India enunciated the economic
planning in 1951 and period of First Five Year Plans was 1951-56. However, big thrust for achieving the
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above objective got impetus with the onset of Second Five Year plan (1956-61) that continued for the next
four decades.

The Constitution of India has made clear division of jurisdiction over infrastructure sector exclusively for
Central Government (Centre List), some sectors exclusively for State Government (State List), and some
sector in which both State and Central Government can legislate (Concurrent list). Electricity is placed in
concurrent list, hence this sector is co-ordinated by Five Union Ministries viz. Ministry of Power, Ministry
of Coal, Ministry of Renewable Energy, Ministry of Petroleum and Gas, Department of Atomic Energy,
Ministry of Power and related departments of individual states. In terms of resource allocation highest
priority was given to power sector in India during different Five Year Plans upto Eleventh Five Year Plan
period i.e. 1951 to 2012, both Plan outlay and Actual Expenditure ranged between 9% to more than 20%.
As a result, there was rapid expansion of Power Sector in India. During 1970s and 1980s, the regional
political parties emerged which followed the appeasement policy of subsidized or free power and State
Electricity Boards became victim of this rat race and many other unviable decisions (Fatima, S. & Barik,
K. 2012). Political interference further aggravated the efficiency of SEBs which became instruments of
populist politics. (Kale,2004).

New Economic reforms initiated in1991 further necessitated the amendment in electricity act to involve
the private efforts and its involvement in the generation of electricity sector. The Electricity Regulatory
Commission Act, 1998 provides for setting up of Central/State Electricity Regulatory Commission with
the power to determine tariffs and distancing of Government from tariff determination. Electricity Act,
2003 further restructured the power sector in India including delicensing and participation of private
sector. SEBs took the new role of corporations rather than Government Departments, and encouraged
unbundling of SEBs.

2. Profile of Indian Power Sector

There are several sources of electricity generation in India such as Thermal, Hydel, Nuclear and
Renewable sources but Thermal and Hydel are the main sources of electricity generation. During Post
Independence period, Public Sector Undertakings took the commanding height in power generation in
India and both Central Government as well as State Government played a dominant role. Fifth Five Year
Plan (1974-79) onwards, Central Government got involved in a big way to supplement the efforts of State
Government in power generation and transmission. The National Thermal Power Corporation (NTPC)
and National Hydro Electric Power Corporation (NHPC) were set up in 1975. During 1960s, India began
utilizing grid management to form 5 regional grids viz. Northern, Western, Eastern, North Eastern and
Southern region. For constructing, operating and maintaining the inter-state and Inter regional
transmission systems, National Power Transmission Corporation (NPTC) was set up which was renamed
as Power Grid in 1992.

As a result of efforts made by Central Government, State Government and Private sector, India is third
largest producer and fourth largest consumer of electricity. The electricity consumption in agriculture was
recorded highest (17.89%) in 2015-16, among all countries. As per the statement of Central Electricity
Authority (CEA) on March 29, 2017, India became net exporter of electricity and exported 5798 gwh to
neighbouring countries against a total import of 5585 gwh. The total installed capacity on Dec. 31, 1947
was 1362 mw of which 854 mw was thermal power and 508 mw was hydropower and this has increased
to 3,29, 231 mw of which 2,20,576 mw (67.0%) was thermal power, 44614 mw (13.6%) was hydro, 6,780
mw(2.1%) was nuclear power and 57, 260 mw (17.4%) was from renewable sources that includes small
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hydro projects, biomas gasifies, biomas power, urban and industrial waste power, solar and wind energy
(Monthly Report of CEA on 30.06.2017). The share of Central Government, State Government and Private
sector in total installed capacity was 25%, 32% and 43% respectively as per the report of CEA on
30.06.2017. Thermal Power can be generated from Coal, Gas and Oil. As per the monthly report of CEA
on 30.06.2017, Coal fired thermal power generation constitutes 88.2% (i.e. 1,94,533 mw of total of
2,20,576 mw), gas based thermal power constitutes 11.41% (i.e. 25,85 mw of total of 2,20,576 mw) and
oil based thermal power constitutes 0.37% (i.e. 838 mw of total of 2,20,576 mw).

For the year 2017-18, electricity generation target from conventional sources was fixed at 1229.400 billion
units (BU) comprising of 1042.028 BU thermal, 141.400 BU Hydro, 40.972 BU Nuclear and 5.000 BU
import from Bhutan. This shows a growth of 5.97% over actual generation of 1160.141BU during 2016-
17. As against the target for 2017-18, upto June, 2017 energy generation from conventional source was
307.663 BU which shows a growth of 3.74%. Sector wise plant load factor for coal and lignite based
thermal power plants for 2016-17 was 71.98% (Central), 54.35% (State), 55.73% (Private) as against
National average of 59.88% while for 2017-18 upto June 2017, PLF was 73.75% (Central), 59.17%
(State), 57.20% (Private) against the national average of 64.49%.

The availability of power supply position during 2016-17 was 11,35,334 million units (MU) against the
requirements of 11,42,929 MU with a deficit of 7595MU while for 2017-18 upto June, 2017, availability
of Power Supply portion was 3,07,755 MU against requirement of 3,09,680 MU with a deficit of 1925
MU.

Over 1.4 billion people in the world have no access to electricity and India accounts for over 300 million
of this number. As per the estimates of International Energy Agency, India needs to add between 600gw
to 1200gw of additional new power generating capacity before 2050. Total capacity addition in thermal
power in India during XII"" plan was 72339.6mw comprising 14877 mw (Central), 13922mw (State) and
43540mw (Private).

There has been continuous increase in the per capital consumption of electricity measured in kwh from
16.3 on December 31, 1947 to 1122 on March 31, 2017. For the distribution of electricity various groups
of consumers such as Domestic, Commercial, Industrial, Traction, Agriculture and miscellaneous have
been formed. The growth of electricity consumption in India as percentage of total shows that as on March
31, 2017 industrial group consumed the highest percentage of electricity (40.01%) followed by domestic
(24.32%), agriculture (18.33%), commercial (9.22%), miscellaneous (6.50%) and traction (1.61%).

As on May 31, 2017 about 99% of villages in India were electrified and electrification rate was 100% in
13 states and 7 Union Territories. Upto Dec. 31, 2016, only 74% of total rural households were provided
with electricity. Ministry of Power, Government of India launched Deen Dayal Upadhyaya Gram Jyoti
Yojna (DDUGJY) in July, 2015 with the objective of providing round the clock power to rural areas.

3. Per Capita Electricity Consumption

As a result of efforts made by different sectors of electricity generation (Central govt. , State govt. and
Private sector) India has become third largest producer and fourth largest consumer of electricity. There
has been continuous increase in the per capita consumption of electricity measured in KWH from 16.3 on
December 31,1947 to 1122 on March 31,2017. However, per capita consumption of electricity is far below
as compared to developed countries. As shown in graph, in the year 2014, per capita consumption of
electricity measured in KWH was 12962, 15544, 7829, 10564 in USA, Canada, Japan, Korea where as it
was only 1010 in India. This requires more and more capacity addition in all the sectors.
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4. Growth of Electricity Generation Capacity

Sector wise Growth of Generation Capacity (MW) 2000-01
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Charts shows the sector-wise growth of generating capacity from 2000-01 to 2016-17. In 2000-01,
generating capacity of Central govt. was 27969 MW (27.52%), state govt. was 63721 MW (62.70%) and
private sector 9936 MW (9.77%). However, after the enactment of electricity Act,2003 contibution of the
private sector has increased substantially. As a result the share of Central govt., State govt., and private
sector in 2017 was 80257 MW (24.55%), 103967 MW (31.8%) and 142608 MW (43.63%) respectively.

5. Needs for the Performance Analysis in Coal Fired Power Plants

The contribution of the coal-based power generation is substantially greater than the other sources of
power generation. Coal-based generation is likely to remain the key player of the Indian power sector at
least for the next few decades (Chikkatur et al., 2009). The conventional sources of energy are major
sources of generation of electricity in India. Conventional sources of energy are valuable, because their
formations take millions of years whether it is oil or coal. Energy prices may rise in the long run to reflect
the relative scarcity and high cost of exploration and extraction. To minimize the gap of supply and
demand of electricity, the government incorporates more and more coal based power plants in their plans.
However, an official document manifests that none of the targeted plans is achieved due to inadequate
equipment supply, shortage of fuel supply, manpower crisis and huge investment. The present coal
production in the country is not sufficient to meet the coal demand and supply. Additional coal supply can
be met either through the expansion of existing operations or by importing the coal. Total power generation
loss of 8,382.7 MU is reported due to a coal shortage by the power utilities (CEA, 2011). The available
energy (coal and auxiliary power) is not enough to generate the required amount of electricity from the
CFPPs.

At the same time, the increasing environment crisis is globally recognized as an important issue for India.
It is reiterated for ready reference that CFPPs are a major source of carbon dioxide emissions. Indian coal
has high ash content and low gross calorific value against the international average. Consequently, CO-
emissions from Indian CFPPs are so high that it is leading towards global threat. In absolute terms, India
is the world®s sixth largest emitter of CO., contributing 3.3% of the world CO> emissions (Nag, 2006).
Coal plays an essential role in our global energy mix, particularly for power generation but we need to use
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it efficiently and reduce its environmental footprint.

Coal based power is generated by central, state and private generating companies. As far as ownership of
the Installed Capacity (IC) is concerned, state sector emerges as the leading sector followed by central
sector and private sector respectively. Based on the evidences resulted from the empirical study of
Chitkara (1999), Behera et al. (2011), Shrivastava et al. (2012) and CEA reports reveal that the
performance of state owned plant is poor in comparison to central and private owned power plant in the
entire categories. The structure of state owned power plant is different in the sense of unit size, age and
operating practices in comparison to central and private ones. According to CEA report, Plant Load Factor
(PLF) of state owned plants is lower than central and private ones.

With ongoing government efforts to boost power generation in the country it is very important to monitor
and assess the performance of operating generation companies in the country whether they are making use
of their resources efficiently and effectively in generating electricity. Though consistent measurement of
CFPPs performance is particularly important at the national level, yet significant regional differences exist.
Similarly, at the state level, the performance of individual generating units and power plants can only be
compared if it is measured consistently. Keeping in view the afore- mentioned points, the documentation
is urgently required for performance evaluation of state owned CFPPs that is under short supply of coal
and high environmental pressure.

6. Performance Evaluation Approaches and Issues

Performance evaluation is very critical to guide appropriate managerial interventions for performance
improvement. Operational performance of power plants is measured through a number of ratios like
Operational Availability Factor (OAF), Forced Outage (FO), Planned Maintenance (PM), Plant Load
Factor (PLF), Heat Rate (HR), Specific Coal Consumption (SCC), Auxiliary Power Consumption (APC).
6.1. Thermal Performance Review (TPR)

The Central Electricity Authority (CEA) is the advisor to the Central government for proper of electricity
planning in the country. CEA collect & record data concerning generation, distribution and utilization of
power in the country. CEA is also responsible for carrying out studies related to cost, efficiency, loss,
benefits of such utilization and also make public aware form time to time information secured under this
act through the publication of reports and investigation. As a part of this obligation, every year CEA
collects the operational performance data of the thermal power plants and publishes the findings in the
form of Review of Performance of Thermal Power Stations known as Thermal Performance Review
(TPR). Since the interest of the current study is about the performance of coal fired power plants, the
review is restricted to review of performance of coal fired thermal power stations only.

6.2. Generation Performance Analysis

While making generation performance assessment, no single performance index is considered as the sole
indication of overall performance. FO, PM, OAF, Partial unavailability or partial loss (PU) and PLF are
taken as the main performance indices for the purpose of analysis (TPR, 2008). Generation performance
analysis details electricity generation based on geographical location, sector and covers unit level
generation also.

Electricity generation from assets located in different geographical regions (Northern, Western, Southern,
Eastern and North Eastern); being managed under different ownership structure (State, Central and Private
sector) during different months by different capacity groups are analysed against targets. Unit level
performance analysis of different power generating units in respect of electricity generation, PM, FO,
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OAF, reserve shut down (RSD), low system demand (LSD), Partial Unavailability (PU), and PLF.

6.3. Outage Analysis

Outage analysis of the generating assets is carried out to understand the trend of PM, FO and OAF. PM
is further divided in to annual maintenance (AM) and capital maintenance (CM) and analysed with respect
to the programmed schedule. Actual number of units under maintenance and average duration of
maintenance activities in different geographical regions/ by different sectors are analysed for different
capacity groups of units against the programmed schedule. Maintenance durations, outage hours, MU
lost and generation loss as % of possible generation is analysed for individual units based on their
geographical regions and purpose of maintenance.

Annual generation loss because of FO of different equipments is analysed and compared for previous four
years.

6.4. Fuel Supply, Consumption and Station Heat Rate

Coal fired power plants are primarily designed to use coal as primary fuel. Power plants consume about
75% of domestic coal produced in the country. Long term coal linkage to the power plants is provided by
a Standing Linkage Committee — Long Term (SLC-LT) comprising members from planning commission
and ministries of coal, railway and power. In the event of initial start up, low load scenarios etc. fuel
oil is used as a secondary fuel. Compared to coal, oil is costlier and avoided to the extent technically
permissible. The review analyses coal supply to power plants against linkages, coal and oil consumption
by individual plants. The section on coal supply to various power plants analyses the status of supply of
different fuels like coal, gas and oil to thermal power plants. Region wise yearly trends in SCC and
secondary fuel oil consumption (SFOC), coal quality issues and coal washery, gas supply to various gas
based power stations are also analysed.

6.5. Auxiliary Power consumption in Thermal Power Stations

Power generating units consume a portion of electricity generated by them to power the auxiliary
equipments. This section details APC of individual plants and average consumption level across different
capacities, manufacturers and geographical regions. The study also identifies plants consuming below
national average and classifies in different APC bands.

The review also includes other aspects of performance of thermal power plants like environmental, energy
conservation and Renovation and Modernisation (R&M) of thermal power plants.

7. Findings of Thermal Performance Review

The review makes use of average approach in which performance of plants is compared against the
national average and placed in above average and below average bands. Current practice of performance
evaluation of thermal power plants in India is based on ratio analysis involving a number of outputs to
input (PLF) and input to output (SCC, APC, and SFOC) ratios. Because of the complexities of power
generation process, it has not been possible to adopt a single numerical measure of overall performance
as no single operating index can represent the entire spectrum of performance of thermal power stations
(TPR, 1980; TPR, 1993) and adequately provide a measuring unit for overall performance of the power
generating units (TPR, 1995). The review does not provide any guidance to the less efficient power plants
as to how much performance improvement is possible and the possible sources of best practices for
benchmarking.

IJFMR190324358 Volume 1, Issue 3, November-December 2019 188



https://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com
Au Sp Sp. Partial Loss (%0)
X. ' Fuel due to
Ye i(iapac icgf]nerat PLF( | PM( | FO( 2\‘/" Co gg‘:}"s oil
ar (I\>;IW) (MW) %) %) %) (%') ns (k /k' Cons. | Equipm | LSD/R
(% g (ml/k |entetc. | SD (%)
wh)
) wh)
02- 61152 | 383379 |72.34 |8.30 |9.87 81195 0.71 0.68 9.55 1.57
03 83 |5
03- 62727 | 398412 |72.96 |859 |9.48 91199 0.70 2.30 9.09 1.98
04 93 |1
04- 64646 | 415484 |74.82 |8.23 |8.84 82185 0.71 1.37 8.35 0.92
05 93 |7
82 66449 | 426138 |73.71 [9.48 |8.74 217 3'4 0.70 1.77 7.08 2.10
06- | 67596. 83. |82
07 |5 451480 |77.03 [8.43 |8.14 72 |9 0.72 1.89 6.15 1.02
07- | 70659. 84. |81
08 |5 475552 | 78.75 | 750 |7.71 76 |7 0.73 1.40 6.30 0.52
08- | 74914. 85. |8.3
09 |5 498019 | 77.22 |5.66 |9.29 05 |3 0.74 1.93 8.21 0.27
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Table 1 PERFORMANCE OF COAL/LIGNITE BASED THERMAL POWER
STATIONSDURING 2002-03 TO 2014-15

Table 1 shows the Annual Performance review of thermal Power stations published by Central electricity

review (2014-2015) for the years 2002-03 to 2014-15. Highlight of the review are as under

e It covers performance analysis of 570 Coal/ Lignite based thermal power stations aggregating 147297
MW and electricity generation is 278320MU.

e Operating Availability of 76.29% was achieved during the year 2014-2015 as against 77.34%
achieved during 2013.2014.

e Plant load factor (PLF) of thermal power stations at the national level, during 2014-15, reduced to
64.29% from 65.57% achieved during pervious year, The Lower PLF was due to poor quality coal,
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grid/transmission constraints and Reserve Shut down/Low system demand.

e Energy loss of account of planned maintenance was 4.66% as compared to 5.01% during 2013.14. The
% decrease in planned maintenance was due to decrease in unscheduled Capital maintenance and
unscheduled R&M activity of some units.

e The loss of generation due to non-availability of thermal units due to forced outages during 2014-15
increased to 19.05% as compared to 17.38% during 2013-14. The increased forced outages were due
to increased forced shutdown of units due to coal supply problem and transmission constraints and
equipment problems of some new units.

e Energy loss due to partial unavailability of the thermal generating units operating in the country during
2014-15 had decreased to 11.62% of the maximum possible generation during the year in comparison
to the 12.13% in 2013.14.

The all-India average auxiliary power consumption by the thermal stations during 2014-15 decreased to

8.02% from 8.16% during 2013.14.
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