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ABSTRACT 
Coal is the main source of electricity generation which helps to meet the energy demand in 
India, its share in total energy consumption of the country is estimated to be about 18%. The 
Indian economy has grown in strength in the last few years. Energy consumption in India has 
grown consistently over years India is the sixth largest in terms of power generation. Although 
electricity from coal is cheap, reliable and most widely used all over the world, the process of 
generating electricity from coal should be scrutinized because they are highly polluting process 
and ultimately have negative impacts on human health and its surroundings. The present paper 
studies a coal fired thermal power plant. It uses the life cycle assessment approach which covers 
all the life cycle stages - starting from the extraction of coal up to the disposal of ash. All major 
processes necessary to produce electricity from coal and gas are included in this study. Simapro 
software was used to analyse the collected data. The analysis highlights that extensive coal 
extraction leads to high impacts on fossil fuel depletion and climate change impacts factors on 
humans being. Also climate change impacts on the ecosystem are observed on the ecosystem. 
Particulate matter also is one of the major emissions from coal fired electricity generation 

Key Words : Life Cycle Assessment, Coal, Electricity, Environmental impacts, Clean 
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INTRODUCTION 

Indian power sector is fully dominated by fossil 
fuel based generation, as the coal based power1, 
which accounts for 60% of the total primary 
energy used in India. Much of this reliance       
is   due   to    electricity  production, which  is  
principally based on thermal power plants 
fuelled by coal. Thermal power plants account 
for 66% of generation, hydro for 19% and the 
remaining 15% from other sources including 
natural gas and nuclear energy2. The present 

power scenario of India is tabulated in Table 1 
and Table 2. 
The power industry is the single largest user of 
coal.3 Developing countries like India and 
China require more energy to meet their 
rapidly growing demand; hence competition 
for coal will continue to increase.4 (Fig. 1) 
The Planning Commission’s 12th Plan projects 
that total domestic energy production would 
reach 669.6 million tonnes of oil equivalent 
(MTOE) by 2016–17 and 844 MTOE by 
2021–22. (Fig. 2)  

Table 1 : Total installed capacity in India 

               Sector MW %age 
State Sector 96,015 34.7 
Central Sector 74,171 26.8 
Private Sector 106,597 38.5 

Total 276,783  
            Source: Central Electricity Authority (2015) as on 15-09-2015 

*Author for correspondence 
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Table 2 : Fuel wise generation capacity 

                 Fuel MW %age 
Total Thermal 192,535 69.6 
 Coal 168,208 60.8 
 Gas 23,333 8.4 
Oil 994 0.4 
Hydro (Renewable) 41,997 15.2 
Nuclear 5,780 2.1 
RES** (MNRE) 36,471 13.2 
Total 276,783  

            Source: Central Electricity Authority (2015) as on 15-09-2015

 
       Source : Central Electricity Authority (2015) as on 15-09-2015 

Fig. 1 : Overview of fuel wise electricity generation 

 
Source: BP Statistical Review, Tech Sci Research, Notes: FY-Indian Financial year (April-March)  
TWh-Terra Watt Hour 

Fig. 2 : Energy production in India (TWh) 
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Life cycle assessment 
The International Organization for Standardi-
zation (ISO) defines life cycle assess-
ent (LCA) as the following : 
Compilation and evaluation of the inputs, 
outputs and the potential environmental 
impacts of a product system throughout its life 
cycle (ISO 14040: 1997)  
The first way of measuring product life cycle-
related social performance is by mirroring the 
environmentally oriented life cycle assessment 
methodology to the social dimension, as also 
proposed by Hermann et al. There are four 
phases in an LCA study : Goal and Scope 
Definition, Life Cycle Inventory Analysis 
(LCI), Life Cycle Impact Assessment (LCIA), 
and Interpretation. In the phases of scope 
definition and inventory analysis, the inputs 
should ideally be traced back to raw materials 
as found in nature and the outputs should 
ideally be emissions to nature.5  
The assessment procedure involves three main 
stages the first stage is the collection of data 
and the second is the evaluation and the third is 
the interpretation of that data. The purpose of  

life cycle studies is to assess the environmental 
impacts of potential product substitutions.6 
LCA is a new technique in India. Sectors have 
yet to introduce LCA way of thinking.7 

AIMS AND OBJECTIVES 
To identify environmental impacts from the 
process of electricity generation for power 
plant located in the central region of the 
country. This study looks at the most of the 
pollutants generated during electricity 
generation as well as their impacts on 
environment. The plant was visited to collect 
the primary data (monthly average) for 
emissions to air, wastewater, fuel used and 
technical details like electricity produced, 
power plant capacity, efficiency and plant load 
factor etc. 

METHODOLOGY 
Goal and scope 
Life Cycle Assessment (LCA) includes 
definition of goal and scope, inventory 
analysis, impact assessment and interpretation 
of results as shown in Fig. 3. 

 
Fig. 3 : Life Cycle Assessment steps (ISO) 

Site selection 
This study is based on data from a power 
plants in India one in the state of India the 
capacity of which is approximately 2500 MW 
coal fired electricity generating facility. Indian 
coal is blended with imported coal in specific 
proportions and is used a fuel in thermal power 
plant for electricity generation.Functional unit 
As the purpose of this study was to conduct a 
life-cycle inventory of electricity generated 
from coal, 1 MWh electricity at consumer 

level is defined as the functional unit of this 
process system.  
Define system boundaries 
This section defines the scope of the analysis 
for the product’s system. It offers guidance on 
what to include or exclude from the life-cycle 
inventory analysis. Broad LCA boundary of 
the study covers all the necessary processes to 
produce electricity from coal such as the 
mining   of   coal, transportation, chemical use,  
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storage of coal, following the process of 
combustion and then ending with the handling 
of ash and other waste product. The system 

boundaries offer guidance on what to include 
or exclude from the life-cycle inventory 
analysis. (Fig. 4) 

 
Fig. 4 : System boundary of LCA in power generation 

Life cycle inventory 
The data has been collected from two major 
sources, i.e. data from thermal power plants 
and ecoinvent database. Ecoinvent version 
v2.2 data have been used for upstream 
processes, both for imported coal and for 
Indian coal, whereas transportation details of 
fuel have not been included due to the non-
availability of data. Data has been collected 
using data collection templates designed by 
combining studies from literature review and 
expert opinion. 

The data about plant history, commissioning of 
various units, boiler efficiency, and turbine 
heat rate have been collected from responsible 
authorities in the power plant through 
discussion and semi structured interviews.  
Monthly operating data such as gross 
generation, total coal consumption, coal/gas 
average gross, proximate analysis and ultimate 
analysis was conducted in the in house 
laboratory for each sample of coal arriving in 
the power plant details of which are given in 
Table 3 and Table 4. 

Table 3 : Proximate analysis of primary coal type burned 

Component Value 
Moisture 5.98 % 
Volatile matter 23.5 % 
Fixed carbon 30.39 % 
Ash 39.68 % 

Table 4 : Average ultimate analysis values 

Component Value Notice 
Carbon  (wt%) 41.11 Air dried basis 
Hydrogen  (wt%) 2.76 Air dried basis 
Nitrogen  (wt%) 1.22 Air dried basis 
Sulfur  (wt%) 0.41 Air dried basis 
Ash  (wt%) 38.63 Air dried basis 
Oxygen  (wt%) 9.89 Air dried basis 
Total moisture  (wt%) 5.98 Air dried basis 
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Impact assessment 
This study was carried out using SimaPro (ver 
7.2) software. The ISO standards require that the 
selection of impact categories reflects a 
comprehensive set of environmental issues 
relevant to the system under study. Out of the 
many existing impact assessment methods 
available, some only includes the mandatory 
elements while others also include the optional 
element weighting. Here we have used CML  
and ECO-indicator 99 methods of assessment 
which are based on midpoint and endpoint 
impact assessment methods. The indicator of an 
impact category can be chosen anywhere along 
the impact pathway linking inventory data to the 
damage to natural resources and human health. 
These categories aim to simplify the evaluation 
of hundreds of flows into a few environmental 
areas that are of interest for the study. The impact 
at an intermediate position along the impact 
pathways is modelled by the characterisation 
midpoint level, while characterization at the end-
point level models the impacts to the damage8. 

RESULTS AND DISCUSSION 
The collected data was analysed using the 
SimaPro software.  

Fig. 5 shows the impact and damage 
assessment based on the inventory data 
collected during the field visit to the coal 
power plant. Fig. 5 shows the output after 
feeding all the inventory data in the Simapro 
software. 
Fig.  6  shows that highest weightage is given 
to 4 main impacts they are fossil fuel 
depletion, climate change (human and 
ecosystem) and particulate matter formation. 
The above results are supported by Weisser9, 
2007 he says for fossil fuel technologies the 
majority of life-cycle GHG emissions arise 
during the operation of the power plant. 
Study conducted by Bhat and Prakash10 are 
also in line with the fact that all emissions 
mainly originate from the combustion process 
in the power plant with the exception of 
methane (primarily from the coal mine). 
Especially CO2, NOx and SO2 are released in 
large quantities. Only very small shares of all 
emissions are emitted during the construction 
and demolition of the plant. 
Observations at the site and supporting 
literature11 state that dust from burning fossil 
fuels consists of black smoke and fly ash and is 
hazardous for human health.12-16 

 
Fig. 5 : Damage assessment results for power plant 
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Fig. 6 : Weighting for the high impact categories 

CONCLUSION 
The process of generating electricity from coal 
is complex, long and involves various steps 
which cause different types of emissions The 
quality of the Indian Coal is very poor and the 
ash content of the coal is 30-50%. High ash 
content of the coal is harmful for power 
stations economically as well as environme-
ntally. 
Addressing major national energy challenges, 
such as global climate change, requires 
technology upgrade and investments. The 
present day technologies, processes and 
generation patterns used in India for 
combustion of coal need improvement and 
updated methods of producing electricity 
should be adopted. Implementing clean coal 
technologies can help meet our country's 
energy goals, increase the energy efficiency 
and improve the environment. However, since 
there is very little knowledge about the real 
world performance of these technologies 
industry is not very open to adopt these high-
performance technologies immediately.  
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