
 

 

 

ENVIRONMENTAL AND FINANCIAL IMPACTS OF COAL BASED 

THERMAL POWER PROJECTS 

RAHUL N. SOMPURA 

B.Tech (Hons.)Civil-Construction, Faculty of Technology, CEPT University, Ahmedabad, India 

 

ABSTRACT 

 This research paper identifies the environmental and financial impacts latest power generation 

technology which is Supercritical technology implemented in the 11th Year Plan. The major focus of the 

thesis is how this technology would affect the overall environment and the economy during its life cycle 

as in comparison to the traditional Pulverized Coal technology. The research is also done on whether this 

technology qualifies for Clean Development Mechanism.  

 There is worldwide awareness of Green house effect, Green house gas (GHG) emission and their 

adverse effects on environment and ecology, and Power sector is a major contributor to GHG emissions 

.Sustainability in Power Sector can be achieved through various alternatives. Hence it is necessary to 

analyze the various alternatives through which the Power Sector can benefit from various emissions 

reduction strategies. The question arises that how the alternatives would achieve GHG emission 

reduction both technically and financially and what will be the impacts on the environment due to the 

adoption of these alternatives. Hence this research aims at identifying the more environmentally and 

economically viable alternatives that can be achieved from Power Sector considering the Indian 

Scenario.  

1. INTRODUCTION 

 Average global temperatures have varied by less than one degree since the beginning of the human 

civilization. The world heated up by 0.6°C last century and 90s was the warmest decade. A global rise is 

expected between 1.4°C and 5.8°C by 2100.There has been a rise in mean surface temperature by  

0.4–0.8°C at the global level. The sea level also has ascended at a mean annual rate of 1–2 mm during 

this period. This extended increase probably will cause climate change resulting in large changes in 

ecosystems, leading to potential calamitous disruptions of livelihoods, economic activity, and human 

health1.  

 Studies on climate change have insisted on that the Earth’s carbon absorbing capacity is limited and 

that growth of GHG emissions is a threat to mankind. The per capita GHG emission is strongly 

correlated with economic prosperity. Without an increase in GHG emissions or access to appropriate 

alternative technology, developing countries would be unable to keep on their socio-economic goals. 

Kyoto Protocol is a global collaborative attempt to address both these concerns.2 
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 Kyoto Protocol is an international treaty which has set quotas on the amount of greenhouse gases 

countries can produce. The objective of the Kyoto Protocol is "Stabilization and reconstruction of 

greenhouse gas concentrations in the atmosphere at a level that would prevent dangerous 

anthropogenic interference with the climate system." The focus of the Kyoto Protocol is on the 

reduction in the levels of the following six gases: Carbon Dioxide (CO2), Methane (CH4), Nitrous Oxide 

(N2O), Hydro-fluoro-carbons (HFCs), Per-fluoro-carbons (PFCs) and Sulphur Hexafluoride (SF6). 

Carbon credits are certificates awarded to countries that are successful in reducing emissions of 

greenhouse gases. One carbon credit equals one ton of emission reduced.1 

 India currently has an installed generation capacity of 145,600 MW, of which 77,200 MW  

(53 percent) is coal-fired and contributes to about 80 percent of the total generation. The XIth Plan for 

the period 2007-2012 shows the planned capacity addition of around 80,000 MW and it is more 

dominated by coal-fired generation plants, although other generation sources such as renewable 

(especially wind), large hydropower and nuclear power also contribute notably.3 

 In order to identify the roles of various energy sources and strategies to achieve greater energy 

access, energy availability, energy security and minimizing the environmental impact the Planning 

Commission prepared the Integrated Energy Policy (IEP) which examined energy demand and supply 

scenarios over the next 25 years. The report showed that India’s primary fuel for electricity would still be 

dominated by coal, accounting for nearly 42 percent of total energy consumption in case of a low carbon 

growth trajectory, going up to 65 percent in case of mostly coal based electricity generation.4 

 Coal is still the most cost-effective fuel for generating electricity. Although coal has greater 

pollution potential than natural gas, importing natural gas requires a large investment in infrastructure. 

As the western region has no potential large-scale hydropower sites, the only alternatives are coal and 

nuclear energy. Between coal and nuclear, coal is the preferred alternative given its shorter gestation 

period, lower costs, and relative safety.2 

 India is the third largest producer of coal in the world behind China and United States of America 

producing 447.3 million tonnes of coal in the year 2006 thereby accounting for 7.2 % of the global coal 

production of 6195.1 million tonnes. However, the reserve life of Indian coal is predicted to be 207 

years, lesser than Russia (508 yrs) and U.S.A (234 yrs) while the coal from China is on the verge of 

extinction with a reserve life of only 48 years.2 

 India's per capita carbon dioxide emission rate was 1.3 metric tonnes in 2006, which was below the 

global average of 4.1 metric tonnes. The Fossil Fueled Power Plants contributes about 55% to global CO2 

emissions, making the Power Sector as one of the more important sectors for CO2-emission alleviation 

strategies.2 

1.1 Objective of the Study 

• To identify and analyze potential financial and environmental impact of new power generation 

technologies for Coal Based Thermal Power Plants. 
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1.2 Scope of the Study 

• Life Cycle Impact Assessment of Thermal Power Projects using Ecoindicator99 and Monte 

Carlo Uncertainty Analysis based on ISO 14040-14044: Environmental management - Life 

Cycle Assessment - Principles and Framework. 

• Economic Analysis will be based upon United Nations Framework Convention on Climate 

Change (UNFCCC) – Clean Development Mechanism- Project Design Document, CDM-India   

• Comparative Analysis of Sub-critical, Super-critical Technology etc and the emission reduction 

in these technologies will be calculated and the decision for the most suitable method. 

• Calculation of Baseline Emission, Projected Emission and Emission reduction by various 

methodologies based on approved criteria by UNFCCC. 

1.3 Potential Utilization in the Power Sector 

 India has accepted the Long Term Cooperative Action Plan and decided to reduce its emissions upto 

20% by the year 2020.Hence it is necessary that the various alternatives if studied properly would help in 

meeting the required target. 

1.4 Research Methodology 

 

Figure 1 : Research Methodology 
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1.5 Life Cycle Assessment 

 A Life Cycle Assessment is defined as the analysis and estimation of the environmental impacts of a 

given product or service caused by its subsistence.5The purpose of LCA is to compare the complete 

range of environmental and social damages that can be assigned to products and services, and to select 

the least affecting one. As a consequence LCA succeeds in accurately measuring the impacts of the 

technology used for delivering products, but not the whole impact of making the economic choice of 

using it.6 

 The ISO 14040 standard defines an LCA as a compilation and evaluation of the inputs and outputs 

and the potential environmental impacts of a product system through its life cycle. It is therefore clear 

that impact assessment is an integral part of LCA. Life cycle impact assessment is defined as the phase in 

the LCA aimed at understanding and evaluating the magnitude and significance of the potential 

environmental impacts of a product system. 

 The procedures of life cycle assessment (LCA) are part of the ISO 14000 environmental 

management standards: in ISO 14040:2006 and 14044:2006.Assessment of damages is generally 

categorized into global warming (greenhouse gases), acidification, smog, ozone layer depletion, 

eutrophication, eco-toxicological and human-toxicological pollutants, habitat destruction, desertification, 

land use as well as depletion of minerals and fossil fuels.6 

 

Source : ISO 14040 (2006): Environmental management - Life cycle assessment -Principles and framework, 

International Organisation for Standardisation (ISO), Geneve 

Figure 2 : Life Cycle Assesment Phases 

1.5.1 Technology  

 In India, Pulverized Coal (PC) boilers were first installed in 1950. PC boilers produced steam and 

power at temperature and pressures lower than the critical point of water. This technology is known as 

Sub Critical PC Technology.  Bharat Heavy Electrical Limited (BHEL) was established for the 

coordination of the manufacturing of power plant equipment in 1973. BHEL is the main local 

manufacturer of power plants in India. BHEL 500MW Sub Critical PC units are the existing standard for 

coal power technologies in India. 
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 The average net efficiency of the coal power plants in India is approximately 29%. Units which are 

less than 200 MW have the worst efficiencies due to age degradation. However, in spite of poor 

efficiencies and below par Plant Load Factor (PLF), these power plants continue to operate because they 

supply electricity at economical costs. The 500 MW Sub Critical units operate with a net efficiency of 

about 33%. In comparison, the average net efficiency for the 50 the most efficient U.S. coal-based power 

plants is 36%, with the fleet average being 32 %.7 

 The lower efficiency of India’s power plants is because of various factors such as substandard 

quality of coal, improper grid conditions, low PLF, age degradation, lack of proper operation and 

maintenance at power plants, ineffective regulations, and lack of incentives for efficiency 

improvements.8 

 

Source: Fossil Fuel Fired Power Generation, International Energy Agency, 2007 

Figure 3 : Pulverized Coal Technology 

1.5.2 Environmental Effects 

 The surrounding is directly affected by the construction of power plants. Flue gas emissions—

particulates, sulfur oxides (SOx), nitrous oxides (NOx) etc, local streams, rivers and groundwater getting 

polluted from effluent discharges and infiltration   from the stored fly ash; degradation of land used for 

storing fly ash; noise pollution during operation are some of the direct impacts that affect the 

environment. The Green House Gas (GHG) emissions control is one of the major criteria as the coal 

based power plants contributed up to 70% CO2 in 2005.7 

 Indirect impacts of these plants include coal mining, degradation and destruction of land, water, 

forests and habitats; and displacement, resettlement and rehabilitation of people affected by mining 

operations. 

1.5.3 GHG Emissions 

 As per India’s National Communication to the UNFCCC, 62% of India’s CO2 emissions of 817 Tg 

in 1994 was contributed by coal. Energy transformation resulted in 43 % of the emissions (electricity 

generation and petroleum refining) (MoEF, 2004). Solid fuels accounted for about 70% of India’s annual 
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CO2 emissions from fossil fuel use. Since coal is primarily used for power generation, most of the GHG 

emissions from India are from coal-based power plants. The emission factor for coal in India (95.8 

tCO2/TJ on NCV basis) is assumed to be lower than the IPCC default for sub-bituminous coal (96.1 

tCO2/TJ). In 2005–06, the average specific emission factor for all Indian coal-based plants was 1.1 

tCO2/kWh.9 

1.5.4 GHG Emissions Control Measures 

 Various alternatives have been suggested to reduce CO2 emissions from coal-based power plants  

1. Increasing the efficiency of existing power plants by switching to new, higher energy efficient 

technologies. 

2. Using less carbon-intensive fuels or mixtures of fuels (such as coal-biomass mixtures) 

3. Capturing and storing CO2 from power plants.7 

Energy Efficient Technologies 

 Some of the energy efficient technologies identified with relevance to suit the Indian conditions are 

described as below 

1. Supercritical Technology 

2. Ultra-Supercritical Technology  

3. Integrated Gasification Combined Cycle 

4. Pressurized Fluidized Bed Combustion7 

Supercritical Technology  

 A thermodynamic expression which describes the substance’s physical state where there is no clear 

difference between the liquid and the gaseous phase (homogenous fluid) is termed as Supercritical. 

Water reaches this phase at a pressure above 22.1 M Pa. The efficiency of the thermodynamic process of 

coal-fired power describes the amount of energy that is fed into the cycle is converted into electrical 

energy. Higher the output of electrical energy for a given amount of energy input, the higher is the 

efficiency. The output is increased by selecting elevated pressures and temperatures for the water-steam 

cycle and keeping the input constant. 

 Supercritical plants require less coal per MWh. Due to less use of coal per mega watt-hour, there are 

less emissions of carbon dioxide per mega watt hour. This would result into higher efficiency and lower 

fuel cost per megawatt hour of electricity. 

Ultra Supercritical Technology 

 The temperature and pressure is higher than supercritical technology in Ultra Supercritical 

technology. Temperature and pressure parameters used are 566°C and 31 MPa respectively7.The major 

tasks faced by this technology are maintaining equipment consistency and flexibility in operation6. The 

efficiency of Ultra-Supercritical plants is found to be in the range of 46-48 % 11. 
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Integrated Gasification Combined Cycle  

 Integrated Gasification Combined Cycle (IGCC) is a technology that converts coal into synthesis 

gas. It removes the impurities from the coal gas before it is combusted resulting in lesser emissions of 

gases. IGCC uses a combined cycle format with a gas turbine driven by the combusted syngas from the 

gasifier, while the exhaust gases are heat exchanged with water/steam to generate superheated steam to 

drive a steam turbine.  This technology combined with Carbon Capture and Storage (CCS) is considered 

to be the most efficient for CO2 emission reduction7. The sulphur content from coal is captured as 

hydrogen sulphide and concentrated hydrogen sulphide is recovered as sulphuric acid. The ash is 

recovered in the form of vitreous slag. This slag can be used as construction material. Higher fuel 

conversion efficiency is helpful for reducing CO2 emissions 10. 

 

Source: Fossil Fuel Fired Power Generation, International Energy Agency, 2007 

Figure 4 : IGCC Process 

Pressurized Fluidized Bed Combustion 

 In Pressurized fluidized bed combustion technology, the combustor and hot gas clean-up system are 

used instead of the combustion chamber of the gas turbine. The products of the combustion pass through 

the gas turbine and the heat recovery steam generator. This system is capable of giving generation 

efficiency 5%-6% higher than sub-critical plants. The combustion temperature is between 800°C to 

900°C. The main advantage of this is the technology's fuel flexibility - almost any combustible material, 

from coal to municipal waste, can be burned - and the capability of meeting sulfur dioxide and nitrogen 

oxide emission standards without the need for expensive add-on controls. 

1.5.5 Pollution Control Technologies 

 Local air pollutants limiting technologies are yet to be widespread in India. Generally flue-gas 

cleanup technologies are considered to be part of coal-utilization technologies. At present, only one 

pollution reduction technology i.e. the Electrostatic Precipitator (ESP)—is used routinely in Indian 

plants. 
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 Emission-reducing technologies are classified into pre-combustion, in-combustion and post-

combustion technologies Coal washing and beneficiation is considered as pre-combustion cleanup 

technologies as they increase plant efficiency by reducing the overall amount of emissions. Gas cleaning 

technologies in an IGCC plant to remove particulates and sulfur from the syngas are considered pre-

combustion cleanup technologies, as the cleanup occurs prior to combustion. Low-NOx burners in PC 

boilers and gas turbines, and the use of limestone for sulfur removal in fluidized-bed combustion are in-

combustion technologies. End-of-pipe technologies for PC plants—such as ESPs, flue-gas desulphurizers 

(FGDs), and selective catalytic reducers are post-combustion technologies 12 

1.5.6 Frameworks for GHG Emissions 

United Nations Framework Convention on Climate Change (UNFCCC) 

 Under UNFCC, the governments gather and share information on greenhouse gas emissions, 

national policies and best practices, commence national strategies for addressing greenhouse gas 

emissions and adapting to expected impacts, including the provision of financial and technological 

support to developing countries and cooperate in preparing for adaptation to the impacts of climate 

change. 

Intergovernmental Panel on Climate Change 

 A special intergovernmental body established by the United Nations Environment Programme 

(UNEP) and the World Meteorological Organization (WMO) to provide assessments of the results of 

climate change research to policy makers. The Greenhouse Gas Inventory Guidelines are developed 

under the auspices of the IPCC which is recommended for use by parties to the Framework Convention 

on Climate Change 

The Kyoto Protocol 

 The Kyoto Protocol provided three Co-Operative Implementation Mechanisms (CIMs) to augment 

suppleness and to aid development of cost effective means of achieving the targets. These mechanisms 

are Joint Implementation and Emission Trading, both of which are co-operative mechanisms applicable 

to Developed Countries only. Clean Development Mechanism (CDMs) provides for co-operation 

between Developed countries and developing countries. These countries would be able to achieve their 

emission reduction targets cost-effectively, by using these mechanisms. 

The three Kyoto mechanisms are: 

1. The Clean Development Mechanism (CDM) is defined in Article 12 for Developing countries 

to execute projects that reduce emissions in Developed countries, in return for certified emission 

reductions and assist them in achieving sustainable development and contributing to UNFCCC’s 

objectives.  

2. Joint Implementation (JI) is defined in Article 6 of the Kyoto Protocol. Under JI, a developed 

country may implement an emission-reducing project or a project in the territory of another 
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developing country and count the resulting emission reduction units (ERUs) towards meeting its 

own Kyoto target. 

3. Emissions Trading, as set out in Article 17, provides for allows countries that have emission 

units to spare - emissions permitted them but not "used" - to sell this excess capacity to 

countries that are over their targets..  

1.5.6.1 Parameters for CDM acceptance 

 The project should establish the following in order to qualify for consideration as CDM project 

activity: 

1. Emission Indicators: The project should lead to real, measurable and long term GHG 

mitigation. The additional GHG reductions are to be calculated with reference to a baseline. 

2. Sustainable Development Indicators: It is the prerogative of the host Party to confirm whether 

a clean development mechanism project activity assists it in achieving sustainable development. 

The CDM projects should also be oriented towards improving the quality of life of the poor 

from the environmental standpoint. 

3. Economic Indicators: The procurement of Certified Emission Reduction (CERs) should not be 

from Official Development Assistance (ODA) 

NATCOM  

 India’s Initial National Communication to the UNFCCC under the Ministry of Environment & 

Forests Govt of India and is in the process of preparing Second National Communication. 

 

Figure 5: Institutional Setup of NATCOM 

 

1.6 Emission Reduction  

 The amount of emission reduction depends on the emissions that would have occurred without the 

project minus the emissions of the project. The construction of such a hypothetical scenario is known as 
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the baseline of the project. The baseline may be estimated through reference to emissions from similar 

activities and technologies in the same country or other countries, or to actual emissions prior to project 

implementation. The partners involved in the project could have an interest in establishing a baseline 

with high emissions, which would yield a risk of awarding spurious credits. Independent third party 

verification is meant to ameliorate this potential problem. 

Emission reduction can be calculated as  

Emission Reduction = CER = Baseline Emission - Project Emission - Leakage 

 Difference between the baseline emissions and GHG emissions after implementing the CDM project 

activity (project emissions) is emission reductions. Preparation of any CDM project require baseline, to 

calculate the baseline emission. Based on which, we can calculate the reduced emission. Leakage is 

defined as the net change of GHG emissions which occurs outside the project boundary, and which is 

measurable and attributable to the CDM project activity.13 

 

 

Figure 6 : Emission Reduction 

2 DATA COLLECTION 

2.1.1 Criteria for Data Collection 

 The following Criteria have been considered for the Data collection of Power Plants: 

• The Power project is the construction and operation of a new coal fired grid-connected 

electricity generation plant that uses a more efficient power generation technology than what 

would otherwise be used with the same fuel. 

• The project activity is not a co-generation power plant. 

• Data on fuel consumption and electricity generation of recently constructed power plants is 

available. 

• Two Subcritical Power Plants (330 MW and 500 MW respectively) under construction. 
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3 DATA ANALYSIS 

3.1 Analysis 

3.1.1 Environmental Impact  

 Analysis done with the help of Life Cycle Impact Assessment (LCIA) using Ecoindicator99 and 

Monte Carlo Uncertainty Analysis  

 Ecoindicator99 is based on ISO 14040-14044: Environmental management - Life Cycle Assessment 

- Principles and Framework. 

 

 

Figure 7 : Impact Category Indicator 

 The impact assessment methods themselves are described in ISO 14042. In this standard a 

distinction is made between 

• Obligatory elements, such as classification and characterization 

• Optional elements, such as normalization, ranking, grouping and weighting 

 This means that according to ISO, every LCA must at least include classification and 

characterization. If such procedures are not applied, one may only refer to the study as a life cycle 

inventory (LCI). An important distinction is made between internal and external applications. If results 

are intended to compare (competing) products and they are to be presented to the public, weighting may 

not be used. 
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3.2 Uncertainty Analysis 

3.2.1.1 Characterization 

 

Chart 1:Characterization Comparison of all Power Projects 

 From the graph, it is infered that 330 MW Unit has the highest probability of larger environmental 

impacts while the 660 MW and 800 MW Units have nearly the same lower probability of lesser than the 

baseline.  

3.2.1.2 Damage Assessment 

 Following graph shows the Damage Assessment comparison of all the power plants taken under 

research 

 

Chart 2: Damage Assessment Comparison of all Power Projects 

 rom the graph, it is inferred that 330 MW Unit has the highest probability of larger damage while the 

660 MW and 800 MW Units have nearly the same lower probability lesser than the baseline.  

3.2.1.3 Single Score 

 Following graph shows the Single score comparison of all the power plants taken under research. 

Here it is seen that the single score of 330 MW units is highest while 660 MW and 800 MW Units have 

nearly the same score. 
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Chart 3: Single Score Comparison of all Power Projects 

3.3 Analysis for Emissions Reduction and Economic Analysis 

 Analysis is undertaken for all the case studies of the power projects. Method of analysis is similar 

for all project activities. Analysis is done within the limits of project boundary defined for project 

activity. Analysis is done in two parts a) Emission reduction analysis b) Economic analysis. 

Emission Reduction Analysis 

 In emission reduction analysis, baseline emission, project emission and leakages are calculated from 

baseline emission factor and project emission factor value collected for each case study. The net project 

activity emission is calculated using emission reduction equation. Improved environmental performance 

by the project activity is calculated from increase in efficiency from baseline to project activity emission. 

Economic Analysis 

 Economic analysis is done to assess the impact of CDM revenue on supercritical power projects. 

Analysis is carried out in three scenarios  

1. Supercritical Power Project without CDM revenue  

2. Supercritical Power Project with CDM revenue  

3. Supercritical Power Project if it is replaced by Subcritical Units  

 The economic analysis is done with the following specific objectives: 

1. Assess whether the economic criteria for Net Present Value and Internal Rate of Return are 

satisfied for all projects. 

2. Compare impact of CDM on project with CDM activity and without CDM activity in terms of 

their economic costs and benefits. 

3. Estimate the savings in Supercritical projects when compared with Subcritical projects. 

 The main methods used for Economic Analysis are as follows: 

1. Net Present Value (NPV) 

2. Internal Rate of Return (IRR) 

3. Profitability Index (PI) 
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 Following is the methodology adopted for Emission Reduction Analysis. 

Baseline Emissions: Baseline emissions are calculated by multiplying the electricity generated in the 

project plant with a baseline CO2 emission factor i.e A= B x C  

Where  A – Baseline Emissions in a year (tCO2) 

  B – Net quantity electricity generated in a year (MWh) 

  C – Baseline Emission Factor (tCO2/MWh) 

 B – Is calculated as follows: 

 B = Unit Capacity (MW) x No. of Units x 365 (days in a year) x 24 (hours in a day) x PLF x (1- 

Auxiliary Consumption) 

 C- Is calculated as follows: 

C = IPCC factor for bituminous coal (0.0946 tCO2/GJ) x 3.6 (Unit conversion factor from GJ to 

MWh)/ Energy efficiency (% as per CERC) or / C= 0.941 whichever is low 

Project Emissions: Project Emissions are calculated as D = E x F  

Where  D – Project Emissions 

E - Quantity of fuel combusted in process during a year  

  F - CO2 emission coefficient of fuel in a year  

  E – Is calculated as follows: 

  E = Bituminous coal required per MWh (B / (Total Power Generation x PLF x 365 x 24)) x B  

 F – Is calculated as follows: 

F = Weighted average mass fraction of carbon (in %) x 44/12 

Total Emission Reduction = Baseline Emissions – Project Emissions 

Net Present Value Comparison
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Chart 4 : Comparison of Net Present Value 
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3.3.1 Results of Emission Reduction Analysis 

 Following chart shows the comparison of all the Project Emissions with respect to their baseline 

emissions.  

 

Chart 5 : Project Emissions Comparison 

 From the above figure, it is observed that the Subcritical Power Projects (4x330 and 2x500) have 

higher project emissions than their baseline emissions whereas the Supercritical Power Projects have 

emissions less than that of the Baseline emissions. The major factor affecting the emissions are the 

quality of Coal selected for generation which is different for different projects. The other important 

factors include the Plant Load Factor, Auxiliary Consumption and the Energy Efficiency of the units.   

3.4 Economic Analysis 

 Will be done on three scenarios:  

• Supercritical Project without CDM  

• Supercritical Project with CDM  

• If the Project is a Subcritical Project 

 Methods to be used in both the cases 

• Net Present Value 

• Internal Rate of Return 

• Profitability Index 

3.4.1.1 Cash Flow 

1. Gross Generation = Gross Generation Capacity per Unit *PLF*24*Days of Operation / 1000 
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Profitability Index
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Chart 6 : Comparison of Profitability Index 
 

2. Auxiliary Consumption = Gross Generation* 7.5% 

• Total Net Generation = 1 -2  

• Normative Units for Fixed Charge = Gross Generation Capacity Per Unit*Normative 

Availability*(1-Auxiliary Consumption)*24*Days of Operation/1000  

3.4.1.2 Revenue 

• Fixed Charge = Normative Units for Fixed Charge*Total Capacity Charges (0.9040) 

• Variable Charge = Total Net Generation* Total Energy Charges( 0.9474 with 3% escalation 

every year) 

• Incentive=0.25* Gross Generation Capacity Per Unit*0.03*24*Days of Operation /1000 

• Rebate= (Fixed+Variable)*(-1.70%)(Refer Annexure 1,2) 

3.4.1.3 Expenditure 

• Fuel Cost = Coal Consumption*Cost of Fuel/10^6 

• & M Cost= O & M cost (Per MW)* Gross Generation Capacity Per Unit*5/(Gross 

Generation*Total Generation*(1+Escalation 5.37%) 

PBDIT = Revenue – Expenses 

Interest Cost = 11 % 

Depreciation = 3.60 % 

Taxes = 12 % 

PAT = PBDIT – Interest – Depreciation – Taxes 

Loans: Equity = 25 % of the Project Cost while Debt = 75 % of the Project Cost 

3.4.2 Inferences 

 The comparison of NPV, PI and IRR for the 3 different scenarios is respectively shown in the 

following figures  
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From the above figures it is clear that the scenario with Subcritical project the analysis reveals that the 

project activity should be rejected. The profitability index is below 1 thus project's PV is less than the 

initial investment. The internal benchmark of the Company for IRR is 12% and IRR calculation of the 

project (7.00%) is below minimum required rate of return (12%). NPV is also negative (Rs. -12643 

Million); the project should be rejected because the investment would subtract value from the project. 

The rest of the two scenarios is acceptable because of Positive NPV, PI being more than 1 and IRR being 

more than the benchmark of 12%. 
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Chart 7 :  Comparison of Internal Rate of Return 
 

4 CONCLUSION & RECOMMENDATIONS 

 From the data collection, it can be extracted that 800 MW Unit Capacity has higher emission 

reduction (28289496 tCO2) than 660 MW (7805128 tCO2 and 13165410 tCO2 respectively), 500MW 

(-25940600 tCO2) and 330 MW (-21043734 tCO2). Therefore, greater the unit capacities of the plant, 

lesser are the emissions from it. These emissions also depend on the type of coal being used for the 

projects. From the Literature Study and analysis of Emission Reductions, it is further concluded that the 

imported coal possesses a lesser emission capacity due to its high carbon content when in comparison to 

the Indian coal resulting in lower emissions by improving the overall efficiency of power generation.  

 The Uncertainty Analysis of Life Cycle Impact Assessment of Power Plants reveals that the 330 

MW Unit has higher Single Score of 72 mPt while 500 MW, 660 MW and 800 MW units have 66 mPt, 

64 mPt and 63.9 mPt respectively. Therefore, it is concluded that adoption of Supercritical technology 

has better probability of causing less pollution than the Subcritical plants which are used today. From the 

analysis, it is noticed that as the unit capacity increases, the probability of its environmental effects 

reduces. 

 From the Economic Analysis, the scenario with Subcritical project reveals that the project activity 

should be rejected. The profitability index is below 1 thus project's PV is less than the initial investment. 

The internal benchmark of the Company for IRR is 12% and IRR calculation of the project (7.00%) is 

below minimum required rate of return (12%). NPV is also negative (Rs. -12643 Million); the project 
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should be rejected because the investment would subtract value from the project. The rest of the two 

scenarios is acceptable because of Positive NPV, PI being more than 1 and IRR higher than the 

benchmark of 12%. Hence it can be further accented that the Supercritical option is much more feasible 

than the Subcritical units with higher Internal Rate of Return, Profitability Index and Net Present Value 

for both the projects with CDM as well as without CDM. So in case the concept of Kyoto Protocol is 

scrapped off in near future, yet the Supercritical technology should be implemented irrespective of the 

decision taken.   

 As per the above analysis, it is seen that the Subcritical units cause higher emissions than the 

baseline and have unsatisfactory economic returns, and they do not contribute towards the sustainability. 

Hence they do not qualify for CDM at all, whereas the Supercritical projects contribute towards emission 

reduction, have better economic value, and they contribute towards sustainability at the same time. 

Therefore, they are qualified for CDM.   

 It can be concluded that implementation of clean coal technologies would be helpful for reducing the 

overall environmental effects throughout its life cycle. The literature study indicates that the increased 

efficiency of the power plants would result in lesser consumption of raw materials and thereby help in 

reducing the exploitation of natural resources. Adoption and implementation of Supercritical, Ultra 

Supercritical and IGCC technologies would be highly beneficial to our nation both economically as well 

as financially. 
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