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1 1.76 times the existing level of electricity demand in 2006-07 
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Figure ES.1 Methodology of the study  
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ES.2.1.2 Fuel prices (Base case) 
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ES.2.1.3 General power plant characteristics 

                                                
2 E & F grade of coal is mostly used in Indian power stations 
3 In India, 70% of coal is being imported from Indonesia and rest from Australia and South 
Africa, hence base case considers fob price of Indonesian coal. 
4 Indonesian Coal Price Index (ICI), Grade 2 coal considered. Prices as on 31 August 2007. 
Details available at http://www.coalindoenergy.com, accessed on 5th November 2007 
5 Price inclusive of royalty 
6 www.blommberg.com, last accessed on 18th October 2007 
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Table ES.1 Inputs and assumptions considered in the study 

Element 

 
 

Units 
 

Coal based power plant
(Domestic/ Imported)

 Gas based CCGT 
(Domestic/LNG) 

Heat rate^  kcal/kWh 2450 1850 

Efficiency^ % 35 46 

Capital cost *  Rs. Million/MW 40 32 

PLF^ % 80 80 

Auxiliary consumption^ (%) 9 3 

Life of plant * Years 30 20 

Discount factor (WACC)** % 13.30 13.30 

Cost of debt ^^ % 13.00 13.00 

Cost of equity^ % 14.00 14.00 

Fixed operating cost  (% of 
capital cost)^ (%) 2.50 1.50 
S O U R C E S    ^ Based on the Central Electricity Regulatory Commission (Terms and Conditions of Tariff) 
Regulations, 2004 available at http://cercind.gov.in/28032004/finalregulations_terms&condition.pdf  
accessed during July 2007 
^^ Current PLR ranges from 12.75% to 13.25%. The average of the same has been taken. Source: 
http://www.rbi.org.in/home.aspx accessed on 17th July 2007.  
* Based on discussion with Sector Experts 
** Based on debt-equity ratio of 70:30 as per CERC norms  
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ES.2.1.4 General assumptions related to estimation of abatement costs 
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Table ES.2 General assumptions related to estimation of abatement costs 

Particulars Units 
Domestic 

coal 
Imported 

coal 
Domestic 

gas LNG 

Methane emission factor during and 

post mining 

m3CH4/t 2.00    

Conversion rate - volume of CH4 to 

mass of CH4 

Gg/106m3 0.67    

Specific coal consumption  kg/kWh  0.65    

Global warming potential CO2 

equivalent 

methane 

23.00    

Specific gas consumption  scm/kWh   0.185  

1 cubic meter of gas Btu   35300.00  

Emission factor during combustion tC/TJ 26.13 25.80 15.30 15.30 

Conversion used during combustion TJ/kcal 419 * 10 (-11) 419 * 10 (-11) 419 * 10 (-11) 419 * 10 (-11) 

Carbon oxidization factor^ 1.00 1.00 1.00 1.00 1.00 

Conversion factor for converting C 

into CO2 

44/12 3.67 3.67 3.67 3.67 

SOURCE Literature related to global warming and GHG emissions  
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 ^ During the combustion of a fuel a small fraction of the carbon is not oxidised. This 
fraction is usually small (99-100% of carbon is oxidised) and so 100% oxidization of 
carbon is assumed.   

 ES.3 Key findings of the study 
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ES.3.1 Financial cost results   
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Figure ES.2 Financial cost of generation (Base Case) 
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Figure ES.3 Financial cost of generation taking cost of debt as 8% 
S O U R C E  TERI’s estimates 
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Figure ES.4 Financial cost of generation taking Imported Coal at fob price  
USD 90/tonne 
S O U R C E  TERI’s estimates 
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Figure ES.5 Financial cost of generation taking Domestic gas at APM price  
USD 2.4/MMBtu (Rs 3200/tcm) 
S O U R C E  TERI’s estimates 

�

>���������,
����
�������4�B3�%���������
/������,��>-!�

��++J((.�	3��� �@����������������B����
�������	�����%����������

%���������4�B�,������
%������,�����������4�B�4�
������
��

!
��$������%������%��������4�B����
��	���>-!�&�77J((.�	��

�����

���
��,����������������������
�����
�������
����;���	���

�-�*<��

�
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure ES.6 Financial cost of generation taking LNG at pooled price  
USD 4.33/MMBtu 
S O U R C E  TERI’s estimates 
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ES.3.2 Economic cost analysis and results 
���
���@��
�����������
��������3�����%���	����)?��
,
��
����

�����������
����	��������
%	����
���
������������%���	����

���
���
����������%� ���������
������)?��
,
��
��������������
���

�	��������
%	����
��,����
������
�����
,	������%��������
,���

�-�7��	


����������)?��
,
��
���������������
����	����

Table ES.3 CO2 abatement costs per unit of electricity (in kWh) 

Particulars Unit 
Domestic coal 

based plant 

Imported 
coal based 

plant 

Domestic 
natural gas 
based plant 

LNG based 
plant 

Total Emissions      
Mining/extraction tCO2/kWh 20.10 * 10 (-6) N.A. 3.00 * 10 (-6) N.A. 

Combustion of fuels tCO2/kWh 983 * 10 (-6)  970 * 10 (-6) 435 * 10 (-6) 435 * 10 (-6) 

Total Emissions tCO2/kWh 1003.00 * 10 (-6) 970 * 10 (-6) 438 * 10 (-6)  435 * 10 (-6) 

Cost of Emissions      

Price of CER Euro/tCO2 23.46 23.46 23.46 23.46 

Price of CER Rs/tCO2 1329.70 1329.70 1329.70 1329.70 

Mining/Extraction Rs/ kWh 0.027 NA 0.005 NA 

Combustion of fuels Rs/ kWh 1.305 1.29 0.578 0.578 

Cost of Abatement Rs/ kWh 1.332 1.29 0.583 0.578 

S O U R C E  TERI’s estimates�

�
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Figure ES.7 Economic cost of generation (Base Case) 
S O U R C E TERI’s estimates��
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7 Economic cost is inclusive of CO2 abatement cost. 
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Figure ES.8 Economic cost of generation taking Imported Coal at fob price USD 
90/tonne 
S O U R C E  TERI’s estimates 
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Figure ES.9 Economic cost of generation taking domestic gas at APM price 
 USD 2.4/MMBtu (Rs 3200/tcm) 
S O U R C E  TERI’s estimates 
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Figure ES.10 Economic cost of generation taking LNG at pooled price 
S O UR C E  TERI’s estimates�
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 ES.4 Recommendations and value proposition by study 
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Policymakers 
• Tax distortions on cleaner fuels (natural gas) need to be corrected urgently. Cleaner 

fuel should attract lower taxes as compared to other fuels. One such intervention 
could be to give natural gas the declared goods status. 

• Similar to UMPPs based on imported coal, a policy needs to be devised for promoting 
LNG based UMPPs 

• To enhance energy security of the country strong policy push is required to ensure 
diversification of the fuel mix for power generation. Although dependence on domestic 
fuels is expected to continue with domestic coal dominating the fuel mix; for all 
incremental fuel requirements LNG should be promoted vis-à-vis imported coal.   

• Considering the adverse impact of GHG emissions and the need for low carbon 
economy, abatement cost for CO2 emissions should be considered while evaluating 
relative economics of fuels for power generation. 

• Forms of energy and environment are closely related. Therefore, while formulating any 
energy policy environmental implications should be duly accounted for 

 
Oil and gas Industry 

• Recognizing natural gas a cleaner fuel and the need to limit CO2 emissions the oil and 
gas industry need to make concerted efforts with the concerned authorities to have a 
suitable policy framework promoting natural gas for power generation.  

• Requisite infrastructure, LNG terminals, transmission and distribution pipelines for 
natural gas need to be developed on an urgent basis by the industry. 

• Tie up supplies for LNG based on demand estimates including power generation  
 
Power Industry 

• Domestic Coal being most favorable at pithead locations, its usage at these locations 
should be continued. 

• Besides GHG emissions, coal based generation also has adverse local health impacts 
attached. This discourages its use in big cities having high population and large power 
demand.  Hence, in such cities usage of cleaner fuels such as natural gas should be 
promoted. 
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Figure 1.1 Fuel wise installed capacity (as on 31st March 2007) 
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8 Central Electricity Authority, www.cea.nic.in, last accessed on 15th August 2007 

Diesel
1%Renew ables

6%

Gas
10%

Hydro
26%

Coal
54%

Nuclear
3%



 
TERI Report No. 2007ER04 
 

2 Introduction 

,����
��
�����������,
�����������������%���������������������	���

����
������������	�����

�����G	���
������
��,�������	�����


�����@����
�����
%���
����������
���������������
�����3�����
�

 �	���,����G	�������������
��������
%����������
�������
��
��


���
���,���
�������
��������� ������
���
%������
�����)���
�


���������
���
%������%���������
��
�
������	,�������
��N�

����K�+�����N����*K�����������
%��
��@����
��������	�����

�2%������
���%����,�����������
����@��
���
���
,�����@������

��@�������
���������	�������%� ��������
���������������
���
���

��������
,������	�����%� ��������
��������
��	������������
��

�����������
��
���������%����������������������
���3�����

������
�����������������9����������������������������	������	����

��������
����
��
���%��$�������
��,����7+K7���
�	�
���
��,
����

%� ��������
����� �	����
@��
���
������
��	���+*L�����������
��

%� ��������
�����+��?�������������
��3����������2����@����
��3�

����C��/����B��	%���%�����2%����������7L��������%�
�����


�������
���
%
��������,��,
��������
�	�
���
����������
����

G	�����,��������%���������	����� ���
�������
�	�
���
���������


@
��
,������
���%����������������������������,�������
�����
��
������


@
��
,��������������	,����E����
�	�
���
��;%������
��%���

=�
������������������(���
���
�;=�(<<���������������� �@��S�

����%� �����������������������	�
,������%
������%��@
������

�/���

%���������
�	�
���
����

�

=��%������3���������
��%� ������������������
����������	
������

�
�	�
���
���=��	���7�L�������
���
�	�
���
���	%%����������	
���

,������%� ���������S�������2���
����������	
���,������������E���

�������
���	����������
,�	���5L������������	
%�����++��	�����3�

�����	%%�������
�	�
���
������2%��������������
������������
����

��
��3�%��

��������
�������������
���������������F�����
�

B��
@
���;FB<�.
����;���������
��������
����������
<3� �����

��%��������������������
������������������� �����������������
���;���

�
����%������������%������
���������@���������((-)(!<�����


�������3�
��	
,������4�B����
��
��3����������
���

�/���

�
%��������G	�������
�3�
���
����,�����%�
��������@
���	��

���
�������=����������
�@
��
����
�	�
���
���
���@�����
���������

���
��@���	��������������
�����
����������
%
�
��@����

��@����
���
����,����������
�������3���������	%�
��
�K,
����

%� ���%�
�����G	�����
��

���������
�����%������
����
%��
��

��@���
����
����
%
���������
��,
���������
����������
���
��

��
�����������%� �����������
�3��� �@��3�,����
�

����������
@��

�������3�%
����	�
���������� ��
%
�����
�������3������%����@�����

�����	����%��������������
������������
%��@�����������
���
��

��
�������-�.��
����	����������%	�@�� �����������	�����

                                                
9 Integrated Energy Policy, Report of Expert Committee, Planning Commission; August 
2006 
10This is based on the forced gas usage scenario. Source: Integrated Energy Policy; 
Planning Commission; pp 22 
11 Basic Statistics on Indian Petroleum and Natural Gas (2005-06); MoPNG Economic 
Division 
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Figure 1.2 World Carbon Dioxide emissions from energy sector by fuel type  
S O U R C E   Energy Information Administration (EIA), International Energy Annual 2004 
(May-July 2006), www.eia.doe.gov/eia (For History); EIA, System for the analysis of 
Global Energy Markets (2007) (For Projections). 

                                                
12 International Energy Outlook 2007, Energy related carbon dioxide emissions, Energy 
Information Administration, http://www.eia.doe.gov/oiaf/ieo/emissions.html 
13 Sudha Mahalingam.2006  
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14 Liquid fuels such as LSHS, naphtha have not been considered in the study because: 

1. Prices of these fuels are much higher as compared to both coal and natural gas 
2. Power plants based on these fuels are commissioned primarily to meet peak 

demands only, whereas coal as well as natural gas is used to set up base load 
plants. 
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CHAPTER 2  Financial cost estimation 
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 2.1 Methodology  
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15 See footnote 14 for clarifications 
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Table 2.1 Locations of power plants and sources assumed 

Source of Fuel 
Region 

Power Plant 
Location Domestic coal Imported coal Domestic natural gas LNG 
Delhi  Central Coal field, 

Karanpura, 
Jharkhand  

Kandla port Western Offshore fields Dahej terminal 

North 
Faridabad 
(Gurgoan) 

Central Coal field, 
Karanpura, 
Jharkhand 

Kandla port Western Offshore fields Dahej terminal 

Korba (Bilaspur) Pithead power plant  Kolkata port  K G basin  May not be viable 
to source LNG* 

West  
Bharuch 
(Vadodra) 

Western Coal field Kandla port Western Offshore fields Dahej terminal 

Vishakapatnam Talcher Coal field, 
Orissa  

Vishakapatnam 
port 

K G basin  Kochi terminal 
South  
 Allappuzha 

(Kochi) 
Talcher Coal field, 
Orissa  

Tuticorin port K G basin  Kochi terminal 

Orissa (Talcher) Pithead power plant Paradip port K G Basin Gas Kochi Terminal 

East  
 

Dhanbad Central Coal field, 
Karanpura, 
Jharkhand 

Kolkata port K G basin  May not be viable 
to source LNG* 

North 
East  

Agartala  ECL Raniganj, 
Barddhaman District 

Kolkata port  May not be viable 
to source LNG* 

S O U R C E : Discussion with experts 
Note: Places mentioned in parentheses represent places closest to the chosen location from where distance 
was available.   
* Though it is not viable to source LNG at these locations due to non-existence of requisite infrastructure, for 
analysis purposes, it is assumed that LNG is sourced through the proposed Ennore Terminal. 
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16 CERC Norms 
17 Current PLR ranges from 12.75% to 13.25%. The average of the same has been taken. 
Source: http://www.rbi.org.in/home.aspx accessed on 17th July 2007.  
18 Average has been taken of WPI for the years 2004-05, 2005-06 and 2006-07 
Source: https://reservebank.org.in/cdbmsi/servlet/login/ accessed on 17th July 2007 
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2.1.2.3 Fuel prices 
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Table 2.2 Price build-up of Domestic Coal 

Cost component Units 
Pit head price Rs/ tonne 
Royalty Rs/ tonne 
Stowing Excise Duty (SED) Rs/ tonne 
Surface transportation charge19 Rs/ tonne 
Sizing Charges Rs/ tonne 
Sub total (A) Rs/ tonne 
Sales Tax @ 3% % 
Sales Tax (B) Rs/ tonne 
Price inclusive of sales tax (A+B) Rs/ tonne 
Freight charges Rs/ mt/ km 
Delivered price Rs/ tonne 

 S O U R C E  TERI’s estimates�

Table 2.3 Price build-up of Imported Coal 

Cost component Units 
FOB price (A) USD/ tonne 
Ocean Freight and Insurance (B) USD/ tonne 
CIF price (A+B) USD/ tonne 
Exchange rate Rs/ USD 
CIF price (C) Rs/ tonne 
Landing Charges (including 
wharfage) 

Rs/ tonne 

Import Duty @ 5% % 
Import Duty (D) Rs/ tonne 
Sales Tax @ 3% % 
Sales Tax (E) Rs/ tonne 
Landed Cost (C+D+E) Rs/ tonne 
Transportation charges Rs/ mt/ km 
Delivered price Rs/ tonne 

 S O U R C E  TERI’s estimates�

Table 2.4 Price build-up of domestic natural gas 

Cost Component Units 

Consumer price at well head/ land fall 

point (A) 

Rs/ tcm 

Royalty % 

Royalty (B) Rs/ tcm 

Price inclusive of Royalty (A+B) Rs/ tcm 

                                                
19 Charges levied for transporting coal from the mine to the nearest means of transport 
(usually railways) 
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Cost Component Units 

Transmission  Rs/ tcm 

Sub total (C) Rs/ tcm 

Sales Tax % 

Sales Tax (D) Rs/ tcm 

Delivered Price (C+D) Rs/ tcm 

Exchange Rate Rs/ USD 

Delivered price of Natural Gas USD/ MMBtu 

 S O U R C E  TERI’s estimates�
Note: tcm = thousand cubic meter 
 MMBtu = million British thermal units 

Table 2.5 Price build-up of LNG 

Cost Component Units 

LNG fob price USD/ MMBtu 

Shipping charges + sea insurance USD/ MMBtu 

CIF price (A) USD/ MMBtu 

Landing Charges (including wharfage) Rs/ MMBtu 

Customs Duty @ 5% % 

Customs Duty (B) USD/ MMBtu 

Regasification charge (C) USD/ MMBtu 

Transmission charge (D) Rs/ tcm 

Sales Tax % 

Sales Tax (E) Rs/ tcm 

Delivered Price (A+B+C+D+E) Rs/ tcm 

�  S O U R C E  TERI’s estimates 
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2.1.2.5 Fuel cost per unit 
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20 Source: Indian Railways 
21 http://www.gailonline.com/gailnewsite/businesses/gastransmissioncosintroduction.html 
accessed on 13th August 2007 
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2.1.2.6 Total financial cost per unit 
�������
���������������
������������������
���@���
��,���	

����

	%�%���	�����
%��
�3�?H(�
����	�����������

�

2.1.3 Inputs and assumptions  
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Table 2.6 Inputs and assumptions considered in the study 

Element Unit 
Coal based 
power plant 
(Domestic) 

Coal based 
power plant 
(Imported) 

Domestic 
Natural Gas 

CCGT 

LNG CCGT 
Plant 

Heat rate^  kcal/kWh 2450 2450 1850 1850 

Efficiency^ % 35 35 46 46 

Capital cost *  Rs. Million/MW 40 40 32 32 

PLF^ % 80 80 80 80 

Auxiliary consumption^ (%) 9 9 3 3 

Life of plant * Years 30 30 20 20 

Fixed operating cost  (% of 
capital cost)^ (%) 2.50 2.50 1.50 1.50 

Discount Rate (WACC)~ (%) 13.30 13.30 13.30 13.30 
SO UR C E S : ^ Based on the Central Electricity Regulatory Commission (Terms and Conditions of Tariff) 
Regulations, 2004 available at http://cercind.gov.in/28032004/finalregulations_terms&condition.pdf  
accessed during July 2007 
* Based on discussion with Sector Experts 
~ Based on Debt-equity ratio of 70:30 as per CERC norms. 
 

2.1.3.2 Prices and calorific values  
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22 Indonesian Coal Price Index (ICI), Grade 2 coal considered. Details available at 
http://www.coalindoenergy.com, accessed on 5th November 2007 
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Table 2.7 Prices and calorific values of fuels 

Calorific value Price 

Fuel Unit Value Unit Value 
Coal 

Pithead-Korba kcal/ kg 3755^ Rs/ tonne 720.23” 

Pithead-Talcher kcal/ kg 3755^ Rs/ tonne 633.71” 

Domestic non pit head* kcal/ kg 3755^ Rs/ tonne See table 2.8 

Imported* kcal/ kg 5800~ Rs/ tonne See table 2.9 

Natural gas 

Domestic kcal/tcm 10000# USD/MMBtu 5.68** 

LNG kcal/tcm 10000# USD/MMBtu 10.09*** 

Fuel Oil27 kcal/ kg 10400# Rs/ litre 16542.06**** 
S O U R C E S : 
* Assumptions regarding prices and calorific values for domestic non-pithead and imported 
coal are given in table 2.8 and 2.9 
^ Average Gross Calorific value for coal used in power generation in India for FY 2004-05: 
source: Coal Directory of India 
~ Indonesian Coal Price Index (ICI), Grade 2 coal considered. Details available at 
http://www.coalindoenergy.com, accessed on 5th November 2007 
“ Average price for E & F grades of coal, http://www.coalindia.nic.in/pricing.htm 
# As per GAIL, http://www.gailonline.com/customerzone/power.htm 
** Based on price build-up prepared by TERI - base price at USD 4.2/ MMBtu  
(Rs 6710/tcm) 
*** Based on price build-up prepared by TERI, taking USD7.11/MMBtu as the base price 
**** http://www.infraline.com/oilprices/fuelprices.asp (Mumbai refinery) 

Table 2.8 Prices and Calorific Values of Domestic Coal (Non- Pit head) 

Calorific value^ Price” 

Location Unit Value Unit Value 

Delhi kcal/ kg 3755 Rs/ tonne 1741.80 

Faridabad (Gurgoan) kcal/ kg 3755 Rs/ tonne 1741.80 

                                                
23 Indonesian Coal Price Index (ICI), Grade 2 coal considered. Prices as on 31 August 
2007. Details available at http://www.coalindoenergy.com, accessed on 5th November 2007 
�&�As per GAIL, http://www.gailonline.com/customerzone/power.htm 
25 Price inclusive of royalty 
26 www.blommberg.com, last accessed on 18th October 2007 
27 Fuel oil is used as a secondary fuel for coal based power generation 
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Bharuch (Vadodara) kcal/ kg 3755 Rs/ tonne 1703.73 

Vishakapatnam kcal/ kg 3755 Rs/ tonne 1026.01 

Allappuzha (Kochi) kcal/ kg 3755 Rs/ tonne 2143.61 

Dhanbad kcal/ kg 3755 Rs/ tonne 949.00 

Agartala kcal/ kg 3755 Rs/ tonne 2182.33 
S O U R C E S :  
^ Average gross calorific value for coal used for power generation in India for FY 2004-05, 
as given in ‘The Coal Directory of India for FY 2005-06’ 
 ”Average price for E& F grades of coal, http://www.coalindia.nic.in/pricing.htm 
Note: Places mentioned in parentheses represent places closest to the chosen location 
from where distance was available.   

  Table 2.9 Prices and calorific values of imported coal 

Calorific value~ Price* 

Location Unit Value Unit Value 

Delhi kcal/ kg 5800 Rs/ tonne 4266.17 

Faridabad (Gurgoan) kcal/ kg 5800 Rs/ tonne 4246.27 

Korba (Bilaspur) kcal/ kg 5800 Rs/ tonne 4088.77 

Bharuch (Vadodara) kcal/ kg 5800 Rs/ tonne 3733.77 

Vishakapatnam kcal/ kg 5800 Rs/ tonne 3357.97 

Allappuzha (Kochi) kcal/ kg 5800 Rs/ tonne 3641.07 

West Bengal (Durgapur) kcal/ kg 5800 Rs/ tonne 3357.97 

Dhanbad kcal/ kg 5800 Rs/ tonne 3625.67 

Agartala kcal/ kg 5800 Rs/ tonne 4723.77 
S O U R C E S :  
~ Indonesian Coal Price Index (ICI), Grade 2 coal considered. Details available at 
http://www.coalindoenergy.com, accessed on 5th November 2007 
* Based on price build-up prepared by TERI, prices have been calculated from the closest 
distance available from the respective plant locations. 
Note: Places mentioned in parentheses represent places closest to the chosen location 
from where distance was available.   
�
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Table 2.10 Financial Cost of Generation (Rs/kWh)  
Fuel Options 

Plant Locations Domestic Coal Imported Coal Domestic Gas  LNG 
Delhi 2.61 3.35 2.63 3.98
Gurgoan 2.61 3.34 2.63 3.98
Bilaspur* 1.88 3.25 2.63 3.98

                                                
28 As per Reserve Bank of India (RBI) Reference Rate, details available at 
http://www.rbi.org.in/home.aspx, accessed on 19th September 2007 
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Fuel Options 
Plant Locations Domestic Coal Imported Coal Domestic Gas  LNG 
Vadodara 2.59 3.12 2.63 3.98
Vishakapatnam 2.10 2.92 2.63 3.98
Kochi 2.90 3.06 2.63 3.98
Talcher* 1.82 2.97 2.63 3.98
Dhanbad 2.05 3.05 2.63 3.98
Agartala 2.93 3.56 2.63 3.98
S O U R C E  TERI’s estimates 
*Pithead plants 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.1 Financial cost of generation (Base Case) 
 S O U R C E  TERI’s estimates 
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CHAPTER 3: Financial cost-scenarios  
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29 Based on norms as defined by CERC (Terms and Conditions of Tariff) Regulations, 2004 
30 Current PLR ranges from 12.75% to 13.25%. The average of the same has been taken. 
Source: http://www.rbi.org.in/home.aspx, last accessed on 30th October 2007  
31 Tariff Order 2005-06 for Tata Steel, details available at http://www.jserc.org/tariff.html, 
accessed on 15th October 2007 
32 Assuming normative Debt-Equity ratio of 70:30 
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Figure 3.1 Financial cost of generation taking cost of debt as 8% 
SO U R C E  TERI’s estimates 
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 3.2 Changes in fuel prices 
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3.2.1 Imported coal at fob price USD 90/tonne 
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Figure 3.2 Financial cost of generation taking Imported Coal at fob price USD 
90/tonne 
SO U R C E  TERI’s estimates�
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Figure 3.3 Financial cost of generation taking Domestic gas at APM price  
 USD 2.4/MMBtu (Rs 3200/tcm) 
SO U R C E  TERI’s estimates�
�

)�
%
���������.
����
���
��������������@������@���%���������

����������
�������G	�������7�L������
��������
�������
�	�
���
��

%����3���������������
�������
�	�
���
��,
����%� ��������
�����

�����
����,���*L�;��������%
��,	�<��-	���
������
�������	���%�����



/�����
�������
������
����%����������%�����
��
������
������

�2��%�����%����
��� �������
��������
�����������
���������
��
�����

=��%������3�����
@
��
,����������
�	�
���
��	���������=�(�����
��

��������������1� �@��3��������
@��,��������	�������	���������

����	������-�
�����)����
�������
������� �������� �

�2%���
�����4����������������;��4�<������������%�������
�����/����

�����
������
��������	���
�����
���3��������2%��������
��%�������
��

�,�
�����,����@���
����	��������������
����
���,���	%%��������

%����������������
���	,����E���%���������

�

�

                                                
33 The recently government approved price of USD 4.2/MMBtu (price inclusive of royalty 
amounting to Rs 6710/tcm) for Reliance Industries Ltd (RIL) natural gas flowing from K G 
Basin 
34 Price not inclusive of royalty 
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3.2.3 LNG at pooled price USD 4.33/MMBtu 
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Figure 3.4 Financial cost of generation taking LNG at pooled price  
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CHAPTER 4: Carbon emissions in electricity generation and their 
monetisation 
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35 Some of the possible adverse effects  of climate change predicted in the report are: 
Reduction in water availability in regions supplied by melt–water due to decline in water 
supplies stored in glaciers and snow, Increased risks for coastal areas due to coastal 
erosion led by sea-level rise, Increase in socio economic costs as a result of expected high 
frequency of extreme weather events, Impact on health of millions of people, particularly 
those with low adaptive capacity, through: increased malnutrition and consequent 
disorders, with implications for child growth and development; increased deaths, disease 
and injury due to heat waves, floods, storms, fires and droughts; increased burden of 
diarrhoeal disease; increased frequency of cardio-respiratory diseases due to higher 
concentrations of ground level ozone related to climate change; and, altered spatial 
distribution of some infectious disease vectors. Working Group II Contribution to the 
Intergovernmental Panel on Climate Change (IPCC)– Fourth Assessment Report Climate 
Change 2007: Climate Change Impacts, Adaptation and Vulnerability: Summary for 
Policymakers http://www.ipcc-wg2.org/index.html accessed on 31st May 2007 
36 http://www.natcomindia.org/activities.htm#inv accessed on 30th October 2007 
37PSA/2006/3, “National Energy Map for India, Technology Vision 2030”, Study by TERI for 
Office of the Principal Adviser to the Government of India. 
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Figure 4.1 Percentage Share of fuel mix in total electricity generating capacity 
(business as usual scenario) 
S O UR C E  PSA/2006/3, “National Energy Map for India, Technology Vision 2030”, 
Study by TERI for Office of the Principal Adviser to the Government of India. 
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 4.2. Carbon emissions in usage of fuel for power generation 
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38 Carbon dioxide is considered as the major contributor to global warming hence GHGs 
emissions are calculated in terms of CO2. All methane emissions are converted to CO2 

equivalent numbers. GHGs other than CO2 and CH4 have not been considered in this 
analysis. 
39 2006 IPCC Guidelines for National Greenhouse Gas Inventories, Volume 2 Energy, 
India’s Initial National Communication, Final Report,   Revised 1996 IPCC Guidelines for 
National Greenhouse Gas Inventories, The Reporting Instructions (Volume1), Revised 
1996 IPCC Guidelines for National Greenhouse Gas Inventories, The Workbook (Volume 
2), Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories Reporting 
Instructions, the Reference Manual (Volume3). 
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4.2.1 Emissions from coal mining 
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40 http://www.natcomindia.org/activities.htm#inv accessed on 30th October 2007 
41 CCO (Coal Controller’s Organisation). Provisional Coal Statistics 2006-07.  Kolkata: 
CCO, Ministry of Coal, Government of India 
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Table 4.1 CO2 equivalent emissions/ kWh from coal mining in India 

Steps Element Unit Value 

A Methane Emission Factor during mining m3/t 1.80 

B Methane Emission Factor post mining m3/t 0.20 

C Total Methane Emission Factor from Mining m3/t 2.00 
D Coal production t 1 

E Conversion factor (0.67 Gg/106m3) Gg/m3 0.00000067 

F Emissions for 1 tonne of coal extracted Gg CH4 0.00000134 

G Emissions for 1 tonne of coal extracted t CH4 0.00134 

H Emissions for 1kg of coal extracted t CH4 0.00000134 

                                                
42 India’s Initial National Communication, NATCOM Final Report, chapter 2 GHG Inventory 
Information pg 48 
43 Global warming potentials (GWPs) are used to compare the abilities of different 
greenhouse gases to trap heat in the atmosphere. Each of the GHGs has a unique average 
atmospheric lifetime over which it is an effective climate-forcing agent. Global warming 
potential (GWP) indexed multipliers have been established to calculate a longevity 
equivalency with carbon dioxide taken as unity. By applying unique GWP multipliers to the 
annual emissions of each gas, an annual CO2 equivalency may be summed that represents 
the total GWP of all climate-forcing gases considered. 
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Steps Element Unit Value 

I Specific coal consumption kg/kWh 0.65 

J CH4 Emissions from one unit of electricity 
produced 

t CH4/kWh 0.0000008743 

K Global Warming potential CO2 equivalent methane 23 

L CO2 equivalent emissions from one unit of 
electricity produced 

kg CO2/kWh 0.02 

S O U R C E  TERI’s estimates 
�
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Table 4.2 CO2 emissions/ kWh from flaring of natural gas in India 

Steps Element Unit Value 

A Gross Production in India 
Million Cubic 
Metre 32202 

B 
Percentage Gas Flared to Gas 
Production % 1 

C Heat rate kcal/ kWh 1850 

D Calorific Value kcal/scm 10000 

E Specific Gas Consumption (net) scm/kWh 0.185 

F Specific Gas Consumption (gross) scm/kWh 0.187 

G Flaring of Natural Gas scm/kWh 0.002 

H 1 Cubic Meter of gas Btu 35300.00 

I Flaring of Natural Gas Btu/kWh 65.96 

J Flaring of Natural Gas MMBtu/kWh 0.00006596 

K 1MMBtu TJ 0.0010551 

L Flaring of Natural Gas TJ/kWh 0.00000007 

M Emission Factor tC/TJ 15.3 

                                                
44 http://www.cantoxenvironmental.com/sectors/oilgas/naturalgas/, accessed on 18 
November 2007 
45 Source: discussions with experts from ONGC 
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Steps Element Unit Value 

N Conversion Factor  44/12 3.67 

O Carbon Oxidisation Factor 1 1.00 

P Total CO2 Emissions  tCO2/ kWh 0.000003905 
 SO U R C E  TERI’s estimates�

 
4.2.3 Emissions from combustion of fuels 
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4.2.3.1 Estimation of CO2 from the combustion of domestic coal 
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4.2.3.3 Estimation of CO2 from the combustion of domestic natural gas and LNG 
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46 India’s Initial National Communication, NATCOM Final Report, chapter 2 GHG Inventory 
Information pg 36 
47 India’s Initial National Communication, NATCOM Final Report 
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Table 4.3 CO2 emissions/ kWh from combustion of fossil fuels in India 
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48 India specific CO2 emission factor for Coal (tCO2/TJ), India’s Initial National 
Communication, NATCOM Final Report, chapter 2 GHG Inventory Information pg 37 
49 Source 2006 IPCC guidelines for National Greenhouse Gas Inventories 
50 Default CO2 emission factor given by2006 IPCC guidelines for Natural Gas (tCO2/TJ).  
NATCOM has also considered the same emission factor for Natural Gas. 
51 India’s Initial National Communication, NATCOM Final Report 
52 During the combustion of a fuel a small fraction of the carbon is not oxidised. This 
fraction is usually small (99-100% of carbon is oxidised) and so 100% oxidization of carbon 
is assumed. Source 2006 IPCC guidelines for National Greenhouse Gas Inventories 

Step Element Unit 
Domestic Coal 

based plant 
Imported Coal 

based plant

Domestic 
natural Gas 
based plant

LNG based 
plant

A Heat Rate kcal/kWh 2450.00 2450 1850 1850

B Conversion TJ/kcal 0.00000000419 0.00000000419 0.00000000419 0.00000000419

C A*B TJ/kWh 0.0000103 0.0000103 0.0000077 0.0000077

D Emission Factor tC/TJ 26.13 25.8 15.3 15.3

E Conversion Factor  44/12 3.67 3.67 3.67 3.67

F  
Carbon Oxidisation 

Factor 
1 1.00 1.00 1.00 1.00

G CO2 Emissions kgCO2/kWh 0.983 0.970 0.435 0.435
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53 Carbon 2007 – A new climate for carbon trading (Point Carbon) 
54 The European Union has established a greenhouse gas emissions trading scheme for 
the cost-effective reduction of such emissions in the Community. The ECX market 
recognises joint implementation (JI) and clean development mechanism (CDM) credits as 
equivalent to EU emission allowances, except for those from land use, land use change 
and forestry activities. Credits from JI projects are called "emission reduction units" (ERU), 
while credits from CDM projects are called "certified emission reductions" (CER). The 
carbon emissions saved using natural gas in place of coal may be treated as CER and may 
be traded at EET market.�
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Figure 4.2 Price of CO2 emissions as a function of volume traded at ECX 
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55 http://www.europeanclimateexchange.com/default_flash.asp accessed on 30th 
September 2007  
56 As the study is concerned with the future generation of electricity using alternative fuels, 
we take the data for the years 2008 to 2012 related to CO2 emissions trade for estimating 
the abatement cost function. 
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Table 4.4 Estimated CO2 Emissions Saved and Marginal Abatement Cost 

Parameter Unit Value 
Capacity MW 500 
PLF % 80% 

MU 3504 
Electricity Generation 

kWh 3504000000 
Emission Coal tCO2/kWh 0.001003 
Emission NG tCO2/kWh 0.000445 
Diff tCO2/kWh 0.000564 

Total CO2 Emissions saved tCO2 1956254 

Average of weekly average 
volumes  tCO2 1469082 

Total volumes after CO2 

Emissions saved by the power 
plant are added to the 
international market 

tCO2 3425336 

Average Actual Price Euro / tCO2 23.46  
Highest Actual Price Euro / tCO2 25.19  

S O U R C E  TERI’s estimates 
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Table 4.5 CO2 Emissions Costs/Electricity (kWh) Using Different Fuels 

                                                                                                                                       Total Emissions 

Element Unit 
Domestic Coal 

based plant
Imported Coal 

based plant
Domestic natural 
Gas based plant 

LNG based 
plant

Emissions due to Mining/ Production of 
fuels tCO2/kWh 0.0000201 NA 0.000003 NA 

Emissions due to Combustion of Fuels tCO2/kWh 0.000983 0.000970 0.000435 0.000435 

Total Emissions tCO2/kWh 0.001003 0.000970 0.000438 0.000435 
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Conversion Rate for CER 
Items Units Amount 
Price of CER Euro/tonne of CO2 23.46 
Exchange rate  Rs/Euro 56.7 
Price of CER Rs/tonne of CO2 1329.7 
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34 Carbon emissions in electricity generation and their monetisation 

      

Cost of Emissions Unit 
Domestic Coal 
based plant 

Imported Coal 
based plant 

Domestic natural 
Gas based plant 

LNG based 
plant 

Due to Mining/Extraction Rs/ kWh 0.027 NA 0.005 NA 
Due to Combustion of fuels Rs/ kWh 1.305 1.29 0.578 0.578 
Cost of Abatement Rs/ kWh 1.332 1.29 0.583 0.578 
S O U R C E  TERI’s estimates 
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CHAPTER 5: Economic cost analysis 
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Table 5.1 Economic Cost of Generation (Rs./kWh)  

Fuel Options 
Plant Locations Domestic Coal Imported Coal Domestic Gas LNG

Delhi 3.95 4.63 3.23 4.56 
Gurgoan 3.95 4.63 3.23 4.56 
Bilaspur* 3.21 4.54 3.23 4.56 
Vadodara 3.92 4.41 3.23 4.56 
Vishakapatnam 3.43 4.21 3.23 4.56 
Kochi 4.23 4.34 3.23 4.56 
Talcher* 3.15 4.26 3.23 4.56 
Dhanbad 3.38 4.34 3.23 4.56 
Agartala 4.26 4.85 3.23 4.56 
S O U R C E  TERI’s estimates  
* Pithead plants 
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Figure 5.1 Economic cost of generation (Base Case) 
SO U R C E TERI’s estimates 
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36 Economic cost analysis 
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58 Economic cost is inclusive of carbon di oxide abatement cost. 
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5.1.1 Imported coal at fob price USD 90/tonne 
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Figure 5.2 Economic cost of generation taking Imported Coal at fob price USD 
90/tonne 
SO U R C E  TERI’s estimates 
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     5.1.2 Domestic natural gas at APM price Rs.3200/tcm 
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59 Price not inclusive of royalty 
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Figure 5.3 Economic cost of generation taking domestic natural gas at APM price 
 USD 2.4/MMBtu (Rs 3200/tcm) 
SO U R C E TERI’s estimates�
�

5.1.3 LNG at pooled price USD 4.33/MMBtu 
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Figure 5.4 Economic cost of generation taking  LNG at pooled price 

SO UR C E  TERI’s estimates�
�
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CHAPTER 6  Recommendations and way forward 
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60PSA/2006/3, “National Energy Map for India, Technology Vision 2030”, Study by TERI for 
Office of the Principal Adviser to the Government of India. 
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61 PSA/2006/3, “National Energy Map for India, Technology Vision 2030”, Study by TERI for 
Office of the Principal Adviser to the Government of India.  
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62 PSA/2006/3, “National Energy Map for India, Technology Vision 2030”, Study by TERI for 
Office of the Principal Adviser to the Government of India. 
63 Key World Energy Statistics-2007, IEA Publications, numbers are for year 2006 
64 Provisional Coal Statistics 2006-07, Coal Controller's Organisation, Government of India, 
Kolkata. 
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Figure 6.1 World coal imports and prices (2000-06) 
S O U R C E S  BP S ta t i s t i c s  2007  and  va r ious is sue s o f  Key  Wor ld  
Ene rgy  S ta t i s t i cs ��
�

������ ���3���	�3�
� 
���,��
�G	�������

�/�����,����%�����
���


@
��
,�����������
�������%����,����������
%��������
�	�
���
��;,����

%�%��������
��,���
���4�B<����������������������	��

��������
�������

 
6.1.2.2 Imported coal vs. LNG 
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Table 6.1 Financial costs- Breakeven point Analysis at DELHI for imported coal  
vs. LNG  

Price of 
Imported 

Coal 
(USD/tonne) 

Comparable 
Break Even 

Price for LNG 
(USD/MMBtu) 

Comparable Break Even 
Price for LNG 

(USD/MMBtu) with 
declared goods status 

for LNG 

Cost of 
generation 

(Rs/kWh) 
56.66 5.36 5.92 3.35 
88.00 7.11 7.81 3.98 
90.00 7.22 7.93 4.02 

110.00 8.33 9.13 4.42 
130.00 9.47 10.36 4.83 
150.00 10.58 11.56 5.23 
175.15 12.00 13.09 5.74 

228.60 15.00 16.33 6.82 
SOURCE TERI’s analysis 
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6.1.3 Inclusion of abatement costs in power generation  
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Figure 6.2: Cost of Mitigation 
Source: Pachauri R.K, Chairman, IPCC and Director General, TERI “Climate 
change and key vulnerabilities in Asia”, Parliament of India, New Delhi, 14th 
March 2008 
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65 Pachauri R.K , Chairman, IPCC and Director General, TERI “Climate change and key  
vulnerabilities in Asia”, Parliament of India, New Delhi, 14th March 2008 
66 India’s Initial National Communication, NATCOM Final Report, chapter 2 GHG Inventory 
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Table 6.2  Economic costs- Breakeven point Analysis at DELHI for imported               

coal vs LNG  

Price of 
Imported Coal 

(USD/tonne) 

Comparable 
Break Even 

Price for LNG 
(USD/MMBtu) 

Comparable Break Even 
Price for LNG 

(USD/MMBtu) with 
declared goods status 

for LNG 
Cost of 

generation 
52.90 7.11 7.82 4.56 
56.66 7.34 8.06 4.64 
90.00 9.20 10.07 5.31 

110.00 10.31 11.23 5.71 
130.00 11.45 12.50 6.12 
140.00 12.00 13.10 6.32 
150.00 12.56 13.70 6.52 
193.46 15.00 16.34 7.40 

SOURCE TERI’s analysis 
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69 This means that developed countries which have polluted the most, should have a higher 
responsibility in mitigating the climate change compared to the developing countries. 
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Table 6.3 Location wise analysis (Domestic coal and domestic natural gas) 

Domestic Coal Vs. Domestic Natural Gas 
Financial costing Economic Cost 

Scenario Scenario Locations 
Base case* Dom NG at  

Rs.3200/tcm 
Borrowing rate at 
8% 

Base case* 
NG at Rs.3200/tcm Borrowing rate 

at 8% 

Demand Centre Dom Coal Dom natural gas  Dom Coal Dom natural gas Dom natural gas 
Dom natural 
gas 

Coastal location Dom Coal Dom natural gas  Dom Coal Dom natural gas Dom natural gas  
Dom natural 
gas  

Pit Head Dom Coal Dom Coal Dom Coal Dom Coal Dom natural gas  Dom Coal 

Interiors Dom NG  Dom natural gas Dom natural gas Dom natural gas Dom natural gas  
Dom natural 
gas 

Source: TERI analysis 

Note- Dom Coal: domestic coal and Dom natural gas is only domestically 
available natural gas  
*Borrowing at 13% and Dom natural gas at USD4.22/MMBtu 

 

 

�

 

                                                
70 ‘The IPCC Fourth Assessment Working Group Reports: Key findings’ Presentation by Dr. 
R K Pachauri, Chairman, IPCC & Director General TERI; United Nations Headquarters, 
New York City, 24th September 2007 
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Table 6.4: Location wise analysis (Imported coal and LNG) 

Imported Coal Vs. LNG 

Financial Cost  Economic Cost 
Scenario Scenario Locations 

Base 
case* 

LNG at 
USD4.33/MM
Btu 

Imp Coal at 
USD90/tonne 

Borrowing 
rate at 8% 

Base 
case* LNG at 

USD4.33/MMBtu 
Imp Coal at 
USD90/tonne 

Borrowin
g rate at 
8% 

Demand Centre Imp Coal LNG LNG Imp Coal LNG LNG LNG LNG 

Coastal location Imp Coal LNG Imp Coal Imp Coal Imp Coal LNG LNG Imp Coal** 

Interiors Imp Coal LNG LNG Imp Coal LNG LNG LNG LNG 

Source: TERI analysis 

Note- Imp Coal: Imported coal 
** these calculations are based on imported coal price of USD56.66/tonne. In case the price is changed to the realistic imported coal 
price of USD90/tonne, the economic cost will be in favour LNG. 
* Borrowing at 13%, LNG at USD 7.11/MMBtu and Imp Coal at USD 56.66/ tonne 
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6.1.4 Integrated approach for energy and environment planning  
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Box 6.1 Value proposition of the study 
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Box 6.1 Value Proposition for the stakeholders 
Policymakers 

• Tax distortions on cleaner fuels (natural gas) need to be corrected urgently. Cleaner 
fuel should attract lower taxes as compared to other fuels. One such intervention 
could be to give natural gas the declared goods status. 

• Similar to UMPPs based on imported coal, a policy needs to be devised for promoting 
LNG based UMPPs 

• To enhance energy security of the country strong policy push is required to ensure 
diversification of the fuel mix for power generation. Although dependence on domestic 
fuels is expected to continue with domestic coal dominating the fuel mix; for all 
incremental fuel requirements LNG should be promoted vis-à-vis imported coal.   

• Considering the adverse impact of GHG emissions and the need for low carbon 
economy, abatement cost for CO2 emissions should be considered while evaluating 
relative economics of fuels for power generation. 

• Forms of energy and environment are closely related. Therefore, while formulating any 
energy policy environmental implications should be duly accounted for 

 
Oil and gas Industry 

• Recognizing natural gas a cleaner fuel and the need to limit CO2 emissions the oil and 
gas industry need to make concerted efforts with the concerned authorities to have a 
suitable policy framework promoting natural gas for power generation.  

• Requisite infrastructure, LNG terminals, transmission and distribution pipelines for 
natural gas need to be developed on an urgent basis by the industry. 

• Tie up supplies for LNG based on demand estimates including power generation  
 
Power Industry 

• Domestic Coal being most favorable at pithead locations, its usage at these locations 
should be continued. 

• Besides GHG emissions, coal based generation also has adverse local health impacts 
attached. This discourages its use in big cities having high population and large power 
demand.  Hence, in such cities usage of cleaner fuels such as natural gas should be 
promoted. 
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