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FOREWORD 

Coal is currently the mainstay of the Indian power sector. Understanding the long-term and multifarious 

implications of a coal-based strategy for power generation is crucial to India’s energy security. As a 

research and knowledge-based institution focusing on core areas of sustainability and energy security, 

WISE deemed it extremely critical to study the problems, prospects and challenges of coal in India. This 

study was done over the past twelve months and covers the entire gamut of issues related to coal 

mining, processing, and combustion for thermal power generation in India from a holistic perspective. It 

links six themes—coal as a resource, environmental and climate externalities, the economics of coal, 

macro-economic implications of coal import, alternative RE-based transition pathways, and policy 

pointers for creating a new framework for India’s energy security.  

Modern society has been made possible on the bedrock of coal and the electricity produced from it; any 

alternate ways of producing electricity would still undeniably need electricity derived in large part from 

coal during the transition period. Since India does not have enough proved resources of conventional 

natural gas, coal may have to play the role of ‘bridge fuel’ for grid balancing and facilitating the transition 

to a green energy economy—till such a time that storage technologies and other advancements such as 

smart grids are widely available and commercially viable. However, the global threat posed by climate 

change cannot be addressed by a coal-based pathway. Climate mitigation is a major motivation, besides 

energy security and energy policy.  

We do recognize the principle of ‘differentiated responsibility’ in solving the climate problem: that 

developed countries need to first accept prime responsibility. We also recognize that constraints such as 

macro-economic, geopolitical, environmental, and resource limitations could derail a coal-based power 

generation strategy if India proceeds on a business-as-usual routine leading to sudden energy shocks. So 

the study is aimed at steering India’s long-term energy policy in the right direction. This report is not 

about the demonization of coal nor is it intended to “stop coal”. We also wish to steer clear of all the 

recent controversies in the media about coal block allocations in the country. While assessing the 

reserves of coal in India, we have not relied on the extreme perspectives of “scarcity” and “abundance” 

of coal.   

A team of about fifteen researchers from WISE were involved in this study, besides two notable senior 

external consultants, Prof Ramprasad Sengupta, a respected senior economist; and Amarendra Sinha, a 

well-known coal geologist (who spent most of his career in Coal India Ltd). The full report is about 390 

pages, covering 14 chapters, with over 400 authentic references. In this summary, we have created a 

different structure in 9 sections, but have brought out all the essential findings. Sincere efforts have been 

taken to see that the findings of the study are accurate, to the best extent possible. We hope that this 

report will be widely read and considered by all stakeholders, especially by policy makers in India, and 

help shape India’s future energy policy. The truisms and certainties of the twentieth century no longer 

hold true. In the twenty-first century, we face stark energy and economic policy choices, and making the 

right choices will help us build a resilient and sustainable energy economy. 

 
                           G M Pillai 

                  Founder Director General, WISE 
May 2013, 
Pune 
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1. COAL AS A RESOURCE FOR POWER GENERATION 

– HOW MUCH AND FOR HOW LONG – 

Table 1.1: Top Coal Exporters (2011) 

Sr. No. Countries Total (Mt) Steam (Mt) Coking (Mt) 

1 Indonesia 309 309 0 

2 Australia 284 144 140 

3 Russia 124 110 14 

4 USA 97 34 63 

5 Colombia 75 75 0 

6 South Africa 72 72 0 

7 Kazakhstan 34 33 1 

 Total 995 777 218 
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Table 1.2: Top Coal Importers (2011) 

Sr. No. Countries Total (Mt) Steam (Mt) Coking (Mt) 

1 China 190 146 38 

2 Japan 175 121 54 

3 South Korea 129 97 32 

4 India 105 86 19 

5 Taiwan 66 62 4 

6 Germany 41 32 9 

7 UK 33 27 6 

 Total 739 571 162 

Figure 1.1: Peaking of World Coal Production 
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Table 1.3: Estimates of Coal Reserves in India (Bt) 

Agency 
UNFC-type 

 
1 

Studied 
 

2 

Total 
Recoverable 

3 (1+2) 

Projected New 
Reserves 

4 

Total 
Estimated 
5 (3+4) 

Coal India Ltd (CIL) 18.11 - 18.11 5.40 23.51 

Singareni Collieries Company Ltd 

(SCCL) and Godavari valley 

3.16 - 3.16 0.40 3.56 

Captive mines 9.88 9.47 19.35 3.77 23.12 

Tata Iron and Steel Company (TISCO), 

Indian Iron and Steel Company 

(IISCO), etc. 

- - - 0.90 0.90 

Total 31.15 9.47 40.62 10.47 51.09 

Table 1.4: Projected Coal Production in India [million tonnes per annum (Mtpa)] 
[Production (50 Mt) planned from Talcher coalfields for captive coal-to-liquid project is excluded] 

Agency Resource 2011/12 2021/22 2031/32 2041/42 2051/52 

CIL Existing 435 513 467 330 235 

From Additional Resources in  
Known Areas (ARKA) 

 1 60 126 126 

From accretions   1 25 26 

Sub-total 435 514 528 481 387 

SCCL and Godavari Valley Existing 51 56 61 58 55 

Captive mines Existing 38 238 475 475 375 

From ARKA   20 60 74 

From accretions   1 25 26 

Sub-total 38 238 496 560 475 

Old captives (TISCO, etc.) Existing 15 20 25 17 9 

Grand Total 539 828 1110 1116 926 
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`

`

`

“The total estimated coal 

reserves in India is 51.09 
billion tonnes. However, the 
recoverable reserves are only 
40.62 billion tonnes. Domestic 
coal production in India is 
likely to peak after 2031/32 at 
1,100 mtpa. This assessment 
is based on reserves to 
production ratio and does not 
consider risks, constraints and 

other linking factors.” 



A Research Report by WISE 5

Table 1.5: Trends of Coal Import in India (Mt)  

Year Coking coal  Non-coking coal Total 

2001/02 11.11 09.44 20.55 

2002/03 12.95 10.31 23.26 

2003/04 12.99 08.69 21.68 

2004/05 16.94 12.03 28.97 

2005/06 16.89 21.69 38.58 

2006/07 17.88 25.20 43.08 

2007/08 22.03 27.76 49.79 

2008/09 21.08 27.92 49.00 

2009/10 24.69 48.56 75.25 

2010/11 19.48 49.43 68.91 
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Table 1.6: Coal Imports in 2010/11(Mt), by country  

Country Coking  Non-coking Total 

Indonesia 0.58 34.36 34.94 

Australia 15.95  15.95 

South Africa  10.88 10.88 

USA 1.48 0.29 1.77 

New Zealand 0.80  0.80 

Russia 0.24 0.18 0.42 

The Philippines  0.26 0.26 

China  0.11 0.13 0.24 

Vietnam  0.24 0.24 

Colombia  0.10 0.10 

UK, Kenya, Mexico, etc. 0.32 2.99 3.31 

Total 19.48 49.43 68.91 

–
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“India is getting increasingly 
dependent on imported coal for 
power generation. In 2011/12, 
India imported a total of 98.92 
million tonnes of coal – (68.893 
Mt non-coking coal and 30.036 
Mt coking coal). This is projected 
to rise to 192 million tonnes in 
2012/13. This could go upto more 
than 600 million tonnes by 2032 if 
BAU continues.” 
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Table 2.1: Cumulative Installed Coal-based Capacity vis-à-vis Total Installed Capacity 
from 1947 to 2012 
(All figures in MW) 

Month and year Total Capacity 
Added during 

the Plan 

Cumulative Installed 
Coal-based 
Capacity 

Total 
Installed 
Capacity 

% Share 

December 1947 756 756 1362 55.5 

December 1950 248 1004 1713 58.6 

March 1956 (Ist plan) 593 1597 2886 55.3 

March 1961 (2nd Plan) 839 2436 4653 52.4 

March 1966 (3rd Plan) 1981 4417 9027 48.9 

March 1974 (4th Plan) 4235 8652 16664 51.9 

March 1979 (5th Plan) 6223 14875 26680 55.8 

March 1985 (6th Plan) 11436 26311 42585 61.8 

March 1990 (7th Plan) 14925 41236 63636 64.8 

March 1997 (8th Plan) 12918 54154 85795 63.1 

March 2002 (9th Plan) 7977 62131 105046 59.1 

March 2007(10th Plan) 8990 71121 132329 53.7 

March 2012 (11th Plan) 40901 112022 199877 56.0 

 

Figure 2.1: Cumulative Installed Coal-based Capacity vis-à-vis  
Total Installed Capacity from 1947 to 2012 
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Table 2.2: Projected Coal-based Capacity (MW) for LREG and HREG Scenarios 

Sr. 
No. 

Scenario 1: Low RE, Low Gas (all figures in MW) 

 Parameter 12th Five-Year Plan  

(2012/2017) 

13th Five-Year Plan 

(2017/2022) 

Total 

1 Installed Capacity at the beginning of the 

Plan 

112022 170717 — 

2 Proposed new generation capacity 66600 49200 115800 

3 Decommissioning 4000 4000 8000 

 Scenario 3: High RE, High Gas (All figures in MW)  

Parameter 12th Five-Year Plan 

(2012/2017) 

13th Five-Year Plan 

(2017/2022) 

4 Installed capacity at the beginning of the 

Plan 

112022 159422 — 

5 New generation 51400 34000 85400 

6 Decommissioning 4000 4000 8000 
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Table 2.3: WISE Estimates of Projected Coal-Based Capacity Additions (MW) in the 14th and 
15th Plan Periods (LREG and HREG Scenarios)  

Scenario 1: Low RE, Low Gas (All figures in MW) 

Parameter 14th Five Year Plan (2022/2027) 15th Five Year Plan (2027/2032) 

New generation 79288 111206 

Decommissioning 8000 8000 

Annual growth rate  7% 7% 

Scenario 3: High RE, High Gas (All figures in MW) 

Parameter 14th Five Year Plan (2022/2027) 15th Five Year Plan (2027/2032) 

New generation 21675 13645 

Decommissioning 8000 8000 

Annual growth rate  3% 2% 
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Table 2.4: Coal-based Cumulative Capacity Additions up to 2032 for LREG and HREG Scenarios 

Scenarios Low RE, Low Gas (MW) High RE, High Gas (MW) 
Plan Period Installed 

during the 
plan period 

Total installed (by 
the end of the plan 

period) 

Installed during 
the plan period 

Total installed (by the 
end of the plan period) 

11th Plan (2007/2012) 40901 112022 40901 112022 

12th Plan (2012/2017) 66600 174622 51400 159422 

13th Plan (2017/2022) 49200 219822 34000 189422 

14th Plan (2022/2027) 79288 299110 21675 211097 

15th Plan (2027/2032) 111206 410317 13645 224742 

Table 2.5: UMPPs Approved and their Capacities 

UMPP State Developer Tariff (Rs/kWh) 

Mundra Gujarat Tata Power  2.26 

Sasan Madhya Pradesh Reliance Power 1.196 

Tilaiya Jharkhand Reliance Power 1.77 

Krishnapatnam Andhra Pradesh Reliance Power 2.333 
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Table 2.6: UMPPs yet to be Awarded Power Off -take Agreements 

UMPP Status 

Chhattisgarh UMPP, Sarguja Bidding process has started 

Odisha UMPP, Sundargarh Bidding process has started 

Tamil Nadu, UMPP, Cheyyur Site clearance required 

Andhra Pradesh (2nd UMPP) Proposed 

Odisha (additional UMPP 1) Proposed 

Odisha (additional UMPP 2) Proposed 

Maharashtra UMPP  Land clearance required 

Karnataka UMPP Land clearance required 

Table 2.7: Coal-based Power Generation for the LREG and HREG Coal Scenarios up to 2032 

Scenarios Low RE, Low Gas 
(BU) 

High RE, High Gas 
(BU) 

Plan period Generation 
during the 
plan period 

Annual generation (by 
the end of the plan 

period) 

Generation during 
the plan period 

Annual generation (by 
the end of the plan 

period) 
12th Plan (2012-2017) 4466 1047 4186 954 

13th Plan (2017-2022) 6070 1325 5324 1139 

14th Plan (2022-2027) 8389.4 1905 6290 1320 

15th Plan (2027-2032) 11667 2652 6885 1417 
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Table 2.8: Projected Coal-based Generation with Projected Total Energy Demand for LREG and HREG 
Scenarios (As per 18th Electric Power Survey)  

 End of the 11th Plan  
(2011/12) 

End of the 12th Plan 
(2016/17) 

End of the 13th Plan 
(2021/22) 

Demand as given in the 18th Electric 

Power Survey (BU) 

918 1348 1872 

Low RE, Low Gas 

Actual/Estimated coal generation (BU) 560 1047 1325 

% share 61% 78% 71% 

High RE , High Gas 

Actual/Estimated coal generation (BU) 560 954 1139 

% share 61% 71% 61% 
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Table 2.9: Projected Coal Requirements for the LREG and HREG Scenarios upto 2032 

Scenarios Low RE, Low Gas 
(million tonnes) 

High RE, High Gas 
(million tonnes) 

Plan period Requirement 
during the entire 

plan period 

Annual 
requirement (at 

the end of the plan 
period) 

Requirement 
during the entire 

plan period 

Annual 
requirement (at 

the end of the plan 
period) 

11th Plan (2007–2012) NA 600 NA 600 

12th Plan (2012–2017) 3003 692 2835 636 

13th Plan (2017–2022) 3954 856 3507 745 

14th Plan (2022–2027) 5319 1199 4060 847 

15th Plan (2027–2032) 7263 1642 4394 900 

Figure 2.2: Projected Coal Requirements for the LREG and HREG Scenarios (million tonnes) up to 2032 
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“It is time for the policy 
planners to thoroughly 
analyze the possible risks 
of coal-based power 
sector planning and 
reconsider development 
of coal-based power 
projects beyond 2022.” 
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3.  EXTERNALITIES OF COAL MINING, PROCESSING,  

AND COMBUSTION 
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Land degradation 

Figure 3.1: Land Degradation Cycle caused due to Coal Mining 

http://en.wikipedia.org/wiki/Coal_bed
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http://en.wikipedia.org/wiki/Arsenic
http://en.wikipedia.org/wiki/Beryllium
http://en.wikipedia.org/wiki/Boron
http://en.wikipedia.org/wiki/Cadmium
http://en.wikipedia.org/wiki/Chromium
http://en.wikipedia.org/wiki/Chromium_VI
http://en.wikipedia.org/wiki/Cobalt
http://en.wikipedia.org/wiki/Lead
http://en.wikipedia.org/wiki/Manganese
http://en.wikipedia.org/wiki/Mercury_%28element%29
http://en.wikipedia.org/wiki/Molybdenum
http://en.wikipedia.org/wiki/Selenium
http://en.wikipedia.org/wiki/Strontium
http://en.wikipedia.org/wiki/Thallium
http://en.wikipedia.org/wiki/Vanadium
http://en.wikipedia.org/wiki/Polychlorinated_dibenzodioxins
http://en.wikipedia.org/wiki/Polycyclic_aromatic_hydrocarbon
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Table 3.1: Some Examples of Water Requirement for Major Thermal Power Plants in 
Maharashtra

S.No Name of Project Plant Capacity 
(MW) 

District Water Requirement 
(Million m3/year) 

1 Chandrapur TPP 2340 Chandrapur 35.0 

2 Khaperkheda TPP 840 Nagpur 20.4 

3 Koradi TPP 1040 Nagpur 29.2 

4 Wardha Warora 

TPP 

540 Wardha 13.3 
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“The environmental externalities of 
coal mining, processing, and 
combustion, and their combined 
effects on biotic resources, habitats, 
water availability, livelihoods, and 
health of people will also work as 
major limiting factors in the future. 
Especially, attempts to dilute the 
restriction of ‘no-go’ forest areas for 
mining of coal, will render large tracts 
in central Indian states barren—
devastation for short-term gain when 
other alternatives were available.” 
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“Amongst the most disturbing of 
the latest research findings are 
the emerging link between 
radioactive emissions and coal 
combustion in thermal power 
stations. All coal contains traces 
of naturally occurring radioactive 
elements like uranium, thorium, 
potassium, etc.” 
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4. BALANCE OF PAYMENTS CONSTRAINT AS A MAJOR  

RISK FACTOR FOR COAL IMPORTS 

Table 4.1: Unit Price of Net Imports for Fossil Fuels Comb ined 

Year Rupees per TOE Dollars per TOE Constant Rupee per TOE 

1989/1990 2279.50 140.50 5290.87 

1994/1995 4647.94 148.14 8527.03 

1999/2000 7461.60 172.20 9870.50 

2004/2005 11713.76 261.30 11713.76 

2010/2011 20167.72 444.15 12265.30 

Growth rate 10.23% 5.75% 3.41% 

Table 4.2: Net Import Bill for Fossil Fuels Combined  

Year In Current Million Rupees In Current Million Dollars 

1989/1990 61204.90 3772.54 

1994/1995 193508.57 6167.76 

1999/2000 596017.04 13754.15 

2004/2005 1193172.50 26614.28 

2010/2011 3314655.90 72998.30 

Growth Rate 19.92% 15.05% 
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Figure 4.1: Increase in CAD relative to GDP 
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Table 4.3: Change in Foreign Exchange Reserves ($ billion) 

Particulars 2010/11 2011/12 

Foreign exchange reserves 304.8 294.4 

Change in reserves 25.7 –10.4 

BoP basis +13.1 –12.8 

Valuation basis +12.6 +2.4 
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Table 4.4: Results of Balance of Payments: Scenario 1 

Particulars 2011/12 2016/17 2021/22 2030/31 

A. Energy trade balance –116.72 –164.01 –296.02 –889.00 

B. Non-energy trade balance –73.04 –73.04 –73.04 –73.04 

I. Trade balance (A + B) –189.76 –237.05 –369.06 –962.04 

II. Invisibles, net 111.60 111.60 111.60 111.60 

III. Current account (I + II) –78.16 –125.45 –257.46 –850.44 

IV. Capital account  65.32 65.32 65.32 65.32 

V. Overall balance (III + IV) –12.84 –60.13 –192.14 –785.12 

As a percentage of GDP      

Trade balance   –9.15% –10.15% –14.39% 

Current account   –4.84%  –7.08% –12.72% 

Capital account    2.52% 1.80% 0.98% 

Table 4.5: Results of Balance of Payments: Scenario 2 

Particulars 2011/12  2016/17 2021/22 2030/31 

A. Energy trade balance –116.72 –164.01 –296.02 –889.00 

B. Non-energy trade balance –73.04 0.00 0.00 0.00 

I. Trade balance (A + B) –189.76 –164.01 –296.02 –889.00 

II. Invisibles, net 111.60 111.60 111.60 111.60 

III. Current account (I + II) –78.16 –52.41 –184.42 –777.40 

IV. Capital account  65.32 65.32 65.32 65.32 

V. Overall balance (III + IV) –12.84 12.91 –119.10 –712.08 

As a percentage of GDP     

Trade balance  –6.33% –8.14% –13.30% 

Current account  –2.02% –5.07% –11.63% 

 Capital account   2.52% 1.80% 0.98% 
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Table 4.7: Results of Balance of Payments: Scenario 4 

Particulars 2011/12 2016/17 2021/22 2030/31 

A. Energy trade balance –116.72 –164.01 –296.02 –889.00 

B. Non-energy trade balance –73.04 –143.78 –364.19 –2409.83 

I. Trade balance (A + B) –189.76 –307.79 –660.21 –3298.83 

II. Invisibles, net 111.60 266.32 635.53 3041.28 

III. Current account (I + II) –78.16 –41.48 –24.68 –257.55 

IV. Capital account  65.32 65.32 65.32 65.32 

V. Overall balance (III + IV) –12.84 23.84 40.64 –192.23 

As a percentage of GDP     

Trade balance   –11.88% –18.16% –49.36% 

Current account   –1.60% –0.68% –3.85% 

 Capital account    2.52% 1.80% 0.98% 

Table 4.6: Results of Balance of Payments: Scenario 3 

Particulars 2011/12 2016/17 2021/22 2030/31 

A. Energy trade balance –116.72 –164.01 –296.02 –889.00 

B. Non-energy trade balance –73.04 –143.78 –364.19 –2409.83 

I. Trade balance (A + B) –189.76 –307.79 –660.21 –3298.83 

II. Invisibles, net 111.60 179.73 289.46 682.54 

III. Current account (I + II) –78.16 –128.06 –370.75 –2616.29 

IV. Capital account  65.32 65.32 65.32 65.32 

V. Overall balance (III + IV) –12.84 –62.74 –305.43 –2550.97 

As a percentage of GDP     

Trade balance   –11.88% –18.16% –49.36% 

Current account   –4.94% –10.20% –39.15% 

 Capital account    2.52% 1.80% 0.98% 
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Fig 4.2: Four Scenarios of India’s future Balance of Payments 
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5. OTHER POTENTIAL RISKS AND CONSTRAINTS  

FOR COAL ELECTRICITY BEYOND 2022 
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6. COAL ELECTRICITY NOW COSTLIER  

– RENEWABLES RACING TOWARDS GRID PARITY – 

Table 6.1: Basic Assumptions for Tariff Calculation for Coal -based Projects 

Sr. No. Parameter Value 

1 Capacity utilization factor  80% 

2 Auxiliary consumption 10% 

3 Capital cost of power project  `507 lakh 

4 Salvage value 10% of capital cost 

5 Debt fraction 70% 

6 Interest rate on term loan 13.5% 

7 Depreciation for first 12 years 5.28% 

8 Depreciation for next 13 years 2.05% 

9 Discount rate  11.08% 

10 O&M cost `14.59 lakh/MW 

11 O&M cost escalation 5% per annum 

12 Return on equity  15.5% 

13 Interest on working capital  12% 

14 Station heat rate 2425 kcal/kWh 

15 Calorific value of fuel (imported) 5500 kcal/kg 

16 Calorific value of fuel (domestic) 4000 kcal/kg 

17 Fuel cost (imported)  `6000/tonne 

18 Fuel cost (domestic)  `2200/tonne  

19 Escalation in fuel cost 5% 



A Research Report by WISE

Table 6.2: Fixed and Variable Tariff for Coal-based Power Projects (Based on Blend of Imported Coal) 

 Tariff Fixed Variable  

Proportion of 
imported coal in the 
blend (%) 

(`/kWh) (¢/kWh)* (`/kWh) (¢/kWh)* (`/kWh) (¢/kWh)* 
Variable as 
% of total 

0 3.78 6.87 1.58 2.87 2.20 4.00 58.20 

10 4.08 7.42 1.60 2.91 2.48 4.51 60.78 

20 4.35 7.91 1.60 2.91 2.75 5.00 63.22 

30 4.61 8.38 1.61 2.93 3.00 5.45 65.08 

40 4.86 8.84 1.63 2.96 3.23 5.88 66.46 

50 5.08 9.24 1.63 2.96 3.45 6.28 67.91 

60 5.29 9.62 1.64 2.98 3.65 6.64 69.00 

70 5.50 10.00 1.65 3.00 3.85 7.00 70.00 

80 5.68 10.33 1.66 3.02 4.03 7.31 70.95 

90 5.86 10.65 1.66 3.02 4.20 7.63 71.67 

            (* 1US$ = `55) 

`

`

`

`

`

`

`
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“At current prices of coal, the 
tariff for new coal power from 
domestic coal will be 
`3.78/kWh (6.87¢/kWh). If 
90% imported coal is blended, 
the tariff will increase to 
`5.86/kWh (10.65¢/kWh). 
Even pool pricing will 
significantly increase the cost 
of coal-based electricity.” 

` `

`

`

`

`

` `



A Research Report by WISE

“An earlier research study by 
WISE has found that coal-based 
electricity already enjoys a 
hidden subsidy of 68 paise/kWh 
(1.45¢/kWh). This does not 
include subsidies given for 
transportation of coal.” 

 

 

 

` `

`

`
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`

`

Table 6.3: Hidden Subsidies of Select Coal -based Thermal Projects in India 

  Levelized Cost pf Generation 
without Internalization in ¢/kWh 

(`/kWh) 

Levelized Cost of Generation 
with internalization in ¢/kWh 

(`kWh) 

Subsidy in ¢/kWh 

(`/kWh) 

Project Capacity 

(MW) 

0% 

(Public) 

10% 

(Private) 

0% 

(Public) 

10% 

(Private) 

0% 

(Public) 

10% 

(Private) 

Neyveli Lignite Thermal 

Power Station-II Expansion, 

Tamil Nadu 

500 6.31 

(2.97) 

6.78 

(3.19) 

7.42 

(3.49) 

8.06 

(3.79) 

1.11 

(0.52) 

1.28 

(0.60) 

Mejia Thermal Power 

Station, West Bengal 

210 3.95 

(1.86) 

4.59 

(2.16) 

5.87 

(2.76) 

6.57 

(3.09) 

1.91 

(0.90) 

1.2 

(0.94) 

Simhadri Stage-I, Andhra 

Pradesh 

1000 3.33 

(1.55) 

3.66 

(1.72) 

4.51 

(2.12) 

5.10 

(2.40) 

1.21 

(0.57) 

1.42 

(0.67) 

Talcher Super Thermal 

Power Project Stage-II, 

Odisha 

2000 3.04 

(1.43) 

3.51 

(1.65) 

4.32 

(2.05) 

5.06 

(2.38) 

1.32 

(0.62) 

1.55 

(0.73) 

Akrimota Lignite-based 

Thermal Power Station Unit 

1&2, Gujarat  

250 4.34 

(2.04) 

5.12 

(2.44) 

5.7 

(2.68) 

6.74 

(3.17) 

1.36 

(0.64) 

1.55 

(0.73) 

Kota Thermal Power 

Station Stage IV, Rajasthan  

195 5.93 

(2.79) 

5.60 

(2.63) 

6.78 

(3.19) 

6.55 

(3.08) 

0.85 

(0.40) 

0.96 

(0.45) 

Neyveli Zero Thermal 

Power Station, Tamil Nadu 

250 12.14 

(5.71) 

10.61 

(4.99) 

13.22 

(6.22) 

11.95 

(5.62) 

1.08 

(0.51) 

1.32 

(0.62) 

Jojobera Thermal Power 

Project, Jharkhand 

240 4.7 

(2.21) 

5.42 

(2.55) 

5.7 

(2.68) 

6.63 

(3.12) 

0.10 

(0.47) 

1.23 

(0.58) 

Surat Lignite Unit III and IV, 

Gujarat 

250 7.31 

(3.44) 

7.08 

(3.33) 

8.23 

(3.87) 

8.14 

(3.83) 

0.01 

(0.43) 

1.06 

(0.50) 
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`

`

`

`

`

`

`

` `

`

`
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`

` `

`

Table 6.4: Wind Vis-à-vis Coal Tariff in Major Wind Generating States

State Average Wind 
Tariff (`/kWh) 

 Scenarios Blending 
Ratio 

Average Tariff  
(`/kWh) 

Andhra Pradesh 4.70  Only domestic coal  100-00 3.78 

Gujarat 4.30  * Domestic Imported 

(D:1)  

90-10 4.08 

Karnataka 3.70  (D:1) 70-30 4.61 

Kerala 3.64  (D:1) 60-40 4.86 

Madhya Pradesh 4.35  (D:1) 50-50 5.08 

Maharashtra 3.78-5.67  (D:1) 30-70 5.50 

Punjab 5.07  (D:1) 20-80 5.68 

Rajasthan  4.46-4.69     

Tamil Nadu 3.51     

 

*1 Derived normative tariff for coal -based thermal plant as per Central Electricity Regulatory Commission-2009 
Tariff Regulation. 

  2 Wind power tariff as per recent SERC tariff orders.  
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“Solar power may reach 
grid parity sooner than 
expected – even as early as 
2015. So all renewables are 
racing towards grid parity 
and have very negligible 
externalities.” 

` `

`

`
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`

` `

 

 

 

 

 

 

 

 

Figure 6.1: Global PV Module Price Learning Curve for C-Si Wafer-based and CdTe modules (1979 to 2015) 
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7.  The Sustainable Alternative  

– 75% Green Power by 2050 – 
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Table 7.1: Energy Intensity Growth via the Econometric Method 

Sector Growth Rate (1990/2004) Growth Rate (2005/09) 

Entire Economy –3.3% 1.0% 

Agriculture 1.9% 4.0% 

Transport –4.6% 0.6% 

Residential 2.3% –3.5% 

Industry –5.4% 1.0% 

Other Services –1.6% –5.6% 

Table 7.2: GDP Elasticity of Sector-wise GDP from 1990 to 2009 

 Industry Transport Agriculture Other services Residential 

Overall GDP Elasticity 
of Sector-wise GDP 

1.06 1.15 0.424 
Residual after accounting for 
industry, transport and agriculture. 

0.846 



A Research Report by WISE

Table 7.3: Demand for Energy in 2045/46 for Three Different GDP Growth Rates (ktoe) 

  GDP Growth Rate 

Sector Real Price of Energy 
Index Change 

8% from 

2010/2045 

8% from 2010/2031 and 
at 7% from 2032/2045 

7% from 

2010/2045 

Overall economy 0% 1658094 1513681 1311732 

3% 964018 907764 786654 

Industry 0% 334093 316782 291373 

3% 176757 167598 154155 

Transport 0% 1106257 958247 764635 

3% 380834 329881 263229 

Agriculture 0% 102570 91690 76877 

3% 59746 53409 44780 

Other services 0% 186587 172350 152041 

3% same same same 

Residential 0% 128340 121339 111101 

3% same same same 

Overall economy aggregated 0% 1857847 1660408 1396026 

3% 932263 844576 725306 

[Note: Detailed calculations of final energy demand projections have been undertaken corresponding to each of the 

above growth rates. These have not been included for reasons of space.] 

Table 7.4: Energy Intensity for 8% GDP Growth Scenario 

Year Real Price of Energy 
Index Change of 0% 

Real Price of Energy 
Index Change of 3% 

2009 0.065 0.065 

2021 0.047 0.039 

2031 0.038 0.026 

2045 0.031 0.016 
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Table 7.5: Energy Intensity for 0% Real Price of Energy Index Change  

Year GDP Growth Rate of 8% from 
2010/2045 

GDP Growth Rate of 8% from 
2010/2031 and 7% from 2032/2045 

GDP Growth Rate of 7% 
from 2010/2045 

2009 0.065 0.065 0.065 

2021 0.047 0.047 0.049 

2031 0.038 0.038 0.040 

2045 0.031 0.032 0.033 

Table 7.6: Assumptions for Sector-wise Electricity Share in Final Energy Demand for 2010/2045 
(Based on International Standards)

Share of Electricity in year Industry Transport Agriculture Other Services Residential 

2009 26.11% 2.08% 59.46% 27.16% 32.09% 

2021 30.21% 2.95% 60% 35.44% 35.31% 

2031 33.63% 4.00% 60% 42.34% 38.00% 

2045 35.00% 6.00% 60% 52.00% 45.00% 
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Table 7.7: Demand for Electricity in 2045/46 for different GDP and Price Scenarios (ktoe) 

  GDP Growth Rate 

Sector Real Price of Energy 
Index Change 

8% from  

2010/2045 

8% from 2010/2031 and at 
7% from 2032/2045 

7% from  

2010/2045 

Industry 0% 116933 110874 101981 

3% 61865 58659 53954 

Transport 0% 66375 57495 45878 

3% 22850 19793 15794 

Agriculture 0% 61542 55014 46126 

3% 35848 32045 26868 

Other services 0% 97025 89622 79061 

3% same same same 

Residential 0% 57753 54603 49996 

3% same same same 

Overall economy 

aggregated 

0% 399628 367607 323042 

3% 275340 254722 225673 

[Note: Detailed calculations of final electricity demand projections have been undertaken corresponding to each of the 

above growth rates. These have not been included for reasons of space] 

Table 7.8: Assumptions for Auxiliary and Transmission & Distribution Losses and Efficiency Factors 

Year 
Auxiliary 
and T&D 
Losses 

Linear Rate of 
Increase in 
Conversion 
Efficiency of 

Coal 

Conversion 
Efficiency 
of Coal 

Linear Rate of 
Increase in 
Conversion 
Efficiency of 

Gas 

Conversion 
Efficiency 

of Gas 

Linear Rate of 
Increase in 
Conversion 
Efficiency of 
Furnace Oil 

Conversion 
Efficiency 
of Furnace 

Oil 

2009 28.33% 

0.3077 

29.2% 

0.1154 

42.5% 

0.2308 

33.0% 

2021 20% 32.3% 43.9% 35.8% 

2031 18% 35.0% 45.0% 38.0% 

2045 15% 38.7% 46.6% 40.8% 
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Table 7.9: Gross Generation of Electricity (including Auxiliary and T&D Losses)(in Billion kWh) 

  GDP Growth Rate 

Particulars  8% from 2010/2045 
8% from 2010/2031 and 
at 7% from 2032/2045 

7% from 2010/2045 

Real price of energy 

index change of 0% 

2009 907 907 907 

2021 1537 1537 1447 

2031 2578 2578 2294 

2045 5468 5030 4420 

Real price of energy 

index change of 3% 

2009 907 907 907 

2021 1356 1356 1277 

2031 2058 2058 1834 

2045 3767 3485 3088 

Table 7.10: Share of Fuels in Electricity Generation : 
Baseline Growth in Electricity using Renewables 

Year Coal Gas Fuel Oil Hydro Electricity Nuclear Renewables 

2009 70% 11.5% 1.7% 13% 2.3% 1.5% 

2021 60% 11.5% 1.7% 13% 2.3% 11.5% 

2031 50% 11.5% 1.7% 13% 2.3% 21.5% 

2045 29% 11.5% 1.7% 13% 2.3% 42.5% 
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Table 7.11: Share of Fuels in Electricity Generation : 

Accelerated Generation using Renewables 

Year Coal Gas Fuel Oil Hydro 
Electricity 

Nuclear Renewables 

2009 70% 11.5% 1.7% 13% 2.3% 1.5% 

2021 60% 11.5% 1.7% 13% 2.3% 11.5% 

2031 45% 11.5% 1.7% 13% 2.3% 26.5% 

2045 17% 11.5% 1.7% 13% 2.3% 54.5% 

Table 7.12: Electricity Generation from Renewables for the Three GDP Growth Scenarios (in Billion kWh) 
(based on Baseline and Accelerated Growth of Renewables)

   GDP Growth Rate 

Particulars   8% from 
2010/2045 

8% from 2010/2031 and 
7% from 2032/2045 

7% from 
2010/2045 

Real price of energy index 

change of 0% 

Baseline 

growth 

2009 13.61 13.61 13.61 

2021 176.76 176.76 166.41 

2031 554.27 554.27 493.21 

2045 2323.90 2137.75 1878.50 

Accelerated 

growth 

2009 13.61 13.61 13.61 

2021 176.76 176.76 166.41 

2031 683.17 683.17 607.91 

2045 2980.06 2741.35 2408.90 

Real price of energy index 

change of 3% 

Baseline 

growth 

2009 13.61 13.61 13.61 

2021 155.94 155.94 146.86 

2031 442.47 442.47 394.31 

2045 1600.98 1481.13 1312.40 

Accelerated 

growth 

2009 13.61 13.61 13.61 

2021 155.94 155.94 146.86 

2031 545.37 545.37 486.01 

2045 2053.02 1899.33 1682.96 
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Table 7.13: Per Capita Gross Generation of Electricity (kWh/capita) for 8% GDP Growth Scenario 
(0% Real Price Index vis-à-vis 3% Real Price Index)

Year Real Price of Energy Index Change of 0% Real Price of Energy Index Change of 3% 

2009 775 775 

2021 1097 968 

2031 1681 1342 

2045 3284 2262 

Population projections based on - Population Division of the Department of Economic and Social Affairs of the 
United Nations Secretariat, World Population Prospects: The 2010 Revision, 
http://esa.un.org/unpd/wpp/index.htm 

 

 

Table 7.14: Per Capita Gross Generation of Electricity (kWh/capita) for 0% Real Price of Energy 
Index Change (For the Three GDP Growth Scenarios) 

Year 
8% GDP Growth Rate from  

2010-2045 

8% GDP Growth Rate from 
2010/2031 and 7% from 2032/2045 

7% GDP Growth Rate from 
2010/2045 

2009 775 775 775 

2021 1097 1097 1033 

2031 1681 1681 1495 

2045 3284 3021 2655 

Population projections based on - Population Division of the Department of Economic and Social Affairs of the 
United Nations Secretariat, World Population Prospects: The 2010 Revision, 
http://esa.un.org/unpd/wpp/index.htm 
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Table 7.15: India’s Electricity Demand as Projected by Various Organizations  

Organization Methodology Year of Prediction Timeframe 
(year) 

Electricity 
Demand 

(BU) 
Central Electricity Authority 
(CEA) 

Partial end-use method Draft 18th EPS (2011) 2021/22 1872–2243  

International Energy Agency 
(IEA) 

Compound Annual 
Growth Rate (CAGR) 

IEA 2009 analysis 2050 3168–3583  

European Renewable 
Energy Council (EREC) 

End-use method 2010 2050 4458–5062  

World Institute of 
Sustainable Energy (WISE) 
  

  

1.Partial end-use 
method 

2012 2050 5181 

2.Time series analysis  2050 3821 

3. CAGR method   2050 9644  
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Table 7.16: Total New and Renewable Energy Potentia l for India 

RE Technology Resource Estimation Parameter/s Estimated 
Potential (MW) 

Source 

Onshore wind 

power  

At 80 m height, 100% utilizable crop, plus 

wasteland with WPD >200 W/m2  

2,006,000 Lawrence Berkeley 

National Laboratory, 

USA 

Offshore wind 

power  

At 33% CUF, 100 m hub height with 3.6 MW 

machine rating 

380,517 Harvard University, USA 

Solar power  Solar PV: 5% utilizable wasteland in India 573,546 WISE 

CSP: 5% utilizable wasteland in India 477,955 WISE 

Rooftop solar PV 254,644 WISE 

Solar PV water pumping 37,372 WISE 

Bioenergy Biomass power  18,000 MNRE; IISc, Bengaluru  

Cogeneration (bagasse-based) 5,000 MNRE 

Waste-to-energy: municipal and industrial solid 

and liquid wastes (2017) 

7025 MNRE 

Hydro power Large hydro >25 MW 150,000 CEA 

Small hydro <25 MW  15,000 MNRE 

Other RE 

sources 

Geothermal  10,000 IIT, Bombay 

Wave energy  6,014 WISE 

Grand total   39, 41,073 WISE 

Note: The potential estimates are subject to various underlying assumptions used by the estimating agency and need 
to be seen and evaluated in that perspective. 
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Table 7.17: Decadal RE Penetration Scenarios for India by 2050 

Scenario RE Annual Targets  
(Incremental) 

Upto 2020 2021/2030 2031/2040 2041/2050 

1. Advanced Annual increment (%) 1.00 2.50 2.00 1.50 

Total RE (%) 15 40 60 75 

2. Moderate Annual increment (%) 1.00 2.0 2.00 2.0 

Total RE (%) 15 35 55 75 

3. Business-as usual (BAU) 

 

Annual increment (%) 1.00 1.5 2.00 2.5 

Total RE (%) 15 30 50 75 

 

Figure 7.1: Decadal RE Penetration Scenarios by 2050 for India 
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Table 7.18: Projected Installed Capacity (MW) and Generation (BU) of Re newable Energy under 
Various Scenarios by 2050 (For 50% and 75% RE under Wind Driven and Solar-Driven Options) 

Electricity Demand by 2050, Scenario 1: 3500 BU 

  

50% RE 75% RE 
Wind 
Driven 
(BU) 

Wind 
Driven 
(MW) 

Solar 
Driven 
(BU) 

Solar 
Driven 
(MW) 

Wind 
Driven 
(BU) 

Wind 
Driven 
(MW) 

Solar 
Driven 
(BU) 

Solar 
Driven 
(MW) 

Wind  1,050  479,452  700  319,635  1,575  719,178  1,050  479,452  

Solar 438  199,772  788  359,589  656  299,658  1,181  539,384  

Biomass 131  19,977  131  19,977  197  29,966  197  29,966  

Small Hydro  88  28,539  88  28,539  131  42,808  131  42,808  

Other REs -WTE 44  6,659  44  6,659  66  9,989  66  9,989  

Total  1,751  734,399  1,751  734,399  2,827  1,101,599  2,625  1,101,599  

Electricity Demand by 2050, Scenario 2: 4500 BU 

 

50% RE 75% RE 
Wind 
Driven 
(BU) 

Wind 
Driven 
(MW) 

Solar 
Driven 
(BU) 

Solar 
Driven 
(MW) 

Wind 
Driven 
(BU) 

Wind 
Driven 
(MW) 

Solar 
Driven 
(BU) 

Solar 
Driven 
(MW) 

Wind  1,350  616,438  900  410,959  2,025  924,658  1,350  616,438  

Solar 563  256,849  1,013  462,329  844  385,274  1,519  693,493  

Biomass  169  25,685  169  25,685  253  38,527  253  38,527  

Small Hydro 113  36,693  113  36,693  169  55,039  169  55,039  

Other REs-WTE 56  8,562  56  8,562  84  12,842  84  12,842  

Total (in MW) 2,251 944,227  2,251  944,228  3,375  1,416,340  3,375  1,416,339  

Electricity Demand by 2050, Scenario 3: 5500 BU 

 

50% RE 75% RE 
Wind 
Driven 
(BU) 

Wind 
Driven 
(MW) 

Solar 
Driven 
(BU) 

Solar 
Driven 
(MW) 

Wind 
Driven 
(BU) 

Wind 
Driven 
(MW) 

Solar 
Driven 
(BU) 

Solar 
Driven 
(MW) 

Wind  1,650  753,425  1,100  502,283  2,475  1,130,137  1,650  753,425  

Solar 688  313,927  1,238  565,068  1,031  470,890  1,856  847,603  

Biomass 206  31,393  206  31,393  309  47,089  309  47,089  

Small Hydro  138  44,847  138  44,847  206  67,270  206  67,270  

Other REs-WTE 69  10,464  69  10,464  103  15,696  103  15,696  

Total (in MW) 2,751  1,154,056  2,751  1,154,055  4,124  1,731,082  4,124  1,731,083  
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Figure 7.2: RE Energy Mix by 2050 (For Wind-Driven and Solar-Driven Scenarios) 
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“Enough RE resources to the 

tune of 3,941+ GW including 
150 GW of hydropower 
resources are available for 
greening the Indian economy. 
The total installed capacity of 
RE could range between 346 
GW and 401 GW by 2032 (33% 
RE), and 1,731 GW by 2050 

(75% RE).” 

 

 

 

 

 

 

 

 

 

 

 

 



A Research Report by WISE

8.  COMPARATIVE BENEFITS OF RE ELECTRICITY  

VIS-À-VIS COAL ELECTRICITY
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“RE technologies (except CSP) are 
largely water neutral. In an 
emerging water-stress situation 
due to climate change and 
environmental destruction, this is a 
huge benefit vis-à-vis coal based 
thermal projects – some of which 
are facing closure due to non-
availability of water for cooling.” 
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Table 8.1: Future Technology-wise Capacity Additions, (in MW), NEP 2012 

Technology Existing  
(March 
2012) 

Low RE, Low Gas (Coal-dominant) High RE, High Gas (RE-dominant) 
12th Plan  
(2012/17) 

13th Plan  
(2017/2022) 

12th Plan  
(2012/17) 

13th Plan  
(2017/2022) 

Coal 112022 66600 49200 51400 34000 

Gas  18381 1086 0 13086 13000 

Diesel 1200 0 0 0 0 

Nuclear 4780 2800 18000 2800 18000 

Hydro 38990 9204 12000 9204 12000 

RE 24503 18500 30500 30000 45000 

Total 199876 98190 109700 106490 122000 

Table 8.2: Specific Emission Values of Coal and Gas 

Technology Tonnes of CO2/MWh 

Coal Gas 

Old technology 1 0.46 

New technology 0.88 0.34 
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Table 8.3: CO2 Emissions from Coal-based Generation up to 2032 for the LREG and HREG Scenarios 

Scenario Annual Emissions 

(million tonnes) 

Low RE, Low Gas Coal Total (Power Sector) 

End of the 12th Plan (March 2017) 1004 1028 

End of the 13th Plan (March 2022) 1246 1269 

End of the 14th Plan (March 2027) 2016 --- 

End of the 15th Plan (March 2032) 2753 --- 

High RE, High Gas Coal Total 

End of the 12th Plan (March 2017) 922 956 

End of the 13th Plan (March 2022) 1082 1127 

End of the 14th Plan (March 2027) 1430 --- 

End of the 15th Plan (March 2032) 1538 --- 

 

 

 

Figure 8.1: Total Emissions for the LREG and HREG Scenarios upto 2022 



A Research Report by WISE



A Research Report by WISE

Table 8.4: Avoided CO2 Emissions due to Accelerated RE Deployment 

Scenario 1: Electricity demand by 2050: 3500 BU 

50% RE (Wind and Solar driven) 75% RE (Wind and Solar driven) 

RE units generated (BU)                            1750 2625 

Avoided emissions (MT)                            1540 2310 

Scenario 2: Electricity demand by 2050: 4500 BU 

50% RE (Wind and Solar driven) 75% RE (Wind and Solar driven) 

RE units generated (BU)                            2250 3375 

Avoided emissions (MT)                            1980 2970 

Scenario 3: Electricity demand by 2050: 5500 BU 

50% RE (Wind and Solar driven) 75% RE (Wind and Solar driven) 

RE units generated (BU)                            2750 4125 

Avoided emissions (MT)                            2420 3630 
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“RE maximization as 
proposed in this study could 
avoid up to 3.63 trillion 
tonnes of CO2 emissions per 
annum by 2050.” 
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Table 8.5: Employment Generation Potential for Various RE Sources up to 2020  
(at 15% RE Penetration) for Wind and Solar Scenarios 

RE Technology RE  Capacity Addition (MW)  
(2011/2020) 

RE Manpower Requirement  
(in millions) 

 Wind-driven Solar-driven Wind-driven Solar-driven 

Wind 59,965.00 37,028 0.899 0.555 

Solar 9,962.00 35,452 0.199 0.709 

Biomass 7,421.00 7,236 0.371 0.361 

Small Hydro 2,823.00 2,813 0.025 0.025 

Others REs (WTE) 123.00 253 0.006 0.011 

Total 80,294.00 82,782.00 1.5 1.66 

Table 8.6: Employment Generation Potential for Various RE Sources up to 2050  
(at 75% RE Penetration) for Wind and Solar Scenarios 

RE Technology RE Capacity Addition (MW) 
(2011/2050) 

RE Manpower Requirement 
(in millions) 

 Wind-driven Solar-driven Wind-driven Solar-driven 

Wind 907,013.18 598,794.01 13.61 8.98 

Solar 384,243.31 692,462.49 7.68 13.85 

Biomass 35,298.57 35,298.57 1.76 1.76 

Small Hydro 51,627.38 51,627.38 0.46 0.46 

Others REs (WTE) 12,748.79 12,748.79 0.57 0.57 

Total 1,390,931.23 1,390,931.23 24.00 25.63 
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“RE maximization can 
generate upto 1.6 million 
jobs by 2020 and 25 million 
jobs by 2050 without 
causing environmental 
destruction. This constitutes 
an enormous macro-
economic benefit to the 
economy.” 
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9.  AN ALTERNATIVE, FUTURE-ORIENTED POLICY  

FRAMEWORK FOR ELECTRICITY 
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“We can transition into a clean 
energy system without 
compromising on our economic 
development. Such a transition 
does not exclude coal, which 
would need to be used as a 
‘bridge’ fuel to help smoothen 
the transition.” 
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About WISE 

The World institute of Sustainable Energy (WISE) is a not-for-profit 
institute committed to the cause of promoting sustainable energy 
and sustainable development, with specific emphasis on issues 
related to renewable energy, energy security, and climate change. 
Since its inception in 2004, WISE has pioneered many important 
initiatives in the above areas. These include: 

 Policy research and policy advocacy in critical areas like wind power 
and solar energy, future of coal electricity in India, transition to a 
sustainable energy system by 2050, etc. 

 Piloting a model Renewable Energy law for India. 
 Developing a renewable energy pathway for achieving the target of 

15% RE by 2020, as specified by the National Action Plan on Climate 
Change (NAPCC). The Government of India has officially accepted 
WISE’s findings for inclusion in the five-year plan targets.  

 Developing state-level action plans for climate mitigation through 
accelerated deployment of clean energy technologies in many Indian 
states. 

 Engaging in developing state-level RE policies and capacity building for state RE development agencies.  
 Communication and outreach activities to propagate the need for renewables.  
 Research initiatives to prove the long-term viability of renewables. 
 Training more than 4000 personnel in various areas of RE development. 
 Providing consultancy to RE manufacturers, developers and governments. 

WISE comprises different specialist centres. They include: 
 
 Centre for Wind Power  
 Centre for Solar Energy 
 Centre for Renewable Regulation and Policy 
 Centre for Climate & Sustainability Policy  

 Centre for Administration & Finance 
 Centre for Communications & Coordination 
 Centre for Training & Conferences 
 WISE Press 

The different Centres in WISE work together in the true tradition of inter-disciplinary learning, team spirit, 
and knowledge sharing. WISE is the pioneering institution in India to possess such all-round expertise most 
essential to propel the country towards sustainability in the 21st century. 

 
 

 

 

 

World Institute of Sustainable Energy 
44 Hindustan Estates, 

Road No.2, Kalyani Nagar, Pune 411 006 
Tel: +91-20-26613832/55     Fax: +91-20-26611438 

E-mail: wiseinfo@wisein.org    Website: www.wisein.org 
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