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CO2 DATA (2005)

Nation 
GDP-PPP, 
Billion $

CO2; 
10^9 Tons

CO2; 
t/yr. person

CO2; 
g/$,PPP

USA 12,400 6.1 20.3 491.9

China 5,331 4.9 3.5 919.2

Japan 3,950 1.3 9.3 329.1
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Japan 3,950 1.3 9.3 329.1

India 2,741 1.1 1.1 401.3

Germany 2,420 0.9 10.5 371.9

Russia 1,560 1.5 11.0 865.4

Wor ld 61,000 25.0 4.2 409.8



Tata Power: Growth Plan
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Growth Story to be built on Strong Sustainable Por tfolio FoundationGrowth Story to be built on Strong Sustainable Por tfolio Foundation
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REDUCING CO2 EMISSIONS – STEPS

Prepare a CO2 Emissions Inventory. 

Improve efficiency by energy audits and rehabilitating old, inefficient plants.
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Higher efficiency technologies (Super-Critical and IGCC) for new plants.  

Renewable energy – Hydro, wind, solar, bio-energy, ocean and geo-thermal. 

Carbon Capture and Sequestration/Reuse (CCS/CCR).



CO2 Emissions: 2008-09*
Thermal Power Produced  = 13.2 Million MWh
Renewable Produced         =   1.6 Million MWh 
Total Power Produced       = 14.8 Million MWh 
Renewable Production    =  10.8% of total
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Total CO2 Emissions         = 11.1 Million Tons  
CO2 Intensity= 11.1/14.8   = 0.748 Tons/ MWh 

= 748 kg/MWh**

*Excludes emissions from power purchased. Includes ~10,000 tons from business travel. 
* *Down 1.5% from 760 kg/MWh in 2007-08. Power produced at Haldia from “process gas 

heat recovery”  is added to renewable/clean power.                       



TATA POWER ELEVEN 

• Mr. Ener-j i Efficient: Captain, W/K, Opener
• Mr. Super  Dry Brown: Opener
• Mr. I  G C Cycle: One Down 
• Mr. C C Gas: Two Down
• Mr. C C Reuse: Three Down
• Mr. New Clear : All Rounder
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• Mr. New Clear : All Rounder
• Mr. Geo Thermal: All Rounder
• Mr. Hydro Power: Off Spinner
• Mr. Fast Wind: Pacer  
• Mr. Good Old Sun: Leg Spinner
• Mr. Bio Mass: Medium Pace



CO2 Intensity For The Growth Plan
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Carbon Intensity in 2030 will depend on technology improvements in renewable and Carbon Capture 
Sequestration/Reuse (CCS/CCR): 
• Scenar io 1: Aggressive Coal
• Scenar io 2: Coal with  Renewable
• Scenar io 3: Coal with Renewable, Nuclear and CCS/CCR

With CCS/CCR� � � � � �
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CCS/CCR OPTIONS (IPCC, 2005)
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Indian Geology (2006)
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PFD FOR MEA CO2 CAPTURE (CC) SYSTEM
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AMINE BASED COMMERCIAL SOLVENTS1

Supplier /  Solvent Loss, ���� Solvent Cost ���� Steam Used
Solvent kg/ton CO2 $/kg $/ton CO2  kg/kg CO2

Many/MEA 1.0 to 3.0 1.25 2.50 2.0
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Fluor/MEA+ 2.0 1.50 2.30 2.3

MHI/KS-1* 0.35 3.00 1.55 1.5

1: US EPA (2006);  +: With Inhibitors  * : Hindered Amines



NEW PC PLANT (500 MW): WITHOUT CCS 1,2,3

Parameter  Sub Cr itical Super  Cr itical
Net Thermal Eff., % 34.8 41.9 
Net Heat Rate, Kcal/kWh 2,490 2,070 
Coal Used tons/hr 200.7 166.9 
Gross Power, MW 541 543 
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Gross Power, MW 541 543 
Capital Investment, $/ kW 1,387 1,575 
LCOE, cents/kWh 5.2 4.3 

1: Sub-bituminous coal; High Heating Value (HHV) = 4,800 kcal/kg (as received). 
2: EPA, 2006: With a SCR system (NOx < 15 ppmv) and a limestone FGD (SO2 < 10 ppmv).
3: Costs are + 30%, US Dollars. December 2004.



NEW PC PLANT (500 MW): WITH CCS 1,2,3,4

Parameter  Sub Cr itical Super  Cr itical
Net Thermal Eff., % 26.1 31.5 
Net Heat Rate, Kcal/kWh 3,110 2,590 
Coal Used tons/hr 261.5 208.6 
Gross Power, MW 670 673 
Capital Investment, $/ kW 1,997 2,270 
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Capital Investment, $/ kW 1,997 2,270 
LCOE, cents/kWh 7.8 6.5
Cost of CCS, $/ton CO2              70 65

1: Sub-bituminous coal; HHV = 4,800 kcal/kg (as received). CO2 Removal = 85%.
2: EPA, 2006: With a SCR system (NOx < 15 ppmv) and a limestone FGD (SO2 < 10 ppmv).
3: Costs are + 30%, US Dollars. December 2004.
4: IPCC, 2005 (TS.3): Sequestration is assumed to be on shore within 100 km of the plant: $5/ton 

CO2 for pipeline (life cycle cost) and $5/ton CO2 for compression (life cycle cost)..   



PROBLMES WITH MEA SYSTEMS

• Degradation of MEA due to O2, SO2, NOx
• Losses to flue gas and leakage: Solvent costs
• High solvent regeneration energy required
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• Corrosion of vessels, packing, piping 
• Higher capital costs (~ 44% for new) 
• Higher operating costs (~ 24% for new)
• Higher Cost of Energy (~ 42% for new)
• Retrofit could be almost double as expensive



R& D WORK WITH CC SOLVENT SYSTEMS

• Solvents with higher CO2 loading (kg/kg)
• Solvents that will resist O2, SO2, NOX

• Packing with higher surface area (250 m2/m3)
• Packing with lower gas DP at high gas velocity 
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• Packing with lower gas DP at high gas velocity 
(3 m/sec) and high L/G ratio (60 m3/m2.hr)

• (NH4)2CO3: Alstom and Powerspan (in USA)
• K2CO3: U. of Texas, Austin, TX, USA
• Penalty Targets: Energy < 10%; Cost <  20%



PFD FOR OXY-FUEL COMBUSTION
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REVIEW OF OXY-FUEL COMBUSTION

Advantages
• Concentrated SO2, NOx and CO2

• Absorption systems will be much smaller
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• A 30 MW demo is being run by Vattenfall 
Disadvantages
• Higher energy for pure O2 than MEA system
• Difficult to retrofit 



R& D WORK ON OXY-FUEL COMBUSTION

• More efficient membranes for pure O2 system 
• More efficient adsorbents for pure O2 system 
• Optimization of combustion and CC
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• Optimization of combustion and CC
• Defined system for SO2 and NOx control
• A 10 MW pilot plant is planned by B&W
• A 30 MW demo plant is built by Vattenfall 



LIFE CYCLE COST: CCS PLANT ($/ton CO2)1,2,3

Technology���� PC + Post Oxy-Fuel IGCC 
Components Combustion  with ASU4 Pre-Comb.

Capital Costs 25 40 15
Comp/Piping   10 10 10
Solvent 5 1 5 
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Solvent 5 1 5 
Labor, O&M 10 10 10 
Energy Cost 20 25 15

Total ($/ton) 70 86 55
1: Sub-bituminous coal; CO2 Removal = 90%. Costs are + 30%, December 2008. First Finance Webinar. 
2: System preceded by a limestone FGD (SO2 < 10 ppmv) for Post Combustion option. 
3: Sequestration within 100 km of the plant: $5/ton CO2 (pipeline) and $5/ton CO2 (compression). 
4. ASU = Air Separation Unit. 
__________________________________________________________________

CCR Break Even: 1 Barrel Oil/ton and 450 nm3 Gas/ton.



CONSTRAINTS ON CC TECHNOLOGIES: 2009 

High Investment 
and energy 

penalty

Technologies at 

Amine CC capital investment will be ~1.9 Crore/MW 
(~44% of power plant); Parasitic energy would be 
~ 24% of gross output and COE will be ~42% 
higher as of Jan. 2008! More for Oxy-Fuel CC.

CC technologies for coal-fired power plant are in 
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Sequestration/Reuse
Uncer tainty

Technologies at 
pilot/demo scale

Regulatory 
uncer tainty

CC technologies for coal-fired power plant are in 
pilot (1-5 MW) or demo (10-30 MW) scale; Thus
uncertainty in scale-up to 500 MW

Limited CO2 reuse in Gas/Oil/Methane Recovery;
Costs of compression/transport; Leakages??  

No global consensus, Limits long-term loans and 
raises interest rates: Limited global financing 



� Evaluating CO2 sequestration potential for areas near our coal power plants 

� Evaluating Enhanced Oil Recovery (EOR): Trombay to Bombay High (ONGC)

� Evaluating Enhanced Coal Bed Methane (E-CBM) in eastern India (Orissa) 

Carbon Capture &  Sequestration/Reuse (CCS/CCR) 
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Any Questions?

For copies of this presentation, please send an 
e-mail to:
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apatkar@tatapower.com


