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Combined Heat & Power (CHP) 

ωTwo outputs (heat and electricity) in any 
sequence
ωTopping cycle most common

ωBottoming cycle converts waste heat to power

ωCan use any fuel

ωUses proven equipment

ωMinimizes heat rejection to atmosphere 

ωAlso called Cogeneration
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State Percent of Total CHP Capacity
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State Percent of Total CHP Capacity in the USA

(States with > 1000 MW CHP)
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Combined Heat & Power (CHP)
Significant Energy Conservation Measure 

ωEstimated Annual Energy Savings 0.46 Quads 

ωAbout equal to fossil fuel savings of the entire 
Texas nuclear fleet

ωSaved 5 times the fossil fuel that wind energy 
saved in 2007
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ÅChemical and refining industries 
dominate CHP capacity

Å/It ƴƻǿ ƳŜŜǘǎ мр҈ ƻŦ ¢ŜȄŀǎΩ ǎǳƳƳŜǊ 
peak capacity needs
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Energy Conservation Steps

COGENERATION

UTILITIES

CONTROLS

INTEGRATION

EQUIPMENT

PROCESS
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CHP Savings

ÅAggressive energy conservation program can 
save 10 to 40%.

ÅAdding CHP can save up to 3 times as much 
energy when compared to grid average.

ÅVery capital intensive.

ÅProject financing reduces capital outlay, but 
also reduces benefits.

ÅImproves reliability
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ERCOT Daily Load Curve
August 2, 2007
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Natural Gas Heat Rate
BTU/KWH (HHV)

ÅSteam Plants  & Peakers 9,500 ς15,000

ÅGE LMS 100 Simple Cycle 8,500

ÅCombined Cycle (F-Class) 6,900

ÅCombined Cycle (G-Class) 6,300

ÅGas Turbine CHP (FCP) 4,300

ÅGas Engine Jacket Water CHP (FCP)3,900

ÅAbsorption Cooling Heat Recovery8,000-13,500
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Fuel Chargeable To Power (FCP)
BTU/KWH
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Gas Turbine 

FCP=
Fuel-

Heat
Eff

Power
 

Back Pressure Steam Turbine 

FCP=3412/Blr Eff/Gen Eff 

Absorption Cooling 

FCP= Fuel/( Power+ Cooling/ COP)  



Representative Baseload Power Costs
(Not including incentives or emissions)
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Fixed Charge Rate 15%

Line Loss 7%

Coal IGCC CC Gas Large CHP Small CHP Wind

Unit Cost,$/kw 2000 2254 900 900 2000 1800

Heat Rate, Btu/kwh 8850 8300 6750 4200 4200 0

Fuel,$/MMBtu 2.00 2.00 8.00 8.00 8.50 -

O&M,$/kwh 0.025 0.035 0.011 0.009 0.013 0.028

Capacity Factor,% 85% 85% 95% 95% 95% 40%

TYPICAL POWER PRODUCTION COSTS,$/MWH

Capital 40 45 16 16 36 77

Fuel 18 17 54 34 36 0

O&M 25 35 11 9 13 28

Generating Cost 83 97 81 59 85 105

Line Loss 6 7 6 0 0 7

Total 89 104 87 59 85 112



Representative Baseload Power Costs
(Not including incentives or emissions)
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Texas CHP Technology
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Relative Installed Cost per KW
Single Gas Turbine CHP Unit
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Relative Installed Cost per KW
Gas Turbine/Engine CHP Unit
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.ǳƛƭŘ ƛǘ ŀƴŘ ǘƘŜȅ ǿƛƭƭ ŎƻƳŜΧΦ

Calpine Deer Park Energy Center ς
Shell Refinery
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Air Products Hydrogen Cogeneration Plant
Port Arthur, TX
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Cogeneration Paradigms

ÅReduce thermal energy use and temperature

ÅSize system to match reduced thermal load

ÅMaximize heat recovery

ÅMaximize efficient power output

ÅDesign for flexibility

ÅMaximize unit size

ÅUtilize available fuel
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/ItΥ ²ƘŀǘΩǎ ƘƻƭŘƛƴƎ ƛǘ ōŀŎƪΚ
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ωCHP plants are smaller resulting in higher unit costs
ωPower marketing
ωSelling or buying small block of power power at a fair price
ωPerception of less flexibility to meet market dynamics

ωAvailability & cost of capital
ωCHP is more complex to develop
ωRegulations usually biased toward larger resources
ωEnergy supply is secondary to core business activities
ωCost of natural gas from local distributor



The Future for CHP

ÅEncouraged by energy costs and policies

ÅSmaller systems designed to match thermal load

ÅPlatform to manage distributed resources

ÅRemote dispatching of smaller systems

ÅIncreasing efficiency and reliability
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Conclusions

ÅCHP significantly reduces fossil fuel use and 
emissions 

ÅWell proven technology

ÅCHP facilities improves power reliability.

ÅBarriers to full implementation of CHP can be 
overcome by increased education and improved 
public policy.
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