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Technology Fact Sheet

Combined Heat and Power

Technology:

Combined heat and power “CHP” systems produce electricity or mechanical power and capture recoverable “waste” heat from power generation technologies for cooling, dehumidification, steam, hot water, or additional power generation.

Benefits:

CHP systems are highly efficient; as much as 80 percent of the fuel input can be converted into usable energy. CHP systems also greatly reduce the amount of heat, carbon, NOx, and SOx released into the atmosphere.  CHP systems could reduce annual greenhouse emissions by at least 16 million metric tons of carbon dioxide per year if goals to double U.S. installed capacity by 2010 are met.  

Energy Savings:

Energy savings are realized by using the thermal energy produced during onsite power generation to meet onsite thermal or additional power loads.  Conventionally a facility would draw electricity from the grid, which has a national average generation efficiency of 32% and transmission and distribution line losses of 7-9%.  This translates into an overall delivered efficiency around 25%.  A facility would also need to produce steam or hot water (i.e. a natural gas-fired boiler with a thermal efficiency exceeding 85%).

	Characteristic
	Grid Power and Boiler Heat
	Onsite Combined Heat and Power

	Electrical
	· 32% HHV efficiency (U.S. average)

· 7-9% line losses
	· 20-40% HHV efficiency

· No line losses

	Thermal (Boiler)
	· 85% HHV efficiency
	· Waste heat recovery

	Overall fuel use efficiency
	· 45%
	· 55-80%


The above example demonstrates that CHP systems can double the fuel use efficiency of using grid power and a boiler.  Consider the fact that a 5 MW CHP system with 75% heat recovery efficiency operating 6,500 hours a year would use approximately 100 billion BTU/year less than separate heat and power system with 45% efficiency.

Emissions:

Emissions benefits of CHP systems depend on local conditions including the fuel used for both the CHP system and the separate heat and power system. Emissions benefits are highest when a natural gas-fired CHP system is compared against a coal-fired separate heat and power system. The example below compares systems which both use natural gas therefore emissions reductions could be much greater for other systems.

	Characteristic
	Separate Heat and Power

	CHP System


	Nitrogen Oxides
	0.00124lbs/kWh
	0.00050 lbs/kWh

	Sulfur Dioxide
	0.00003 lbs/kWh
	0.00001 lbs/kWh

	Carbon Dioxide
	1.20 lbs/kWh
	0.5 lbs/kWh


If you assume 6,500 hours of operation per year, the CHP system will emit approximately 2,925 pounds/year less carbon dioxide than a separate heat and power system.

Applications:

The industrial sector offers the greatest potential for near-term growth.  Currently the majority of CHP systems are installed in the industrial sector, predominately in the petroleum refining, petrochemical, and pulp and paper industries. Advanced reciprocating engines and combustion turbines and new technologies like microturbines and in the future fuel cells combined with heat recovery, absorption cooling, desiccant dehumidification and other thermally activated technologies means that CHP is becoming increasingly economically attractive for industrial facilities and is now being considered for commercial and institutional buildings.  This involves the installation of a system that generates part of or all of the building’s electricity and thermal requirements (such as cooling, heating, hot water, and dehumidification).

Technology Calculator

	Description
	Cost


	Capital cost of unit
	$1,148/kW

	Fuel cost
	$0.017/kWh

	Maintenance cost
	$0.0059/kWh

	Total cost of generating power
	$0.023/kWh


Related Websites

www.epa.gov/chp

www.uschpa.org

www.nemw.org
www.districtenergy.org
www.aceee.org/chp

www.cogeneration.org

www.chpcentermw.org

www.rci.rutgers.edu/%7Ejonflrty/cogeneration.htm
www.energy.rochester.edu
www.cogen.org
DOE Website:

www.eren.doe.gov/der/chp

Screening and Design Tools

	Name
	Website
	Cost

	Cogeneration Ready Reckoner–Industrial CHP/Cogen
	www.eren.doe.gov/der/chp/chp-eval2.html
	Free

	RECIPRO –Small reciprocating engine applications only 
	www.thermoflow.com
	$1,500

	BCHP Screening Tool –CHP in buildings
	www.bchp.org/finance-economic.html#screen


	TBD-Currently in Beta test

	Building Energy Analyzer –CHP in buildings
	www.interenergysoftware.com
	Est. $500 -$700

	D-Gen Pro –CHP in buildings
	http://archenergy.com/dgenpro/default.htm
	$895

	Heatmap CHP –Detailed CHP system design simulation
	www.energy.wsu.edu/software/HEATMAP
	$4,000 (also requires AutoCad)

	GT Pro –Detailed gas turbine CHP system design tool
	www.thermoflow.com
	$7,000


�  Solar Turbines Taurus 60 Gen Set. Natural gas fired. Efficiency is 29.35%. Boiler is natural gas fired with efficiency of 85%. 


� CHP system with 75% heat recovery efficiency.


� “Small Gas Turbine Technology Characterization – Peer Review Draft”, Report for NREL, November 2002, Energy and Environmental Analysis (Energy Nexus Group). Actual costs may vary widely and are affected by site requirements and conditions, regional price variations, and environmental and other local permitting requirements. Fuel costs based on $5MMBTU and a 5MW gas turbine.





