Water Use for Electricity Generation
The majority of U.S. electricity generation is thermoelectric: coal (44%), natural gas (24%), and nuclear (20%) (EIA 2010).  Thermoelectric power generation requires large volumes of water for cooling.  For once-through cooling, water is withdrawn, run through the condenser to absorb the plant’s waste heat, and then discharged to its source (typically a river) at a higher temperature (see Figure 1).  This warm-water discharge results in a heat plume that releases some steam before equilibrating with the ambient river temperature.  The amount of water that evaporates from this heat plume is much smaller than the total volume of water that is cycled through the power plant, so withdrawals for once-through cooling systems are much larger (200x) than consumption (evaporative losses).  In contrast, closed-loop cooling systems (see Figure 1) consume less than twice the amount they withdraw.  Air, propelled either by a fan or the natural difference in air density at the top and bottom of the tower, enters the bottom of the cooling tower and flows upward while heated water enters near the top and flows down.  The air updraft cools the heated water, evaporating some of the water, which exits the top of the tower as steam.  Water that reaches the bottom of the tower in liquid form is recirculated, and fresh makeup water is withdrawn from a nearby source to replace the evaporated water.  To avoid excessive mineral buildup in the recirculated cooling water, this water must be periodically discharged, known as blowdown, when it reaches between 5 and 10 times the natural mineral concentration (known as cycles of concentration) (EPRI 2002).  It is because of blowdown that withdrawals for closed-loop cooling are slightly higher than consumption.  
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Figure 1: Power Plant Cooling Systems – Once-Through (Left) and Closed-Loop (Right)

(Based on information from EPRI (2002))

Total withdrawals and consumption per unit of electricity produced varies not only by system type, but also by fuel (nuclear, coal, natural gas, etc.).  Data on cooling water use for coal-fired power plants and nuclear plants are taken from NETL (2008), which inventories all coal-fired and nuclear power plants in the U.S., identifying each plant’s cooling system(s).  Because such an inventory does not exist for natural gas, biomass, or oil-fired power plants, each plant listed in the eGRID database (U.S. EPA 2007) is assigned the national average water use for coal plants, with 38% of generation utilizing once-through with freshwater, 3% using once-through with saline, and 59% using closed-loop.  Finally, water consumption at geothermal plants listed in eGRID is estimated using data from Gleick (1994) and GEA (2010).  

There is one non-thermoelectric power plant that results in significant water consumption: hydroelectric dams.  When dams are built, they typically cause an increase in the surface area-to-volume ratio of a river, which in turn increases surface evaporation.  If this change in evaporation is attributed exclusively to hydroelectricity production, the results are dramatic; for example, hydroelectricity in Arizona results in 245 L of consumptive water use per kWh of power produced (Torcellini et al. 2003), as compared to 1.8 L/kWh for a typical closed-loop coal-fired power plant.  The question of whether all of the evaporative losses should be attributed to hydroelectricity is an important one; dams are also built for irrigation, public water supply, and flood control.  Because most studies choose not to include hydroelectricity-related water consumption (Gleick 1994, Younos et al. 2009, EPRI 2002, NETL 2008), this analysis remains conservative and does not include hydro-related water use.  

Finally, line losses between power plants and final uses must be accounted for.  NERC region-specific loss factors are taken from Deru and Torcellini (2007).  Although the electricity is lost, rather than being consumed for some functional use, line losses are treated as electricity consumption for the fuel transportation, distribution, and storage phase.  Table 1 shows the electricity mixes for each NERC region as well as region-specific line losses.  Table 2 shows water use by plant type.  For coal and nuclear power plants, data from NETL on the cooling systems for each plant in the U.S. were used.  These plant-specific data are available for download in the Documentation section as well.  
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Table 1: Electricity Mixes and Emission Factors

	Fuel
	Cooling System
	Boiler Type/Plant Type
	FGD System
	Withdrawals (L/kWh)
	Consumption (L/kWh)
	Data Source

	Coal
	Once-Through
	Subcritical
	Wet
	1.0E+02
	5.2E-01
	NETL (2008)

	Coal
	Once-Through
	Subcritical
	Dry
	1.0E+02
	4.3E-01
	NETL (2008)

	Coal
	Once-Through
	Subcritical
	None
	1.0E+02
	2.7E-01
	NETL (2008)

	Coal
	Once-Through
	Supercritical
	Wet
	8.6E+01
	4.7E-01
	NETL (2008)

	Coal
	Once-Through
	Supercritical
	Dry
	8.6E+01
	3.9E-01
	NETL (2008)

	Coal
	Once-Through
	Supercritical
	None
	8.5E+01
	2.4E-01
	NETL (2008)

	Coal
	Once-Through
	AVERAGE
	AVERAGE
	9.8E+01
	5.0E-01
	Calculated

	Coal
	Recirculating
	Subcritical
	Wet
	2.0E+00
	1.7E+00
	NETL (2008)

	Coal
	Recirculating
	Subcritical
	Dry
	1.9E+00
	1.7E+00
	NETL (2008)

	Coal
	Recirculating
	Subcritical
	None
	1.8E+00
	1.5E+00
	NETL (2008)

	Coal
	Recirculating
	Supercritical
	Wet
	2.5E+00
	2.0E+00
	NETL (2008)

	Coal
	Recirculating
	Supercritical
	Dry
	2.5E+00
	1.9E+00
	NETL (2008)

	Coal
	Recirculating
	Supercritical
	None
	2.3E+00
	1.7E+00
	NETL (2008)

	Coal
	Recirculating
	AVERAGE
	AVERAGE
	2.1E+00
	1.8E+00
	Calculated

	Coal
	Cooling Pond
	Subcritical
	Wet
	6.8E+01
	3.0E+00
	NETL (2008)

	Coal
	Cooling Pond
	Subcritical
	Dry
	6.8E+01
	2.9E+00
	NETL (2008)

	Coal
	Cooling Pond
	Subcritical
	None
	6.8E+01
	2.8E+00
	NETL (2008)

	Coal
	Cooling Pond
	Supercritical
	Wet
	5.7E+01
	2.4E-01
	NETL (2008)

	Coal
	Cooling Pond
	Supercritical
	Dry
	5.7E+01
	1.6E-01
	NETL (2008)

	Coal
	Cooling Pond
	Supercritical
	None
	5.7E+01
	1.5E-02
	NETL (2008)

	Coal
	Cooling Pond
	AVERAGE
	AVERAGE
	6.5E+01
	2.3E+00
	Calculated

	Natural Gas
	Once-Through
	AVERAGE
	N/A
	9.8E+01
	5.0E-01
	Calculated

	Natural Gas
	Recirculating
	AVERAGE
	N/A
	2.1E+00
	1.8E+00
	Calculated

	Biomass
	AVERAGE
	AVERAGE
	N/A
	2.7E+00
	2.3E+00
	Gleick (1994)

	Nuclear
	Once-Through
	AVERAGE
	N/A
	1.2E+02
	5.2E-01
	Torcellini et al. (2003)

	Nuclear
	Recirculating
	AVERAGE
	N/A
	4.2E+00
	2.4E+00
	Torcellini et al. (2003)

	Nuclear
	Cooling Pond
	AVERAGE
	N/A
	7.9E+01
	5.4E+00
	Calculated

	Oil
	Once-Through
	AVERAGE
	N/A
	9.8E+01
	5.0E-01
	Assumed to be same as coal

	Oil
	Recirculating
	AVERAGE
	N/A
	2.1E+00
	1.8E+00
	Assumed to be same as coal

	Geothermal
	Once-Through
	Vapor Dominated
	N/A
	1.3E+01
	1.3E+01
	Gleick (1994)

	Geothermal
	Recirculating
	Vapor Dominated
	N/A
	6.8E+00
	6.8E+00
	Gleick (1994)

	Geothermal
	Recirculating
	Water Dominated
	N/A
	1.5E+01
	1.5E+01
	Gleick (1994)


Table 2: Water Use for Thermoelectric Power Generation
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