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Overview

Water use by electric power plants is becoming an increasingly important issue in many regions of the country, especially in the southwestern United States. To mitigate carbon dioxide (CO2) emissions from fossil-fueled power plants, carbon capture and storage (CCS) technologies are receiving considerable attention from the U.S. Department of Energy (DOE) and others.  In the recently announced Clean Power Plan (CPP), the U.S. Environmental Protection Agency (EPA) indicated that CCS could be a viable, cost-effective option for states to achieve the required reduction in CO2 emissions from resident power plants. Therefore, the main objectives of our project are to extend and apply the analytical capabilities of the Integrated Environmental Control Model (IECM), developed by Carnegie Mellon University, to simulate possible CO2 mitigation measures for coal and natural gas power plants in New Mexico to comply with the CPP regulations concerning existing power plants.  In particular, we examine the impact of the CPP on the levelized cost of electricity (LCOE) for the state, the resulting cost of the ton of CO2 avoided for the different implementations, and assess the subsequent makeup water use requirements for the state fossil fuel-fired electric power plants using a variety of cooling technologies and processes for CCS.  

Methods

For illustrative purposes, the enhanced IECM is applied in conjunction with the EPA's 2010 NEEDS and eGRID databases to estimate state-level water use for current electric power plants (with and without CCS) in New Mexico.  The electric generating unit (EGU) specific parameters, shown in Table 1 for a pulverized coal (PC) and a natural gas combined cycle (NGCC) plant in New Mexico, are used in part to simulate the unit in the IECM.  Resulting water use values are adjusted by heat rates for NGCC units, according to the IECM NGCC default values.  To determine the LCOEs and the CO2 emission intensities, the fiscal and technology specific values in Table 2 are applied in the IECM.  The capital and operation and maintenance costs for existing and new solar and wind energy power sources are calculated from published values and the constants in Table 2. 
Table 1. Examples of site-specific EGU parameters from databases and the IECM modeling results.

	Plant name and boiler 
	San Juan boiler 4
	Luna

	ORIS Plant Code
	2451
	55343

	Plant type
	PC steam
	NGCC

	Emission intensity (lbs CO2/MWh)
	2,354
	905

	Heat Rate (Btu/kWh)
	10,685
	7,418

	Capacity factor (fractional)
	0.6731
	0.3350

	Generation (MWh)
	3,272,251
	1,907,383

	Calculated unit LCOE ($/MWh)
	32
	57

	Calculated annual makeup water use 
(billion gallons/year)
	2.7
	0.2


Table 2. Financial and CCS system assumptions. 

	Variable
	Value

	Year costs reported
	2010

	Costs basis (dollar type)
	Constant

	Fixed charge factor PC and NGCC (fraction)
	0.113

	Fixed charge factor renewables (fraction)
	0.12

	Book life wind (years)
	20

	Book life other (years)
	30

	Construction costs
	Overnight

	CCS Type
	Post-combustion

	Capture method
	Fluor, FG+ amine

	Power and Steam Source
	Auxiliary gas-fired boiler

	CO2 transportation method
	Pipeline

	CO2 storage method 
	Geological


Results

Implementation of the CPP final regulation on a rate basis with the default mitigations measures outlined by the EPA could result in a 24% decrease in water use in New Mexico (relative to 2012 use and excluding generation from oil and gas-fired steam EGUs) primarily from retiring coal-fired EGUs and supplementing the lost power production with that from low-water use NGCC production (Table 3).  The reliance on more costly natural gas and renewable energy could increase the total state fleet LCOE by 19%.  However, the level of the PC and NGCC fleet CO2 emission rate could fall 37% from 1,850 lbs CO2/MWh to 1,170 lbs CO2/MWh at a cost of 27 $/ton CO2 avoided.  The addition of a post-combustion CCS plant operating at 40% capture solely on San Juan EGU 4, in the aforementioned scenario, could result in the same decrease in emission rate as before, but at a 4% lower increase in fleet LCOE and a 11% decrease in the cost of CO2 avoided; only 5% more water use is required.  Each of these implementations results in a lower emission intensity than that obtained with the proposed CPP; however, the proposed plan yielded a 43% reduction in fleet makeup water use, and resulted in a lower fleet LCOE and less expensive fleet-wide cost of CO2 avoided. 

Table 3. 2030 CPP model results for fossil fuel and fleet-wide power plants in New Mexico, excluding oil and gas-fired steam EGUs.
	Clean Power Plan Scenario
	2012 baseline
	Proposed Rule
	Final Rule
	Final with 40% CCS*

	Weighted average cost of CO2 avoided for all PC and NGCC generation ($/ton)
	
	
	27
	24

	Weighted average LCOE for all PC and NGCC generation ($/MWh)
	42
	42
	52
	51

	Cost of CO2 avoided for entire fleet generation ($/ton)
	
	23
	37
	26

	LCOE for entire fleet generation ($/MWh)
	47
	52
	56
	54

	CO2 emission intensity for entire fleet generation (lbs/MWh)
	1,610
	1,160
	1,140
	1,110

	Annual makeup water use for entire fossil fuel fleet 

(billion gallons/year)
	10
	6
	8
	8


*The LCOE for CCS includes the site-specific transportation and storage costs.  
Conclusions

This research provides an integrated analysis to support water resources planning for low-carbon electricity generation. The preliminary results indicate that while adding CCS to a coal-fired power plant would significantly increase plant-level water use (with magnitudes depending on the power plant, cooling system, and CCS designs), the overall increase in water use could be small in comparison to fleet-level water use in the CPP rate implementation.  In contrast, a shift from coal to natural gas and renewable energy for low-carbon electricity generation would reduce the state-level water use by 24% from the current makeup water level. 
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