
COST-EFFECTIVENESS OF POWER PLANT COOLING SYSTEM RETROFITS AS A CLIMATE ADAPTATION STRATEGY: THE CASE OF TEXAS

Aviva Loew, Department of Engineering and Public Policy, Carnegie Mellon University, 224-688-1767, aloew@andrew.cmu.edu
Dr. Paulina Jaramillo, Department of Engineering and Public Policy, Carnegie Mellon University, 412-268-6655, pjaramil@andrew.cmu.edu
Dr. Haibo Zhai, Department of Engineering and Public Policy, Carnegie Mellon University, 412-268-1088, hbzhai@andrew.cmu.edu
Overview

The water demands of power plant cooling systems strain water supply and make power generation vulnerable to water scarcity. Cooling systems range in their rates of water use, capital investment, and annual costs. Using Texas as a case study, we examined the possibility of retrofitting existing  coal and natural gas combined-cycle power plants with alternative cooling systems, either wet recirculating towers or air-cooled condensers for dry cooling. We gathered data on existing power plants and modeled them using the Integrated Environmental Control Model (IECM), incorporating meteorological data to estimate operation characteristics of retrofitted plants. We also estimated the costs of retrofitting the existing power plants. We quantified the anticipated annual water savings of the retrofits and the cost-per-gallon of water savings, integrating uncertainty into the calculations. Our results demonstrate that retrofitting once-through coal plants are most cost-effective in averting water use, but policy implications for retrofit prioritization depend on multiple factors in addition to our analysis.
Methods

We modeled a fleet of power plants to determine present water withdrawal and consumption rates, and also modeled how retrofits would affect water use and at what cost. This analysis focuses on coal-fired power plants and natural gas combined-cycle plants (NGCC) in Texas. Due to data availability, we exclude nuclear plants, combined heat and power systems, and gas-fired plants that use only gas or steam turbines. We collected power plant data from EIA and EPA sources, and our final database consists of 52 plants that account for roughly 50% of the installed capacity and 60% of generation output in Texas. Using ambient weather conditions and the Integrated Environmental Control Model (IECM) developed at Carnegie Mellon University, we modeled current water withdrawal and consumption rates at these plants. We also modeled projected rates under a series of cooling system retrofits, and the expected costs incurred by these retrofits. Combining water savings with levelized capital, fuel, and O&M costs at individual plants, we assessed the cost of retrofits per annual gallons of averted water withdrawal and consumption.
Results

Comparing coal and NGCC plants, retrofits at coal plants save greater water volumes per dollar invested. This is because the steam turbine, and associated steam cycle, is much larger at coal plants where generation is not split between steam and gas turbines. At combined cycle plants, the gas turbine contributes to the largest portion of generation, so the steam cycle at these plants uses comparably less water per overall generation output. Overall retrofit costs for NGCC plants are lower than the coal plants, but when compared on a dollar-per-gallon-saved basis, the cost is instead higher.
Once-through cooling systems have higher water use and as well as higher uncertainty in water use, relative to recirculating systems. This is partly a function of scale – once-through cooling systems withdraw more water as well, so the larger estimates introduce greater unpredictability. Lower capacity factor plants also display higher uncertainty and costs because the retrofit investment is diffused over a smaller amount of generation.

Conclusions

While the data highlight once-through to recirculating system retrofits for coal plants as the most cost-effective investment that saves the greatest withdrawal volume, the recommendations for retrofit prioritization rely on several other variables. For recirculating systems, withdrawal reduction volumes far exceed the associated increases in consumption volume, but nonetheless the tradeoff exists. The substantial withdrawal volume associated with coal plants increases water savings per power generation and retrofit cost. As expected, dry-cooling retrofits save more water but at a higher cost. The average withdrawal savings for dry cooling retrofits at coal plants come at a cost of .82 cents per gallon, and .007 cents per gallon for recirculating retrofits. At NGCC plants, dry cooling and recirculating retrofits had average costs of 1.8 and .014 cents per gallon, respectively.
Policy implications also depend on how capacity may shift towards more efficient and generally newer NGCC plants, and away from soon-to-be retired, less efficient coal plants. Additionally, a decision-maker will need to consider water stress levels. Less cost-effective retrofits may still be more desirable than others in regions routinely experiencing severe water shortage.
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