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1. Executive Summary 

The existing coal fleet in the United States exacts an expensive toll on the US. The fleet 

itself is fairly inexpensive to operate, and for years has been a source of cheap 

electricity for utilities. However, we know now that each year, this coal fleet poisons our 

lungs with acid gasses and toxic particulates, causing thousands of premature deaths 

each year. The fleet burdens waterways with millions of tons of leaching coal wastes, 

heats hundreds of waterways with thermal effluent, consumes millions of acre-feet of 

water, and releases the largest fraction of emissions which poise us on the brink of 

catastrophic climate change. These costs, as dramatic as they may be, are almost 

completely hidden from the public view and are invisible to consumers. As such, the 

costs are typically ñexternalò to the cost of doing business. Utilities and consumers who 

do not see these costs fail to account for the full economic impact of their electric 

choices. 

A companion report entitled ñBeyond BAUò (2010) found that the full coal fleet could be 

retired and replaced by 2050 at no net cost to ratepayers (relative to a business-as-

usual trajectory), even without accounting for these external costs. This report illustrates 

just some of the costs from which ratepayers have been insulated and estimates the 

degree to which these costs could be avoided by 2050 relative to the BAU. 

Each year, the existing coal fleet is responsible for: 

¶ Between 8,000 and 34,000 premature deaths from inhaling fine particulate 

matter from coal combustion 

¶ Over 40 trillion gallons of water withdrawn from surface and groundwater, 

¶ Nearly a trillion gallons of water consumed by coal plant cooling systems, 

representing well over two thousand gallons for each person in the US; 

¶ About 100 million tons of toxic coal wastes dumped into landfills, sludge ponds, 

and holding ponds; 

¶ Impaired visibility at the great US national monuments and parks; 

¶ Two billion tons of carbon dioxide, the primary cause of global climate change, 

drowning coastal regions, reducing water availability in water-short regions, and 

causing the extinction of an estimated 20-30% of plant and animal species. 

The external costs of burning coal are real and substantial. The extraordinary social cost 

of the annual 8,000 ï 34,000 premature deaths, when valued by federal standards, 

imparts a cost on society of $64 to $272 billion; this cost is up to four times as expensive 

as the cost of electricity from coal.  

Today, the EPA is looking to 

implement a series of tough 

environmental reforms in the 

electricity sector, including 

regulations governing 

éthe social cost of premature deathséis up 
to four times as expensive as the cost of 
electricity from coal. 
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emissions, water use, and coal ash. These regulations, implemented individually, would 

address some of the externalities described here, but would fail to capture all of the 

external costs.  

It is likely that the cost of investments to adequately address all of the damages from 

coal combustion would greatly exceed the marginal costs of transitioning to a clean 

energy economy. A comprehensive re-engineering of the way we use and generate 

electricity may very well be the most economically prudent choice. For every unit of coal 

which is phased from the US 

electricity economy, we avoid both 

extensive social damages as well 

as the requirement to remediate 

those damages through high-cost 

patchwork environmental controls. 

This report compares the external costs of generation in the existing coal fleet in two 

forward-looking scenarios through 2050: 

¶ Reference Case: US energy demand continues to grow over the next four 

decades, and is met with resources which largely echo the composition of 

todayôs fleet, with coal, gas, wind and biomass increasing to fill the gap; 

¶ Transition Scenario: Rising demand is met through 2030 with modest energy 

efficiency, and reduced through 2050. Coal is phased out completely by 2050, 

replaced largely by wind and solar PV. 

The Reference Case examines the external costs of the existing coal fleet, including 

new coal units brought online over the next decades and currently proposed EPA rules 

(the Transport Rule). These costs are compared against the savings imparted by moving 

to the Transition Scenario. 

Table 1 shows the external damages imparted by coal generation in 2008. 

It is likely that the cost of investments to 
adequately address all of the damages 
from coal combustion would greatly 
exceed the marginal costs of 
transitioning to a clean energy economy. 
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Table 1. Quantified Physical Externalities of the US Coal Fleet in 2008. 
1
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NORTHEAST 5 35 134 1,470 2 1,488 701 762 

ECAR/MAIN 142 802 4,780 19,311 352 39,194 21,944 750 

SERC/FL 88 523 1,833 13,159 201 24,582 9,349 1,159 

SPP/ERCOT 37 244 485 4,082 140 12,600 6,459 183 

MAPP 14 91 304 2,119 31 4,660 1,555 101 

NWPP 13 88 77 308 53 4,235 3,205 40 

SW/RM 17 110 115 480 73 8,063 2,544 85 

CALIFORNIA
2
 2 14 5 12 7 778 215 162 

Total 318 1,910 7,732 40,941 858 95,598 45,972 3,242 

Comparing the Reference Case against the Transition Scenario in 2050, the avoided 

externalities exceed the external damages realized in the system today, except in the 

area of premature mortality. In this area, the EPA is currently proposing rules which will 

reduce human health damages. These EPA rules are considered as part of the overall 

analysis as internalized costs (i.e. the generators must comply and reduce their 

emissions in accordance with the rule). This rule avoided nearly half of the premature 

deaths caused by coal plant emissions by 2020. By 2050, the ñReference Caseò will 

have built a significant new fleet of coal generators, which increase the premature 

deaths again. However, once the EPA rules are implemented and enforced, we do not 

experience the same level of premature death as today.  

Table 2 shows the external damages avoided by the Transition Scenario in 2050. 

                                                   

1
 Regions represent semi-autonomous power regions: Northeast includes NY and NE; ECAR/MAIN 

includes from the Eastern Seaboard states through the Great Lakes, extending to the Mississippi River 
and Kentucky. The SERC/FL region includes all Southeast states through the Mississippi River and 

Florida; SPP / ERCOT includes Kansas, Oklahoma, and Texas; MAPP includes the upper-Midwest and 
Plains states; NWPP encompasses from Washington through Wyoming and Montana, down to Nevada 
and Utah. The Southwest includes Arizona, Colorado, and New Mexico; California stands as a separate 

electric entity. 
2
 It should be noted that two power plants (Navajo, AZ and Intermountain Power Plant, UT) are counted 

towards California in this analysis because they share a direct connection to CA and CA utilities 

purchase their power directly. 
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Table 2. Quantified Physical Externalities Avoided by the Transition Scenario in 2050 
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NORTHEAST               7              45              77  1,478 10        1,851         1,515            644  

ECAR/MAIN           177         1,061         3,550  19,518 559      49,277       47,567               -    

SERC/FL           122            754         1,381  13,344 386      33,802       22,883            311  

SPP/ERCOT             46            311            461  4,136 194      16,869         8,628            156  

MAPP             19            126            261  2,146 58        6,373         3,465               -    

NWPP             18            119              99  333 77        5,916         4,204              40  

SW/RM             32            214            198  563 156      14,760         4,146              85  

CALIFORNIA               2              17                6  14 8           905            251            162  

Total           422         2,647         6,033  41,531 1,448    129,753       92,659         1,398  

Premature Death 

The premature deaths from electrical generating units (EGU) shown here (7,700 in 

2008) are derived, in part, from a report issued by the National Research Council (NRC) 

of the National Academies of Science (NAS), and represent an independent assessment 

of the health impacts from the existing coal fleet. The mortality estimates are derived by 

estimating where emissions travel, the population exposed to those emissions, and the 

health impacts of those emissions. The methodology for accomplishing this task is fairly 

well established and used by the EPA for the purposes of evaluating policy efficacy. The 

NAS report, however, falls at the lower end of emissions impacts on mortality. The EPA 

and the Clean Air Task Force (CATF) have both issued independent reports which find 

mortality estimates around 34,000. Therefore, the estimate used here is definitively at 

the conservative lower end. Nonetheless, the fact that statistically, nearly 8,000 lives are 

lost to emissions from coal plants each year represents a massive cost to society on an 

annual basis. 

The EPA and others have estimated a cost associated with poor air quality leading to 

premature death. The ñvalue of a statistical lifeò (VSL) is a rough estimate of how much 

individuals value the reduction of risk in their own lives. The EPA has estimated a VSL of 

approximately $4.8 million in 1990$ at 1990 income levels; translated into 2008$ and 

current income, we estimate an approximate VSL of $8 million. Therefore, the nearly 

8,000 premature deaths caused annually by coal today cost society on the order of $62 

billion dollars per year. 

If we use the higher mortality estimate from the EPA and CATF, premature deaths from 

coal combustion emissions costs society about $270 billion on an annual basis in 2008. 

Our analysis estimates that by retiring the entire coal fleet, we avoid 6,000 premature 

deaths per year, with an annual benefit of approximately $48 billion by 2050. These 

benefits are incremental to the net tangible costs and benefits of the Transition Scenario 

itself. The net costs of the Transition Scenario are nearly outweighed by the human 
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health benefits of retiring the least efficient generators in 2020, and far outweighed by 

retiring the next set of least efficient generators by 2030 (see Figure 1). 

Net Avoided Cost of Transition Scenario 

and Value of Avoided Premature Mortality (Billions 2008$)
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Figure 1. Net avoided cost of transition scenario with value of avoided premature mortality 

relative to the reference case.  

The net incremental cost of retiring the first set of coal generators, under $2 billion, is a 

de minimis cost relative to an electric industry which saw retail sales of nearly $346 

billion in 2009. 

Water 

The coal fleet uses significant amounts of water. Once-through cooling systems on coal 

plants along coastlines, along major waterways, and on lakes and reservoirs draw 

massive quantities of water to cool boiler steam, and then discharge this water back into 

estuaries and rivers at 

higher temperatures. 

This pattern of water 

use impinges fish and 

shellfish on filter 

screens, cooks their eggs and larvae in heat exchangers, and raises the temperature of 

their ecosystems. Whether we value these waterways for commercial or sport fishing, or 

rely on the ecosystem services which they provide (such as clean water), water 

withdrawals from the coal fleet have significant, as of yet unquantified, cost. 

We estimate that in 2008, the coal fleet withdrew nearly 41,000 billion gallons, more than 

half of the volume of the Ohio River in 2008. Each gallon which passes through a power 

plant quickly turns from a habitat to a steamer in the flash of a heat exchanger. 

A fairly small fraction of these withdrawals (2%) is consumed by the electric sector. 

While it appears as a small value, the 860 billion annual gallons in 2008 and 1,450 billion 

é in 2008, the coal fleet withdrew nearly 41,000 
billion gallons, more than half of the volume of 
the Ohio Riveré 
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gallons in 2050 represent important waters which are otherwise not available for 

consumption, agriculture, and ecosystems. 

The large withdrawals of fresh and coastal waters could be avoided through either costly 

environmental retrofits, or by retiring the coal fleet. We estimate that by 2030, the 

Transition Scenario would avoid 42 trillion gallons of water withdrawals each year, and 

1.5 trillion gallons of water consumption each year from the coal fleet. 

Social Cost of Carbon 

Emissions of carbon dioxide from the combustion of coal and other fossil fuels contribute 

to irreversible climate change. Scientists and economists predict that the effects of 

climate change will be widespread and economically damaging, and further, that the 

extent of the predicted damages is highly dependent on emissions from combustion 

today and in the near future. The total accumulated cost to society from the effects of 

climate change include damages to cities and infrastructure from rising sea level, 

droughts, heat waves, and severe weather is considered the ñSocial Cost of Carbonò. 

Monetizing the broad damages to ecosystems, the large number of directly or indirectly 

lost and displaced lives, and extinct species is a fraught task.  

Damages from climate change cannot be avoided without significant changes to the coal 

fleet: either we curtail coal generation completely, or capture all of the carbon dioxide 

emitted (and more) by the existing and future coal fleet. The prospects for carbon 

capture and sequestration (CCS) are distant and expensive; retiring the existing fleet 

takes a significant step towards reducing the social cost of climate change. 

Coal Waste 

The US generates about 250 million tons of municipal solid waste (garbage) each year, 

about 135 million tons of which is disposed of in landfills.
3
 By way of contrast, we 

estimate that coal utilities generate 140 million tons of coal combustion and flue gas 

desulfurization (FGD)
4
 waste. About 35% of that coal waste was re-used or sold for 

other purposes, the remainder ends up in sludge ponds and landfills. Today, the US coal 

fleet dumps the equivalent of two-thirds of all the landfilled municipal solid waste 

generated in the US. 

However, there is a critical difference between municipal and coal wastes. Coal wastes 

are toxic. Reports have found leaching and leaking into local groundwater, and in 2008 a 

TVA coal ash pond in Tennessee burst, spilling over a billion gallons of sludge into the 

Emory River, five miles upstream of the Tennessee River. It is highly uncertain what 

environmental consequences may stem from either the major spill or slow leakage out of 

numerous coal waste ponds throughout the US, but universal concern at the TVA spill 

suggests a high value on remediating coal waste.  

                                                   
3
 US EPA. 2009. Muncipal Solid Waste Generation, Recycling, and Disposal in the United States. Table 

1 and 29. http://www.epa.gov/osw/nonhaz/municipal/pubs/msw2008data.pdf 
4
 FGD units are ñscrubbersò attached to some coal plants to remove toxic sulfur dioxide from flue 

gasses. The FGD units create large volumes of waste in the process. 

http://www.epa.gov/osw/nonhaz/municipal/pubs/msw2008data.pdf
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While the existing stockpiles of coal waste will have to be remediated, the Transition 

Scenario avoids 220 million tons of waste annually by 2050. 

Nuclear Waste 

It is estimated that the US nuclear fleet produces over three thousand tons of high level 

radioactive waste each year: wastes which currently have no permanent repository and 

continue to be stored in essentially temporary storage vessels. The social concern of 

maintaining these vessels and the danger posed to both populations today and in future 

generations exacts a high cost on society. 

The Transition Scenario is oriented towards reducing nuclear generation where 

renewable energy resources can otherwise be mobilized. In the Reference Case, 

nuclear generation, and hence waste, grows moderately. Therefore, the Transition 

Scenario is able to save approximately 1,400 tons of high level nuclear waste generation 

each year. 

Conclusions 

The companion paper to 

this report, ñBeyond 

BAUò put forward a 

feasible pathway to 

retire the entire coal 

fleet by 2050. The 

report found that the cost of transitioning to a clean energy economy had a low absolute 

marginal cost above a business-as-usual trajectory, but provided a significant benefit of 

reducing the US carbon footprint 80% relative to 2010 by 2050. This report shows that 

the co-benefits of retiring the coal fleet are very large, including not only carbon benefits, 

but benefits to human health by cutting toxic emissions from coal generators, benefits to 

fisheries and aquatic ecosystems through reduced water consumption, and a far lower 

burden of toxic coal-ash waste. 

This report begins to quantify some of the externalities of the current coal fleet and the 

benefits of retiring the fleet over the next decades. The externalities identified here are 

real, significant, and large. When utilities ignore carbon and toxic emissions, continue to 

withdraw and consume enormous volumes of water, and dispose of toxic waste in 

unsafe reservoirs, the cost of social burdens is shifted  to society. Today, the public 

bears a heavy social tax on behalf of coal consumers. The Transition Scenario begins to 

correct a pronounced market failure, and balances resource needs with costs. 

 

Today, the public bears a heavy social tax on 
behalf of coal consumers. The Transition 
Scenario begins to correct a pronounced market 
failure, and balances resource needs with costs. 
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2. Introduction 

The US electric power sector faces a series of new challenges in 2010. About half of the 

US generating fleet is comprised of coal-burning power plants, which are together the 

largest single contributor to greenhouse gas emissions, emit toxic and environmentally 

damaging gases and metals, consume massive quantities of water, and leave behind 

flattened mountaintops and lakes of sludge and waste. First given notable voice in the 

1970s, some of these concerns helped implement the Clean Air Act (CAA) and the 

Clean Water Act (CWA). Today, these concerns are at the heart of the debate on how to 

effectively combat climate change, as well as a series of newly proposed or emerging 

rules on toxic emissions and water consumption. Whether explicitly stated or simply 

implied, much of the harm imposed on the environment and society by the US electric 

generating fleet can be traced directly to coal-burning power plants. 

Environmental regulations in the electric sector and proposed legislative efforts to 

reduce greenhouse gasses are not politically neutral topics. A significant degree of 

contention is rooted in a disagreement about the relative merits and harm of continuing 

along a business-as-usual (BAU) trajectory versus the costs and benefits of changing 

the face of the US electric sector. The question is not clear-cut: coupled with the litany of 

often invisible environmental harms imposed by todayôs power fleet are the tangible 

benefits of a known, tested, and reliable electricity system and the economy which it 

supports. Conversely, the marked benefits of moving towards efficiency and renewable 

energy are surrounded by a degree of uncertainty as to how this new system might 

operate, how much it would cost, and who would bear the brunt of these costs and new 

infrastructure. 

A 2010 report entitled Beyond BAU: Investigating a Future without Coal and Nuclear 

Power in the U.S.
5
 (ñBeyond BAUò) worked to shed light on the tangible costs corner of 

this political debate. The report outlined a potential pathway towards replacing a portion 

of US nuclear generators and all coal generators with a diverse portfolio of renewable 

energy, efficiency, and natural gas by 2050. Beyond BAU estimated the total bulk power 

costs of a following a BAU trajectory (called the ñReference Caseò)
6
, as well as the costs 

of a full electric system overhaul (called the ñTransition Scenarioò). The analysis in 

Beyond BAU worked to create a Transition Scenario which would maintain electric 

reliability and allow for economic growth, but reduce electric demand through 

dramatically improved efficiency. 

The more subtle and far less tangible questions associated with retiring the coal fleet 

revolve around non-market costs and benefits of health impacts, water consumption, 

waste, greenhouse gasses, haze and visibility, and coping with nuclear waste. Each of 

these categories has a value: as individuals and as a society, we are willing to pay to 

                                                   
5
 Synapse Energy Economics, 2010. Beyond Business as Usual: Investigating a Future without Coal 

and Nuclear Power in the U.S. Prepared for the Civil Society Institute.  
6
 The Reference Case follows a BAU pathway prepared by the US Department of Energy (US DOE), 

used as a baseline for estimating the impacts of national energy policies. 
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avoid asthma, prevent chronic lung disease and premature death due to pollution, avoid 

the incremental and potentially catastrophic impacts of global climate change, see 

across the Grand Canyon or even a few city blocks, and maintain water supplies for 

consumption, aquatic ecosystems, and agriculture. However, none of these categories 

of costs are captured directly in the way we purchase electricity. Our inability to pay for 

these services (or to prevent harm) represents a serious market failure, and overlooking 

these costs when evaluating the future of the electric system can be perceived as 

negligent. 

This report explores the physical damages which are currently imposed by the US coal 

fleet, and waste generated by the nuclear fleet, and traces these damages through the 

next four decades following the trajectories of the Reference Case and Transition 

Scenario. We quantify the damages where feasible, and monetize (i.e. assign a dollar 

value to) damages where there is an agreed-upon methodology and metric; in other 

categories of damages, we explore the boundaries of the question and propose methods 

in which the damages could be quantified or monetized.  

2.1. Justification 

The costs and benefits quantified and explored in this paper all fall outside of current 

market mechanisms: the cost of electricity does not directly take into account the human 

lives lost due to high emissions and poor air quality, the value of removing water from 

water-limited areas, killing fish or larvae in cooling intake structures, poisoning 

groundwater near unlined coal-ash ponds, or the risk of radioactive contamination 

generations from now from high-level radioactive waste.  

Costs which are not realized by the owners, operators, or shareholders of a company 

are externalities ï literally, external to the market. The National Research Council 

defines externalities as ñactivit[ies] of one agent (i.e., an individual or an organization like 

a company) that affect the wellbeing of another agent and occur outside the market 

mechanismò.
7
 The market and economic rationale are powerful agents of change, but 

externalities are known market failures: the purchasers of a commodity (in this case, 

electricity) are not exposed to the true cost of business. Externalities can have both 

positive and negative impacts: environmental and health degradation is clearly a 

negative impact, but features such as job growth are potentially a positive externality. In 

this research, we explore a class of negative externalities which are typically not 

considered in electric planning. These include: 

¶ Health impacts and premature mortality from the US coal fleet 

¶ Water withdrawals and consumption from the US coal fleet 

¶ The social cost of global climate change 

                                                   
7
 National Academy of Sciences. Hidden Costs of Energy: Unpriced Consequences of 

Energy Production and Use. Committee on Health, Environmental, and Other External Costs and 
Benefits of Energy Production and Consumption; National Research Council. National Academies 

Press, 2009. 
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¶ Toxic waste from coal ash 

¶ Haze and visibility impacts from electric sector emissions 

¶ Long-term risks of accumulating radioactive waste and risks of catastrophic 

nuclear failure 

The US National Environmental Policy Act (NEPA) of 1970 first established a national 

interest in protecting human health and welfare from environmental dangers. It was 

recognized that a widespread institutional failure to recognize environmental hazards 

from industry was in all likelihood causing harm to humans, and had caused irrevocable 

harm to ecosystems which were held to be valuable. The US Environmental Protection 

Agency was established as the office which would ñestablish and enforce environmental 

protection standardsò for the purposes of ñprevent[ingé] damage to the environment 

and biosphere, and stimulat[ing] the health and welfare of manò.  

With a charge of reducing impacts and damages to health and the environment, the EPA 

serves a valuable economic role: EPA regulations which are designed to protect humans 

and the biosphere effectively internalize the external costs, thus correcting a dramatic 

market failure. The Clean Air and Clean Water Acts exemplify an effort by the Federal 

Government to intervene in business on behalf of the public good. More specifically, 

these two acts represent an action to compel businesses, including the electric sector to 

remediate, and hence ñinternalizeò some of the damages which they impose on the 

environment or society. For example, requiring states to meet air quality standards, thus 

imposing emissions limits on fossil power plants, has substantially reduced the social 

harm caused by these plants ï the cost of remediation is paid by electric consumers. 

Current rules under consideration by the US EPA could limit harmful emissions even 

further, reduce water withdrawals and consumption, require the remediation of 

unprotected or leaching coal ash ponds, and even potentially curtail emissions of carbon 

dioxide (CO2); all efforts to internalize the cost of producing power from fossil fuels. The 

long-running efforts to build a sound nuclear waste repository are evidence of a national 

desire to internalize the cost of radioactive waste exposure. 

However, in the power sector, the EPA has not always acted quickly or decisively. The 

EPAôs decision-making structure has historically only allowed for incremental 

improvements in reducing environmental impacts, steps which on an individual basis do 

not change the fundamental structure of business and thus only accomplish incremental 

changes. Today, the EPA is looking to implement a series of tough environmental 

reforms in the electricity sector, including regulations governing emissions, water use, 

and coal ash. These regulations, implemented individually, would address some of the 

externalities described here, but would fail to capture all of the external costs. It is likely 

that the cost to consumers to adequately address all of the social costs of generating 

electricity from the existing coal fleet would be significantly higher than the marginal cost 

of simply replacing the existing fleet with clean resources, such as renewable energy 

and efficient energy use. 

The large-scale US EPA rules which may control emissions, water, and waste have not 

yet been fully promulgated and are years away from implementation (assuming they 
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survive legal challenges). It is abundantly unclear how rigorously these rules will apply to 

all actors and how much damage will be remediated or internalized if the rules are 

enacted. Therefore, we assume that only the most likely emissions reductions rules (the 

Clean Air Transport Rule, 2010) will be enacted and all other damages remain ñexternalò 

to the market mechanism. 

Definitions 

For the purposes of this research, we define ñdamagesò as the physical harm to the 

environment or society which are outside the market mechanism. Damages include the 

physical quantity of common resources which are freely allocated to the electric sector 

(such as water or carbon dioxide levels in the atmosphere). We define ñexternalitiesò as 

the monetary value of these damages, when available.  

ñAvoided damagesò refers to the physical harm which is avoided by implementing an 

alternate to harm-causing agent (i.e. transforming the electric sector); ñCo-benefitsò are 

the monetized version of avoided damages. 

In context: The electric sector today imposes damages on the environment and society. 

These damages have an externality cost. Replacing the existing coal fleet with a 

portfolio of renewable energy, energy efficiency, and gas avoids physical damages and 

yields significant monetary co-benefits. The purpose of this paper is to quantify these 

costs and benefits, where feasible. 

Caveats 

This white paper does not explore upstream costs, including (but not limited to) wastes 

and environmental harm from coal/uranium mining or gas/oil drilling, manufacturing and 

consumer waste from replacing old technologies with efficient products, or concerns in 

production waste from solar PV technologies. In addition, we do not examine potential 

environmental damages from renewable energy projects, such as landscape of wildlife 

impacts from wind farms or large solar arrays, or concerns about the landscape visibility 

of large-scale wind projects. 

There are a variety of federal, state, and local rules which are designed to mitigate risk 

and harm from the electric power sector; all of these impose complicated internalized 

costs, which we do not seek to differentiate. For example, CO2 emissions performance 

standards in California effectively bar the generation of coal-fired power (or its direct 

purchase from neighboring states). This ruling internalizes a value to the cost of global 

warming on electric consumers in the state. The costs of these rules are partially 

reflected in the costs of the electric sector today, as well as the shape of the electric 

sector in the BAU case. 

The purpose of this report is to begin to elucidate the scale of problems which could be 

avoided through the retirement of the existing coal fleet along the Transition Scenario 

pathway, and conversely, the new problems which will be incurred if we choose to follow 

the Reference Case. The research underlying this report is as explicit as possible: we 

exclusively use widely-available public sources of data and federally accepted metrics 

for valuing harm, and trace these damages to individual power plants. In the coal 
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chapters, damages incurred or avoided are linked to 1,016 coal-fired electric generating 

units (EGU): emissions, health impacts, water consumption, and coal ash and waste 

production are all linked to individual actors; individual EGU are retired along an 

economically likely pathway. In the nuclear waste chapter, we connect estimates of 

nuclear waste generation to current and potential future technologies. 

2.2. Scenarios 

Reference Case 

The Reference Case represents a BAU scenario put forth by the US DOE Energy 

Information Administration (EIA). The scenario represents the DOEôs best estimate for 

what the energy sector could look like through the next two and a half decades, given a 

series of assumptions about resource availability, the cost of fuel and technology, US 

policies, and demand. This forecast, known as the Annual Energy Outlook (AEO) 

maintain a steady assumption about behavior, use, and the economy, and does not 

represent policies which are not already implemented. The Reference Case used here 

extrapolates trends from the AEO 2010 from 2035 through 2050. 

Transition Scenario 

The Transition Scenario represents a gradual but comprehensive re-build of the US 

electric sector. In this scenario, the country transitions away from coal and nuclear 

power and toward more efficient electricity use and renewable energy sources. 

Specifically, coal-fired generation is eliminated by 2050 and nuclear generation is 

reduced by over one quarter. One important aspect of this scenario is that energy 

efficiency reduces demand an average of 1.3% per year over the study period, allowing 

overall generation to fall 10% relative to today and 40% relative to 2050. Figure 2 shows 

the expected fuel mix in the Reference Case and Transition Scenarios in 2030 and 

2050. 
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Figure 2. Resource mix in the Reference Case and Transition Scenario 

2.3. Monetizing Externalities: Valuing Life and the 
Environment 

The purpose of this research is to elucidate the external costs of a BAU and 

transformative electric sector scenario. External costs are real: tangible damages occur 

to the environment and society. However, quantifying the damage, much less attaching 

a monetary (dollar) value to the damage, is a fraught task. 

To the extent feasible, in this research we: 

¶ describe the type of human, social, and environmental damage caused by coal 

and nuclear plants in several categories; 

¶ quantify the amount of damage which occurs under the current system and in 

the future scenarios, if possible; 

¶ either monetize damages in each scenario, or suggest a method or metric which 

could be used to attempt to value the damages accrued; 

¶ describe and quantify the avoided damages and co-benefits accrued through the 

Transition Scenario  

Monetizing damages assumes that we have a decent understanding of how to value 

environmental harm, human health, and life. In many of the chapters which follow, there 

are no clear guidelines for evaluating externalities: determining the environmental risks 

of increasingly massive coal-ash piles, the potential harm from rare but potentially 
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catastrophic nuclear accidents, and estimating reasonable externality costs for water or 

the wildlife which uses that water are all difficult tasks. Accordingly, we do not attempt to 

monetize all of these areas. 

2.4. Modeling Plant Retirement in the Transition Scenario 

Not all coal plants are created equal. Plants vary in vintage, from units which are still 

operating from 1920 to units built as recently as 2008. Plants utilize different coal types, 

from fairly efficient anthracite to essentially hardened peat, lignite. Newer plants tend to 

have more efficient boilers, generators, and emissions controls, while older plants may 

have antique components and are uncontrolled. The efficiency, running cost, emissions 

rate, water consumption, waste generation rate, and use of waste vary on a unit by unit 

level. In evaluating the benefits of retiring the existing fleet, the order in which coal plants 

are expected to be taken offline is potentially quite important: if the dirtiest plants are 

retired first, then there will be a disproportionately high near-term benefit for each MWh 

of coal retired. Synapse employed ongoing research into the economics of coal plants to 

determine which units would be most likely to retire first in each region of the US, 

assuming that choices are made on the basis of forward-looking economic performance. 

Plants with the most expensive running cost were preferentially retired, followed by more 

economic units. 

One thousand sixteen (1016) coal units
8
 were ranked within regions according to their 

running cost in dollars per MWh (determined by fuel cost, operations and maintenance, 

and the capital and O&M costs for new emissions controls required under the Clean Air 

Transport Rule
9
).  

In the Transition Scenario analysis, blocks of generation were retired by cost, meeting 

the trajectory stipulated in the Transition Scenario; each region follows a roughly 

economic retirement schedule independently of all other regions. Generally speaking, 

the retirement schedule targets the smallest and oldest plants first (see 

                                                   
8
 A ñunitò is defined as here as the generator. At any given plant, there may be multiple generators, 

some of which use different fuels. There were 1,416 primarily coal-burning units which were operational 
and reporting to the Energy Information Administration (EIA). Four hundred of these units are process 
boilers, used at industrial sites, and are therefore classified by the EIA (and in the Transition Scenario) 

as co-generators. These 400, which in 2008 generated less than 5% of coal fleet electricity, are 
excluded from this analysis. 
9
 Operations and maintenance (O&M) costs are divided into variable and fixed costs: the former are 

costs which scale with the output of the plant, and the latter are costs which the plant incurs, regardless 
of the level of operation. Fixed costs, such as employee salaries and property taxes, are important on a 
per MWh basis for plants which operate at very low capacity factors: there are fewer MWh over which to 

spread fixed costs. 
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Table 3), meaning that larger number of small plants are retired in early years. 
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Table 3. Characteristics of Retiring Units in Transition Scenario 

 Time Period of Retirement 2010-2020 2020-2030 2030-2040 2040-2050 

Vintage 1959 1962 1973 1974 

Capacity (MWe) 106 198 465 571 

Capacity Factor (%) 55% 65% 71% 73% 

Number of Units 325 354 175 162 

In the Reference Case, new coal generators were added to the fleet with similar 

operating characteristics to the ten largest generators in each region. It was not feasible 

to determine where new generation will be developed over the next four decades to 

meet the Reference Case expectations, and therefore the current locations of the ten 

largest generators were considered to be a reasonable expectation for citing new plants. 

Figure 3, below, shows the trajectory of coal generation in each region according to the 

CSI Reference Case (left) and Transition Scenario (right), as implemented in this 

Benefits analysis. 
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Figure 3. Coal generation in TWh for the Reference Case and the Transition Scenario. 

The presence or absence of individual generators is used to determine the annual health 

impacts, water withdrawals and consumption, and coal ash generation. 
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3. Health 

3.1. Background: Health Impacts from Coal Combustion 

Poor air quality has human health impacts, causes environmental damage, and reduces 

visibility. The most notable, and expensive, impact from poor air quality is premature 

mortality, caused by respiratory and cardiovascular damage, both acute and chronic. 

This damage is linked to fine particulate matter (PM), classified in a size range of less 

than 2.5 micrometers
10

 (PM2.5) and less than 10 micrometers (PM10), with much of the 

damage linked to PM2.5. A large portion of human-caused particulate matter is derived 

from the combustion of fossil fuels in power plants (stationary sources) or vehicles. 

Some of this pollution is primary, meaning it is formed at the stack or tailpipe, and a 

large fraction is secondary, meaning that the pollution is formed in the atmosphere from 

products released from the stack, particularly oxides of nitrogen (NOX) and sulfur dioxide 

(SO2). 

The EPA regulates emissions of PM, NOX, and SO2 as criteria pollutants, or air 

pollutants known to cause harm. The US power sector produces a significant fraction of 

criteria pollutants in the US (18% of NOx and 66% of SO2 in 2008).
11

 Nearly all of the 

SO2 emissions (99%) and more than 93% of NOX emissions from the power sector are 

from coal combusting generators.
12

  

The EPA assesses the efficacy of regulations by estimating the costs of compliance 

against the benefits of the regulations. When assessing the benefits, the EPA takes into 

account a limited set of externalities
13

 which are avoided by the regulation, including 

premature mortality. By valuing the avoided cost of lives lost against the cost of 

implementing the regulation, the EPA can demonstrate the cost effectiveness of 

regulations which save lives. This valuation of life is a critical component of current 

policy-making structure, and provides a useful avenue to discuss the benefits of the 

Transition Scenario. 

In 2009, the National Research Council (NRC) produced a report entitled ñHidden Costs 

of Energyò, which estimated monetary damages from the coal and gas fleets in 2005.
14

 

The NRC estimated a social cost of approximately $62 billion for the coal fleet in 2005. 

These damages are based almost exclusively on premature mortality, priced at $6 

million per statistical life (2000$). While it is not stated explicitly in the report, we can 

                                                   
10

 About 1/30th the diameter of a human hair 
11

 US. EPA. 2008 data. National Emissions Inventory (NEI) Air Pollutant Emissions Trends Data: 
http://www.epa.gov/ttn/chief/trends/trends06/nationaltier1upto2008basedon2005v2.xls 
12

 US EPA. 2008 data. Clean Air Markets Division (CAMD). Unit Emissions Report, 2008. 
13

 Externalities defined here as costs (or benefits) of a commodity to society which are external to the 
market. In the power sector, external costs are those which are imposed upon the population but are not 
realized by the owners, operators, or purchasers of power. Therefore, unpriced (or underpriced) air 

emissions which cause harm are considered externalities. In this paper, we will define externalities as 
only the costs to society, rather than the net of the costs and the market price of pollution. National 
Academies Press. 
14

 NRC. 2009. Hidden Costs of Energy: Unpriced Consequences of Energy Production and Use.  
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calculate that the NRC has estimated over 10,000 statistical lives
15

 lost each year (as of 

2005) due to emissions of NOX, SO2, PM10, and PM2.5 at US coal power plants.
16

 Using a 

similar methodology, but a different set of assumptions about how health is impacted 

from emissions, the EPA estimates over 20,000 premature mortalities from coal-fired 

emissions today.
17

 In 2010, the Clean Air Task Force (CATF) and Abt Associates 

published findings using the same methods as the EPA and NRC, and estimated a 

current externality of 34,000 premature mortalities due to power plant emissions.
18

 The 

NRC estimates, which are used in this study for convenience, are clearly at the lower 

bound and a fairly conservative estimate of the premature deaths which could be 

avoided by retiring the coal fleet. 

 

 
Figure 4. National mortality effects from existing power plants, Clean Air Task Force 

(2010)
19

 Colors represent mortality per 100,000 individuals. Dark colors represent a higher 

exposure risk. 

The CATF analysis of the distribution of premature mortality impacts of existing power 

generators is shown in Figure 4. This figure shows the impact of fine particulate 

                                                   
15

 The epidemiological framework for this research does not explore specific mortality due to air 
emissions, but instead looks at risks, expressed as a chance of mortality based on a certain level of 

emissions exposure. Therefore, ñstatistical livesò is the fractional risk, aggregated over a large 
population.  
16

 The NRC analysis included emissions from primarily co-generating coal-fired units. These co-

generators are not included in this analysis, which examines electric generating units only. 
17

 Author calculation from Regulatory Impact Analysis of Transport Rule. Pope et al (2002) study 
estimates a benefit of 5,100 premature mortalities avoided in implementing the Transport Rule (relative 

to approximately 10,000 premature mortalities in the baseline), while the Laden et al. (2006) study 
estimates 13,000 avoided premature mortalities. We estimate a total of at least 20,000 annual 
premature mortalities in the Laden study. 
18

 Abt Associates. 2010. Technical Support Document for the Powerplant Impact Estimator Software 
Tool. Prepared for the Clean Air Task Force. 
19

 Clean Air Task Force. 2010. Death and Disease from Power Plants. 

http://www.catf.us/coal/problems/power_plants/existing/ 

http://www.catf.us/coal/problems/power_plants/existing/
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pollution on premature death by county as a fraction of the population. Darker red colors 

indicate that a higher fraction of the population in the county is at risk. Areas with large 

population centers in deep red areas will have a larger number of premature mortalities 

from coal-fired pollution than small populations or areas with less exposure. A vast 

majority of the harm imposed occurs in the Great Lakes and Appalachian regions 

through the Southeast, representing the regions exposed to uncontrolled power plant 

emissions. 

3.2. Methodology: Human Health Impacts 

To estimate the human health benefits of retiring the existing coal fleet, we estimate the 

health impacts from the fleet in the Reference Case, including a growing fleet and 

compliance with proposed 2010 EPA regulations, and impacts in the Transition 

Scenario, which also requires regulatory compliance as well as coal fleet retirements. 

We estimate damages from the existing coal fleet based on data from the above-

referenced NRC report. In the report, damages to human health are based on the 

locations of each coal plant, the emissions from those plants, and the populations which 

are impacted by those emissions. The federally-sponsored NRC report provides a 

convenient structure to estimate externalities from each coal generator in the nation, and 

therefore calculate the benefit of reducing emissions according to a regulatory schedule 

in the Reference Case, and retiring the fleet according to the CSI Transition Scenario 

schedule. 

Estimating the Benefit of EPA Clean Air Act Regulations 

The Synapse analysis takes into account regulatory requirements imposed since 2005, 

and expected changes under future regulations. Regulations promulgated by the EPA 

since the passage of the Clean Air Act in 1970 have significantly reduced emissions 

from the US power sector: Both NOX and SO2 emissions have fallen by half since the 

mid 1990s and 1970s, respectively. In the first years of the Clean Air Act, emissions of 

primary PM10 dropped by nearly 90%.
20

 The new Clean Air Transport Rule (CATR), 

proposed by the EPA in 2010, is designed to reduce harm from PM2.5 and ozone formed 

in the atmosphere from NOX and SO2 by requiring more stringent controls on the power 

sector.  

Since 2005 alone, national energy-sector emissions of NOX and SO2 have fallen by 21% 

and 27%, respectively. While we cannot definitively state that this reduction anticipated 

the now vacated CAIR ruling, it would appear that EPA rules have made significant 

inroads towards reducing the pollution which causes premature mortality. The Synapse 

analysis takes into account benefits accrued due to EPA rules requiring more stringent 

emissions controls. 

                                                   
20

 US. EPA. 2008 data. National Emissions Inventory (NEI) Air Pollutant Emissions Trends Data: 
http://www.epa.gov/ttn/chief/trends/trends06/nationaltier1upto2008basedon2005v2.xls 
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Modeling Human Heath Benefits of the CSI Transition Scenario 

The health damages incurred by the coal fleet are a function of coal generation, plant 

locations, and emissions. For example, many coal generators in the northeast are 

controlled for emissions, but these generators are near dense population centers and 

cause significant harm for each unit of energy produced (on average, nine premature 

mortalities for each TWh of generation). Coal generators in the West are upwind from 

large population centers by hundreds of miles, and therefore cause less direct harm for 

each unit of energy produced (about one mortality per TWh). Finally, there are a large 

number of uncontrolled generators in the Midwest, and many of these lie upwind from 

major east coast populations; therefore these generators are responsible for significant 

damages (see Figure 4).  

It is important to note that this analysis tracks damages which are incurred from each 

plant, rather than where those damages occur. Because the particulate matter derived 

from NOX and SO2 are formed in the atmosphere over long distances, damages often 

occur outside of a region of generation. For example, populations along the mid-Atlantic 

receive pollution from both proximate generators, as well as generators in the Midwest. 

For the purposes of this analysis, we associate damages with the generating unit, rather 

than the place in which those damages occur. 

Damages for each coal plant in 2005 were assessed by the National Research Council 

(NRC) in the publication ñHidden Costs of Energyò. Synapse obtained NRCs estimates 

of both damages per plant, as well as damages at each plant per ton of NOX, SO2, 

[primary] PM10, and [primary] PM2.5. Each generator was matched to an NRC-assessed 

plant; generators which had not been assessed by the NRC were assigned per ton 

damages equivalent to the average in the state. In addition, 2008 emissions of NOX and 

SO2 were found for each coal unit, as reported to the EPAôs pollutant trading program 

(CAMD). For lack of information on current primary PM emissions, these emissions were 

assumed to remain unchanged since the 2005 NRC analysis. Using reported 2008 

emissions and the NRC estimates of damages per ton of pollutant at each plant, we 

estimated the total premature mortalities for each region in 2008 (see Figure 5, below) 

In total, we estimate 7,700 premature deaths from coal-fired emissions in 2008; a highly 

conservative value relative to estimates from the EPA in evaluating the benefits of the 

Clean Air Transport Rule.
21

 

                                                   

21
 The EPA estimates that by cutting SO2 emissions 71% and NOX emissions 51%, the Clean Air 

Transport Rule would reduce premature deaths by 14,000 to 36,000 in 2014 at a value of $120-$190 

billion on an annual basis.  
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Premature Mortalities in 2008 by Region and Pollutant
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Figure 5. Premature mortality in 2008 by region and primary pollutant. 

For both the CSI Reference Case and the Transition Scenario, we assumed that the 

currently proposed Transport Rule would be fully implemented by 2020; therefore any 

plants which had not retired by 2020 would be subject to the rule. The Transport Rule 

stipulates that most large generators east of the Mississippi River (31 states and DC) will 

require scrubbers for SO2 and NOX in the next seven years. While there are some 

exclusion for small generators and process boilers, this ruling reduces emissions 

markedly. Using EIA-based information, we obtained information on which generators 

were linked to substantive existing emissions controls and which would require new or 

additional emissions controls under the transport rule. For those generators which obtain 

new SO2 or NOX controls, we assume that emissions fall by 90%, respectively. 

3.3. Human Heath Benefits of the Transition Scenario 

We estimate that that the implementation of the Transport Rule saves approximately 

3,600 statistical lives annually by 2020 (out of 7,700 premature deaths in 2008). 

However, new requirements for coal plants in the Reference Case reduces this benefit 

to 3,000 statistical lives saved through the Transport Rule. In the Transition Scenario, 

retiring the most costly (and often dirtiest) plants first, as well as implementing the 

Transport Rule, saves 4,200 statistical lives annually by 2020.  

By 2050, the Transport Rule has run its course, and new plants in the Reference case 

have increased premature mortalities back to 5,300 per year. In contrast, all remaining 

plants have retired in the Transition Scenario, saving those 5,300 statistical lives. 

Figures 6 and 7 show the trajectory of these two scenarios, respectively. 
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Figure 6. Premature mortality in the CSI Reference Case 
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Figure 7. Premature mortality in the CSI Transition Scenario 

The curved shape of the decline in premature mortality in the Transition Scenario is 
based on two factors:  

¶ mandatory emissions controls applied to a large number of plants between 2010 
and 2020 following the EPAôs Transport Rule, and  
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¶ the retirement of the least economic, and often dirtiest, coal plants first
22

 

¶ the most economic plants are often already controlled, with lower emissions 
rates and are therefore responsible for fewer premature mortalities; these units 
comprise the 2040 to 2050 block of retirements. 

3.4. Value of Heath Benefits Relative to the Reference Case 

Value of a Statistical Life 

In this research, we are only able to definitively monetize the value of human life, and in 

this case, only because we have distinct guidance from the US EPA, other federal 

agencies, and the National Research Council (NRC). The US EPA is charged to ñprotect 

human health and é safeguard the natural environmentò,
23

 however, in some 

circumstances, Presidential Executive Orders have required a cost-benefit analysis in 

evaluating the efficacy of environmental regulations. To comply with these mandates, 

the EPA has applied a median estimate for the Value of a Statistical Life (VSL). The VSL 

represents the aggregate value of reducing risks across a large population, based on 

that populationôs willingness-to-pay (WTP) to reduce their own risk. If an individual knew 

that they could mitigate their own risk of death for a one-in-a-million risk, their 

willingness-to-pay (e.g. $5 to mitigate the 1:1,000,000 risk) multiplied throughout the 

population (1,000,000 individuals) would result in an estimated VSL (in this example, 

$5,000,000 per statistical life).  

There are three basic mechanisms for deriving VSL:
24

 

¶ Compensating wage analysis: the wage premium demanded by a worker 

engaged in high risk employment is used to infer how much workers have to be 

compensated to take higher risks; 

¶ Consumer behavior studies: consumer choices which have particular risks 

(such as not wearing a seatbelt) and value to a consumer (the time required to 

buckle a seatbelt) are divided by the reduction in risk by not engaging in the 

behavior (i.e. the risk of not dying if a seatbelt is worn); 

¶ Contingent valuation: detailed, information-rich surveys are taken of the 

public, spelling out specific risks and evaluating individualôs willingness-to-pay 

to reduce that risk. 

These surveys and studies reveal a wide range of VSL, ranging (in 1998$) from under 

$1 million to over $10 million.
25, 26

 Based on these values, the EPA chose a median 

                                                   
22

 In the period between 2010 and 2020, the first coal plants being retired are not subject to the Clean 

Air Transport Rule, and thus have a higher than average emissions rate and higher than average 
damages on a per unit energy basis. 

23
 EPA, 2010. http://www.epa.gov 

24
 Alberini, A. 2005. Robustness of VSL Values from Contingent Valuation Surveys. Working Paper #05-
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value of $5.5 million in $1999 based on income levels in $1990.
27

 The EPA currently 

recommends a VSL of $7.4 million (2006$).
28

 Inflated to 2009$, this VSL is roughly $8 

million.
29

 

Monetary Value of Health Benefits of the Transition Scenario 

Relative to the Reference Case, the Transition Scenario saves upwards of $40 billion 

dollars per year in lost lives by 2050.  

Using the EPA recommended Value of a Statistical Life (VSL) inflated to 2009$, our VSL 

is approximately $8.0 million 2008$. Figure 8, below, shows the value of the avoided 

premature deaths in the CSI Transition Scenario relative to the Reference Case. Each 

dollar value is an annual benefit to society. Again, it should be noted that the benefits 

are not necessarily incurred in the region of generation. 
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Figure 8. Benefit of Avoided Mortality in the CSI Transition Scenario relative to the 

Reference Case. 

As seen in the ñBeyond BAUò report, much of the benefit for the Transition Scenario is 

derived in future years; the more aggressively coal plants are retired, the faster health 

benefits accrue. 

It is useful to note that not all regions experience a similar impact from the existing and 

future coal fleet. In Figure 9, we see that avoided damages on a per MWh basis are far 
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higher from generators in the ECAR/MAIN region (covering the mid-Atlantic through 

Kentucky to Illinois) than in any other region, primarily because the generators in this 

region are large, downwind of very large population centers, and generally not controlled 

for NOx and SO2. The generators associated with California are only the Intermountain 

Power unit, which is stationed in sparsely populated southern Utah and sends the bulk 

of its power to California. 

Value of Avoided Premature Mortality, per Unit Coal Energy Avoided 
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Figure 9. Benefit of avoided mortality per MWh of coal energy avoided. 

The value of the avoided mortality from retiring the coal fleet incrementally through 2050 

exceeds the marginal incremental costs of the Transition Scenario through most of the 

analysis period. The ñBeyond BAUò report found that the Transition Scenario would have 

a net cost of approximately $10 billion in 2020 and $12 billion in 2030, followed by net 

savings of $5 billion in 2040 and $13 billion by 2050. If we add in just the incremental 

avoided costs to human health from retiring the coal fleet (see Figure 10), the net cost 

of the Transition Scenario shrinks to less than $2 billion in 2020, and becomes a net 

savings by 2030. In an electric industry which saw retail sales of nearly $346 billion in 

2009, this incremental cost becomes vanishingly small.
 30
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Net Avoided Cost of Transition Scenario 

and Value of Avoided Premature Mortality (Billions 2008$)
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Figure 10. Net avoided cost of transition scenario with value of avoided premature mortality 

relative to the reference case.  

If we accept that human health and life has a value to society, and that its monetization 

is an appropriate metric for measuring the efficacy of environmental policy, then this 

analysis would suggest that there is a very large net benefit to society (both monetary 

and monetized) for retiring the existing coal fleet. 



 
Benefits of Beyond BAU  

 

ǐ   30 

4. Water Use and Consumption 

4.1. Background: Water Use from Thermal Electric 
Generators 

Fossil-fired and nuclear electric power generators across the United States use steam to 

create electricity, and these plants depend on local water bodies to provide a steady 

supply of cooling water. These types of power generators currently make up the bulk of 

the nationôs fleet of electric units, and as the use of electricity increases across the 

country, so does the pressure on water resources. According to data collected by the 

United States Geographic Survey (USGS), water withdrawals from thermoelectric power 

sources account for 49 percent of total withdrawals in the United States in 2005. This is 

equivalent to more than 201 billion gallons of water per day that is used for power plant 

cooling alone. Total water resources must be divided between many different types of 

users, however, and those include agriculture, industry, and the public. Figure 11 below, 

shows the current distribution of total water withdrawals among users in the United 

States. 

Thermoelectric

Aquaculture

LivestockIndustrialMining

Domestic

Irrigation

Public Supply

 

Figure 11. Fraction of total water withdrawals in the United States, by category, 2005. 
31

 

Water Scarcity, Water-Use Conflicts, and Climate Change 

Additional demands on water resources are created as population grows, and as a 

result, agriculture must expand, more power plants must be built to supply increasing 

demand for electricity, and water utilities must provide more water to meet public need. 

As the earthôs climate changes, generally becoming hotter and drier, less water is 

available to meet these demands and competition for limited water resources will 
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increase. Impacts from climate will vary from region to region, however, and climate 

models show that while some regions will experience net losses in freshwater available, 

other regions will experience gains.
32

 Figure 12 shows one set of projected changes in 

water availability by 2050. The western United States is expected to experience declines 

in water availability, the Southeast and Northeast are expected to maintain a similar 

amount of water availability, and the Midwest and Mid-Atlantic are predicted to have a 

slight increase in water availability. 

 

Figure 12. Model predicted percentage change in water availability in the United States by 

2050 relative to 1900-1970. Adopted from 33. 

Conflicts between users over limited water resources are already being observed today. 

One of the worst droughts on record in the state of Colorado occurred during 2002-2003, 

and led to the shutdown of all the major industrial water customers in the town of 

Pueblo, with the exception of the coal-fired Comanche Power Plant. Xcel Energy, the 

owners of Comache, had contracted with the Pueblo Water Board for water rights of 

more than 2.6 million gallons of water to supply its wet-cooling system, at a cost of $2.5 

million per year.
34

 This volume of water would have served approximately 70,000 

people, or two-thirds of the population of Pueblo. In order to meet municipal water 

needs, cities were forced to purchase water rights from local farmland. Years later, Xcel 

proposed to build its Comanche 3 unit with a wet-cooling system, but opposition from 

regional and local interest groups over the proposed water use at the plant led Xcel to 

adopt a hybrid wet-dry cooling system, which uses 50% less water than the traditional 

wet system.
35

   

                                                   

32 Milly, PCD., et al. February 2008. Stationarity is Dead: Whither Water Management. Science: 319 (1). 
Page 573. 
33 Ibid. Page 574. 
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Even in regions where climate change is expected to increase water availability, 

increased temperatures can heat water sources such that they are too warm for use at 

power plants. During the summer of 2010, the Tennessee Valley Authority (TVA) was 

forced to cut power production at its Browns Ferry Nuclear Power Plant near Athens, 

Georgia because the water in the Tennessee River in Alabama was simply too hot to be 

used for plant cooling. The plant operated at half power for a significant portion of July 

and August, which caused TVA to lose approximately 1,500 MW, or $50 million, in 

power generation during peak summer months when electricity generation is needed 

most urgently. According to TVA officials, the utility spends more than $1 million to pay 

for replacement power for each day that Brownôs Ferry operates at half capacity. These 

additional costs are passed on to ratepayers in the TVA service territory as part of the 

fuel cost adjustment on monthly electricity bills, which increased by more than 25 

percent between March and August.
36

   

Examples like these will only increase in number and severity as temperatures rise and 

water resources become scarcer. Water use at power plants is one of the externalities ï 

or indirect social costs not transmitted through prices ï of power production, and 

generation of electricity consumes a portion of a limited natural resource and makes it 

unavailable for other users. Because energy production has such a large water footprint, 

decisions about electric generating resources provide an opportunity to reduce the 

pressure that energy demands exert on water resources. This analysis evaluates the 

projected water footprint under the Reference Scenario and compares it to the water 

footprint under the Transition Scenario, where all coal-fired electric generation is phased 

out by the year 2050.  

Generation of electricity uses water for a number of purposes ï including during fuel 

extraction and processing, to increase efficiency of boilers, and as part of the pollution 

control process ï power plant cooling requires the most significant volumes. The amount 

of water needed for cooling depends largely on the type of cooling system installed at 

the power plant, which use water or air to condense the steam emitted by a generating 

unitôs steam turbines. It is important to note the difference between the water that is 

withdrawn by power plants, when water is taken from a source for use in cooling, and 

the water that is consumed by power plants, when water is evaporated and not directly 

available for reuse at the plant. 

Power Plant Cooling Systems 

Steam-driven power plants, including coal, nuclear, oil, gas, and solar-thermal powered 

generators use cooling systems to condense steam, creating a pressure differential 

which drives the generating turbine. There are a variety of mechanisms used to cool this 

steam, including dumping the heat directly into a water body (once-through cooling), 

evaporating the heat as water vapor in cooling towers, and radiating the heat directly to 

the air in dry-cooling structures. Alternatively, the waste heat at some power plants is 
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used to create useful steam for industrial or commercial end-uses: these ñco-generatingò 

power plants are generally operated primarily for industrial uses, and create electricity as 

a by-product. Co-generators are excluded from this analysis.   

Once-through cooling (OTC), or open-loop, cooling systems withdraw large volumes of 

water from a source, move it through a unitôs heat exchangers to condense the steam, 

and then return most of the water to the source. Because water only passes once 

through the heat exchangers, OTC systems withdraw significant amounts of water, but 

only consume about 1 to 2% of what is withdrawn.
37

 The EPA has found that open-loop 

systems have detrimental effects on both water quantity and quality. The significant 

amount of water drawn by OTC systems (on average, an Olympic-sized swimming pool 

every minute for an 800 MW coal-fired plant) pins fish against exclusion screens, cooks 

extraordinary numbers of fish eggs, larval fish, and other small organisms, and raises 

the temperature of rivers, streams, lakes, and coastal waters. 

OTC systems rid themselves of waste heat through flowing rivers and streams, tidal 

flushing in bays and estuaries, or through massive cooling ponds which can have 

surface areas of several square miles. The absolute amount of water consumed by OTC 

systems is still an open question: these plants consume very little water at the 

generators themselves, but by raising water temperatures and contained cooling ponds, 

force significant evaporation off of surfaces. 

Recirculating, or closed-loop, wet cooling systems withdraw water from a source, move 

it through heat exchangers, cool the water using towers, and continue to recirculate the 

water. Because the water is recycled within the system, less is withdrawn from the 

source, but 80% or more of what is withdrawn is consumed through evaporation.
38

 As 

the water evaporates, impurities and pollution in the water becomes concentrated, and 

the water must eventually be refreshed. This discharged water, known as ñblowdownò, is 

of a lower quality than the withdrawn water. 

Dry-cooling systems cool power plants without the use of water, and instead use air-

cooled condensers that collect steam in small tubes, blow air across the tubes using 

fans, and collect the condensed water that has condensed at the end of the tube. 

Though dry-cooling does not require water, air-cooling requires very large cooling 

structures, are generally more expensive to build or retrofit at existing facilities, and can 

also result in a loss in efficiency at the thermoelectric plant. In high-temperature 

environments (where water is often short as well), dry-cooled systems can radiate heat 

less effectively, leading to a lower efficiency at the plant. This ñde-ratingò at the plant 

means that marginally more fuel is needed to produce one unit of electricity, which could 

lead to higher greenhouse gas emissions, and higher capacity requirements for the very 

hottest days.  

Hybrid cooling systems, like the one mentioned above in the example of Xcel Energyôs 

Comanche 3 plant, use a combination of wet and dry cooling. These systems can either 
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employ parallel wet and dry-cooled systems, or use misted water to help cool air-cooled 

condensers. There are very few of these systems in operation in the US today. 

EPA Water Use Regulations 

The EPA is developing regulations under §316(b) of the Clean Water Act, which requires 

that ñthe location, design, construction and capacity of cooling water intake structures 

reflect the best technology available for minimizing adverse environmental impact.ò
39

 

The EPA currently requires that new electric generating units use at least closed-loop 

cooling systems, as opposed to once-through systems. The agency had considered a 

regulation that would force existing large power plants using once-through technologies 

to retrofit their units with closed-loop systems, but has suspended the rulemaking. The 

state of California, however, chose to move forward with a similar regulation on its own. 

California requires that existing power plants reduce intake flows at each unit to a level 

that is similar to that achieved by a closed-loop system, or to reduce mortality of marine 

life to a comparable level if a reduction in intake is not feasible.
40

 

4.2. Methodology: Estimating Water Use  

While some thermal power plants report data on water use to both state and federal 

agencies, not all of them do so. Of those that do report data, it can often be inconsistent 

from year to year, and from agency to agency. The Energy Information Administration 

(EIA), a branch of the US Department of Energy, collects data on cooling system type, 

water withdrawn, and water consumed for those generating units that reports the values. 

Data from EIA Form 860 (2008) were used to determine cooling structure type; data 

from EIA Form 923 (2008) were used to estimate water withdrawals and consumption for 

each cooling tower, where reported. Cooling tower water use is given as the average 

water withdrawn, discharged, and consumed in cubic feet per second, measure 

fundamentally non-helpful for determining the water use efficiency of generators without 

connecting power generation to water use. Therefore, this analysis required a 

connection between power generation and water use on a generator-by-generator basis. 

At steam-driven power plants, generating units are driven by boilers, which are cooled 

by cooling structures. However, cooling towers are often used to cool numerous boilers, 

and boilers may fire several generators (or a generator may be driven by more than one 

boiler). This analysis carried generation from each unit down to continuant boilers and 

cooling units, and water use up through boilers to linked generators. The result is an 

estimated withdrawal and consumption rate (given here as gallons per MWh in 2008).  

In our database, 381 coal units (27% of the generators) did not report a cooling structure 

in 2008. These units were generally small and low capacity factor, only representing 2% 

of generation. We used satellite images in Google Earth to classify if these units had 

cooling cells, a cooling tower, a dry cooling rack, or water intakes and discharge to a 

water body (fresh or saline) or cooling pond. We created a new classification unit for 
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units with cooling ponds used exclusively by the coal generator.
41

 In this process, we re-

classified an additional 82 units (representing another 11% of generation). 

Five hundred thirty units (37% of units, or 17% of generation) do not report water 

withdrawals or consumption to the EIA. For these units, we used the cooling system 

classification and the median water use rates for units which did report to estimate water 

consumption. In addition, units which reported below the 10
th
 percentile or above the 90

th
 

percentile of withdrawals and consumption of their type were assumed to be outliers or 

mis-reporting, and adjusted to the median withdrawals and consumption of their type. 

These values are given in Table 4, below. 

Table 4. Median and range withdrawals and consumption for power plant cooling structure 

types in gallons per MWh
42

 

  Withdrawals (gal/MWh) Consumption (gal/MWh) 

  Median 
10% 

Percentile 
90% 

Percentile Median 
10% 

Percentile 
90% 

Percentile 

Once through, fresh water (OF) 
[n=471] 48,000 49,000 28,000 60 2,600 - 

Once through, saline water (OS) 
[n=44] 55,000 53,000 29,000 10 220 10 

Recirculating with cooling pond(s) 
or canal(s) (RC) [n=13] 32,000 32,000 - 110 120 70 

Recirculating with forced draft 
cooling tower(s) (RF) [n=109] 1,000 2,000 - 520 1,030 260 

Recirculating with induced draft 
cooling tower(s) (RI) [n=118] 1,000 2,000 - 650 1,310 390 

Recirculating with natural draft 
cooling tower(s) (RN) [n=59] 1,000 2,000 1,000 550 810 380 

Cooling Pond (Synapse 
Classification) (CP) [n=68] 26,000 22,000 - 480 1,200 10 

Withdrawal and consumption rates were then multiplied by electricity generation at the 

associated unit in order to determine total annual water use. Water withdrawal and 

consumption values were then applied to the generation mix in both the Reference Case 

and Transition Scenario, which resulted in total water withdrawal and consumption 

values, as well as values for avoided water use under the Transition Scenario. 

4.3. Water Use Avoided Through the Transition Scenario 

We estimate that the electric sector withdraws 42 trillion gallons of water each year ï an 

equivalent of more than half of the water flowing through the Ohio River each year.
43

 In 

fact, we estimate that generators along the Ohio River withdraw so much water that for 
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 The presence of a cooling pond is highly inconsistent in the EIA databases. Plants with large cooling 
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not exist, and the water which evaporates off their surface could otherwise be used for environmental, 
agricultural, or consumptive purposes. We therefore create a unique classification for these units. 
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every gallon which spills into the Mississippi River at Cairo, IL, one cup has passed 

through a generator on the banks of the Ohio River, and one tablespoon has evaporated 

to the atmosphere. 

Under the Reference Case, water withdrawals and water consumption both increase 

between 2010 and 2050, and certain regions of the United States are responsible for 

greater withdrawal and consumption volumes. This is due in part to the distribution of 

thermal generators across the United States, and in part to cooling system choices that 

are often region-specific. Figure 13 shows the current distribution of power plants in the 

United States. A significant portion of the coal-fired generating capacity is located in the 

Eastern US. Much of the power production infrastructure in this part of the country was 

established along major rivers, the Great Lakes, and along the coastline in order to both 

meet electricity demand and to provide plentiful cooling water to the different generating 

units, which utilize once-through cooling systems. Many of the states in the West, in 

contrast, generate a large portion of their electricity from hydroelectric units. There are 

fewer thermoelectric units, and many of those that do exist are located in areas where 

water is scarce or strictly managed, and thus typically use closed-loop cooling systems 

that require fewer water withdrawals. 
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Figure 13. Distribution of US generating units in 2008, by capacity and fuel type.
44,45

 

In this analysis, we refer to water use in acre-feet, a common measure for large volumes 

of water. An acre-foot is the volume of water which would cover a one-acre area at a 

depth of one foot, or about 325,000 gallons (or half the volume of an Olympic-sized 
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swimming pool). Units are given here as millions of acre-feet. In context, the Colorado 

River Compact, a 1922 agreement between eight Southwest states, allocates a total of 

15 million acre-feet for industrial, agricultural, and consumption purposes. By way of 

contrast, the US coal fleet withdrawals over 125 million acre feet, and irrevocably 

consumes 2.5 million acre-feet.  

While water withdrawals increase in the Reference Case with the continued operation of 

existing coal units and the addition of new coal units, water withdrawals decline in the 

Transition Scenario as existing units are retired. Figure 14 shows the withdrawal values 

between 2010 and 2050 for the Reference Case and the Transition Scenario, on the left 

and right, respectively. 
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Figure 14. Water withdrawals (thousand acre-feet per year) in the Reference Case (left) and 

Transition Scenario (right).  

Figure 14 shows that, in the Reference Case, water withdrawals increase from 

approximately 120,000 acre-feet per year in 2010 to nearly 150,000 acre-feet per year in 

2050. Withdrawals go up slightly in each of the regions shown; however, different 

regions have significantly different withdrawal volumes. The Northwest (NWPP) 

withdraws the smallest amount of water for thermal generation, while the largest 

volumes are withdrawn in the Southeast (SERC/FL) and the Midwest (ECAR/MAIN). 

Withdrawals in the Southwest (SW/RM), while small compared to other regions, more 

than double between 2010 and 2050. 

Water withdrawals under the Transition Scenario decrease in every region in every year 

as coal-fired generation is phased-out, but some regions experience more dramatic 

declines in certain years than other regions. In the ECAR/MAIN region, for example, 

water withdrawals drop dramatically between 2020 and 2030 as some of the least 

efficient power plants which use once-through cooling (often older components of the 

coal fleet) are taken offline. The scooped curve shape of this curve is generally due to 

the retirement of the once-through cooling fleet in earlier decades and the wet-cooling 

fleet in later years. Even though the same amount of coal generation is retired from 

2030-2040 as in the earlier decade, the decline in water withdrawals is significantly less 

because these plants are generally higher efficiency. 
































































