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Study Background

ü Significant byproduct of power generation is 

rejected (or ñwasteò) heat

ü Rejected heat results from inefficiencies in 

power generating process  

ü ñWasteò heat is then rejected into the 

atmosphere or bodies of water

ü Large quantities of heat are rejected in 

Connecticut  ˈ enough to heat every 

building in the state

This study investigated the feasibility of using 

rejected heat ˈ rather than wasting it
5



6

Study Background (2)

ü CT power plants transform energy stored in 

nuclear and chemical fuels into available 

energy

ï 1/3 into useful energy

ï 2/3 rejected as heat

Total heat currently wasted from CT power 

plants is an untapped resource equal in 

value to the $3.8 billion annually spent on 

fossil fuels used for the stateôs residential, 

commercial and industrial sectors for 

process and space heating
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ü Electricity Generation from Heat Engines

ü Environmental Impact of Heat Rejection 

Systems

ü Connecticut Electricity Generating 

Stations

ü Potential Applications for Utilizing Waste 

Heat

ü Findings, Recommendations & 

Concluding Remarks

ü Q & A

Study Approach/Agenda
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ü Conversion of energy resource (e.g., 

fossil fuel, nuclear heat, or biomass fuel) 

into electric power

ü Heat engine electricity efficiency 

dependent on the highest and lowest 

temperature of the working fluid

Electricity Generation from Heat Engines
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ü Primary Heat Engine Cycles

ï Rankine Cycle (i.e., steam boiler / turbine)

ï Brayton Cycle (i.e., gas turbine)

ï Combined Cycle (i.e., gas turbine exhaust as 

steam boiler heat source)

Electricity Generation from Heat Engines
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ü Once-Through Cooling

üWet Cooling Towers

ü Dry Cooling Towers

Heat Rejection Systems
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Cooling System Trade-Offs
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üClean Water Act

ï Section 316(a) regulates heated discharges 

(i.e., thermal plume)

ï Section 316(b) requires that the location, 

design, construction, and capacity of 

cooling water intake structures reflect the 

best technology available for minimizing 

adverse environmental impact (i.e., 

impingement and entrainment of fish and 

fish larvae)

Environmental Impact of Heat Rejection Systems
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ü Development of new regulations for Section 

316(b) taking place in three phases

ïPhase I (2001):  Applies to new facilities 

ïPhase II (2004):  Consists of regulations applicable 

to existing facilities (> 50 mgd cooling water flow)

ïPhase III: Will consist of regulations applicable to 

small existing facilities (<50 mgd)

ü Federal regulations enforced in CT as part of 

the National Pollutant Discharge Elimination 

System (NPDES) permit program

Environmental Impact of Heat Rejection Systems
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ü CT DEP published tentative decision in 

August 2006 to renew water discharge permit 

with the following requirements

ï Install new technology to reduce intake of cooling 

water by 40% during winter flounder optimal 

spawning season (early April to mid-May) by 

December 31, 2009

ï Conduct feasibility study of the potential benefits 

of installing fine mesh screens to reduce the 

mortality rate of winter flounder larvae

ï Conduct a detailed study to determine the steps 

needed to augment the natural reproduction of 

Niantic River winter flounder

Millstone Power Station
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ü January 2007 ïUS 2nd Circuit Court of 

Appeals decided many parts of the Phase II 

Rule were invalid or needed to be 

reevaluated

ïPhase II Rule suspended in March 2007

ü April 2009 ïUS Supreme Court found it 

permissible to use cost-benefit analysis & 

allow site-specific variances

ïDecision reverses US 2nd Circuit Court of 

Appeals that significantly limited ability of EPA to 

consider cost in its determination of best 

available cooling technology

Subsequent Court Decisions
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Wet and drying cooling towers 

will reduce adverse impact on 

fisheries compared to once-

through cooling, butéé.

Environmental Impacts
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ü Wet Cooling Towers
ï Reduce electrical efficiency (i.e., higher fuel 

consumption and greater air emissions)

ï Increase water consumption & wastewater 

discharge

ï Visible plumes

ï Visually obtrusive

ü Dry Cooling Towers
ï Reduce plantôs efficiency more so than wet 

cooling towers (efficiency loss greatest during 

hottest periods of year when demand is greatest)

ï Large land area requirements

ï Visual impact - must be raised off the ground

Environmental Impacts
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Single 400 Foot Natural Draft Cooling Tower 

at a European Nuclear Power Plant

18



Mechanical Draft Cooling Units at 813 MW 

Caledonia Combined-Cycle Plant
Similar to Kleen Energy Plant, Middletown 

(under construction)
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Focus of project was to identify 

beneficial uses of waste heat at 

large electricity generating 

facilities (> 65 MW)

Connecticut Electricity Generating Facilities
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