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Bucknell University

 Private undergraduate university established 1846
 Located on the Susquehanna River 60 miles north   
of Harrisburg in rural Central PA
 3600 students; 3000 reside on campus
 1200 faculty and staff
 550 acres
 165 buildings totaling over 2.6 million gsf



Historical Context

Before 1998
‐ Coal plant built in 1949 (replaced earlier coal plant)
‐ Supplied all campus steam for:

‐ Heat
‐ Cooling (steam absorption process)
‐ Domestic hot water
‐ Cooking 

‐ Electricity
‐ 80% purchased
‐ 20% generated with back‐pressure turbine generator



Coal Plant

• Three 25,000 pph stoker fired boilers
– 2 operating, 1 standby

• Operated on mix of anthracite and bituminous coal
• 50,000 pph maximum steam capacity (2 boilers)
• One 850 KW back‐pressure steam turbine generator



Since 1998
‐ Gas turbine based cogeneration plant
‐ Supplies all campus steam for:

‐ Heat
‐ Cooling (steam absorption process)
‐ Domestic hot water
‐ Cooking 

‐ Electricity
‐ 5% purchased: wind‐based renewable energy credits
‐ 95% generated: gas & back‐pressure turbine generators



Cogeneration Plant

• One 5 MW gas turbine powered generator
• One 70,000 pph Waste Heat Recovery Boiler
• Two 70,000 pph standard gas/oil boilers
• One 1.2 MW back‐pressure turbine generator
• One diesel generator for plant emergency 
power/dark start capability



Comparing Plant Metrics

Coal Plant‐1992

– Campus size: 2.1 million gsf
– Used 22,500 tons of coal at 

$40/ton
– 350 million pounds of steam
– Generated  4.3 million kwh 
– Purchased  23.3 million kwh
– Exported no electricity

– Net Energy cost $2.2 million

Cogeneration Plant‐2004

– Campus size: 2.6 million gsf
– Used 600,000 DTH natural gas 

at $3.60/DTH
– 270 million pounds of steam
– Generated 44 million kwh
– Purchased 2.5 million kwh
– Exported 5.2 million kwh

– Net Energy cost $2.4 million



BU Power Plant Emissions

Annual Emissions 
(ton/yr)  1996 2004 Percent Reduction

NOX 94.7 22.5 76%

CO 112.3 7.6 93%

VOC 0.9 0.44 51%

TSP 100.4 1.2 99%

SOX 703.7 0.16 99.98%



The Elements of the Initiative



Project Goals
I. Provide the long term least cost plant when considering all 

costs such as capital investment, yearly operating expenses 
and fuel costs.

II. Maximize the efficiency of the overall energy conversion 
process through the application of appropriate concepts and 
technologies.

III. Minimize the impact on the environment while providing a 
facility that will meet the tightening regulatory 
requirements without major modifications or expense.

IV. Provide for the long term energy needs, including 
equipment for maintenance backup and redundancy for 
breakdowns.

V. Provide fuel flexibility to be able to respond to changing 
supply and cost factors.



Electric and Thermal Load Balance Considerations

• Onsite thermal load determines size of electric 
generation capabilities‐must be able to use all 
of waste heat generated

• Daily and Seasonal Load profile variations 
need to be analyzed‐averages do not suffice

• Future load growth/reductions need to be 
projected

• Electric production should replace purchased 
power or sold at rates above generation costs



Comparative Fuel Efficiencies
for providing 100 units of energy

Energy Coal Natural Gas Cogeneration NG

Fuel 152 102 116

Electric 48 48 0

Total 200 150 116

Efficiency 50% 66% 86%
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Cogeneration Feasibility Analysis

1) Electric and Thermal Load Balance
2) Fuel cost compared to purchased electric cost
3) Life cycle cost
4) Reliability/redundancy/risk factors
5) Environmental  Impact
6) Initial Investment



Campus Energy Cost History
1992 2004 2010

Steam

$/MMBtu 2.60 3.73 11.26

Annual $900,000 $1,400,000 $4,200,000

Electric

$/MMBtu 16.70 7.44 19.94

Annual $1,300,000 $1,040,000 $2,720,000

Total $2,200,000 $2,440,000 $6,820,000





Savings Compared to Conventional Plant
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Current Energy Costs

• Purchased Electric 10 cents/kwh
• Generated Electric 5.4 cents/kwh
• Exported Electric 4.5 cents/kwh

• Natural Gas
– Wellhead $ 7.90  per DTH 
– Delivery $ 2.39 per DTH
– Burner tip $10.29 per DTH



Gas vs Electric Costs
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Challenges to Successful Cogeneration

• Availability of historic data
• Predicting future loads
• Predicting future fuel costs
• Regulatory changes
• Utility industry resistance
• Technical expertise for project development 
and ongoing operations, including fuel supply


