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HistoryHistory
April 1996 April 1996 –– Bucknell started a project to convert the Bucknell started a project to convert the 
power plant from a coal burning facility to a gas/oil power plant from a coal burning facility to a gas/oil 
cogeneration facilitycogeneration facility
The UniversityThe University’’s continuing building program created s continuing building program created 
the need for additional steam production capacity.the need for additional steam production capacity.
The existing plant could no longer supply steam The existing plant could no longer supply steam 
reliably during peak usage periods. reliably during peak usage periods. 
This led to the project of a new cogeneration plant to This led to the project of a new cogeneration plant to 
replace the existing plant in order to allow for further replace the existing plant in order to allow for further 
growth of campus.growth of campus.



What is Cogeneration?What is Cogeneration?

Refers to the process which derives Refers to the process which derives 
two forms of energy from a single fuel two forms of energy from a single fuel 
source.  Generally, the process source.  Generally, the process 
produces electricity and steam from the produces electricity and steam from the 
same fuel.same fuel.
BucknellBucknell’’s cogeneration plant is a s cogeneration plant is a 
combined cycle design, meaning that it combined cycle design, meaning that it 
not only produces electricity and steam not only produces electricity and steam 
from the combustion fuel, but also from the combustion fuel, but also 
produces electricity downstream in the produces electricity downstream in the 
process using a steam turbine.  process using a steam turbine.  



Why Cogeneration?Why Cogeneration?
It is a cost effective method of It is a cost effective method of 
supplying the steam and electric needs supplying the steam and electric needs 
of the campus.  of the campus.  
The plant supplies all of the campusThe plant supplies all of the campus’’
steam needs and 90steam needs and 90--95% of campus 95% of campus 
electricity use.electricity use.
Excess electricity generation is sold to Excess electricity generation is sold to 
the utility company.  the utility company.  
The continuous need for steam The continuous need for steam 
combined with the savings on combined with the savings on 
electricity purchases made the electricity purchases made the 
cogeneration technology well suited for cogeneration technology well suited for 
the universitythe university’’s energy needs.  s energy needs.  



Design CriteriaDesign Criteria
Provide enough steam generation capacity to Provide enough steam generation capacity to 
satisfy the projected growth of the campus for at satisfy the projected growth of the campus for at 
least twenty years.  least twenty years.  
Supply all of the campusSupply all of the campus’’ (1998) electrical load, (1998) electrical load, 
plus a moderate surplus for future growth.plus a moderate surplus for future growth.
Maintain 100% reliable steam production using Maintain 100% reliable steam production using 
multiple layers of redundancy.  This allows for multiple layers of redundancy.  This allows for 
the maintenance of any of the plantthe maintenance of any of the plant’’s s 
components without interruption the steam components without interruption the steam 
service to the campus.service to the campus.



Technical ScopeTechnical Scope
The plant design includes the following componentsThe plant design includes the following components::
–– Combustion turbine generator, 4800 KW, natural gas or oil Combustion turbine generator, 4800 KW, natural gas or oil 

fired.  5500 KW peak capacity.fired.  5500 KW peak capacity.
–– Heat recovery steam generator (HRSG), 70,000 Heat recovery steam generator (HRSG), 70,000 pphpph, with , with 

standstand--alone fresh air firing, auxiliary fired on natural gas onlyalone fresh air firing, auxiliary fired on natural gas only
–– Two package water tube boilers, 70,000 Two package water tube boilers, 70,000 pphpph, natural or oil , natural or oil 

firedfired
–– Oil storage facility, 50,000 gallonsOil storage facility, 50,000 gallons
–– Electric utility interface switchgearElectric utility interface switchgear
–– Back pressure steam turbine/generator, 1250 KWBack pressure steam turbine/generator, 1250 KW
–– New control, electrical and ancillary systemsNew control, electrical and ancillary systems
–– Emergency Diesel Generator to provide black start power.Emergency Diesel Generator to provide black start power.



Total Plant CapacitiesTotal Plant Capacities
Steam ProductionSteam Production
–– 140,000 140,000 pphpph peak with 50% redundancy (two peak with 50% redundancy (two 

70,000 70,000 pphpph boilers operating with one 70,000 boilers operating with one 70,000 
pphpph backup boiler)backup boiler)

Electric ProductionElectric Production
–– 6000 KW ISO design conditions, produced by 6000 KW ISO design conditions, produced by 

combustion turbine and steam turbine combustion turbine and steam turbine 
generators.  6800 KW peak capacity.generators.  6800 KW peak capacity.

FuelsFuels
–– Natural gas with #2 fuel oil backNatural gas with #2 fuel oil back--up.up.



Project Cost/BenefitProject Cost/Benefit

The project was completed in 1998 The project was completed in 1998 
for a total project cost of  for a total project cost of  
$12,000,000. $12,000,000. 
–– Included all design, construction, Included all design, construction, 

management, equipment, and testing management, equipment, and testing 
costs.costs.

The plant currently saves the The plant currently saves the 
university over $1,000,000/year in university over $1,000,000/year in 
utility costs.utility costs.



Environmental BenefitsEnvironmental Benefits
The University also had to consider The University also had to consider 
the environmental impacts of the the environmental impacts of the 
existing plant.existing plant.
The original plant was built 50 years The original plant was built 50 years 
ago, when environmental standards ago, when environmental standards 
were less demanding, so emission were less demanding, so emission 
improvements were required.improvements were required.
The new plant produces 75% to The new plant produces 75% to 
99% lower emissions of pollutants 99% lower emissions of pollutants 
such as Sulfur Dioxide, Nitrogen such as Sulfur Dioxide, Nitrogen 
Oxides, and Particulates than the Oxides, and Particulates than the 
old plant.old plant.
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99.8%99.8%1.51.5703.7703.7SOSOxx

99%99%0.90.9100.4100.4TSPTSP

55%55%0.40.40.90.9VOCVOC

96%96%4.94.9112.3112.3COCO

76%76%22.422.494.794.7NONOxx

Percent Percent 
ReductionReduction

2006200619961996Annual EmissionsAnnual Emissions
(ton/yr)(ton/yr)



Power Plant Cycle & 
Equipment

• Gas Turbine Generator





Air Fuel

900°

4800 kW

Gen.

Compressor Turbine

Gas Turbine

Combustion
Chamber

Exhaust
Gas



















Power Plant Cycle & Power Plant Cycle & 
EquipmentEquipment

Gas Turbine GeneratorGas Turbine Generator
Heat Recovery Steam Generator (HRSG)Heat Recovery Steam Generator (HRSG)

–– Water tube boilerWater tube boiler
–– Natural Gas fired Duct BurnerNatural Gas fired Duct Burner
–– 25,000 25,000 pphpph capacity unfiredcapacity unfired
–– 70,000 70,000 pphpph capacity with supplemental firingcapacity with supplemental firing
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Power Plant Cycle & Power Plant Cycle & 
EquipmentEquipment

Gas Turbine GeneratorGas Turbine Generator
Heat Recovery Steam Generator (HRSG)Heat Recovery Steam Generator (HRSG)
Steam Turbine GeneratorSteam Turbine Generator
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Power Plant Cycle & Equipment

• Gas Turbine Generator
• Heat Recovery Steam Generator (HRSG)
• Steam Turbine Generator
• Feedwater System
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