
Microgrid Planning Study, Design, & Implementation



Community

Wesleyan University – Middletown, CT

• 3,000 students

• 1,300 faculty and staff

• 320 acres

• 312 buildings

• 3,000,000 sf.

• 2,250,000 sf, 80 buildings receive steam/chilled water from central plant 
and are on Wesleyan’s 5 kV/15 kV electrical distribution system



Site plan



History

• Established 5 kV electrical 
distribution system in 1960

• Began conversion from 5 kV to 
15 kV electrical distribution 
system in 2008

• Installed 2.5 mW reciprocating 
gas engine cogeneration system in 2008

• In 2008 produced approximately 80% of demand

• In 2008 supplied domestic and heating hot water for 500 beds

• In 2008 added 3,200 pounds of steam to the steam loop from first cogen



Self Study

• In October 2011, a snow storm 
caused 80% of Connecticut to 
loose power, including Wesleyan

• Wesleyan buildings were without 
utility power for 3 -8 days

• Without power Wesleyan cannot 
establish a shelter for faculty, staff, or students

• Without power, ongoing experiments in the science buildings can be 
destroyed along with important material stored in freezers

• Without power, food is lost in dining venues



Best Practices

October 2011



Improving Reliability

• The existing cogeneration system was used 
to power parts of campus once it was clear 
that the outage would be longer than a day

• The consequences of the outage were studied recognizing 
that emergency power reliability is an important part 
of business continuity and campus safety

• Soon after a study of campus power reliability was undertaken

• In response to the storm the State of Connecticut Department of Energy 
and Environmental Protection (DEEP) created incentive programs for 
cogeneration systems and microgrids (where facilities are connected to 
localized power generation sources)



Options for emergency power

The following options were evaluated by Wesleyan for their ability to provide 
emergency power, their ability to provide a return on investment and their 
impact on the environment:

• Fuel cells set up as combined heat and power

• Solar

• Wind

• Standby emergency generators

• Cogeneration micro-turbines

• Cogeneration gas engines



Power reliability & capacity matrix



Cost / schedule - detail



Cogeneration – gas engine –

combined heat and power (CHP) selected

• Place a gas powered reciprocating engine in or near a building to provide 
electricity and waste heat

• A number of colleges, universities, and secondary schools are installing gas 
engine cogeneration systems such as – Clark, Wellesley, Amherst, Smith, 
UConn, Yale, Harvard, Fairfield, MIT, Williams, UMass, Trinity, Loomis, 
Avon Old Farms, SUNY Syracuse Environmental Science, CCSU, Duke, 
SUNY Westbury and Plymouth State



Pros and Cons

• Pros

– Used in a cogeneration system they can be efficient and also provide 
emergency power when required

– Relatively low maintenance 

– Best return on investment of any option

– Good emissions ratings, lower emissions than utility generators

– Higher system efficiency than utility generators because the heat from 
the engine is used



Pros and Cons

• Pros (continued)

– Replaces gas used for production of an equivalent quantity of steam and 
hot water

– Replaces gas used for production of an equivalent quantity of electricity 
with reduced emissions 

• Cons



Conclusion

• Several technologies investigated including Fuel Cells, solar, wind, stand 
alone generators and cogeneration with gas engines. The final selection 
was CHP using a reciprocating natural gas engine

• Multiple engines modeled. Final selection based on optimal ROI is rated for 
676 kW

• Suitable location identified as Freeman Athletic Center mechanical space.

• Engine provides steam to the campus loop, hot water to serve pool heating, 
domestic hot water, and heating loads of the 280,000 sf facility



Conclusion continued

• New unit is connected to Vine Street substation via new feeder by adding 
Freeman to the campus electrical distribution system

• Current electrical load on Vine Street with existing cogen and Freeman 
is ~8,126 mWh annually

• The new engine will produce 4,635 mWh annually



Cogeneration system impact



• Total CHP installation cost: $3,550,000 (includes SCR)

• Total duct bank/interconnection cost: $620,000

• Expected savings net of service agreement & renewable energy credits

– Fossil fuel & CL&P savings: $304,177

– Expected maintenance agreement cost: ($120,785)

– Expected renewable energy credit revenue: $   46,350

– Net annual savings: $ 229,742

• CEFIA rebate: $300,000

• DEEP Microgrid Grant: $650,000

• Simple payback: 14 years (includes domestic hot water changes)

Cost



Schedule

• Feasibility – April/May 2012

• Engine selection – June/July 2012

• Engine bidding – July/September 2012

• Engine order – November 2012

• Engine delivery – August 2013

• Air permitting – October 2012 to July 2013

• Installation – September 2012 to March 2013

• First fire – January 2014

• Utility interconnect – February 2014



Compliance



Island Mode Testing: 12/29/16

• Report from the Connecticut Department of Energy & 
Environmental Protection (DEEP)

• Highlighting the load additions and subtractions observed 
during testing

• Additional data includes hours of operation operating in 
parallel and island mode, dates/times of unplanned outages 
and fuel usage data



Island Mode Testing: 12/29/16



Island Mode Testing: 12/29/16



Island Mode Testing: 12/29/16



Island Mode Testing: 12/29/16



Island Mode Testing: 12/29/16



Reporting



Microgrid 2nd generator location



Design –
electrical power and energy balance



Keys to Success

• Select the right engineering team

• Do your permitting homework: First

• Begin discussions with Utility, State and Local Agencies Early

• Model your load and demand duration curves accurately; 
Preferably 5 years of data

• Track, measure and model your thermal loads – Site-specific 
and campus wide



• ROI

• Select the service organization in parallel of your prime mover 
and packager

• Interview the service team

• Understand lines of communication

• Visit the manufacturer and packager prior to selection

Keys to Success



• Establish relationships up and down the supply chain

• Involve your supplier, packager and service organization with 
BOP issues/decisions

Keys to Success



Questions?
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