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Simple Take-Aways 
Macro-grid with microgrids can deliver higher 
reliability with lower total installed capacity. 

 

Highly-integrated microgrid systems exist today. 

 

They offer numerous benefits to the host, local 
community, and larger grid including: financial, 
reliability, resilience, environmental, diversified risk, 
and grid services. 

 

Princeton offers one example of thought-process and 
technologies. 



Simple Microgrid Concept 

Central Utility 
Power Station 

KWH 

Utility 
Meter 

Synchronizing 
Isolation 
Breaker 

Local 
Generator 

Local 
Power 

Demands 

KWH 

Utility 
Meter 

Isolation 
Breaker Local 

Power 
Demands 



Energy Demands at Princeton 
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Energy Equipment & Peak Demands 

• Electricity             Rating       Peak Demand 
– (1) Gas Turbine Generator              15.0 MW  27 MW 
– Solar Photovoltaic System                4.5 MW 
 

• Steam Generation 
– (1) Heat Recovery Boiler                           180,000 #/hr 
– (2) Auxiliary Boilers @ 150 ea. 300,000 #/hr  240,000 #/hr 
 

• Chilled Water Production 
– (3) Steam-Driven Chillers              10,100 Tons 
– (5) Electric Chillers               10,700 Tons    15,000 Tons 
 
– (1) Thermal Storage Tank               40,000 Ton-hours 

• *peak discharge                 10,000 tons (peak) 
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Campus 
Energy Users 

 

Chilled Water 
& 

Thermal 
Storage 
Systems 

Gas Turbine 

Heat 
Recovery 

Steam 
Generator  

Duct Burner 

Auxiliary 
Boilers 

PSEG 
Electricity 

Natural 
Gas 

#2 Diesel 
Fuel Oil 

Electricity 

Steam 

Chilled 
Water 

Biodiesel 
Fuel Oil 

Backpressure 
Turbines 

Solar PV 
Electricity 



Campus District Energy Systems 
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Combined Heat & Power, “Cogeneration” 



How Much More Efficient is 
Combined Heat & Power?  
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Thermal Energy Storage Tank 
Temperature Stratification 



Solar Overview 



Princeton Economic Dispatch System 

 

ICETEC 

 

PJM Electric Price 

NYMEX gas, diesel, 

biodiesel prices 

Current Campus 

Loads 

Weather Prediction 

Production 

Equipment 

Efficiency & 

Availability 

“Business Rules” 

 

Historical Data  

 Generate/Buy/Mix 
 

Preferred Chiller & 

Boiler Selections 

Preferred Fuel 

Selections 

ICAP & Transmission 

Warnings 

Operating Display 

 

Historical Trends 

Live feedback 

to Icetec 

Operator 

Action 

 

Biodiesel REC value 

& CO2 value 

GT Inlet Cooling Mode 



TES Economic Dispatch Screen
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Main Campus Power, Generated & Purchased  
During PV System Testing      August 30, 2012 

Charlton St Import MW

Elm Drive  Import MW

CoGen Output MW

West Windsor PV Output MW
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Purchased Power and Power Price  
During Solar PV Testing     August 30, 2012 

Total Campus Import,   MW

PSEG LMP + Delivery,   $/MWH



When it 
goes 
right… 



Hurricane Sandy Student Video 

• http://youtu.be/WtjIj91imSQ  

 

http://youtu.be/WtjIj91imSQ


Utility Grid With Simple Redundancy  
12 x 50 MW = 600 MW Demand  

600 MW + 600 MW Back-Up = 1200 MW Installed Generation  
“N-1 Redundancy” 
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Utility Grid Vulnerability Points 
12 x 50 MW = 600 MW Demand, 600 MW + MW Back-Up 

600 MW Central Utility  
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POWER Station 



Utility + Distributed Microgrids = Diversity 
Increased Resiliency, Less Idle Capacity 

12 x 50 MW = 600 MW Demand  
400 MW Utility + 400 MW Microgrids = 800 MW Installed Capacity 

“Near N-2 Redundancy” + Reduced Scale of Emergencies 

200 MW Central Utility  
Power Station 

200 MW Central Utility  
BACK UP POWER Station 

150 MW 
Microgrid  

(100% in island)  
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