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Current Cooling MethodologyCurrent Cooling Methodology 

Heat Gain Heat RejectedStandard 
Chiller 

59 F 95 F 

5 Units 

Water InElectricity In 
1 Unit 

1 Unit bought = 5 Units of useful work 

The advantage of chillers 
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SteamChilled Water 

Heat Pump Technology 
Answer: Dehumidification & Reheating 

Chilled Water Steam 
(from Chiller Plant) (from Cogen Plant) 

Cold AirOutside 
Air 55 F 

68 F 

Condensate Tempered 
Dry Air 
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Heat Pump Technology 
Answer: Data Centers need cooling all winter... 

Chilled Water Electricity 
(from Chiller Plant) (for Servers) 

Recirculated Cold Air 
Air 

55 F 
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Heat Pump Technology 
Opportunities 

Allows “Waste = Food” to work campus wide 
Inexpensive heat ($0 extra cost is possible in summer) 
Cooling tower water savings (30-50%) 
Reduced combustion-based heating 
Reduced CARBON emissions 
Proven technology in use today 
Low capital cost 
Good bridge solution for initial phase 
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Heat Pump Technology 
Barriers / Risks 

Electric rate sensitivity 
Reliance on Duke Energy 
Carbon offsets required to achieve carbon neutral goal 
Requires hot water distribution system, not steam 
Serves same heat load that is needed for Cogeneration 
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Distributed Solar TechnologyDistributed Solar Technology 
Building 

120F120F 

HWRHWR 

130F130F 
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““NetNet”” MeterMeter Glazed (concentrating?)Glazed (concentrating?) 
solar collectorsolar collector 

150F 

Central Heating 
Plant 
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Distributed Solar Technology 
Solar Assisted Heat Pump 

Building 

Bare tube solar collectorBare tube solar collector 

CheapestCheapest ANDAND Most EfficientMost Efficient 

55F55F 
CWRCWR 

CWSCWS 

65F65F 
CWRCWR 

“Net” Meter 

42F 
HWSSolar Derived Btus 

Cost = $6/MMBtu 

Gas = $8/MMBtu 

150F 
“Heat Pump” 
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Distributed Solar Technology 
Opportunities 

Solar is 100% renewable and available onsite 

Grid connection lowers installed cost and maximizes 
economic benefits 

All solar energy is used and no local storage is required 

Potential to finance significant building-level renewables 
with utility rate 
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Distributed Solar Technology 
Barriers / Risks 

Possible central plant/grid disruption 

Interconnections standards needed 

Metering complexity 
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Mid 80’s: over 15,000 farms, 2.4 million hogs 
Mid 90’s: 3600 farms, 8 million hogs 
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Second leading producer behind IOWA (16 million) 
11 lbs of manure per hog per day 
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Hog Waste Solids
Opportunities

Renewable source of energy located in NC
Mitigates other environmental problems
Legislative incentives
Boost to economically depressed portion of the State

Hurdles
Lots of solids handling, energy, effort to create pellet
Expensive, specialized boiler technology for clean burn
Solids handling at the boiler facility, before and after the 
combustor
Storage degrades the Btu content
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Hog Waste Biogas

Typical Biogas
Methane, CH4 55 – 75%

Carbon Dioxide, CO2 25 – 45%

Nitrogen, N2 0 - 0.3%

Hydrogen, H2 1 – 5%

Hydrogen sulphide, H2S 0 – 3%

Oxygen, O2 0.1 - 0.5%

Ammonia, 2 NH3 0 – 2%
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Gas Advantage (over solid waste)

No solids handling off the farm, final solids as fertilizer
Clean burning, commercial product
Lots of standard equipment can use the fuel
Storage and delivery is well understood
75 MW of gas, possibly more with superbugs

Hurdles
Get the waste to centralized large scale digesters
Farms could us much of the gas onsite if done at each 
farm
Supply goes away if industry goes away
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Small scale pilot project 
Capture average 86% NOx 
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Estimated 1000 MW plant – 40 million gal. of biodiesel and 
50 million gal. of ethanol are possible 

Requires 2000 acre farm next to plant 
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