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The Urban Heat Island Effect
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Urbanization
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Impact of Heat on Residential Energy Use
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Study Objective:
Quantify Impact of UHI on US Residential Energy Demand

U.S. Residential Energy Demand U.S. Energy Demand
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Residential Energy Use & Temperature
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Conductive Energy Loss through Walls, Floors & Ceilings = Area x U x ATemperature x Time
U = Thermal Conductance = 1/R;

R = Thermal Resistance
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Heating Degree Day (HDD) & Cooling Degree Day (CDD)
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Heating Degree Day (HDD) = 65°F — Mean Temp
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Modeling Heating (or Cooling) & Fuel Demand
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PRINCIPAL EQUATIONS
Annual Heat Need = 24(h/d) x UA,,,,(BTU/h-°F) x HDD(°F-d/y)
Annual Fuel Need = Annual Heat Need / (Furnace Efficiency x Distribution Efficiency)

Annual Fuel Cost = Annual Fuel Need * Fuel Cost

PRINCIPAL INPUTS
Urban vs. Rural Temperature Records
Home Insulation & HVAC Efficiencies

Home Areas & Fuel Costs
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Urban vs. Rural Temperature Records

US GHCN Weather Station Data, 1960-2010

US 2010 Census Urbanized Areas
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Heating, Ventilation & Air Conditioning (HVAC) Inputs
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Components (Ceiling / Wall / Floor) Ceiling Wall Floor
Exterior air film 0.17 0.17 1.23
Wood Bevel Siding No siding 0.80 No siding
Air Space (between siding and sheathing) | No air space 0.94 No air space
Air barrier/Sheathing/0.75" Plywood Subfloor | Climate Zone | Climate Zone 0.93
Cavity insulation (Fiberglass Batt) | Climate Zone | Climate Zone | Climate Zone
0.5" Drywall/Carpet + Rubber Pad flooring 0.45 0.45 331
Interior Air Film 0.61 0.68 0.92
Single-Pane Glass Windows - R-Value | No windows 0.91 No Windows
Square footage per window | No windows 15 No Windows
Total number of windows | No windows 4 No Windows
Total window area, ftz No windows 60 No Windows
Wooden Studs - R-Value 4.38 4.38 4.38
Board width, inches 2 2 2
Number of boards in stud 1 1 1
total individual stud width 2 2 2
Stud spacing, inches on-center 16 16 16
Hollow Core Wooden Door, 1.75" - R-Value No Doors 2.17 No Doors
Square footage per door No Doors 32 No Doors
Total number of doors No Doors 2 No Doors
Total door area, ft° No Doors 64 No Doors
% Frame 12.50% 12.50% 12.50%
% Cavity 87.50% 87.50% 87.50%
Minimum High Type Low Efficiency | High Efficiency
Type Federal AFUE | Efficiency Central S
ystem 10 12
Natural Gas 78% 97% Window Unit 8 10
Electricity 97% 97%
Heating Oil 78% 89%
Wood* 40% 90%
Propane 78% 97%
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Housing Size, Fuel Use & Fuel Costs

US Census Regions

HOUSING SPACE AREA CHARACTERISTICS

WEST MIDWEST NORTHEAST numberof | averagesq | one house total wall
L N ) . area of one total wall area w/o
Census Division housing units | footage per | side length, 2 2 )
. > . 2 wall, ft area, ft windows or
Pacific Mountain West East Middle New per region region, ft ft doors, ft2
North Central | North Central | Atlantic |England :
New England 5,500,000 2,472 49.72 596.63 2,386.52 2,262.52
Middle Atlantic 15,100,000 2,284 47.79 573.49 2,293.98 2,169.98
East North Central 17,700,000 2,483 49.83 597.96 2,391.83 2,267.83
West North Central 7,900,000 2,281 47.76 573.12 2,292.47 2,168.47
South Atlantic 21,700,000 2,243 47.36 568.32 2,273.30 2,149.30
East South Central 6,900,000 2,137 46.23 554.73 2,218.93 2,094.93
West South Central 12,100,000 2,028 45.03 540.40 2,161.60 2,037.60
Mountain 7,600,000 1,951 44.17 530.04 2,120.17 1,996.17
Pacific 16,600,000 1,708 41.33 495.94 1,983.74 1,859.74
story height, ft 12
FUEL PRICES Census Division
Fuel unit NE MA ENC WNC SA ESC WSC MTN PAC

2010 residential NG | $/Mcf | 15.11 | 13.26 | 10.16 | 9.48 | 13.76 | 11.62 | 11.30 | 10.03 | 11.55
2010 residential electricity | $/kWh | 0.162 | 0.158 | 0.114 | 0.096 | 0.110 | 0.096 | 0.107 | 0.105 | 0.123
South 2010 residential no. 2 heating oil | $/gal | 2.96 | 3.08 | 2.74 | NONE | 3.01 | NONE | NONE | NONE | NONE

West " East
South Central | South Central Atlantic wood | $/cord | 200 200 200 200 200 200 200 200 200
Il 2 2 2 2 2 2 2 2 2
SOUTH wood pellets | $/ton 50 50 50 50 50 50 50 50 50
2010 residential propane | $/gal | 2.59 | 259 | 259 | 259 | 259 | 259 | 259 | 2.59 | 2.59
Fractional Use of Space Heating Fuels Fractional Use of A/C
US Census Region NE MA ENC WNC SA ESC WSC MTN PAC US Census Region NE MA ENC  WNC SA ESC WSC MTN PAC
Natural Gas, % 42% 60% 74% 67% 26% 33% 47% 61% 61% Do not have cooling, % 31% 16% 10% 4% 4% 3% 2% 41% 44%
Electricity, % 5% 9% 12% 18% 62% 49% 43% 24% 28% Central system, % 15% 34% 64% 76% 81% 75% 77% 51% 39%
Heating Oil, % 44% 25% 4% 0% 2% 0% 0% 0% 0% 1 wall unit, % 25% 19% 16% 15% 6% 12% 7% 7% 14%
Wood, % 4% 2% 2% 4% 1% 3% 2% 4% 3% 2 wall units, % 20% 21% 8% 4% 5% 10% 8% 0% 2%
Propane, % 0% 2% 6% 10% 5% 13% 7% 8% 2% 3 or more wall units, % 11% 11% 3% 0% 4% 3% 8% 0% 0%
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Results: HDDs & CDDs
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A/C Demand

Results: CDD Energy Use & Cost

Range of Low to High Insulation/High HVAC Efficiency
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Results: HDD Energy Use & Cost

Range of Low to High Insulation/High HVAC Efficiency
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Conclusions

1. Tminisrising at roughly twice the rate of Tmax.
2. HDDs are declining 2-6 times faster than CCDs are rising.

3. Rates of change are ~1% of absolute difference between Urban & Rural Temperatures, so
UHI impact on energy use dominates over global warming impact.

4. UHI impact on energy use varies with city; from negligible to significant.

5. Reduction in urban energy use for heating ~3 times the increase in urban energy use for
cooling, leading to a net impact of reduced energy use by urban residences.

6. UHI impact on energy costs depends on factors governing fuel price as well as fuel demand.
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