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Effect of the Geothermal Heat-pump on alleviation of the Urban Heat
Island
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Abstract : Remarkable air temperature increases in urban areas are known as heat island phenomenon. In this
study, we analyzed the effects of renewable energy on the heat island phenomenon in urban area by numerical
method. The results showed that the use of renewable energy reduces the building energy use in urban area and
contributes the alleviation of the Urban Heat Island Effects.
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Table. 1 Basic assumptions used in the standard solution

building width B=32 m, road width W=16.88m, building height H=23.8 m

Street. configuration floor area ratio: 700%, gross ratio of building volume to lot 300%

Street grid pattern Staggered array

Solar radiation reflectivity Building wall 0.6, asphalt pavement 0.9,soil 0.7, lawn 0.75

Wall plaster board (9 mm)+insulation (20 mm)+concrete(200 mm)+tile
Glazing Transparent glass of 6 mm thickness, ratio of glazing 35%
Roof Soil (10 cm) + lawn

Covering ratio asphalt pavement : soil : lawn =1:1:1

Anthropogenic heat from traffic (at the peak) 9.7 W per square meter of the area of the block

sensible heat: 56 W per square meter of the area of the room

latent heat: 13 W per square meter of the area of the room

casel: Air Source Heat Pump(10%), Turbo Refrigerator(45%), Absorption
Refrigerator(45%)

Internal heat generation of building (at the peak)

HVAC System case2: Ground Source Heat Pump(10%), Turbo Refrigerator(45%),
Absorption Refrigerator(45%)
Setting of air-conditioning 26°C RH60% constant (8:00 - 21:00), ventilation 2.7m*h
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Table. 2 COP of air conditioning system

System

Calculation of COP

Exhausted heat rate

Air conditioning

Air source heat pump

COP=COP}pyi,-Irate

Ground source heat pump

COP=1.20COPgp.ir-Irate

Turbo refrigerator

COP=1.60COPgp.ir-Irate

Q=(1+1/COP)-Higaa

system Gas—fueled absorption refrigerator COP=0.38COPypyiIrate
Irate(F-apA shao] wh& 53l Al95)=
(-0.0681eal+0.139% wt+0.0023pr+3.1598)/(-0.06816a1+0.1319e wt +0.0023+100+3.1598)
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Fig. 5 COP and heat source temperature of air source heat pump
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Table. 3 The conversion factor of CO2, NOx, SOx emission

o0 Beeric | g
Unit [*] kWh M]

CO: emission [kg-C/*] 0.143 0.0186
NOx emission [g-NOx/*] 0.231 0.026
SOx emission [g-SOx/*] 0.209 -
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