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Analysis of Heating and Cooling Load Profile According to the Window Retrofit
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Abstract The purpose of this study is to analyze heating and cooling load variation due to envelope retrofits in an
old school building. In a previous study, envelope retrofit of an old school building resulted in annual energy consumption
reduction. However, cooling energy consumption increased with the envelope retrofit. This is because of high internal
heat generation rates in school buildings and internal heat cannot escape through windows or walls when the envelope’s
thermal performance improves. To clarify this assumption, thermal performance changes due to envelope retrofits were
analyzed by simulation. Results revealed indoor temperature and inner window surface temperature increased with high
insulation level of windows. Indoor heat loss through windows by conduction, convection and radiation decreased and
resulted in an increase of cooling load in an old school building. From results of this study, energy saving impact
of envelope retrofits in an old school building may not be significant because of high internal heat gain level in school
buildings. In case of replacing windows in school buildings, local climate and internal heat gain level should be
considered.
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Fig. 1 Simulation object-high school floor plan. Fig. 2 Modeling by design builder.
Table 1 Information of the analyzed classroom Table 2 Internal gain
Orientati South . 99 W/person
rientation ou Heat generation (Latent Fraction 0.5)
Volume(m3) 182.45 Human Metabolic rate 0.9
Class A 2 2017 Clo® Summer : 0.44, Winter : 1.11
rea(m’) ’ Licht Heat generation 15 W/m?
Occupants(person) 30 & Illumination 300 lux
B Infiltration!'” All days 0.74 ac/h
Wall Area(m’) 21.32
Summer Jun~Sep
Object . 2 :
) Window Area(m’) 9.6 Schedule Winter Nov~Feb
envelope Weekday 08 : 50~17 : 20
‘V‘V (V)
R(%) 45.03 Weekend Off
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Fig. 3 Modeling for heat balance equation of double window.
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Table 3 Analyzed case
Window Wall

SHGC
Case Year U-valzue Year U-valzue [-] Note
[W/m'K] [W/m'K]

1 1996 3.37

2 2010 2.4 07 Window thermal resistance
3 2013 2.1 1996 0.58 ' enhanced

4 2015 1.5

5 1996 3.37 0.4 Window SHGC enhanced
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Fig. 4 Annual heating and cooling load per area in the analyzed class.
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Fig. 5 Indoor and window surface temperature changes Fig. 6 Cooling load profiles of window according to window U-value
according to the window U-value changes. changes.
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Fig. 7 Indoor and window surface temperature changes Fig. 8 Heating load profiles of window according to window U-value
according to the window U-value changes. changes.
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Fig. 9 Indoor and window surface temperature changes Fig. 10 Cooling load profiles of window according to window
according to the window SHGC changes. SHGC changes.
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Fig. 11 Indoor and window surface temperature changes Fig. 12 Heating load profiles of window according to
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