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Improvement of Energy Efficiency in Wood Frame House
with Energy Efficient Methods™!
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ABSTRACT

This research was carried out to evaluate and raise the energy efficiency of wood frame house.
The commercial solution program CE3 (Construction Energy Efficiency Evaluation) was used for
simulating the energy consumption in the single-family wood frame house. The results showed
that the annual heating energy demand of the house was 160 kWh per 1 m? floor area. In order
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to decrease the heating energy demand, the following energy efficiency methods were applied to
the simulation : a) simplification of building shape, b) decrease of windows area, c¢) application
of high performance windows (with low thermal transmittance) and d) application of heat
recovery ventilator. In case of replacement of the windows with high performance one with
thermal transmittance 1 W/m?* - K, the lowest heating demand of 80 kWh/m?-a was obtained.
The best combination of methods, application of high performance windows and heat recovery
ventilator, showed heating energy demand 345 kWh/m” - a.

Keywords : light frame, energy efficiency, heating energy, building energy simulation, wood frame house
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Table 2. Thermal transmission of building envelopes (wall)
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Envelope Materials 5 5
(W/m - K) (m) (m™-K/W)  (W/m”-K)
interior air film (vertical) 0.110
gypsumboard 0.180 0.0095 0.053
gypsumboard 0.180 0.0095 0.053
2" x 6" light frame (R19 glasswool) 0.046 01400 3.043
. OSB 0.140 0.0120 0.086
Fxtertor housewrap 0210 00002 0.001 0280
air gap 0174 0.0150 0.086
plywood 0.150 0.0110 0.073
stucco 0.180 0.0050 0.028
exterior air film 0.043
Total 0.2022 3576
(http,//kihoocokr)
*  thermal conductivity (W/m - K)
* length (m)
#%  thermal resistance (m?” - K/W)
s coefficient of thermal transmission (W/m? - K)
Table 3. Thermal transmission of building envelopes (roof)
. k-k X** R-k** U-k***
Envelope Materials 5 5
(W/m - K) (m) (m™-K/W)  (W/m”-K)
interior air film (horizontal) 0.086
paint 0170 0.0002 0.001
gypsumboard 0180 0.0095 0.033
gypsumboard 0180 00125 0.069
2" x 10" light frame (R30 glasswool) 0.044 0.2350 5341
Roof 0176
OSB 0.140 0.0110 0.079
asphelt roofing 30 kg 0340 0.0030 0.009
metal plate 44.000 0.0004 0.000
exterior air film 0.043
Total 02716 5681
(http,//kihoo.cokr)

*  thermal conductivity (W/m - K)

* length (m)
= thermal resistance (m?* - K/W)

# coefficient of thermal transmission (W/m? - K)
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Table 4. Thermal transmission of building envelopes (floor)

. 1 Mot al k* Xk R [
nveepe e Wm-K @KW (WK
interior air film (horizontal) 0.086
wood floor 0150 0.0095 0.063
Floor heating pannel 1000 0.0400 0.040 0187
compressed styrofoam 0.036 0.1000 2778
concrete 0.190 0.4500 2368
Ttotal 05995 5335
(http//kihoo.cokr)
*  thermal conductivity (W/m - K)
* length (m)
= thermal resistance (m*+ K/W) )
=+ coefficient of thermal transmission (W/m® - K)
. EN
° -
Fig. 1. Simplification of building shape.
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Table 5. Combination of energy efficient methods

A B C D
simplification of decrease of application of high application of heat
building shape window area performance windows  recovery ventilator
Case 0O - - - -
Case 1 - - - @)
Case 2 - - 0 _
Case 3 - - ) o
Case 4 - O - -
Case 5 - @) - o
Case 6 - o) o _
Case 7 - @) ) o
Case 8 ¢) - - _
Case 9 e} - - o)
Case 10 ¢) - o _
Case 11 ) - @) o
Case 12 ) ) - -
Case 13 ) ) - o
Case 14 e} o o _
Case 15 o o) ) o}
267.5
| Mie :
162.5 a9 309
Energy mHeating #Cooling Hot water : Lighting
Demand —t+—+—}—1 i | | T .
(KWhni-a) 0 1: 3: 53 7:: 1(:’0 1§0 200 1 250 , 300
g4 g 9 @ new built new built
& 8 ] 8 8 multi-family house single-family house
¢ & X > S
2 8 ® F T
5 = § & g
s & & 8
87 8% 8
s § B
S 9
M =
;o
woo§

Fig. 2. Annual energy demand.
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Fig. 3. Monthly energy demand.
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Table 6. Effect of building shape on energy demand

Case 0 Case 8 Variation
Aenvelope®/V* (m?*/m’) 11 103 -6.4%
Heating 1625 1223 24.7%
Energy demand . , 0
(kWhy/m? - 2) Cooling 449 316 29.6%
Heating + Cooling 2074 1539 -25.8%
* surface area of building envelopes (m?)
= yolume of building (m®)
250 250
200 200 -
Energy \
DEe’::;?lyd 150 Demand 150 316 N .
(kWh/m'-a)
(KWhim'a) | 0 201 Hi4 1822
122.3
Cooling | 50 Cooling | 50 3 426 IyX 806 232
m Heating = Heating 0
[ — Case | Case case Case | Case case Case | Case
8 9 1 | 12 14 | 15
A A|O]O O o 10O O o 1O
B ololo]o B 0101010
c el Ne) oo ¢ 10 10
D e) 6) e) 6) D @) @) o O

Fig. 4. Energy demands of energy efficiency
methods combinations (Entire build-

ing).
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Fig. 5. Energy demands of energy efficiency
methods combinations (without living

room).
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Table 7. Effect of opening area on energy demand

Case 0 Case-4 Variation
Awindow*/Aenvelope™ 25 9 -64.0%
Heating 1625 1287 -20.8%
e /‘rilfmzr)ld Cooling 449 207 53.9%
Heating + Cooling 2074 1494 -28.0%
* area of windows
“ surface area of building envelopes
Table 8. Effect of window thermal performance on energy demand
Case 0 Case 2 Variation
U-value* of Windows (W/m? - K) 31 10 -67.7%
Heating 1625 84.0 -483%
ng{,%,ﬁ /Crlrf”f)‘d Cooling 449 484 +7.7%
Heating + Cooling 2074 1324 -280%
* thermal transmittance
Table 9. Effect of heat recovery ventilator on energy demand
Case 0 Case 1 Variation
ACH50* (h") 15 06 -60%
heat recovery ventilator X o X
Heating 1625 1220 249%
ng{;’,ﬁ /ifmj;d Gooling 449 498 +10.9%
Heating + Cooling 2074 1718 -17.2%
* hourly air change rate at a pressure difference of 50Pa between inside and outside
= Aoy 87037 £xo) @ A7) duA B AMeE A9 2% WAL # ZolW v
Agel © F 5 glomz $gR 9 A A A el 938 F7hethcase 2 vs 6, 3 v
T H= HEEA] o]Foj ok sl B Aol 10 vs 14, 11 vs 15). o]& 1L 5o AS
AA s B 2ol ABHE ARG E B LGS dniel o8 Aeaud o
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