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Evaluation and Analysis of The Building Energy Saving
Performance by Component of Wood Products Using EnergyPlus'
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ABSTRACT

Increasing green house gas and it consequent climate change problems are discussed as a global issue. Accordingly,
future local green house gas emission will increase up to 40% of the entire local green house gas emission and
therefore, efforts to reduce the emission in construction industry is urgently required. Therefore, in this study, heating
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energy demand was analyzed by using the EnergyPlus simulation according to wood material finishes configuration.
EnergyPlus has the entry for a variety of buildings and heating, ventilation, air conditioning (HAVC) system com-
ponents, in particular buildings, air conditioning systems, and performs simultaneous integrated calculated through
the feedback between the heat source unit, a verification program according to the ASHRAE Standard 140-2007 to
be. The climate data for the simulation we used the data IWEC in Incheon and Gwangju provided by EnergyPlus.
The analysis of simulation model was farm and fishing house standard design drawings: 2012, presented at the
Korea Rural Community Corporation. The results of simulation of central region and southern region were effected
by wood products of simulation model into the interior finish, exterior finish, windows, wooden structure. Also, it
was confirmed that the reduced heating energy demand.

Keywords : simulation analysis, building energy saving, EnergyPlus, wood products, Korea region

70

1 A-l =2 V7 industrial NN Transportation [ Residential [JII Commercial

—

60 —
569

@
£
i

A AAH R ofuA) o] ek ol $7t
gtk 2%, AFBIHY ouA e 13
BRI JYTEIIE e T POE A, £ 0]
S a7 U] An] W SAZks 0EY] 3o &
| % shuolck. Fig. 12 %8 /b8 HFe|ux

£0120108)2 Ueh Aolch. Fjel A 1A

o7 ujege] of 25%E AABH UHEE o] w0
A 4w ES A%E FFIY W AYAEe 7

50

20+

Y
Y

Y
V7727772777772
Y

ZIN ZIN

&, 223 A oA an] e Sls) 2
o A7) HORE 40%7HR] 2718 Aoz dArHTH Fig. 1. Total energy consumption.

(Yu &, 2013). 22 UjolA A5z olvA] 44|

A0 919 Aol g U AL Bole] of  THIU AR Astel T MRS A wolkn
Ux)Aer Ao] 73tE 91, 2017ARE oy x] 3 AtHKim 5, 2013). FZ2A] L v 2 ASE9]
o 7)zo] WAlLEIeAs Szom ATE], 20059 AWSle] AA BAE chakslAl ASET Qe ol%

Z

c
o

hina

SA Germany

HE= ARoyAstes oz oRse 2% = 547 7H gt A dee® & 4 9l
174 3H th(Kang} Kim, 2016). o4 ef Ao o FAe] E4 54& U R Table 13} o]
uje}, AZoYx| Azto] 7adsly| o5t theksk o A&7l HlwskgS o Ao oF 5008, F2E
F7h E T k. B =RolAls AZE oy o] oF 10ue] TAYTE 7HA AL Qo] =24 9 vt
Azto] ARA o2 7)ofste 7 F ol B AR 3 B 5S 7Hch 3, B Aaet
o] g3ttt HAl= R ARl A AREE O] % Hlisto] stAAR A7hat tf7] F 24 7k by
on ol7tYES 93t WA AZNREN 2T Slof| 718t 4= QUrt whEbA AEFE9] oy A] Aof
= Ao AZo] 713t AG7tA EYa kst AeS AR fIste] AEE oUA] AlgdelA
F2A D ALY - 9 vl 2 AFR-E 3 ¢)tH(Chang, Z 2332l EnergyPlusE ©|-g&35lo] 54 AZAAE
2003). AZAREN B 7|2 Qaol A ' A& WA, g4, Z5, g, 240 A&
MES 70 Adro) o) ZEjEA] ekl Ax7R| St9E Y ovx] AdAsS A8

ol gHil glem 53|, =uele AT A=

— 656 —



g A% o

1
Y
o

EnergyPlusE 9|

Table 1. Thermal conductivity of various materials

Thermal conductivity

Materials (W/m - K)
Wood (Hinoki Cypress) 0.082
Plywood 0.12~0.14
Hardboard 0.11~0.13
Particle board 0.13~0.14
Wood-cement particleboard 0.35
Concrete 1.3
Copper 400
Aluminium 201
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Table 2. Simulation input data

Input data

Value

Interior temperature condition

Occupancy schedule

Heat gain from occupants
Heat gain from lightning
Heat gain from equipment
Number of occupants
Infiltration rate
Ventilation rate

HVAC®

Climate data

00:00~08:00, 18:00~24:00

Heating: 20C, Relative humidity: 50%
Cooling: 267, Relative humidity: 50%
100%
08:00~18:00 30%
117 W/person
5.4 W/m®
3.0 Wm?
3 person/unit
0.2 ac/h™
10 L / sec - person®
Ideal Loads Air System
Central region: Incheon, Korea

Southern region: Gwangju, Korea

a: The default option where infiltration is defined in air changes per hour

b : Heating, ventilation, and air conditioning
c: Based on the ASHRAE standard 140-2007
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Table 3. Configuration of a simulation model

Room Arcza Floor height Ceiling height Heating condition
(m") (m) (m)
Main room 13.69 4.8 2.4 Heating
Living room 20.04 4.8 Variety Heating
Room 1 9.36 42 2.4 Heating
Room 2 8.64 42 2.4 Heating
Kitchen 12.58 4.8 24 Heating
Toliet 2.89 4.8 24 Heating
Bathroom 4.90 4.8 2.4 Heating
Entrance 3.96 4.8 2.4 Unheating
Boiler room 2.54 4.8 2.4 Unheating
Utility room 6.04 4.8 2.4 Unheating
Total 84.64 - - Uljﬁzzgﬁé:g
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Fig. 4. Floor plan of simulation model.
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Table 4. Assembly and thermal properties
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of simulation model

Material Thickness Thermal conductivity Thermal trénsminance
(mm) (W/m - K) (W/m* « K)
Finishing mortar 12.5 0.720 Central, Gypsum: 0.461
Concrete 200 1.950
Exterior EPS Central: 65 0,036 Central, Wood: 0.459
wall Southern: 50 Southern, Gypsum: 0.567
Wood board® / Gypsum board® 12.5 0.150 / 0.180
Korean paper’ 1 0.170 Southern, Wood: 0.565
Asphalt single 3 0.040
Aspl:]alt roof%ng" 2 0.190 Central, Gypsum: 0.419
Mortar 30 1.400
Concrete 200 1.950 Central, Wood: 0.417
Roof Central: 70
EPS Southern: 90 0.036 Southern, Gypsum: 0.340
Wood board® / Gypsu;n board® 12.5 0.150 / 0.180 Southern, Wood: 0338
Concrete Korean paper 1 0.170
Leveling concrete 50 1.950
structure b
PE film 2 0.210
EPS 70 0.036
Floor Concrete 200 1.950 0.342
cellular concrete 110 0.200
Protective mortar 30 1.400
Linoleum 3 0.072
. Mortar 18 1.400
Invtve;‘l"r Concrete 200 1.950 2.745
Mortar 18 1.400
. Gypsum board 12.5 0.160
Ceiling Kolrjean paper® 1 0.170 4.828
Door Wood door 45 0.150 2.331
. Central Thermal transmittance (W/m? + K): 3.0 SHGC: 0.56
Window PVC+Low-e double layer Southern Thermal transmittance (W/m? * K): 3.3, SHGC?: 0.56
Wood siding” 12.5 0.120
OSB 11.3 1.950
. Glass fiber insulation
E’itv:‘l‘“ Wood stud 8 0047 0321
Urethane foam® 38 0.050
Gypsum board 12.5 0.160
Wood louver 12.5 0.120
Wood siding 12.5 0.120
OSB 11.3 1.950
Glass fiber insulation
Roof Wood stud 140 0.047 0.238
Urethane foam® 38 0.050
Wooden Gypsum board 12.5 0.160
structure Wood louver 12.5 0.120
Floor Same as concrete structure
Wood louver 12.5 0.120
OSB 11.3 1.950
Interior Glass fiber insulation
wall Wood stud 140 0.047 0297
OSB 11.3 1.950
Wood louver 12.5 0.120
.- Gypsum board 12.5 0.160
Ceiling Korean paper” 1 0.170 4828
Door Wood door 45 0.150 2.331
Window Wood window Central Thermal transmittance (W/m? * K): 2.2, SHGC%: 0.56
Southern Thermal transmittance (W/m? -+ K): 2.4, SHGC®: 0.56

a: Change materials according to the Case
b: Excluding when calculate U-value
c: Solar heat gain coefficient
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Fig. 5. Heating energy demand according to wood
materials of central region of Korea.
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Table 5. Heating energy demand according to wood materials of each region of Korea

Heating Heating
c Reai energy Ratio c Regi energy Ratio
ase egion demand %) ase 0N demand (%)
(kWh/m” - a) (kWh/m® - a)
% Central 57.50 100 Central 48.64 84.6
1 Base 9 ST+1F
\ model
% Southern 46.11 100 Southern 39.28 85.2
k: ! Central 56.81 98.8 Central 47.95 83.4
2 i IF 10 ST+ OF
% l Southern 45.42 98.5 Southern 38.40 83.3
£y Central 55.56 96.6 Central 43.88 76.3
3 I OF 1 ST+ WD
1 l——1
Southern 43.94 95.3 Southern 35.54 77.1
Central 52.35 91.0 Central 47.55 82.7
4 WD 12 ST +1IF + OF
Southern 4191 90.9 Southern 37.97 82.3
Central 49.06 85.3 Central 43.45 75.6
5 ST 13 . ST+IF+ WD
Southern 39.78 86.3 Southern 35.05 76.0
! Central 54.94 95.5 Central 42.76 74.2
6 | IF + OF 14 . ST+OF + WD
I Southern 43.35 94.0 Southern 34.20 74.2
k ! Central 51.66 89.8 Central 49.79 86.6
7 i+ _IF+WD 15 . IF + OF + WD
% 3 Southern 41.22 89.4 Southern 39.19 85.0
=
59 Central 50.41 87.7 Central 42.37 73.7
ST+1IF +
+ +
8 . OF + WD OF + WD
; Southern 39.78 86.3 Southern 33.74 73.2

IF: Wood materials applied (interior), OF: Wood materials applied (exterior), WD: Wood window, ST: Wooden structure

— 662 —



EnergyPlusE ©]-83F A& 9 HAAE

UA 87E 7hEe sl W olud ae
Wa%ol A 13.7% HE FAsHe A2 Uehgrk

AgH ol H mhe FHAY
48 49lE Ak, Aol

>

=X
2
j'l’ﬂ e
-
N
fru

W A vEAE A8 Alolls 12% ddeldAzt
AgEgion, Ao npgQE A8 A= 34%, W
* QN SA A Aol 4.5%2] el u A7 Hid
© JCoE Yepth 54 FE 28 Alodl= 9.0%
WoluA] ddo] 7Fean, Au vt A%

Zro] AL AL 10.2% oy A 7F A= 9oL, 2
Rulzie} g ol AW A 123% W
woll 27 | ek, dRA] B9 A
I A, 2aelE xe] Ay B4 wiag
g Aol 15% dieluix7h AgrEglon], el
A A8 Aol 4.7%, W - 5 T4 A8 Al
L 6.0%2] dieuiA7} sl glo= ekt
B2 HE0] A Aol 9.1%¢] el x Wztol
THssion, A viAsh FEg ol AT B
o oF 10.6% oluiA|7t FERT, oftuizkaet
H5g Pol HET Aol 137% WA}
A E upge} o] P24, F5E B
A2 WG Ao FRATE 168%, Hi
AE 7% wwﬂoﬂuxl 7ol e Bl
& Al ek 1A

R
1

i)

mlm e

T e=

2 uIFE AT oA A8l

0% g o7 A8
S Sl 4 e Aol R B ol
}

i s B e Ed e i B S i e s B B )

01]/\1 24

= odA A 7= H7}

AL AL

o] r2 2015d%E AE(u|e sk 79
02 FAFATY] A Ps Hol =3qH Tx=dAS
AF2d9l(No. 2013R1A1A1058448).

REFERENCES

K.-K. 2003.
House Architectural Institute of Korea, Review
of Architecture and Building Science 47(5):
33-36.

Y., Kim, S. 2016. Evaluation of The
Hygrothermal

Chang, Environment-friendly Wood

Kang,

Performance by Wall Layer
Component of Wooden Houses Using WUFI
Simulation Program Journal of the Korean Wood
Science and Technology 44(1): 75-84.

Kim, S., Park, J.-S., Lee, J.-J. 2013. Improvement of
Energy Efficiency in Wood Frame House with
Energy Efficient Methods, Journal of the Korean
Wood Science and Technology 41(1): 77-86.

Kim, S., Yu, S., Seo, J.,, Kim, S. 2013. Thermal
Performance of Wooden Building Envelope by
Thermal Conductivity of Structural Members,
Journal of the Korean Wood Science and
Technology 41(6): 515-527.

Kim, S. 2013. Application of Wood and Wooden
Architecturein  Order to Save Construction
Energy, Architectural Institute of Korea, Review
of Architecture and Building Science 57(4):
13-16.

Yu, S.-G., Kim, S., Seo, J., Kim, S. 2013. Analysis
of Energy Efficiency of Light-Weigh Wood
Frame House and Wooden Passive House Using
PHPP, Journal of the Architectural Institute of

Korea 29(8): 199-207.

— 663 —



