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Evaluation of Greenhouse Gas Emission for
Wooden House Using Simplified Life Cycle Assessment Tool'

Yoon-Seong Chang” * Sejong Kim? * Whi-Lim Son® * Soon-Chul Jung® -
Hyun-Kyeong Shin® - Kug-Bo Shim>’
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ABSTRACT

In this study, simplified LCA (life cycle assessment) tool was developed to increase accessibility and availability on
LCA timber construction. The result of simplified LCA was compared with commercial program on LCA
(Simapro.7) to verify its availability. As a result of evaluating environmental impacts with the Life Cycle Inventory
of all processes, gap between LCA and simplified LCA tools of timber construction was about 1%. Therefore, the sim-
plified LCA tool could analyse greenhouse gas emissions of timber construction and to expand number of data set
through improved conveniency of users for developing database of timber construction in Korea. The reduction effects
of greenhouse gas emissions of timber construction was about 53% of total emission offset up to construction
phase.
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The results of this study would support decision making process to expand to timber construction policy to showcase

environmental friendliness of timber construction. It was expected to contribute to response to the New climate regime

in forestry.

Keywords : wooden house, environmental quantification, life cycle assessment
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Table 1. Results of investigation on LCA tool
No. Name Type Country Range Aim Impact Output
Korea . system CML2002, 2004, value/
1 PASS program (MOTIE") product, service (EPD""™") Typell 2007 diagram
Korea . system CML2002, 2004, value/
2 TOTAL program (ME™) product, service (EPD) Typell 2007 diagram
3 giscc;hgal G excel Korea agricultural system Global Warming value
procuc (MAFRA™™) product (LCAPC™™™) Potential (GWP)
emission tool
Korea . system
4 COOL excel (ME™) product, service (EPD) GWP value
research
5 TEAM program World product, service (Vehicle, eight impact categories Yalue/
(France) . diagram
equipment)
research
6 GaBi program World product, service (Vehicle, ten impact categories Yalue/
(Germany) . diagram
equipment)
World research CML, Eco-indicator99, lue/
7 SimaPro program (Ne theoralan d) product, service G?Zﬁ)c EDIP 2003, 2007, d;]; lrl;:m
IMPACT 2002+ g
8 Athena rogram  North America Buildings research six impact categories value/
prog & (structure) P g diagram
*Ministry of Trade, Industry and Energy, ~“Ministry of Environment, ~“Ministry of Agriculture, Food and Rural Affairs
“**Environmental Product Declaration, ~*"low carbon agricultural product certification
2. xHE I;LJ I:CI>H:II=|-I A9 A2 U43HGlobal Warming Potential, GWP)]|
Y2 Wil 2A7lA WE R BED ek

21, =W - 2 MIFEEIL £ AEIEN
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[INPUT INFORMATION of Extraction & Manufacturing]
]

- Selected to Work, Classification, Name, Unit and Input Value
- Converted to unit with conversion factor(density)

Work Classification Value
Foundation Wood Structural lumber m*3 619 - - 6.19E=00 m*3 m*3
Foundstion Mzts Electric ste=l deformed bars kg 1300.00 - - 130E+03 kg kg
Foundation Concrete Ready mixed concrste 25-210-12 m*3 14000 - - 140E+02 m*3 m#3
Foundation Flastic Low-density polyethylene kg 160.00 - - 160E+02 kg kg
Foundation Meta SPCC. at plant. plate/RER(EGD kg 52000 - - 5.20E-02 kg kg

[Result of Life Cucle Assessment]

B Result of LCA
- Stage of LCA

Carbon emission of LCA with stage
4.00E+05
3.50E+05
3.00E+05
2.50E+05
2.00E+05
1.50E+05
LO0E+05
5.00E+04
0.00E+00

Structure

3.58E+05

L61E=05
3.66E+03 6.02E+02

EM ™ cs uM(u)

Fig. 1. Excel sheet of simplified life cycle assessment tool.

LCI DB (database)E XA}t om 2 152749 g|o]
el usich dele] AeS skl A3
94 AzdAE AT &, AT, AHHA= AA
A B 7E9E AY 9 A8 5 s e
stetglon, fARS, A, #H7HA= 7S
A g5 s

2.3, aEE7t

B o= FAEF3H7] 7SO, International
Organization for Standardization) ISO 14040 (ISO 2006)
2 ISO 14044 (ISO 2006)°] 2JA gt HabgdH 7t 71 M-S
Agstol St B2 o dAAye o
7] A7) Aol A2 BARe esiela.
AR AE D A2de) AR, Az A, A
%, 5, AN, 7] 9 Aee-S gk Aol 4%

Linit: bog GOz g,
4.30E+04
- 3.00E+03 3.60E=03 6.95E+03
UM(M) DM ™ DR
Life cycle assessment framework
Goal & Scope
Definition
[ Direct applications
Inventory Analysis - Product development
: Data collection ~+—» Interpretation — s? Itmp,“"’el'“e".t
& Calculation - clralegic planning
- Public policy making
- Marketing
- Other
Impact Assessment
: Quantification

Fig. 2. A scheme of life cycle assessment (ISO 14040).
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ME;‘::c"fa'c"“’Lfg = {ﬁ;tes';‘;g | Construction | Mail;']:::a‘me ] Dismantement | Tm = mw&
Fig. 3. System boundary of wooden house for the quantification of carbon dioxide emission.

o] A Hrt 29 8BS Al flsked mEE g ANES F6ke] AR 9 HhES
A%, 7%, olUAl, 59 & AT BoollA 41 e S P Akl 24 A E 8% A
& &2 19 3 o]4ke] LCI DB (ecoinvent)E ©]-&- 2(km)2t F(ton) FEEZ F5Hod, 4*@ SRS
sk AIEHI7HLCA) -8 23 (Simapro.7)3} tkmE =F5ITh 5T A H2FE A9
o HlaE stk BrRES AE 2K 7t ff e A AEE Edz dfjeike
Al T 712 57 sty aete)e S5 sty At
z A Hx27E 155 AAsA diY FH9
JE ohhe Yedd A AYR Abo|QI) AEIE 2.3.3. A|ZLHA(Construction, CS)
=] glen, das o 9 WPC ey %JX-?E“A AlEEACNA = et AlE &
(Wood Plastic Composite), A& TFH2 "‘3’17&4& B HlES ARESH, digAoR Hubr|, Huler], A
s Fal, w2 FPEY T He T2y A&, AT Tl BdEs =471, 289 5
AL EERFAL FEEA 5 QR FE FUT 23 o St} & TAlo| A= Arl7Fseol Bag oAl
2lE, dx, {17 sl FYEU o FE2 671 st s ARS Sk AHH B g wE
o] WS PPk Qe 25 Fxoln, ASFUAS SAZES HjEEE APSHTh S AR A
128.67 m’, AW 235.73 m’o|c} oA o] Zhdu it ot Aag Qg Biy] &

SxFde) ALd BAle B AR d'7 ozo] 2AVEA AguiEe] WAy EPEM 34
A A A=GARNATE A 2F, B AlE g0l dzxel o7 2AH7EA AuiEFS AL
TG0 A7) B o| A AR, A, SA, OFRITHME, 2009). °|S ¢fsf Hagt 751H~ Table
A7 = &%, A9 7= H7IAE dAE =3 29} Zt

she= agoA FH7FA|(Cradle to Grave)2 72|35t
Ach(Fig. 3).
2.3.1. E2xF ¥ HMZETHA(Extraction &
Manufacturing, EM)
HEAQFH E AzxgA o= Fe
ARE AFHIL AFoRE Axdh=

AR S
S Ao

DY Bxzeo] 29 AMARL A, JAA,
2Z3E, A, f, Y, ZeAER 5ol 9oy
7k AEAAES] A1 EE(Upstream)o] tfsh 2Hg+H

e =% maksol

tA|(Transport (Material), TM)
AR EL 7+ RYARFA ol A H

AR AA7A] 2EHE Foll &

S dE da 2ATEE wWlEF ke CO; eq) =
(B 9R7 ARSERL or Nm') x £¥rEKMI/L or
Nm’) x CO, BiZ&A4(kgCOL/TI) + 10° x GWP (1)]
+ [ AR AFEHL or Nm®) x <drda MI/L or Nm)
x CHy B1ZA5:(kgCHY/TI) + 10° x GWP (21)]

+ [BH AR AFEHL or Nm®) x <drd@ MI/L or Nm)
x N,O Bl ZEAI<(kgN,O/T]) + 10° x GWP (310)]

2.3.4. AEH7|(Use & Maintenance, UM)

2 AtolA s it FEo S s0deR 7y
stlom, =1y 7F ARgShs oy A= 719k =AIZE
2(LNG)YE 1125lde). ®at ofug} x| KH2> A3
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Table 2. Carbon emission factor at fossil fuel combustion

Net heating value"

Specific gravity”

Emission factor”

Category
value unit value unit CO, CH, N,O unit
Light fuel oil 35.3 MI/L 0.825 kg/L 74,100 3 0.6
LNG 39.4 MJ/Nm? 0.811 kg/m’ 56,100 1 0.1 ke /%HG
LPG 46.3 MJ/Nm® 0.508 kg/m’ 63,100 1 0.1

1) Implementing regulations in energy law, Ministry of Trade, Industry & Energy, 2015
2) Application manual of energy-calory conversion standard, Korea Energy Agency, 2006
3) IPCC Guidelines for National Greenhouse Gas Inventories, IPCC, 2006

(CO, = 1 kg CO; eq., CHy = 21 kg CO; eq., N;O = 310 kg CO, eq.)

EEERE D

2.3.5. SHX|EtAH|(Dismantlement, DM)
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ZA o A o] 37 BEsH(Upstream)ol| w2 7H-u&
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AP AR 12 5 G Gl Hege/
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274, iy i A7 ES AAA A &5k
277 B g o R EEE AS sk
2.3.7. H|7|2 X2|ctA|(Disposal & Recycling, DR)
st AAd7|ES 25 SHRY A=)
S 9 AHEd015y e ot AAHE TR
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REkn B3 77te] vl 283

Hm&

238, 7F L HBAR

FARA F AT 71T L 713, A
A A71ZA EEE AU AL A A
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Table 3. Life cycle inventory of wooden house

Work Name Unit Value LCI DB Reference Emission
(kgCOzeq.)
g Sight rail m’ 6.19 Structural lumber NIFoS 178
g Steel bar ton 13.0 Electric steel deformed bars 437
g Concrete m’ 140.0 Ready mixed concrete 25-210-12 MOTIE 409
% PE film ton 0.16 Low-density polyethylene 1,860
EM ﬁ Anchor bolt ton 0.52 SPCC, at plant, plate/RER(EGI) Ecoinvent 707
Lumber 47.88
Plate 12.26
— Structural lumber 178
I-joist 5 4.77 NIFoS
m
% Rafter 5.59
r Louver 0.96 Wooden interior/exterior material 187
u
c Plywood 44.29 Plywood, outdoor use, at plant/RER U Ecoinvent 552
t
u Sill Sealer 0.03
r Polyurethane MOTIE 2,390
e Glue 0.012
Nail ton 0.0001 .
— SPCC, at plant, plate/RER(EGI) Ecoinvent 707
Resilient channel 0.001
Sheating dip 0.005 carbon steel ME 2,340
Waterproof agent 1.72 Polyurethane 2,390
Fiber Glass 0.3 Glass wool 190
Rafter mate 0.002 General Purpose Polystylene 2,080
MOTIE @ ————r
Insulation 0.66 Expandable Polystyrene 1,950
Wire mesh 0.45 Electric steel deformed bars 437
Gypsum board 17.35 Gypsum board 138
Colored sheet ton 0.44 Aluminum strip MOTIE 1,840
Eaves flashing 0.25 Aluminum extrusion MOTIE 15,700
Mortar 20.37
Cement 1,060
1 Cement board 1.74
13 Steel plate 1.15 Steel plates ME 855
b Glass 3.12 Plate glass 789
(i) Floor drain 0.001 Stainless steel 3,190
r Tread board 0.88 Structural glued-laminated timber 234
Louver m’ 0.55 NIFoS
Wooden interior/exterior material 187
Porch 1.66
Moulding m’ 1.83 Medium density fibreboard, at plant/RER U Ecoinvent 446
Handrail 0.7
SPCC, at plant, plate/RER (EGI) 707
Channel 0.06
Tile 1.5 Ceramic tiles, at regional storage/CH U . 668
ton - Ecoinvent
Sand 5.6 Sand, at mine/CH U 1.86
Silicon 0.19 Silicone product, at plant/RER U 2,360
Roofing 0.9 Mastic asphalt, at plant/CH U 185
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Table 3. To be Continued
Work Name Unit Value LCI DB Reference Emission
(kgCOzeq.)
Siding m’ 3.68 Wooden interior/exterior material NIFoS 187
Lumber 0.65
Column s 3.76 Structural lumber 178
m NIFoS
E Joist 0.13
)t( Floor slab 3.16 Wooden interior/exterior material 187
f; Board ton 2.06 Gypsum board 138
i Flashing 0.53 Aluminum extrusion MOTIE 15,700
(r) Concrete m’ 7.96 Ready mixed concrete 25-210-12 409
Window ton 0.13 Plate glass ME 789
Oil stain ton 0.02 Alkydenamel type paint ME 226
Handrail ton 0.004 SPCC, at plant, plate/RER (EGI) Ecoinvent 707
™ Road tkm 13,986.9 15.1-18 ton truck ME 0.0643
CS Light fuel oil ton 0.2 Light fuel oil MOTIE 68.2
UM Natural gas ton 141.2 Natural gas ME 526
Electricity kWh 247,470 Electricity MOTIE 0.495
DM Light fuel oil on 0.75 Light fuel oil MOTIE 68.2
LPG 0.03 Liquefied petroleum gas 394
Intermediate site 13,403.2
TW  Incineration (IN) tkm 17.8 15.1-18 ton truck ME 0.0643
Landfill (LF) 189.4
Metal (Recycle) 21.32 Recycling ECCS steel B250/korea Ecoinvent 435
1: Concrete 383.93 Waste concrete recycling 1.64
; Glass 2.80 Recycling glass B250 MOTIE -376
<13 Plastic 1.3 Waste plastic recycling -967
¢ Wood 57.77 Waste wood recycling ME 13.6
DR Conee——on 58 et 0 24
LF Glass 075 Disposal, glass, 0% water, to inert material Ecoinvent 6.2
) landfill/CH S )
Plastic 0.001 Mixed Plastics Landfill MOTIE 0.9
Plastic 1.48 Waste Plastics Incineration MOTIE 2,810
IN Wood 304 P is"osﬂ’u rg;;il “irr‘ltcrie;etfi’ioffg‘l{vvsater’ © Ecoinvent 1.1
Etc 0.04 General waste incineration ME 123
mazd A4 A S RAZks WiEY BHE mele] ARgEst Su ERAS AT 5 S
o] AlFgS ShEgt FAlo] AREARY] HOlE = Aoz gt
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Table 4. Comparison of carbon dioxide emission between full LCA and simplified LCA

Carbon dioxide emission (tCOxeq.)

Carbon dioxide emission (tCOxeq.)

GAP between full LCA and

Stage (Full LCA) (Simplified LCA) simplified LCA
EM 162.3 160.8 1%
™ 0.9 0.9 2%
cs 0.6 0.6 1%
UM (U) 749.9 759.7 1%
UM (M) 78.2 78.2 2%
DM 25 29 13%
T™W 0.9 0.9 1%
DR 7.0 7.0 2%
Total 1,002.3 1,011.0 0.9%

Table 5. Carbon factor to estimate carbon storage effect of HWP

Sawnwood Plywood Fiberboard Particleboard
Density (ton/m’) 0.458 0.542 0.691 0.596
Carbon fraction 0.500 0.493 0.427 0.451
100-year average storage factor 0.47 0.49 0.387
3.2. M& & Chx=at TS 85kt Aot AgEo] whet Af
S Aolstaz oj%o] Thge uiAsta UR
FAE EAAE Al 72U, g, A FE AlTEATA R st AT v &
olatEtEr A HBAR(44/12), Bt BAAES O] & B W EATHTable 6)
ot FEFE o gaAFavsE A A g STy 2azlEx FHe sdWd
=9 71Edeel B4 dEkH|E= UNFCCC(2014)9] (235.73 m) o2 FAksle] LAVIA &S H|m
AGLe AgsIon, 10U Bt BLAYES  oh, BaFe A4 A 2aER Feo] us) &
AR ALs]gel ?‘Sg AHEk A AFAAAA 7ol el A7IAE 56.8E(35%)HHE AA wiEdl= AR
QUi U TEAREE AgAAUTwle 5 b, BAAER P FagdY Fads
B g T Y S0 SAAE 13760 (@409 keCOwq/m)7 B FRAA P28

m’ o &
Lpepstet. OIL *1%1 Aol A7}
E9] 18%0f sfigsict.

(Carbon storage effect) = (volume) x (density) X
(carbon fraction) x 44/12°

"carbon dioxide molecular weight/carbon molecular weight

Al a7 led Aol ARt oS

g 9 dedE F@AdE e AT
2010y 9] ZAEEX FejoflA] WAGH A7k b

AAE(178 kgCOeq./m)ol] B3] AYARHA o 4 &A1
7t o] HjEshy| wiolth ol AlTHAZA|
O] 2A7FA &R 162E9] 35%0] sfggict. wt
A, 2258 M) o2 2AVEA AR A
Z29E, A 578, & 86ECE AFHUATA 24
7ha &Y oF 53%E st ATE 7=
Aoz H7EUTE @A thA| &tz [PCColA 4|
Ql WHES AAskL A A9, AU Smyth
et al. 201N = FAAE oo wE 247k~
& AHEE A= &3FE displacement factor

Z o
-

— 658 —



Table 6. Comparison of carbon dioxide emission between concrete house and wooden house

Carbon dioxide emission (tCOxeq.)

Carbon dioxide emission (tCOzq) GAP between Concrete and Wooden

Stage (Concrete) (Wooden) building LCA

EM 200.0 160.8 24%

™ 18.3 0.9 1,933%

CS 0.8 0.6 33%

Total 219.1 162.3 35%
2 Aosta WhEES 1Edto] 1}%94 Aean Ab AL
glo] Tgam Jon Seluel w3 BaRE o
Amol] gt SE4 - ASAYd HHES 5 2 oAl 2016W e EPArETElY A - vt
Was} ik weke. T10] Aol o3 olFolxl A9,

47 = REFERENCES

29 dopgwrie dubAel A3Egrt
Hlo}fﬁ Aok sk dlolE 9] ol |
of At AAprE BEfstal 7ittze wo] vk
5] ARSEAL SfAEA, & B HrIA dAe A
Al dlolel o) ghE7E o 7] wizel Rt AuEle
£ AdAsloF gttt o]9t ol A& Bt
T AL B2 AN =¥, v]go] LaEn At
T2 7)o whEh Ate] Ayt gEbd 4 Q)
o} 2 Ao Aylel 7to] LCA &8 BRIk Fe 9]
A7 ¥ dAE dasRto = Ay gt
T3 gol e FARLH, o]F St AT

o5t A7ty v]-E,
Brisk B el AT 2AE wEsiel B
|38 7RssH stk P Sy Basee

o 59 249 97 A BaF

Aol we ek BEF W) Al VlEAE
maFee] A

AR 9 e A|Eetel

i
[0
N
=
An f{o =

}EE:LQ. x«]71—tﬂ— 2= 01 al, 7]_._

i)
o}d

Fu 1@ 2 ot X o
i)
o
ol
N
SN
% 5

AA A B 5 TR 3 AARE AT 5
e 2ARA YRR AVIFAA o) 7leig
S 9l AoR sdgEr

Chang, Y.S., Kim, S.J., Son, W.L., Lee, S.J., Shim,
K.B., Yeo, H, Kim, K.M. 2016. Assessment of
Carbon  Emission for  Quantification of

Glued

Laminated Timber in Korea. Journal of Korean

Wood Science and Technology. 44(3): 449-456.

Ecoinvent. http://www.ecoinvent.org/database/data

Environmental Load on  Structural

base.html.

IPCC. 2006. IPCC Guidelines for
Greenhouse Gas Inventories.

IPCC. 2014. 2013 Revised Supplementary Methods

and Good Practice Guidance Arising from the

National

Kyoto Protocol.

ISO. 2006. International Standard Organization: 1SO
14040 Environmental management -Life cycle
assessment -Principles and framework.

ISO. 2006.
1SO14044 Environmental management -Life cy-

International Standard Organization:
cle assessment -Requirements and guidelines.
Kim, J.D. 2015. Estimation and reduction strategies

of carbon emissions from manufacture of wood
landscape facilities. Master thesis. Kangwon
National University.

Kim, S.J., Chang, Y.S., Shim, K.B., Son, W.L. 2016.

659 —



Fad - AAE

b
:@
o

Environmental impact assessment and economic
analysis of post-beam wooden house with do-
mestic wood products.

Korea Energy Agency. 2006. Application manual of
energy-calory conversion standard.

Korea Environmental Industry &  Technology
Institute. http://www.edp.or.kt/.

Korea Forest Service. 2013. Guideline of social con-
tribution-type forest carbon project design.

Ministry of Environment. 2015. Generation and treat-
ment of national waste.

Ministry of Trade, Industry & Energy. 2010. A study
on environment assessment and activation plan
for Han-Ok.

Ministry of Trade, Industry & Energy. 2015.

Implementing regulations in energy law.

R LR )

Ministry of Trade, Industry & Energy. 2015.
Implementing regulations in house law.

Park. J.S., Son, W.L., Park, M.J., Lee, S.J., Kang,
K.S., Han, K.J., Lee, J.H. 2013. Estimation of
greenhouse gas emissions of korean major tim-
bers using life cycle assessment.

Smyth, C., Rampley, G., Lemprier C.T., Schwab, O.,
Kurz A.W. 2017. Estimating product and energy
substitution benefits in national-scale mitigation
analyses for Canada, GCB Bioenergy 9: 1071-1084.

Son, W.L., Park, J.S., Kim, K.M. 2014. Life cycle
assessment of timber arch-truss bridge by using
domestic Pinus rigida glued-laminated timber.

Wood  Science and

Journal of Korean

Technology 42(1): 1-12.

— 660 —



