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ABSTRACT

This study was aimed to quantify the amount of carbon dioxide emissions and to suggest suitable plans which con-
sider the carbon emission reduction in the manufacturing process of the domestic structural glued laminated timber.
Field investigation on two glued laminated timber manufacturers was conducted to find out material flow input values
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such as raw materials, transportation, manufacturing process, and energy consumption during manufacturing process.
Based on the collected data and the relevant literatures about life cycle inventory (LCI), the amount of carbon dioxide

emission per unit volume was quantified. Results show that the carbon dioxide emissions for sawing, drying and lami-

nating process are 31.0, 109.0, 94.2 kg CO, eq./m’, respectively. These results show 13% lesser amount of total carbon

dioxide emissions compared with the imported glued laminated timber in Korea. Furthermore, it was decreased about

37% when the fossil fuel would be replaced with biomass fuel in drying process. Findings from this study is effec-

tively used as the basic data on the life cycle assessment of wooden building.

Keywords : carbon emission, environmental quantification, glued laminated timber, life cycle inventory
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Table 1. Information of life cycle inventory database
Category Material LCI DB Reference Year
Larch
Pitch pine
Korea red pine Round wood, softwood, debarked, .
) - NN f d Ecoinvent 2008
Raw material Korean pine u = 70% at forest roa
Cypress
Other conifers
Input Adhesive Phenolic resin, at plant/RER U Ecoinvent 2008
Ancillary Lubricant oil Light fuel oil MOTIE* 2001
Materials Water Underground water Resource -
Electricity Electricity MOTIE 2000
Boiler oil Kerosene oil MOTIE 2006
Energy
LNG LNG ME** 2013
Light fuel oil Light fuel oil MOTIE 2001
12 ton or over truck ME 2012
Transport Road transport
1-3 ton truck ME 2012

*MOTIE: Ministry of Trade, Industry & Energy
**ME: Ministry of Environment
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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
Kerosene oil 343 MI/L 0.8227 kg/L 71,900 3 0.6
Light fuel oil 35.3 MI/L 0.8346 kg/L 74,100 3 0.6 ke /%HG
LNG 39.4 MIJ/Nm? 0.811 kg/m’ 56,100 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.)

Table 3. Green density by wood species (NIFoS, 2008)

Wood species Larch Pitch Pine

Korean Pine Korea Red Pine Cypress

Density (ton/m°) 0.79 0.71

0.68 0.71 0.71

Nzt NG B ohlet Az Q3
9] Fome Suska HgulEol WAl ket
A sheRe] Qo] ofgt LAk AuESS
AFsoF FTHME, 2009). ol 913 Bag At
Table 29} Zct.

3 aE A 2AVA vl&F (kg CO; eq.) =
[EFEE AFEEHL) x £UEEMI/L) x CO,
vl &A)5=(kg COYTI) + 10° x GWP (1)]

+ B8 AREEHL) x e MI/L) x CHy
w4 9x(kg CHY/T)) = 10° x GWP (21)]

+ [SH AR AFEERL) x £ EEHMIL) x N,O
HiZA 4 (kg N,O/TI) + 10° x GWP (310)]

FETA A A& =Fo gt ton-kmE 317
Qlete] & 43 FF FEI7F aHh o]
el Y8 Rulm)E FA(ton)2 A4S 95}o]
AU eE Agstqitt. YU EE That 585
%] EAJAZ(NIFoS, 2008)S #1110 Table 33}
o] A-g3telrt.

HEL dF-E Il AR Boto] =] &
of Ftuf 2] & WMol thgt FRE =sto] Ht
22782 116 kmZE E=&319c) E3F 2|9 &=
FA8= 70 kmZ =E3H3ich Ao A

A% Ftol onkmE =&

ARAHF A E BAGA 7] AL =4 L2
& FQAHE 552 Table 491 At} o]gA
R dlolel= =W W sfe] LCI wlofEuo] 20}
Agsto] 9] 9 sI915 59 $EFFE B =3
B ot

=

Aol Sqsles Agslel ARE EE)
TF2& A Akl AFdslel] mXe FFES
GWP (Global warming potential)= e ATHFig. 4).

Sk P2 PAAe) AN L Az, 14 R
GWP ZAT}= ZH7F 31.0 (12%), 109.0 (48%), 94.2 ke
CO; eq/m’ (40%) 0.2 Uepdct A4 34 5 Az
FAeg Qg GWP A7t HA 342 48% HlE
2 7 =o ol& Y 2§ F4A LCI DB

O
(Ecoinvent)@} vl d}ich AAF 24 2= A<t HA

ox ¢

— 453 —



9 .

[}
Zl—'ﬂ‘ =

(e}

o

F A%

b
o

oJgE - AR - oY - YFYu

Table 4. Input-output inventory of glued laminated timber

Category Material Value Unit
larch 349E + 00 m’

pith pine 225E - 02 m’

korea red pine 1.46E - 01 m’

Source korean pine 1.66E - 01 m’

cypress 2.20E - 02 m’

Input other conifers 6.37E - 02 m’
adhesive 9.93E + 00 kg
electricity 4.11E + 02 kWh

kerosene oil 3.04E + 01 kg

Energy

LNG 2.98E + 01 kg

light fuel oil 1.11E + 01 kg

Product glued laminated timber 1.00E + 00 m’

CO, 2.07E + 02 kg

Air emission CH4 6.67E - 03 kg

Output

N.O 1.19E - 03 kg

sawdust 1.96E + 00 m’

Byproduct - 3
shaving 9.48E - 01 m

roundwood transport 3.22E + 02 tkm

Transport

adhesive transport 1.43E + 00 tkm
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