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Calculation of the carbon footprint of eco-design furniture and measures for its

mitigation; a case study of wooden furniture
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Abstract; China is a major producer of wooden furniture, but the carbon emissions associated with its production are higher
than those of other forest products. However, eco-design, a design method based on life-cycles, could reduce the carbon
footprint of wooden furniture. Multi-functional furniture has been developed as a benchmark of the improved designs based
on ecological principles, including slit plate, jointed board, veneer board, and melamine board furniture. Emission
reductions of different connectors and usage scenarios of recycled material were compared between four furniture designs
using different materials. The emission reduction effects were then quantified. The results showed that the carbon footprint
was highest for slit plate, followed by that of jointed board, veneer board, and melamine board furniture, in that order. The
carbon footprint of two kinds of solid wood furniture was higher than that of artificial board furniture. The carbon emissions
of the raw material of solid wood furniture and the power consumption for artificial board furniture production were low. Sawn

timber and the painting of solid wood were the main sources of carbon emissions, and accounted for 80% of the raw
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materials. The carbon emissions of the Medium Density Fiberboard( MDF) were the hotspot in artificial board furniture, at
about 70% , and were higher than that of solid wood furniture. The carbon emission hotspots of power usage were spraying,
which accounted for 83 - 92%, and the carbon emissions of melamine board furniture was the lowest. In contrast, the
effect of the “removable glue connection” in reducing carbon emissions was considerable. Compared with replacing an entire
piece of furniture, the reduction effect of replacing a frame component was more than 81%, and that of replacing a panel
component was more than 74%. For the “recycling wood” improvement program, the reduction effect of solid wood furniture
was small (< 5% ). However, the reduction effect of artificial board furniture was larger (> 26% ). Regarding the eco-
design of furniture, because of the carbon emission of fiber board and spraying in a dominant position, it was recommended
that solid wood should be used as a substrate with melamine paper veneer for the panels; this design could reduce the
carbon emissions caused by MDF and spraying, and achieve the effect of a lower carbon requirement. In addition, the
“removable glue connection” was effective for repairing the furniture, and reducing carbon emissions considerably.
Therefore , the final ecological design was based on solid wood board for the substrate and melamine paper for the panel with

a removable glue connection structure, which could reduce the carbon emission by about 74%—97%.

Key Words: wooden furniture; eco-design; carbon footprint; life circle assessment
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Fig.1 Components and functions and designing schemes of Multi-function furniture
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Table 1 Activity data of frame
Bk ppeg CERE DA i
Materials Fence frame reat suppo At suppo Sitting frame
frame frame
JEAF R FE R HE#4 Sawn timber /m’ 0.001 0.004 0.003 0.004
Raw material consumption I Paint /kg 0.039 0.147 0.112 0.135
TBAEr & EHRNT. Wool machining /kwh 0.103 0.151 0.099 0.165
Power station consumption FEFEAL N T, Connection machining /kwh 0.010 0.076 0.021 0.021
fibJt Sanding /kwh 0.294 0.980 0.784 0.784
WE¥R Spray /kwh 2.547 8.385 6.294 7.856
5| Fan /kwh 0.041 0.130 0.087 0.093

2.4 UBEHERH T
F 4 2 e R EL i R AR RP 2 2 Bl R RE Y 3 SCR TS | DAL A S& 8 3A] , 7E Simapro8.0.3 K {4
R 20 A F TR B 25 BE IPCC 2007, 100 A&7 e AR E AR R+, ik 4,
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F2 TARERDAREERESEHE
Table 2 Activity data of solid wood panel and medium density fiberboard

AR Solid wood panel FREFARZETHHR Medium density fiberboard (MDF)
M:if;ls AL Slit plate PR Jointed board AKAR Veneer board “RFMAR Melamine panels
Shelf GB T Shelf GB T Shelf GB T Shelf GB T
JEBP R A ST /m? 0.007 0.008 0016 0.008 001 0016  — - - - - -
Raw material consumption ~ Paint /kg 0.248  0.347 038 0.192 0298 0.38 0419  0.65  0.829 — — —
SB /kg — — 0.042  0.025 0.03  0.042 — — — — — —
MM /m?3 — — — — — 0.008  0.013 0.016 0.008 0.013 0.016
Veneer /kg — — — — — 0.003  0.005 0.007 - - -
MV /m? - - - - — — — — 0.328  0.508 0.648
Adhesive /kg — — — — — 0.05 0.078 0.1 0.05 0.078 0.1
PVC E /kg — — — — — — — — — — 0.11
SR /kg — — — — — — — 0.006 — — 0.006
T Bk WM /kwh 0.067 0.082 0.241  0.15 0.2 0.241  0.034  0.049 0.048 0.034 0.049 0.048
Power station consumption ~ CM /kwh 0.576  0.739  0.01 0.031 0.021  0.01 0.031 0.021  0.01 0.031  0.021 0.01
Sanding /kwh 1.96 2274 0.641 0457 0576 0.641 0293  0.37 0411 0293 037 0.411
Spray /kwh 13.11 18.32  20.1 10.21 15.74  20.1 4.05 4424 5.172 — — —
Fan /kwh 0.375 0464  0.109 0.075  0.098 0.109 0.035  0.044 0.046 0.035 0.044 0.046

TAHTH Shelf AR, SB 278 444K ( Sitting board ) , TT A L4R ( Tabletop ) ;1% shAEZE A s ST 7R 844 (Sawn timber) , Paint A%, GB F/RPFHL ( Glue board ) ,
MP 7R HHEFH2 ( Medium plate) , Veneer AR MV 7R = B F N ( Melamine veneer) , Adhesive JIS T B, PVC E A PVC #3114 (PVC edge) , SR F/n £ %
(Sealing rubber) , WM /5 EEHIN T ( Wool machining) ,CM 78 £ 4l T.( Connection machining) , Sanding 5t , Spray Rtk , Fan A5 K,

®3 BREERMGEHHE

Table 3 Activity data of packaging and accessories

PR H AR BRGHR  ZREN AR H

e R 2% H
PR . . ,Hﬁ/ﬁ*ﬁ%/,\ Jointed board furniture, Veneer board furniture ,
Materials Slit plate furniture . .
Melamine panels Furniture

JEARHE FERE AT e/USD 0.576 0.960
Raw material consumption B kg 0.015 0.017

TR /kg 0.078

A4 /kg 1.800
T BtEEH 3 Power station consumption AL EEFEH / kwh 0.023

F4 EMBEREERETFR

Table 4 Carbon emission factors of raw materials

. HEji% HF Emission factors H
JE# L Raw materials — N i 45 1F Remarks
HUH values BAAT units Databases

A4 Sawn timber 93.3 kgCO, eq/m3 Ecoinvent 8 [ K T 2 A KR 10%
A H Medium density fiberboard 500 kgCO, eq/m* Ecoinvent R
AR HIME Solid wood paint . L -

keCO, eq/k soinve SRRV B
A Bz FHIH Veneer paint 2.86 gLheq/ ke Ecoinvent BRI | W il
BEHUEE Glue board L

| . kegCO,eq/k Scoi ; e
W Adhesive 2.85 2C0,eq/kg Ecoinvent BREE I, A Rk B s
F1 K Sealing rubber S o
. . kgCO,eq/k o 2L B
JERE B Adhesive for connection 2.63 Sl Ecoinvent FLEE , BRI E
AR Bz Veneer 0.165 kgCO,eq/ kg USLCI TFE A B 5 R
24 = B AU S 258 R N

= REMENETH Melamine veneer 0.329 kgCO,eq/m? Ecoinvent g};gé&*ﬂ SRR TS0 15 TR
PVC £i1% PVC edge 3.18 kgCO,eq/kg  industry data 2.0 PHRICF-X %04
AR Sponge paper 2.1 kgCO,eq/kg Ecoinvent AR5 B A b AR 7= | BB b
FLB4E Corrugated paper 0.632 kgCO,eq/kg Ecoinvent AR RO B
P Connecting piece 0.604 kgCO,eq/USD  USA Input Output T4 14, 3 E
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Fig.4 Different raw material emission and electricity emission from four kinds of furniture
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Fig.5 Comparison of carbon emissions using a detachable free adhesive connection
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