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ABSTRACT
Energy use and greenhouse gas emissions of Larch roundwood production forestry were
analysed using life cycle assessment(LCA). Application of LCA for forestry operations and
forest products is a developing field of study in Korea. Larch roundwood production system
comprises seedling production, silvicultural operations, felling and logging(log extraction). From
the results of life cycle inventory analysis, among various forestry operations, roundwood
extraction (hauling and loading of felled roundwood) had about three quarters of the total
energy use and GHG emissions. The life-cycle energy use and GHG emissions of roundwood
production at forest were 6.921kgCOse/m’ and 94.02MJ/m’, respectively. The total life-cycle
energy use and GHG emissions including roundwood transportation from the forest to the
sawmill (roundtrip distance of 150km) were 12.232kgCO-e/m’ and 168.76Mj/m3, respectively.
To reduce energy use and GHG emissions in forestry, optimization of wood production and
transportation system decreasing fossil fuel use is required.
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g&Es Q. 28y FAdEAE 7“'7%'3] A 2 EgEEo] 8] A Hla WA ey
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27, FEHANA 2 AEolA GHE5AE A A (forestry)S] AHAAE E 3

21 47 ¥4

A#AF7HLCA, Life Cycle Assessment)= o@ #|Foluy Auj29] AnHo AW FAH
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A 24 (glyphosate) D alZ7)(A L, &2l o8 Fw7S AWk 2YF 8do] Ansu
AU sl ¥R RS AAs2 AR 200 B ogrlE oAYRRIE @k £YF
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2 Mo9lY B (B82S BN 30cm, €I1H 504 HYAAH)

Medium-DBH (30cm,
rotation=50 years)
3,000 trees/ha

Table 1. =4

Forestry operations | Age

Larx . DBH=30cm 700 treesiha Planting 1 ;
2 50 it il oabinl s (1-1_seediing)
| T w | Weeding (brushing) | 1-3 | once a year (three times)
1
H ) ining 2,000 trees/ha
§ 20000 Salvage cutting g | Remaining 2,
g 9 (H=8m, DBH=8cm)
ER L I v Pruning 700 trees/ha,
Pruning 15 up to H=6m
Agelyrs) [H=13m. DBH=130ITI)
[DBH{em) 8 1 Sh . n e
2 ) 19 0 Pre-commercial (1*"thinning)Remaining
sl B Thinnin 15 | 1,300trees/ha,
] e 9 (H=13m, DBH=13cm)
o0 Ndsts P —=
== s O aRIEl (?%mthmnlng)Remalnmg
Source manual for forest (KFRI. 2005} Ihinning 25 rees!ha,

(H=8m, DBH=19¢cm)

Final felling 50 :*[?é‘:{es?zggm) 700  trees/ha

5 TP (2005), "A&7MEE AdAAdA] FEWNTE,
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LCAE Hg3do Zq44 2 Jd&Adel did FA9FS Hrpg dF2E BEAR
(Aldentun, 2002; Sonne, 2006), ¢! & A 4H(Haas et al., 2000; Berg and Lindholm, 2001; Schwaiger
and Zimmer, 2001; Sonne, 2006; Gonzalez-Garcia et al., 2009), Al A% 4 H(Milota et al., 2005;
Bergman and Bowe. 2008) %] it}

Berg ¢ Lindholm(2005)2 ~gdle] 544 A& sS 29 92 £7H77, |, Al 27HA
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)R 95 ?}%"%"%"??}7\] EY &l e #HFFo]  E AR ERRTHE3TE6%).
gEol Ao e BAAFS AL Aoz ekt Schwaiger 9 Zimmer(2001)2 HA)2] 4
g W& 23 5o W AV A wjE e dia 245
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Fig. 2. 2¢ldlel x|y Sxf MAAY dHX| ALEZE
£X*|: Berg and Lindholm (2005)

e ATEEL F2 29W, AFE, vF 5 JYYAA2Y 2 JASE AAE FrEAIA
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HIABE WAR AUALEF L SAkx MEFS Phskn eAsts WEE BedoR
Azkat7] 98 A R JUYREAH LCA Hgol 875 Yrh
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H714S 2Este A 7 4as LB AL AdA 286 s A A F(E daE 9F)
o] A#}A(cradle-to-gate) A7t wjEHF D UAAEZFE ZF FAHEAN)ERE 484
o Wr1Ed A LA7tA wE S-S 6580kgCOe/m’ (8718 R=70), 7.005kgCO.e/m’(*8 7] &
R=50%), 7.381kgCOe/m’ (M 7] R=404), A4 oy A& 8852MJ/m’(H7]18 R=70),
95.41MJ/m’ (8718 R=50'd), 101.43MJ/m’'(*8 718 R=401)2o.2 ety ¥r)edoe] AZF:E &
o] ko] AH YE Im' ANYG FAAGFL FojErt YESFFRE Fi =9 ¥rHd
2248 eH(R=40d: 340.99m’, R=50'd: 417.56m’, R=70\d: 564.42m")& 7|F o2 7}5H g 43
Yd4d 98 I1m’ Aol w2 A7~ wE eSS 6.921kgCO%/m’, AU Al AFR S 9402M])/m’=
Lkt

AN FRAWEE A4S dot Ai(Fig. 3, Fig. 4), 8% F 447149 9§ & (Hauling
and loaclmg)‘)] Aapd 24714 wjE S 80.1%, oAU A Al&e] 758%= 714 B R&ES A

A8t ¥ HAE Be #FAAEE AY FAHL 7|AFA 9% HaA 2 ZA(Felling and
processing) AR o2 Zhzb 57%9} 68%2] 74 A TS veluttl Al WA o] $7dGee shofokE
2 o z7)o 9% Eu7)(Weeding) F822 72t 43%¢ 56%E e 2@l A MA7EA] 9|

i3

AP e F LA~ wE Y 1.159%gC0e/m’, oA AFEE 147IM]/m’2 AR 374 o)
7tz 168%9 205% % UEbWTh FRFoAe BEAM 9 AR 9] & ¥H(Seedling
production) 38& ARA 4712 wjEFe] 3.1%9 vz AR 37%E FE YIYFES
AR AT W SQ4A ddBEANN A7 wjE L AUAAES Fol7] AsAE o
vz E&A Ha 2 whE(zA 2 FHA) APA 2] Aol Fast.
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Table 2. HYHE fSMLel SHY 24TtA Bl &2 ! UK AL

GHG emissions (kgCO»e/m’) Energy use (MJ/m°)

R=40 yr R=50 yr R=70 yr R=40 yr R=50 yr | R=70 yr
ﬁ:ﬁgggﬂ oy roCuctonand | g ogp 0230 |  0.170 4.46 364 260
Site preparation 0.322 0.263 0.194 525 429 317
Weeding 0.383 0.313 0.231 6.80 555 4.1
Salvage cutting 0.168 0.137 0.102 2.74 2.24 1.66
Pre-commercial thinning 0.115 0.094 0.070 1.88 1.53 1.14
Felling ~Commercial thinning 0.128 0.156 0.205 209 255 3.35
Felling -Final felling 0.382 0.266 0.099 6.23 435 1.61
;‘;ﬁning edraction  ~Commerdal)  gygp 0867 | 1791 909 | 1114|2301
Log extraction —Final felling 4,894 4.677 3.718 62.88 60.10 4777
TOTAL (cradle-to-gate) 7.381 7.005 6.580 101.43 95.41 88.52

Note: Rlrotation)=" 7] # (year)

AN AR A% Edo] 4o £849 AL T AFFIAA 58 U=
4ol ME BAYY HES Q24N WAY BAFL} vasdth A% eErRe Aw
ag 1LE Ego2, 4AdA A3E3HAs Bt +4A0% FH2RTe 495 7o 4

A dE AAL(RNE AF)% FFFA HES T =FF 150km(FE)h A 0013
L/mkm (AY] 5km/L)E& A &3ttt olol wel AbgelA A Y5 FFo] wE 24V~
W& ge 5312kgCOse/m’, AlUA AR TS 7474MJ/m’2 H7tEdon, o YA U&=
kel A #7948 2H2 6.921kgCOe/m’, 94.02MJ/m”) 3 wawste] 2zt 76.8%9F 795%<] 3
29%E 717 o2 HuMHAY GHA 7tEEE7A 45E Y5 (Roundwood at mill gate)el
WAE 334 929 A3A(cradle-to-gate) 2474 wiE S 12.232kgCOe/m’, A% A&
#FL 168.76MJ/m’2 9 715 Ach(Fig. 3, Fig. 4).
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Seedling production 0.218 seedling GHG emissions

Site preparation | 0.249 (kgCOe / m?)
Weeding 0.296

. Forestry ~  Roundwood production
Salvage cutting | 0.130 - Total (6.921)
Pre-commercial thinning | 0.089
Felling and processing 0.394
Hauling and loading 5.544

Total (Roundwood on truck) EEEEEEEEEEIEIEEENNE—— 6.921
Transportation to sawmill ESSSSSSSSSSN 5.312  Roundwood transportation

Roundwood (at mill gate) I 12.232

Fig. 3. =& {54t
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Seedling production | 3.45 Seedling
Energyuse
Site preparation | 4.06 M1/ m?)
Weeding 5.26
\ Forestry _ Roundwood production

Salvage cutting | 2.12

operation -Total (94.02)
Pre-commercial thinning | 1.45
Felling and processing | 6.44
Hauling and loading | 71.24

Total (Roundwood on truck) GG 94.02
Transportation to sawmill SN 74.74 Roundwood transportation
Roundwood (at mill gate) I 168.76

Fig. 4. 49is 22MMel Y ouix| A8,

5. 2&

o] EAAN Az FHAe <dHSFe P ¢ FEAAA JAF =29
(Woodgrap) 5 th%st 2484ue] ALE 5 7|48 dgde] ¥ntst s Aok &9 (ha)
F EAFSLE YARA wep #AAsL ;1“1 AP o Ao wel HEHE £ Ze]
7b wAshy] WEe] AdAtel wE #7749 APt 4A @k aud 9EAA%e] 4
TAY (749G AEE vad o, R #79e VAN E AHEF JE BE R 4

o
3, A2 5 L“M | Ededol AAsE A ¢ + AT ¥ AFANE NE AR

NEE ol gote A8 7H stom wel BAE wEs] Slsl AES MMl AR Bl
= old ue mogaz% #7300 4 Aol

o ATE H% YZAMA 2 dF AHHHLCAE 3 F4 B9 dd ANSE
of AWl £AZk2 WEF W oA Agl thal HYAY FHUR PrlekAch AR A
2 wd L Ba o8¢ Fal Al BsY & Atk FAL HUAR YA 24
(3, FFuE, 22UE 5IE dAGAY volenls Ao Agsle AR AHAn

& AR 5 Aok 2y SR ANFAAAN Y 71ABuE e AHE Ee
AE QB BA FEARANE FHARE LS Hol 2AEAE WMEAZIY. A 4
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