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PRUBMNVIZEDLRETHY  ALABEBHEIRD CO, L XA L TRLTHZ ENLEE LW
EIRRTN D,

KMFEH ORIETIZZ2 O A O LCA 2 FEfiT 28500 » b A 7 HEZONTH 457
BTSN TV D LIEE 2V, HfR e ie & OAM O LCA OERMIZHIT 5
MEDO—2E LT 747 77 R —2OIUETHHE %27 T 5, TV E TOMAE TIE,
FREL R Ao O TR CYHE S 2 IEH, LHEMKOEEEITHEE A TH2RN
ZEMFEAETHY, BRICEOBREDORELRITTIHHLNTRW D THD, R
DIEEMEEZBRDRVWEF T 47 77 0 R — 2 OIURIZ 5B ARET 5 2 L%
BRx 2 FERICE D LCA OFERZ(ETT-DICHETHY | 2N E TOFRETHEI LTV
Mo T-HHBE BRI EOREOREE RIETTIHHARDLZ LT, A%OFEICEBOCTEREY
NEPENEHRFTOLERD D,

RO LCA IZEBW TR HEOR Y NS EELRFRE L 5 2 5, R CAEE I
REJFREFE LT, WM EORM - REM B2 /IET HBRITIE, Z2'0 THEM M
FAEL, TNHIFT R X —JRLRRE R 22 L 02 ZRICHIAShTWD Y, ok
TIZ, WA T, BE & BB LA O LCA FHIXN < 20580 b, Jeikd CORRIM
S L7z AKIC IS T DR, B, LVL ., B, OSB &\ o 72 5 FIEDO ARE R LD LC
£ P Ik TiE, SREESEEL LS FENMEA SR TNS, Ll RTL
CORRIM [ XV FEp sz 7 v —Y 7 TIGOEM N b RE SN ARE~L > D LCA
F6) T, EMEELEEL LEESHIEEZERA LR L &b, MikEEOR S
AR LIEREAFRINTWD, BINICE T 58S B LRy hY) F— N —
2T 5 eco-inventiZE ENAAREMEIOA X U F— 2 TA TRFEMM 2 EHEL L
TR HEEZBEA L CEHEINTEBY ., ZOBEMBITRGIC L DNARETORBFIEE DR
BHTHLNE EHRNOENTNS ™, —F | BAETIIEM 255 & Liz—%6 Dk
THlFEIEE DR S DA SN DHTH D, PLED X 512, ABFO LCA IZBWTHRHA S
2B BT, MREE L MEEEOLORDH Y HRNOFFTIIES BB S AN &
MWEEALETHD, BOHEX LT Lb—20FELHEHALRTIER 620D TIE
72, 1ISOIZBWTHEA LBy HiEZBFL L, BEEE ST I W TRl sy ik & £ H
LB REEZRTTHZEBROENTNG ™, LN s, HEELOREa 3
2= —va vk AE LEBRET LIS LCA DR RE2FTTHHEL. LCA DA 7
TTHDHA X N T —=FXR=REWET 25613, BT 2/ S HiEE—D
WCRODVER DD EEZEZBID, LB -> T, AMO LCA % ENid 2 BRI Ih > 2@ b /e
Bl FiEZRETT 2 2 S IXEERBEETH 5,



1.3.6 BEfEWFIEDORREE

BARECBIT D AMZx8 L Lz LCA ~OE Y Ml IHR 4 IZHEATHD HDOD, 2 E
TIZHE SNTFHITIX, Bl HEST v MAT7HEREL WS T2 HiEmTIE e A CRE I
TV, ZDT®, ZIHOENDRFERICEDREDREL KITTHALNTR, &
ORICEY 75 <& I LER RIS H 5, 72, HRPBEML TS B0, B
CTHEM ST - RKEMEFO LCA Tl CO, AN DB ARIE &M Oxg & LT
L8602 <, LCIA FTEML TWHHEFALEDO LI, ENOFEFITIX CO 2t L
KIL GHG DAHERGL LIcA XU MU GITICE EED b DONIFLEAETHD, LIZn
57T, CO HEHUS DOBREEAMIZ L D2 BN LTl | AMoREIC L 2 REVES
KT 572D DOHRIZ0 L ITE 220, A O F—FIHZ x5 & L HiiSE] ¢
X, MO X —FH T AT L EFHE L - EHOERITEA TWD L OO, HEOF
A ER O 723 MM 21T > 72 FpNTIT & A Ev, B FEFIE CTlE, HREE v
AT LER Ny 7 7T RT = ZEORHREMER —E L TORWIGEER S  FHIH & H
MUCHET 25 Z LIXREE S, AME2 EDO XY Iz x X —FATIE, L0 K& BB
WEZHTE D0 H7IZH BT,

1.4 AW BRI L O

Ll BB E 2 TABIE TIE, EEAKR L OEEM S O fUEIC L 2 BREFED
R T 7= R e M R A 155 2 & ERERNR L OEEMEM A Ry N T4 %
T 5 2 &, LCA OF a2 AMICHEA T 5 BOME L e L e F R 21RET5 2
& BB O = L —F A EAT O BREEMITE (23 B MR 2R EALMEZ B S M5 2
EDAEEHE LT,

RO % Fig. 1.2107R L7z, 2 8Tk, kg, MWER L OB W TEEAK
DRI IND T 47T RF—=2 2 WET 5 2 LT, Ml 20 b AR E 723 E &I
R DIKOUHEE TP & L TEEIKD LCA % FEfi L. [FHEF KD LRI/ A =
N F— 2 OB L BB O - O IC LB R R R a5 T, 38T, =&
WO TIHICB W CTEEMBIM ORUEIZ)»ND 7+ T 770 RT—2 ZIUE L, 8T
55 CAERE S5 R & RIS A~ D BREEANT DR/ HIEODEWD LCA OFERIZKIE T
BRI LT, BELWVESHEARE L), ZOMEEEE 2, EELKOLEE
SR THCoOM BT T E L CEHEMRM O LCA ZFEmBL A X N T
— & O & EHFEM RS ORI X 5 REEBOHIBIC T - S 21T 72, 4 ETIL,
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ARPAEFES LD E T, HIHEZ, WM. TAD | Bk, B4TH I L OMRE M)
LI BEMMEEL . FAMKE LOERN SR DIEEE MTONLD & Le, BIFEEDFE
fEEEGE, A A3 5 R MG 2B, TR LS OERITET 1EE L, AHFZET
T, T B O TRERAEERA S LB RS OB R T 2 REE 251l L |
MREEMIR DORGE & o TR HOR T 2 BB BRIl G D en o7, 72, HhdE
BLOMEEEOER, (FEE TOBEICHO W THRHMEIZE ORh o7,

222 7T VT RTF—H

T T T T R —F OIWEIRN%Z Table 2.UIR Lz, T — & 138 g E &0,
B IR B A T D B L OB E R E IS E AL E T D (E AR ER RS A A
(AR, 2hei DEaisi ), TR L0 HEoiX) &4 %) 12T 2003
D 2009FIZINT CUEE LTz, BE(ED T 7 77 RT—2D 5 b FMIEEICOW
TIEEEEMX T, FIABXKICOWTE 3HX A TT, EERKITOWTIX A MM CIE L
T2 I B HEEMXKICBT 2 7 4T 77 v KT — 213 KRB T RFRFGEFEHIER B
EERER S EREM BT E LR — B K DR IS EE L am S TR &
REBEFEMOBRE AN ICXVNELTZLDTHD, AR TIE, Fizicihlfx &
HEiXIZBIT A7+ 7 77> RT—2 OWEEZITV, SRR ICB T 53O0 & L
TT—45HEH LT,

Table 2.1. State of collecting foreground data of each progegssch region

Process Niihama Hyuga Mombetsu
Silviculture Site preparation ~ Thinning (without e use) @) - -
Logging Thinning (with wood use) @) @) @)
Final cutting - @) -

O, Foreground data was collected; -, not collected.

(1) BEMIEE
HEEMXICBWTCIUE LT BEWIEED 7+ 7 /5 RF—% % Table 22127 L7-.

Table 2.2. Foreground data of silviculture in the Nilhama oegi

Process Area (ha)  Machinery Item Consumption (L)
Weeding 247 Bush cutter  Mixed oil 26
6.37 Bush cutter Mixed oil 49
Cleaning 5.00 Chain saw Mixed oil 21
Pruning 3.80 Chain saw Mixed oil 23
10.20 Chain saw Mixed oil 33
Bush cutter  Mixed ol 20
Thinning (without wood use) 14.00 Chain saw Mixed oil 29
10.00 Chain saw Mixed oil 40

TAIY | BEATHRB L ORERKIL2 #FTC, BRKIZ 1L 7T CT — X ZIUELT=, TAHID
IIXNEEIZ L0 . B R ERBERXITTF = — > VI L0 iTb TV, B HIETFEIC L
DATHON TN, FIFFICE SN RBROBRERIITF =—r Y —%, HITbOXEL 7
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D TFEOAFANIANIEE ANDEERN D -T2, 7o, HiFEZ EHEMTIZATI TIThivT
W72 BREFOIEE X720 T2, I EDT — % 252 1 haD BRI DA EE2EH
L Table 2.3lZ/ R L 7=,

Table 2.3. Input for 1 ha of silviculture

Process Item Unit Quantity
Site preparation - - -
Planting Nursery stock Number 3.00E+03
Weeding (5 times) Mixed oil L 4.55E+01
Cleaning Mixed oil L 4.20E+00
Pruning Mixed oil L 5.62E+00
Thinning . .
(Without wood use) Mixed oil L 3.04E+00
Total Nursery stock Number 3.00E+03

Mixed oil L 5.84E+01

2, CT —2ZWELTETAD, FITOE LORFERIKICK TS 1L hab/z b o AR
X, ZNENOME S FICEIT D Lhab =) OBAEZEI L BT, Zh b % HiEy
T 52 L TRDIZ, MTICET A EARIL, BRORMEALZ B X B i X g
L7z, B1EEOEREEUL, T OAH LFEIC 1A, 5EMICHhZHEINLEL, £
WS OIEZEIT LR E L,

(2) INFEMEE

R 331 2 A R ESE O AR & Ui R % Table 2.4, B [a#XIZ331) 5]
AR L ORI O bR & I FE & 4 Table 2.5/, A IZ 3515 2 FI FH R /E 2
DRI & I B % Table 2.612 225 L7z,

Table 2.4. Forest state and harvested log volume of thinnlatsn the Niihama region

Plot name N1 N2 N3 N4
Tree species Hinoki Hinoki Hinoki/ Sugi  Hinoki/ Sugi
Forest age 56 78 56 /75 55/53
Area (ha) 38.3 14.46 14.2/13 12.9/5.5
Stand density 700 640 1100/410 800 /800
(trees/ha)
Stand volume
3 259 448 253/ 355 328/393
(m’/ha)
Mean tree height 18 21 16/22 17120
(m)
Mean DBH 23 30 19/33 25126
(cm)
Thinning ratio
in number (%) 30 34 30/18 29/30
Thinning rato 18 17 11/22 14716
in volume (%)
Bu.smess a b c d
organizer name
Harvested log
1756 1020 666 860

volume (rﬁ)

Note: N3 plot and N4 plot consist of twaiet small plots, respectively.
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Table 2.5. Forest state and harvested log volume of thinnimgfanal cutting plots in the

Hyuga region

Thinning Final cutting
Plot name
H1 H2 H3 H4 H5 H6 H7
Tree species Sugi, Hinoki Sugi, Hinoki Sugi, Hinoki Bug Sugi Sugi Sugi
Forest age 42 46 45 55 55 54 53
Area (ha) 17 8 23.5 45 5.1 4.2 45
Stand density 1500 1400 1100 800 900 1000 1100
(trees/ha)
Stand volume
3 555 448 330 368 378 510 473
(m’/ha)
Mean tree height 17 19 21 19 20 17
(m)
Mean DBH 24 22 20 24 24 26 26
(cm)
Thinning ratio
in number (%) 33 29 36 i i i i
Thinning ratio
in volume (%) 17 29 24 i i i i
Bu§|ness e f 9 h 9 f i
organizer name
Harvested log
1980 525 1553 1434 1253 2399 1686

volume (rﬁ')

Table 2.6. Forest state and harvested log volume of thinnlotspn the Mombetsu region

Plot name M1 M2 M3 M4 M5 M6 M7 M8
Tree species Larch Larch Broad leaf trecgonlferous tree, Conflerous tree, Coniferous tree Broad leaf tree Broad leaf tree
road leaf tre  Broad leaf tre
Forest age 43 44 85 70 80 ) 85 7577
Area (ha) 17.33 12.13 30 22 12.87 2 41.74 29.41
Stand density 4, 459 600-800 400-1000 1300 1500-1900 800 800-1100 600-2
(trees/hs
Stand volume g 55 249-331 143-228 221 155-189 320 138-285 201-388
(m3/ha)
Mean (t:)e height 51 04 20 11-18 12 9-10 16 9-18 11-16
Me?cnm?BH 26-28 24 15-26 15 13 24 1222 13-20
Thinning ratio 25 25 15 8 25 10 15 10
in number (%
Thinning ratio 20 13 15 15 15 18 15 15
in volume (%
Business . . . . .
oraan j j j j j k k k
ganizer nam
Harvested log
510 290 794 537 172 625 763 850

volume (n3)

Note: All plots except for M4 and M6 plots congi$tseveral small plots

BFriEEMXICB T 2RO 7 7 77 K57 —4 % Table 2.7, HIFHXIZH T 5
FABEKB L OERO 7 47 77> FF—4 % Table 2.812, FBIHIKIZI T 5 FI KD
74T 7T RT—4% Table 29 FNEiR LTz, 7k, —HO/NIEZIBWTEEE
T2IX7 ) AHBEBEAIEE CEX o lood, TO OHE BITEIHE &ICHHIT 5 LK
ELTC, T ERE CE/NEOEBITM E 721327 Y 28 L ORIMEE & SHERI+ 25 =
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Table 2.7. Foreground data of thinning process in the Niihaeggon

Machinery Operation Iltem Unit N1 N2 N3 N4
Chain saw Feling Mixed oil L 2.72E+02 - - 2.75E+02
Chain oil L 1.28E+02 - - 1.60E+02
Feling, Bucking  Mixed oll L - 3.79E+02 1.12E+02 -
Chain oil L - 1.82E+02 5.06E+01 -
Yarder Yarding Light oil L 2.60E+03 2.20E+03 - -
Oil L 6.00E+01 5.50E+01 - -
Self-propelled carriages  Yarding Light oil L - - - 5.002-0
Oil L - - - 4.84E+01
Swing yarder Yarding, Loading Light oil L - - 3.93E+03 -
Hydraulic oil L - - 7.20E+01 -
Grease kg - - 3.93E+01 -
Forwarder Yarding Light oil L - - 8.90E+02 -
Processor Bucking Light oil L 1.85E+03 - - -
Hydraulic oil L 6.00E+01 - - -
Chain oil L 3.20E+02 - - -
Grease kg 2.00E+01 - - -
Bucking, Loading Light oil L - - - 2.21E+03
Hydraulic oil L - - - 7.40E+01
Chain oil L - - - 1.38E+02
Grease kg - - - 2.39E+01
Grapple Loading Light oil L 1.00E+03 2.60E+03 - -
Hydraulic oil L 8.82E+00 2.00E+01 - -
Grease kg 1.00E+01 2.60E+01 - -

Table 2.8. Foreground data of thinning and final cutting psx& the Hyuga region

Machinery Operation Item Unit Thinning Final cutting
H1 H3 H4 H5 H6 H7
Chain saw Felling Mixed oil L - 5.24E+02 - 1.65E+02  2.54R2+ 1.50E+02
Chain oil L - 2.16E+02 6.20E+01 1.12E+02  4.95E+01
Feling, Bucking  Mixed oil L  9.75E+02 2.16E+02 - 1.42E+02 - -
Chain oil L  4.52E+02 1.00E+02 - 2.74E+02 - - -
Gasoline L 3.48E+02 - - -
Bush cutter  Weeding Mixed oil L - 7.00E+00 1.65E+02  &®600 -
Yarder Yarding Light oil L - 9.71E+02 3.10E+03 1.10E+03 0GEG02 1.05E+03  1.19E+03
Oil L - 1.20E+01 3.07E+01 1.09E+01  3.96E+00 8.00E+00  1.THE+
Self-propelled Yarding Light oil L  1.53E+03 - - - - -
oil L 1.48E+02 - - - -
Swing yarder Yarding, Loading Light oil L 2.18E+03 - - - -
Hydraulic oil L - 1.80E+01
Grease kg - 1.28E+01 - - - - -
Processor Bucking Light oil L - 5.40E+03 - 3.00E+03  1.6B8B+ -
Hydraulic oil L - 2.00E+02 9.60E+01  7.00E+01
Chain oil L 5.47E+02 6.30E+01  1.03E+02 -
Grease kg - 9.19E+00 - 5.10E+00  4.69E+00
Bucking, Loading Light oil L - - - 4.40E+03
Hydraulic oil L - - - 3.50E+01
Chain oil L - - 4.95E+01
Grease kg - - - - 5.60E+00
Grapple Loading Light oil L - 4.00E+03 2.80E+03  3.27E+03
Hydraulic oil L - 8.00E+01 4.00E+01  5.00E+01
Grease kg - 5.88E+00 - 4.12E+00  4.80E+00
Unic Loading Light oil L 8.84E+02 - - - - -
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Table 2.9. Foreground data of thinning process in the Mombeggion

Machinery Operation Iltem Unit M1 M2 M3 M4 M5 M6 M7 M8
Chain saw  Felling, Bucking  Mixed oil L 5.25E+01  2.90E+011.23E+02  1.20E+02 4.00E+01  1.24E+02 2.08E+02  1.56E+02
Chain oil L 153E+01 1.06E+01 6.18E+01  6.00E+01  2.50E+01.20B6+01  1.04E+02  7.80E+01
Harvester Felling, Bucking  Light oil L 5.00E+02  6.00E+02 - - -
Hydraulic oil L 1.00E+01  4.00E+01
Chain ol L 9.00E+01  8.00E+01
Crease kg 1.92E+00  2.30E+00 - - - - - -
Bulldozer Yarding Light oil L 1.15E+03 8.00E+02  1.44E+03 .1GE+03 1.10E+03 5.30E+02 1.37E+03  1.00E+03
Hydraulic oil L 4.00E+01  0.00E+00  0.00E+00  0.00E+00  O#WE 0.00E+00  0.00E+00  0.00E+00
Grease kg 5.00E+00 2.00E+00 7.00E+00  3.00E+00 2.00E+00 3EH0B  3.43E+00  2.50E+00
Grapple Loading Light oil L 1.65E+03  1.45E+03  3.47E+03 5ES03 9.00E+02 8.00E+02 1.56E+03  2.00E+03
Hydraulic oil L 3.38E+01 297E+01  7.11E+01 4.00E+01 18BE 1.64E+01 3.20E+01  4.10E+01
Grease kg  8.66E+00 7.61E+00 1.82E+01 1.02E+01  4.73E+00 OE#0R  8.19E+00  1.05E+01

FrEEHX S K OVH MK 3651 2 BEAEHE TIL. W TILOMRBET & 28R DEM ~ 2
TLAERALTEY ., EMICTEMESLT VX vV —, ALY —F 2R LTV,
AT T ORI CTHF = —2 Y —F ATV, &M Fo—r Y —2HnT
WeMBEE T at vy B ERAWTWERIER o7, FHARIZITEICZ 7 vy 7z AN Tn
77

H [l X 00 E A EZE VX R D R AE S & [AERIC W IO FRBE T & 25 R DM o 2 7
LEBHAL T e, (B & EMIZ OV TR, HARBEET = — 2 Y — DB % AN TWTE03,
FNLSN ORI TIHEBIC T = — Y —% &M vy 2EnEHN TV,

BOHIX TIEWTIOMKRIEICEB W T HRIBROIEE AT AZHALTEBY, T=—2
—IZ X VRE L EM ATV, T R—FERWTEM L%, 7Ty Ik VAR %
fToTWie, 72720, M1, M2 RBETILRE & &M I —_2Z bW TW e, BLED 7
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ML, 52, FHIEOIERICE S IE YT 5 2 & CHIK RIS X ORI AR - £k
Blo 1 mt bz 0 R ARAEM L, Table 21027 L7z, 7k, FAMKICHOWTIEZ 3HIX
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Table 2.10. Input for 1 nf of logging in the each region

Item Unit Thinning ( with wood use) Final cutting
Niihama Hyuga Mombetsu Arithmetic average Hyuga

Light oil L 4.13E+00 4.45E+00 5.58E+00 4.72E+00 2.78E+00
Mixed oil L 2.41E-01 4.24E-01 1.88E-01 2.84E-01 1.30E-01
Gasoline L - - - - 5.14E-02
Hydraulic oil L 5.46E-02 7.34E-02 8.20E-02 7.00E-02 4-B2E
Chain oil L 2.27E-01 3.24E-01 1.29E-01 2.27E-01 1.05E-01
Qil L 3.80E-02 4.69E-02 - 2.83E-02 5.12E-03
Grease kg 2.77E-02 6.87E-03 2.26E-02 1.91E-02 3.59E-03
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Fig. 2.2. Social cost for 1 thof log production in each impact category
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Fig. 2.3.  Social cost for 1 thof log production from each process
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Fig. 2.4. CO, emission from thinning process for T of log production in the Nilhama and
Hyuga regions
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Fig. 2.5. CO, emission from final cutting process for £ of log production in the Hyuga
region
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Fig. 2.6. CO, emission from thinning process for £ of log production in the Mombetsu
region
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Fig. 3.1. Products flow and system boundary
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HENCATONTZN D THDH, AN LHHE TEFE» MM T oM RIS, -
THTOHEL, HEh, @, L EFOo 747770 RF—4 123, ZERRKT IS E
5 EEM M T8 ?5m%$3ﬂ~mwﬁ2ﬂif®zﬁﬁ®%%@7 % % H
Wi, TREYKEO Y T8I féﬁﬁﬂkﬁﬁiizmmnﬁﬁf = PE A BB T8 o
T HRBEREICMEMN T O NS, RSIEANTERZGE L -EARTLTHY ., tEEVE
KT 20%LL T2 ﬁ@éﬂfntoW$ﬁ%@7 XM THICB T 5 TRICE#ERA
éﬂéif®ﬁﬁ%%ﬁ%ﬂé@@ﬂ%b ZDOT — X% Table3.1 12/~ L7z, FEEICEA
BB LAEBIXED., W, BAMi Voo x A X—2Mx, MEHh, T
,\mﬁm B AR — 1| mﬁ%77x%/7&wotﬁﬁmf%é B, BEHIMICE
FTHOBNEBEZREORF E Vo THBERANTE Do T,

Table 3.1. Foreground data for 1 m® of structural lumber

Process Application Item Unit  Quarntity Reference
Forestation ~ Energy Mixed oil L 482E-01  Lijterature®
Logging Energy Mixed oil L 3.65E-01  [Literature®

Light oil L 9.71E+00  Literature®
Transportation Utility Trucking (no back-hauling) t-km  7.75E+01 Sawmill
Selling Energy Light oil L 2.85E+00  Report™
Transportation Utility Trucking (back-hauling) tkm  3.13E+02 Sawmill
Debarking Energy Electricity kWh  1.45E+01 Sawmill
Consumable  Lubricant L 2.35E-02 Sawmill
Sawing Energy Electricity kwh  7.34E+01 Sawmill
Mixed ol L 1.74E-02 Sawmill
Consumable  Lubricant L 1.58E-01 Sawmill
Substitute edge kg 2.17E-03 Sawmill
Drying Energy Electricity kWh  4.52E+01 Sawmill
Kerosene L 5.61E+01 Sawmill
Consumable  Tap water m>  4.67E-01 Sawmill
Planing Energy Electricity kWh 217E+01 Sawmill
Consumable  Lubricant L 3.51E-02 Sawmill
Substitute edge kg 4.27E-04 Sawmill
Cardboard kg 3.18E+00 Sawmill
Plastic kg 1.81E+00 Sawmill

323 N9 7T RT—X

Ny 75 RF—221%, JEMAI-LCA Pro.Ver2 1212 ## A v~ F U F— 2~
—X%mwt# KE%:OwTMLuxH¢7j—7A4y&yhU?—&N~xm%
PEREMBIIEIC L ABBEAMFEMNT — 4% 7 v 7 P offior,
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BT %A1, EEEM ERBEOLRZE OB L Lz, T7bb, ZOHAIL.
F v TEFRIBRE AR EIRN LT D, AR REEEE IS EE TR T 5
Laid, BIREEM BRI, B, Ty 7 BRE%E (BRBLEARIB) ZBLY
DRGE Lz, 22T, BRBENARBIIRBEICIRERRLRETH LN, HKetr—2 ™
WEBWTH—DOb D EFbN TSI b, RIFEICENTHR—O®E L Lotz
Tole, 7B, BREOMRITE / $2898%, AXN 2% ThoT-, £z, MK TOIET
FIZBWTH K L MMM BEFEICHEAET 2D (Figl) 23, BUR TIIARHZEM OF 98%753
FIF ShPIchm~KESh TR PRGETIERan ML, WPhofs FiEicsn
THEL ORI G L Lo lz, PHEXNGR L CAEE SN TV EEEM O~HEIX, W
2 105~135cmlE, EXIN3mXiT4m TEEOHESLEEELTHWWLNS, WED
SPEE. EIC, B & 2.8~35cm, 1§ 9.0~135cm, & 2~4 m T, BEYOIEHEES
MaliclEbng, BIREGOERF®RIT, T —4% Picks e, BERICOWTIEEE-
THGEM (33%). SFEEE (22%), =X X —FH (22%) 7L, Fv 7o Tl
HEE (89%) . AEAR— REEK (8%) 72X, BABEICHO W TIISEHE (64%), =%
LX—FIH (11%) & Th D,
FRBORESTHHEAT, HEM TEE COREANZ, #EM CRE®R) L HE
DOMFBEIZES W TH Y Lz, MEEECERGICHE DT 25613, [ U T, # TR,
MEMTRERSIOME EF TR TR 21T, i Cca®B IR ST 5561, HK
TREIMEMTEZE-ETEBIOME LT TR CERESZ21To72, FE TELHEIHM TR
O 720X, REHORKICHIGME DA FE LR W7o F 5 TR B C Il B eI
YW ERMTERNoTZT2DTHD, ZOLEICEEL L THWETSHME % Table
3212 LT,

Table 3.2. The prices of each product from sawmill

Product Price (yen/m’) Reference
Structural lumber (dried, planed) 5.61E+04  Satistical data®™
Structural lumber (green) 44TE+04  Statistical data™
Boards (green) 4.34E+04  gatistical data™
Bark 125E+03  Research data™
Chip 520E+03  Satistical data™
Sawdust, shaving 125E+03  Research data®™

WOMRAE TSRS . REEM CRECE) . BUEOM I, SET—% kv, 2006 ElcB T B
AXIEA (Ffbf) . AXIEA CREEM) . AFX/NEROTSGMEZ ZnZn@EH Lz,
IIT, RAEMBRTHOTELRBENE ) FTHIC L2 2DbLTAXTOMEEHHALE
DI, RBEICHIET 2 FHMORBOTHSEMESIEEI L TWR2 > Th D, *
o, F v 7 OMEICIE, HET =2 VX0 EERTF  FORBME A L, BEEB
MWEFEOMBEIZIT, T —H E LTEEINTVWOIEENFE LR WD, TBROMAE
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Fig. 3.2. Ratio of CO; emission allocated to each product
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Fig. 3.3. CO, emission for 1 m® of each product
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HERZBHG LTS, £2C, HETLH OB TR CORMMBMEEELZ LT OR(3-1)IC
LR L7 BT, ®MEMAIH Y — A BT D, BOHIEOEWR LC #ERICKIFET#
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T, Cy: HEEM ImP OMIRICHEARRMEMEERE (M), C: HEM 1m® o
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Bu: AJBRA T —DBBE, H, : W O BRI E (MIKG) . Dy : BB 7 b 02
(kg/m®) LT 5, &/%F A —FO¥fE & k% Table3.3 2R L7,

36



Table 3.3. Parameters to calculate the sawmill residue consumption for drying process

Abbreviation ~ Unit Quantity Reference
Ck L 5.61E+01 Tablel
By - 8.50E-01 Manual™
Hi MJL  3.67E+01 Manual®”
By - 7.00E-01 Manual™
Huw MJkg  144E+01 Manual®”
Dw kgm®  5.00E+02  Presumption

LEX Y, Cuidf 035 m LB T&, AELE Tk, #ETENOERT DK &
T EFTERNOENTINARBEERA T —REE LTV DT, Th 6042 (0.35m’,
Fig. 3.1) MNHMETRICEAINE EEREL TOMEITo7, 2B, TSN OS5I HiEIX
AT — A L RRRICHRE LT,

QiR & B 5

BB FRM R 7 — 2281 D &R ~0 CO HEH & D4y E|E % Fig. 3.4 IZR LT,

Ratio(%)

Allocated to lumber

T Sawdust

&Chip

O Boards (green)

| Structural lumber
(dried, planed)

Based on volume Based on price
Allocated to all products

Fig. 3.4. Ratio of CO, emission allocated to each product (in case of using the sawmill residue

for drying process)
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SLTESHE. FREO COHFHEIZTFRI DIy LEBA LT, kiR x <R
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Fig. 3.5. CO, emission for 1 m® of each product (in case of using the sawmill residue for drying
process)
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Table 3.4. CO, emission orientated with each input item and the share of the total CO, emission

from the sawmill (in case of using kerosene for drying process)

Energy Consumable
Electricity Mixed oil Kerosene Lubricant  Substitute edge  Tap water  Cardboard Plastic
Debarking  5.34E+00 0.00E+00 0.00E+00 4.90E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00
2.5% - - 0.0% - - - -
Sawing 2.70E+01 3.47E-02 0.00E+00 3.28E-02 1.63E-03 0.00E+00  0.00E+00  0.00E+00
12.6% 0.0% - 0.0% 0.0% - - -
Drying 2.01E+01 0.00E+00 1.45E+02 0.00E+00 0.00E+00 9.02E-02 0.00E+00 0.00E+00
9.4% - 68.1% - - 0.0% - -
Planing 9.65E+00 0.00E+00 0.00E+00 8.85E-03 3.88E-04 0.00E+00 4.13E+00 1.85E+00
4.5% - - 0.0% 0.0% - 1.9% 0.9%
Total 6.20E+01 3.47E-02 1.45E+02 4.66E-02 2.02E-03 9.02E-02 4,13E+00 1.85E+00
29.0% 0.0% 68.1% 0.0% 0.0% 0.0% 1.9% 0.9%

Note: CO, emission is shown in upper rows and the share of total CO, emission from the sawmiill is shown in lower rows.

Table 3.5. CO, emission orientated with each input item and the share of the total CO, emission

from the sawmill (in case of using sawmill residues for drying process)

Energy Consumable
Electricity Mixed ol Sawmill residue Lubricant  Substitute edge  Tap water  Cardboard Plastic
Debarking  5.34E+00  0.00E+00 0.00E+00 4.90E-03 0.00E+00 0.00E+00 0.00E+00 0.00E+00
7.7% - - 0.0% - - - -
Sawing 2.70E+01 3.47E-02 0.00E+00 3.28E-02 1.63E-03 0.00E+00 0.00E+00 0.00E+00
39.1% 0.1% - 0.0% 0.0% - - -
Drying 2.01E+01 0.00E+00 8.15E-01 0.00E+00 0.00E+00 9.03E-02 0.00E+00 0.00E+00
29.1% - 1.2% - - 0.1% - -
Planing 9.65E+00  0.00E+00 0.00E+00 8.85E-03 3.88E-04 0.00E+00  4.13E+00 1.85E+00
14.0% - - 0.0% 0.0% - 6.0% 2.7%
Total 6.20E+01 3.47E-02 8.15E-01 4.66E-02 2.02E-03 9.03E-02 4.13E+00 1.85E+00
89.9% 0.1% 1.2% 0.1% 0.0% 0.1% 6.0% 2.7%

Note: CO, emission is shown in upper rows and the share of total CO, emission from the sawmill is shown in lower rows.
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Fig. 3.6. CO, emission for 1 m? of structural lumber (dried, planed) from each process
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Fig. 3.7. Social cost impact for 1 m* of structural lumber (dried, planed) production from each
process
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Fig. 3.8. Social cost for 1 m?® of structural lumber (dried, planed) production in case of using

kerosene or sawmill residues for drying process

R TR OBJRZ ST O -WM M ICO v B2 2 2 LT, BRIHE & HERIRERLIC LD
R T A RNEZNZEN 54%E 48% T DR TX 2 Z NSz, ZAUFBMEMIZ XY
ST OEBENRBEI N2, FRIMEFROHE B 61%H K I D & & HIZ Co Pkt &
B B0%HIM S NT2led Th D, —FH ., WK K[BGR~OZEIL, BT FE 22Xy
SOXx OHEH MK 2.7 fFICHMT 5 LFME N ENER &> T 62%EM L 7=, £/,
FEIEN) ~ D B G B P IR BE R OBEHIK DR ENH D=l LI L=, s o
JAbFA XX N B b, AMEME. AREFEESOREBICE, RERE (TR LN

45



o ln, 8 WEBEABULEEELESF T D L. BMEEOBJE 2 T 5 8%
Mzl vz A2 L2k, BIBEEM 1 mb7- ok 2 Rt 1250 [ 25 972 [~
E 2% LT, BEEEORBICED THDL Z EBRINT,

34 F&0
EEM B O LCAIZB T DB HEE D vy M T7HEEIZOWTHRF L. ZOMEE B E

Z CEPEM M D LCA%;@MW:H%% LT i & 1572

OMFEIAE TR L2 8E OIS O CO PR AL, RO RITE Y LT-8
DZENEHTI0RA > MEREA L7723, ﬁ*ﬁ%ﬁfﬁa“bt BlX3FRA v Mﬂ”@
BACBES, B FECL > TER RIS OBRBAMBEMAPREL{ LboT2 2
Line . EHEMEM O LCA L iou\f:t@a ﬁ{f@ﬁi@#&b%@%f%é&/\znoto

OMIEEMETE T D L, z%&f%é%ﬁ@ = R R WA N T s el 72@57‘:&51@
gicevy, ERGEOLEEIEICFEMT 5720121, ER-E OB A~OFE /5 Ml ks
HEZOELLTH LWy, RIS E:Ffﬁﬁ‘éﬁgﬁﬁ%éiﬁ%i\ ﬁﬂ%%ﬁ_iéﬁﬂn
DEFE LW,

QHIRBJE~DORMBEM ORI A EZIBE L THONMEIT o efR., RO FIENBRICKETE
BIXITHARALESGG LR TH 722 L0 B O LCAIZEB T DE 2 T IEIZ DN
Tix., LROOKmR %Y TH D,

OfF WECTTHE, BElms LOKEKORAEZHEET 2 LE2EITEV 2, #HEHOBER
—VBLRTTAF v 7 OFRAEITHERT RETHDL ERBINT,

OHBETLRELIOHSE» b M T E TOMKRXE LRICEDBREEEN RS, BEY
BORBOTLLDICEHERTRTHALZ ERHLNI -T2,

@M IR OBIRZ IT M S RM BN ~TI 0 B 2 2 &, Wi KRG R~OFENE M
2600, HERELEEFRHEBE~OREN TN E LRIV ED T 5720 ttaxa X M %
L2%EWSEOLND EmhoTc, ZOZ D, RENAF~ARA T —DEANRE
FEELTAHADTHLZ ERHLNTR -T2,

ASH%IE. AKFZELREOXRE LCiE, Wk 0mEERLERET o0, BENR VT

UAZER LT BT T2 2 RS ROBETH L, £, GRERM & Vo oo

FERARM - REMEHZ DWW THRROFER S 2TV, 2D LT, b 0RO LCA
EEMTOEOLEE LWE S HFIEIC DWW THRFT L& LI 58 52 288 AR RT [) F 7o A2
SET> TV BERND S,

46



4% BIMEMOT IV —FHOITA 7Y A I NVT AR b

41 1FLHIC

IPCCH 4 KAl EEICB W T, KENA A~ 2D 3 VX —FIH X, HRESEFICBT
é%%m&&ﬁﬁ%@—o_ﬁmhf%MTm %) FHAEITIIT DRk~ 72 HERIRBE (Lt
WA £ & DI HIERIER L R RAIC IV T S, A A~ 2 ZRSRLKEER & L ifs
X — BT MR- HRESTFICB T XK E LTRENAS A~ ADT R F—
FIREEE 2381 T % %, F7-, 20124F B8 (T BAAA & Ui AR ATRE = /L % — o [E] 7 fffi k% B
WELYD HIEClE, RKENA A~ 2A2RELE LTRBSINTEBNE, TORENRA A~ AD
RIS U T1IKWhH7- 0 13~32[ TE WIS Z & L Sh TRy 1 KBNS F~ 25

BT OERNZEGEH STV 5 10,

KENA A~ ADTZFF—FIFIC L 0 ERBEIRRESND & ZolbaREHoH K
15 GHG HEHHITHI S D, s, REASA A~ 2DZF U —FRIZHE A Ok
BEHRD COUIN—Rr=a— I ERRED L LT, ZHLSMT CHy R NO & o
72 GHG OHEHMR D 23 AE L, S HIZ, GHGLUSNOREAM b HEET L EE I LI
%, Lieido T HERRBELAEFIR & L CRE N A F~ AD TR LF—FIHZ4T 5 BI2iX
ZDEAIZ X D IERD GHG HEH ESZ LS OB B2 Tl T 2 LR H 5.

BRETIEZINE T, AMEROBIRICRM M 28 A LAl 2 RET 5 2 Lok
% CO HEHBIR R DFAR *O%0  AE /A A~ ZFEED CO HrH! B BT % 74 °* °°%° GHG
PEH BRI 25 ©), RER L v h 2R L 5B E O BRI ) KE~<L Y
N OFIFIC & BBEFET F L X — OB EOF T e & Bo = 3L —FIH T AT A
OEREAMIT Z 50 L 72 E RN O0@iE S Tngd, L, —EEOKRENA 4~ A
ERA TR RNV T =V AT ML > THIHT % 2 & T, GHG HEHH B0 1V LIS O BR A fif
P E OFREEHI S L5 O 0% LlRE L7-fliXiE & A Eay,

ENTRETDHIRE NS A~ AL, ZORAERICERT S &, WM, 80 TH%5%
B, EERRFAEARMEICHE SN D 92 2005 DARE N A A~ A5 AT 31205 mPTh
V. 05 LR TS IE 10805 mP Th-o7- 2 & 0 e, | S TSN ARE A
I ADEEREERTHD Z L NN N D, “NEAAL A~ AR HEERE LD L,
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v MARFEEHR E L 220 TWDR, ZRENORIAFIENBREREED S5 /LT E DR L
BEOTIZH 2 0MEH SN TR,

2 ORI TR, MM 2. ORMEERARE. @ BRAREL, OARE~L Y N
JEEE UCRI L2 A OIEROBREEFE %2 LCA (2 & 0 70 L, R T80 2 & O
R F =R T REDLOHW B RS2 2 & & L,
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4.2 Jik
4.2.1 FEREHANT & A5EE S T U A0 AT LR

PEREHLATIZBUM AT 1 mP (M) O —FIH L Lo, FHlis 7 U A& LT,
RIS T & SRR FRENC RIS 5 > U 4% 2 © (D-1, D-2). FERKEHCFIA S
HyF A% 2o (E-1 E-2, RE~NLVy NAKEBHIFIHT 5>V 4% 35 (P-1, P-2
P-3 OEFHT7TOEHKRE L, D7) FIZBWTHRMEM O VX —FRFL AT
A (UUF, TRMBEMRIAC AT A1E 0 )) EZnick v fBEans 27 A (BT, M
REEVAT LI EN)) ZZNENTRE L, 27 VTV AORMEBEMFIH > AT A2
W (Fig. 4.1. a Fig. 4.2. a Fig. 4.3. & D AT LB FUT, R TOEKRD S IR DU,
Y, B 2R CRIMBEM DS ET 5 E TR — & LT,

a Using sawmill residue system b. Substituted system
Crude oil
- - +
/ Silviculture \ / Mining \
¥ v
Logging Transport
l Log f#
Refinin
Trarlsport crude osigl
Selling lHeavy oil
} Burning of
Transport \_heawoil  /
y ¥
Sawing Heat
lSawmiII residug
Burning of
sawmill residue
Heat

Fig. 4.1. System boundary on D-1 and D-2 scenarios

D-1, D-2 > U A4 (Fig. 4.1. a Tid, ¥4 L8 2 86 THNTE O E FREHE
LTHW, 8O NTHIRICEST 28 EHELETE Lz, ZO#HRE A7 A (Fig. 4.1.b
X, JFHERE N S AR AR T, UM TR OAMBE R A T — T A HMA RS,
MRV BB AR5 ETE Lz, 2B, D-1 v U A& D-2 2 U AOiEW TR 7%
M2 RBE S B D RBEF OFENT, D-1 1ZA b—HIF%, D-2 IZREIFKEF 2N AWDS
IV ATHD,

¥l ZZ TR MM L R o BROBE TR L IMIHEIOAKTH - RO EE 2 Bk
%o Trbbh, flZIE, K258k 1.5 n? A 8E S A BRI F AT 2 B0 R M A
1.0 (EME) o & ThD,
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a Using sawmill residue system b. Substituted system
Crude oil, coal etc.

/ Silvic¢ulture \ / Mir:ing \

. v
Logging Transport
l Log R f} ]
efining
Trarlsport fossil fuels
; Petroleum
Sei“ng LPG, coal etc.
Transport Commercial
i \power generation /
Sawing 3
l Sawmill residug Electricity
Transport
¥
Wood biomass
ower generation
\ pevier generator
Electricity

Fig. 4.2. System boundary on E-1 and E-2 scenarios

E-1. E-237 U AIZBT 28 MEMFIH S 27 o (Fig. 4.2 & 1%, R4 L8 %
ARENA A~ ABRBEORKATEEIT L L, TNeZOE FHRELE L TRKZRE LK
BNA TV AREEEITH ETE Lic, TOWNRE AT L (Fig. 4.2 0 1%, FARE
DT XNF—EIROBIED AL AREIEORR AR T, FHBEIC LV RE AL I~ 23
BLRBEOBNA2BHETLE LI, 22T, KEAS A~ ARETIIRELORR L EF]
AT 520 EBX0NH0, AR TRHMIOxG & L ZZR A EIT —RITHBER KX W
1O BEROFEMAESREE L STl BRRIIARVLD L Lz, ks, KEAA A
Y AFEEFABEOREBERIL, WINb, EEREICKIT AHEEEEBE L2 ER TONR
BEE L, £/2, E-Lv T UAE E2VF U AOENE, D-1, D27 U A DZiEIH

UL, BREEFICA h—IF EMEBRFOE L L2 HNDL00OE VDAL LTz,

P-1 P-2, P-3> 7 U AT H8MEMFIH T A7 4 (Fig. 4.3a 1%, ®MEM 2 AKE
ALy FIEAEEL T, KESXLy ML L, T adFESEOHEE e~k L T2
v FA =T TRESETREAEBLIETE Lz, TOMNEEL AT A1, P-1 S VAT
X, JFIH OB O m B R AR T, ITMA h—7 Tl LA S5 £ T (Fig. 4.3
b). P2 U ATiE, FUJFEMOEM O AMBMRER T, HARN—7TLPG %%
BESHEESLFET (Fig. 430 & L7z, P-33F U AOWHREY 27 Ald, =R L¥—§&
RO, (LA REIER N OEABELZR =T a2 LEESS £ T (Fig. 4.3d
ELle, T7bbH, P-1 P-2 P37 U AMOENT, RESNL Y MIEDBENE DB
BRI L 2BEERBETHEHEELLENOENTHY | P-LITAMA h—T% P-213 4
AARAN—=T %, P37 arsEznEifB4sL L,
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a. Using sawmill residue systetn. Substituted system c. Substituted systemSubstituted system

Crude oil Crude oil Crude oil, coal etc.
7/ L N\ v v v
SllVch'uIture 4 Mining N\ Mining N\ (0 Mining )
: v v v
Logging Transport Transport Transport
lLog il il
Transport Refining Refining Refining
i cruie oil crucie oll fossil fuels
Selling Kerosene LPG l Petroleum,
LPG, coal et
; v . Pll(Jrning B?rning coatete
ranspor of kerosene of LPG Commercial
v . - ' / \ ' / power generation
Sawing Heat Heat lEIectricity
lSawmiII residu .
Use of air
Transport conditioner
* \+/
Production of
wood pellet Heat
lWood pellet
Transport
v
Burning of
\  wood pellet )
Heat

Fig. 4.3. System boundary on P-1, P-2 and P-3 scenarios

HUF U FITBNT, %M%Mﬂm/XTA@Fﬁm@£7uﬁx#%$L5 PR AT
ENOHEAKF T AT LOREAMEZEZLSIK 2L CEROREAMELZRIE L, Z 0Ok
RBELECE VT VA EFM L, 720, mﬂ@Vf)j;%Wf%imﬂf%F%%
FoflE FER L OBEREICH KT 2 REAMN EILHEICE Do T,

4.2.2 KENA F~ ADERNFEEDOHH

D-1, D-2, E-1, E2>FUATiX, BELLRMBEMZZTOE EZMRELE L THET D L
HMEL, 20 L EDEKREL B0%EE LT, P-1 P-2 P-33F VA TIL, REXL Y b
DEKFE 10%E (E LTz, EMEM B L OARELL v b 1 d7- ) ORALFEEEIL Sk
WMzsEic, X 4D kvkoi,

L. ={H,0— 251x(9xh+u/10Q}x p (4-D)

ZZT. Lw: KRB UDOKM 1 P H7m 0 OERAIEEE (MIM®) . Hao : BEAK 1 kg
ST OFEAREEE (MIKg-DW), h: REAMOKFEEZHZE (kg/kg-DW) | u: &/KFE
(%), p: BEFEE (kg-DW/M) L35, ZORRICHWEZ/T A—2 LRGN I~ A
DARAL R EVE A Table 4. U R L7c, 723, @AREE (Hw &E2HEE (p) 1ZiE, Wi
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MG EHER O IIEZ TR L7,

Table 4.1. Lower heating value and parameters of wood biomass

Kind of wood biomass Unit Quantity
Higher heating valué{,,;) Oven dried wood MJ/kg-DW 20.8°

Hydrogen contenk() Oven dried wood kg/kg-DW 0.08">
Density(o) Oven dried wood kg-DW/m° 370108
Moisture content() Sawmill residue % 50
Wood pellet % 10
Lower heating valué(,s;) Sawmill residue MI/m® 6,730
Lower heating valué(,;,) Wood pellet MJ/m? 7,102

DL X0 ARBFZE CHEREHAAT & L7836 1 nt B 7= V) DARAERE BRI L5 KR 50%E D
RED FTIE6730 MITH D . E/KFK 10%FE TR L AREXL v MIIML L7=5A1£7102
MJ CTh 5,

423 REBEINHI= VX —HEEOHEMN

AT CRH U7 UMM & RE A~ L > b ORI 5 EVE (Table 4.0 #22 L T, D-1.D-2,
P-1. P-2, P-3V 7 U ADOHERET AT MBI 2N EE 2 (4-2 [2XY, E-1 E-2
U A OWRE AT MBI HHEEREELZX 43 IV ERENEHLE,

Cf :M (4-2)
T XL,
C:f :CWXLWUXTWX(l_f) (4_3)

3.€

ITC, G REB VAT LB 2 =R VX —JRIEEE. C, BMEMAIH Y AT A

TZﬂK EIRENEE B, T, WMBEMRIA Y 27 2B 2R A 77— IBEKS OB
T BV AT MBI RA T — IREHER OB, L i AT AR
LR F—JROBAIEEGE, f: ZREBRERLET D, B, (43 XOoHRIZHD 3.6
IX KWh 225 MI ~O#BERETH D, ZORHIHW T 2 —& L EHFER % Table 4.2
I~ LTz,
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Table 4.2. Energy consumption and parameters in each scenario

Using sawmill residue system

Substituted system

Scenario Boiler-Heater Energy source  Transmission Boiler-Heater Energy source
(Heat efficiency () (Consumption€,)) loss factorf)  (Heat efficiency T;)) (Lower heating valuel(;), ConsumptionG,))
D1 Stoker fired boiler Sawmill residue Oil boiler Heavy oil
(0.70)% (1.00 1) (0.85)% (39.1 MIIL™", 142 1)
D2 Fluidized bed boiler ~ Sawmill residue _ Oil boiler Heavy oil
(0.70)% (1.00 nf) (0.85)%® (39.1 MJ/L*7, 142 1)
E-1 Stoker fired boiler Sawmill residue 00511 -~ Commercial power
(0.12) (.00 nf) ’ (—, 213 kwh)
E2 Fluidized bed boiler ~ Sawmill residue 0051110 _ Commercial power
(0.12) (1.00 nf) : (—, 213 kwWh)
P Pellet stove Wood pellet _ Kerosene stove Kerosene
0.77)*® (1.00 i) (0.86)* (36.7MJI/ILY7, 173 1)
P2 Pellet stove Wood pellet B Gas stove LPG
(0.77)*%® (1.00 nf) (0.83)19 (50.2 MJ/kg'®”, 131 kg)
p.3 Pellet stove Wood pellet Air conditioner Commercial power
(0.77)*® (1.00 1) (4.2)* (3.6 MJ/kWh, 362 kWh)

D-13F VADA b—HIF & D2 2F U AOWRERFOBGhRIT, STk N5 BB LT
070k L, AMHEERA T —OBH=RITFE Uk % L v 0.85% L=, A EHOHALIEE
B30k 0 E s, E-1YF Y A e E-2 3 U FICB T AAREANAA A ARED
BONRIX, 74T 7T RT— 2 ZWE LT ZRZRARE N1 A~ 255 (177 3000 kWik)
OFEHEEFICESE, 012 LBE L, XLy M2 b—7 OBk 9% v 077 &
L. AliA h—7, H#ARAF—TBLOZT7 a L08R IT, Web %4 k kv zh
1 0.86, 0.831L 142 & L7, ATiliE LPG O AL FEENE T30k YDl 4 v -, %
BB o313 Tik 1O % v 20054F 1251 5 — IR EE R EEE OMETHMEE A7,

424 7T 7T RTF—H
BT U AT BITAEMBMRH S AT LD T+ 7 75 K5 —4 % Table 4.3v4.5|Z

~L7,.

Table 4.3. Foreground data of using sawmill residue systerd-dnand D-2 scenarios

Process Item unit  Quantity Notes
Input Burning of sawmil residue ~ Sawmill residuesm®  1.00E+00
Output Heat MJ  4.71E+03 For drying lumber

Table 4.4. Foreground data of using sawmill residue systerg-dnand E-2 scenarios

Process Iltem unit Quantity Notes
Input  Transport of sawmill residue Trucking +ktn 5.55E+00 by 10t truck, Distance: 10 km
Wood biomass power generation ~ Sawmil residue 1.00E+00
Kerosene kWh 1.07E-01
Industrial water m° 1.92E+00
Output Electricity kwh  2.13.E+02
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Table 4.5. Foreground data of using sawmill residue systerR-dn P-2 and P-3 scenarios

Process Iltem unit  Quantity Notes
Input  Transport of sawmil residue Light oil (for &king) L 1.70E+00 by 4 t truck, Distance: 10.9 km
Production of wood pellet Sawmill residue m  1.00E+00
Electricity kwWh  2.48E+02
Light oll L 4.88E+00
Transport of wood pellet Trucking -km 2.04E+01 by 1.5 t truck, Distance: 50 km
Output Heat MJ  5.47E+03 For heating

E-1, E-2v 7 U AZH T 2 MBEMEED 7 +7 7T v F‘?‘~ ST H S TR RS
MEFFREERICEB T DA R CRERT —F) 2251 RIE L, RENAA A~ A%
“®7¢777/F7~&ilW@%MI%T%M@7H~mWEGHLﬁﬁbtﬁi
P-2, P-33 7 U FITBIT 2 M EMEx - KRB~V y NED T+ T 77 v R —X13EH
NO~LL -y b T3 T 20034F 10 H ~20044F 9 A [2IE L7727 — % "x Huvi-,

425 Ny 7T RTF—X

Ny 7 77 RT—421Zi%, £& L TIEMAI-LCAPro Ver2 1. 2Z## oA = N U 5
—Z_R—=2 ML H . RRET 5 HD1E ILCA-LCA 7 — 2 ~N— 2 WL pedsdi i3k |c L A8
BAMEHNT —% 7 7 MEiioiz, 27 L, R4 F7—BLUOXRLy R =712
T DARB A A~ ARBERED CHy & N,O OHEHRENE, IRENR N APEL BRE - W5~
=27V LB L, AR, BRI NO BEHERKRE W2 LM BTN D

Y =ma T NE 20T LR B L THEHREA BB SN TV TH D,

:\%M%MikiﬁaAVyF@%mLiwibémﬂﬁ@%igiuT®$ﬁT%ﬁ
L. BEREEDOPHEE LT E L, STkE VIR LB DK S (3% ML AR
DIK5y (0.55% 9% 3wzRIT 5 M) & TBAEE) OREES (2470 THET
B4 52 & TRIMEBM OIS 28 L, DK Y T 5 E & OBERIR S 74 £ 7-
iﬁE&VyF®Wﬁ’iD%éTékbkoik\%V+Uﬁ®@M%Hﬂ%VX?A

B AANKAEES MM A CORBAMEIT., ARE IBICBITAHERED
9%\ﬁ%%ET£’m_%%Ltﬁa®@&kkﬁﬁ®ﬁ%ﬁmg%ﬂyﬂ7?VF?
— & L L THWE,

BRI O AT JMZOWTIL, A CRLEZZ 777 RT—XI12, I T 53
VI TTURT=HEENENFELDLHI LT, LC 23 L7z, K AT A2 T
I%. Table 4.2 R L7c =R AF—JRIHEBICKHIGT DNy 7 VTV RTF—2 2R L H T &
TLClI 17> 7,

4.2.6 xS D BB A farf
AR OBRBEAMICIT, HEERELTY Ty, AR, Al KRBT 2%, KB
& LT CO, ULHEBREIHR) . CO, (V31 A~ ZBREHEE) . CHi N;O, NOX, SOx,
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E LT,
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43 fERLEBE
431 FATHA I NA R NG
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Fig. 4.4. GHG emission of each scenario related to sawnsltees usage to energy
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P-33 7 U A2 1) 5 IEM GHGHEH B13 —13 kg-CQeq L BB RIZ < b Th o 7=,
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BEICH KT D GHGHEHENFIEE L -T2 Th D,

KTV AORMBEMAIR Y AT 20050 GHG HEHHEICH O 2 £5WE 0EIA1X, D-1
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BEAMEIICKRE L, E-L E2BXP-33F U AD L) ICE N EZRET 841X, GHG
PEHHIBZD R SR AN SN E RSN o T2,

4.3.3 BFENT A —Z ORI K 2 3RS R~ D 52
(1) otryiE
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L7z ETITOMERH D, £ TARIETIE, GHG PEH & O RS SR 12 KT T 52280 Fhi iy
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T, AR CEA LA OBRBEIC X % CHy 38 X TN N,O OHEHREL 207% 5 H 5 2 (R #HL &
Ipot-F—2 YOl ¢, WHEHURE D SUEREKE 4Kk, ZDlEE b > TRE A
A~ APRBETHREDN D O GHG HEHH B D EIRER L OVFIRME & L7z,
@ K& R4 7 —0BBhE

D-1, D-2 ¥ F UATIE, A M= L FHBIRIFOBGRICAF-E RS F—D 0.70°
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BT, A M—IF L REIRIFOBGHRIZEN O LR D ZE X DD, £ 2T, BYhERIC
om&waom@s&W% RE L, A N— A & RBIRIF OB D R EME D 5y
it A KIE T L at LT,
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PEHER O 7= DICEHE /R TR TH D oo Tz, 7272 L, Fig. 44058 F1% 1 THOHEHIIC
BERNOT, OFHEERF MBI L KAEASL y MUE TS O GHG HEH &I
G FGIH T EDOREOENH Y . ZORER., EWE GHG HEH&EIC EOREOFEL RIF
FEE LT,

(2) RREE M ORGSR & B4
D-1. D-2 7 U A ORRE S iE R % Fig. 4.512, E-1, E-2 7 U A OREE S5 #E £ % Fig.
4612, P-1, P-3¥ 7 U A DRESHHREF% Fig. 4.7I2ZNLIR LT,
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-400 |- S EEZEZEZ © Net GHG emission
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Fig. 4.5. Results of sensitivity analysis of D-1 and D-2 suérs

Note: Numbers on the abscissa (0.60, 0.70 and @@ heat efficiency of stoker fired boiler and
fluidized bed boiler of D-1 and D-2 scenarios, extjwely. Bars mean 95% confidence
interval of CH, and NO emission from burning of wood biomass.
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KRIEHERA T — OGN % 0.60~0.80 DI TEIL = E L &, REIND A HIMDOHE
BRI 5720, D-1 > U AL D-2 U B HIER GHG BEH EIX., £hEh
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—DBNHEE 0708 LEESA LT, D-1vF VA TETIC15% D23+ VA TET
IZ21%CTh o7z, F£72,. D-1 TV AICBIT DA F—DIFOEBFEE 0.60 & L7-FED GHG
PEti & (—329 kg-CQeq) & [FIEDHIBIN R A D-2 27 U A TH DI, BRI OEG)
LN 0.80FE1272 5 (—337kg-CQeq) MENH D Z &ENyinoiz, I¢@i7—/\—’6m
L7e KRB ASA A~ ARBET RN D D CHy & NO OPEH BEORHEFENEIC X 2 21X, D-1v
F U A Tld+11 kg-CQeq, D-2 > U A4 Tii+34 kg-CQeq CTH -7z, Z DIEZ M 5 & |
D-1>F VU ATHRA T —%hZ% 0.70 & L7=kso L[RE (—376 kg—CQeq) E D2V FUA
THRA T —%h%% 0.80 & L7=FED FRRE (—372 kg-CQeq) MFIEE L 725, LLEX Y,
MENRIF & A b —BIFOBGHFENFRIE THILX.D-2 > F U AI2d1F 5 GHG HEH D I
RILD-1 v F UV FDZENUTHAT 15~45% NS < | TEINRIF OEBNRN A b —TIFOZ N
£V 0100 EFiFiuE, D-1 v U AL D-2 2 U AT D GHG BEH OHIEEN RO K
INSHHE L D D & o T,

200 _
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Fig. 4.6. Results of sensitivity analysis of E-1 and E-2 scirs

Note: Numbers on the abscissa (0.09, 0.12 and &&ah heat efficiency of wood biomass power
generation of E-1 scenario and E-2 scenarios, ctispy. Bars mean 95% confidence
interval of CH, and NO emission from burning of wood biomass.
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E-1 27U AN TiE, KREAS A~ AREOBEF %2 0.09~0.15 D TLLSED
L. IEME GHG HEH 1% —58 kg-CQeq~—103 kg-CQeq &= TEH L. Z 42 CHs & NoO HE
HEREICB T 2 NHEEEOZEZMES 5 L. £ OEEIEIL — 44 kg-CQeq~ — 114
kg-COeq & 72 > 72, Z DRMEIE M A 2 b iz BN O T2 356 ol s £ (Fig.
45) LIRTHREDST, ZOZ D, KENA A~ ARELFEN L CRAEN 2R
BT2X06, REWHARA T2 L0 -MEROBIRZ £/ 95 2 & TABMOBEE %R
BT 2hH0, LV RER GHGHEHHIBEN RN G OND EF X5, E23F U FITHBNT,
EBE GHG HEH &N A DME & 72 HITITBHEN 0.15 2 X 2L ERH Y, S HIT, CHy &
N,O HEH B OHE 2 sk L 72 1B GHG #EH & TIRENS A OME & 72 5121%, BhsN 0.12
U EDOEETHoTz, Thbb, KENA A~ AHEOEZNEN 0.09~0.15fFE TH 5 72

SIE. FARED ZRREPICHEIRE 2 W RKE AL, A~ ZAREBICL 2B EFHTH
ZliE, TRICK LT GHGHEN A M5 2 L 3R ST,

200 [l Consumption of
ansnnn aupnm! wood pe||et
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Fig. 4.7. Results of sensitivity analysis of P-1 and P-3 acies

Note: Bars mean 95% confidence interval of ;,Chdhd NO emission from burning of wood

biomass.
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P-137 U 4 T—302~—363 kg -CQeq, P-3> 7 VU A T—13~—74 kg-CQeq & 721, P-1
U A O GHG BEHHIEZN RIE D-1 > U A DZi (—329~—445 kg-CQeq, Fig. 4.6
CREICRDFEND D Z ENpnotz, £z, BMEMZFEEET5KRKEXL » R

B & D GHGHEHAIEA R4 M ESH 2121, KEX Ly hOREEIC XD GHG R &
A EETH D Lo T, ABFEICEWTIET —Z OfFIC & W B BREETH - /-
MW, ABIT, KESNL Y FOREEICE T 5 EREEEZ B S & 5 ST 2B 52N
HWVEND D,

P EDBRESHERZREE XD L. Fig. 45 TRENTZA T U AITBIT 5 GHG HEHHI
BN RO IRBERIENE D Z L 13V E N ote, Trbh, BMEM O R L X —
FIRIC X 0L AR 2 RBE S CRE B L =XV F—FIH AT 22 RET 2V 4

(D-1, D-2, P-1BXWP-2 OF»R, ENEaRETLHFT VA (Bl E28BLUP-3 &
Dt GHG BEHEIBZ R AR KR EWE S 2 5,

434 RNy r 7T RF—X OEHIAE D SR F~ DB
(1) Pl

ZETOOWTERLDI NNy I 7T RTF—4% & LTHWEZIEMAI-LCA Pro Ver.2.1.2%
HWDOA LR N T —=HR= L 2007 FITER SN b D TH LN, ZDHD 2011& 3
H 11 BIZHAELTZRAARER L 2RI HENREE R IR ETOFIC
0. BPEOEFERIIKE LS EboT, Thbb, FHTIRENKRBEENC E&bé%—"'
B1E 20104FBE 21X 28.6%C o o 7223, 20114FFE121% 10.79%42, 20124 FE121% 1.7% 2 £ C
B Lz 20 T h, —F. KNFEEN LD HEIRIE, 20104EE O 61.7%)5 20114
FEIZIE 78.9%~, 201241213 88.3%F THIM L TRV . BHOERBEAMFHA AKX
EpooTWbEEZLND, I T, HEESATHHTESZA RN T—FRX—=2Z2DH
LEHOHO B DI, 2011FE O BRI KM STV D MILCA IZH#ish T D
LRy ) F—F_R—2 IDEAVer11.00c "y 7 75 v RF— 2 5B EH L. 1275 L
REAA A~ ZRBED v 7 75 RF— 21213, IDEASICHIFATREZR & D272,
Bl &#e& . BTEE TLE L JEMAI-LCA Pro Ver2. 1. 22858 o~y F ) F—R_N—2 L
IR AP BB E - i~ =2 7L % VT,

@) v 7T T 2 B ORS

Ny P T RT—REBH LT-& T VA0 GHGHEHH &% Fig. 4.8(2, Ny 7 7F
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Fig. 4.8. GHG emission of each scenario related to sawnslbrgees usage to energy (background
data wad updated)

Table 4.9. Variation on GHG emission with updating backgroulatia

D-1 D-2 E-1 E-2 P-1 P-2 P-3

Using sawmill residue system 0.0 0.0 -0.2 -0.2 30.2 30.2 0.23
Substituted system -34.7 -35.2 -24.7 -24.7 -25.3 -73.2 .0-42
Net GHG emission -34.7 -35.2 -24.9 -24.9 4.9 -42.9 -11.7

D-1, D-2, E-1, E-2> 7 U AT HRMEMFIH T A7 L5060 GHG HEH&EIZIZ &
A EBAGIX 2 o 723, P-1, P-2, P-33 U A28 2 /MM R > AT 5705 O GHG
PEH E13+30.2 kg-CQeq & KE MM L7z, ZhUE, XLy hORIEICHEH L TWizEH O
COBEHEHALN Ny 7 7T v RT =X OBEFIES>TLKWhH 720 0.446 kgh» & 0.546
kg ~EF L7 ERERTHD, HRE AT A0 H0 GHGHEHEIXE N 2B T 54
TOYFT VA THEPRE D Lz, ZhiE, E-1 E-2, P-3v T UATIEL, EHDCO,
PEHEEALZ ER L2 2 ERERTHH A, D-1, D-2, P-1, P22+ U AIZBWTHED
L7-ZRIE, A Bl THB IO LPGORB TREOA Xy M) F—2 _X—2A BT 5
OIS LTV DB AN EFE SN2 THDH, B GHGHEH R, P-1> T VU A4
TORDTIITHEML, TSSO F Y 4Tk 10~40 kg-CQeqFeE DOHg T L=,
UboZenb, Ny 2 750 R7F—2OBFISEOFEGHREOEIRIER & SOk E
BL=Z L2 LB T U AI2B T HIEM GHG HEHBIZSZ DA L-2, EhH2RET
53 FUA (Bl E2BXOP-3v VU A) LH_TLABREIZ RS TEE B L =1
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Fig. 4.12. Social cost of E-1 scenario related to sawmilldess usage to energy
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Fig. 4.13. Social cost of E-2 scenario related to sawmilldess usage to energy
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Fig. 4.14. Social cost of P-1 scenario related to sawmillcdhess usage to energy
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Fig. 4.15. Social cost of P-2 scenario related to sawmilldess usage to energy
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Fig. 4.16. Social cost of P-3 scenario related to sawmilldess usage to energy
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Tophodc (Table2.11) T, HA TR ThInE L, 8 & 8B ~DB )7
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B O OG MEITAERIC 5% EOFEL KIFTT LRI N0 T, A a7
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Table5.1. Condition of the sawmills researched in each case study

Reference Y amauchi et al., 2009 This study Fuchigami et al., 20127 Komataet al., 2011*Y
Case No. 1 2 3 4 5 6 7 8 9 10 11
Fuel for kiln drying Sawmill Sawmill Sawmill Kerosene, Sawmill
Kerosene : Kerosene . : Kerosene Kerosene Kerosene Kerosene ) .
lumber residue residue residue Heavy oil  residue
. ) N N Sugi, Sugi, Sugi, Sugi, Sugi, Not Not
Tree species Sugh  Lach - Hinoki - Hinoki oo pinoki Hinoki  Hinoki  Hinoki  written  written
) ; Nagano  Nagano Mie Mie Kyoto Kyoto Kyoto Kyoto Kyoto ] !
Location of sawmill prefecture prefecture  prefecture prefecture prefecture prefecture prefecture prefecture prefecture Hokkaido Hokkaido
Yidd 0.57 0.27 0.49 0.49 0.55 0.50 0.45 0.60 0.41 NOt NOt
(Log—Lumber) written written
Water content of kiln 23.7% Not Under Under Not Not Not Not Not Not Not
dried lumber ) written 20% 20% written  written  written  written  written written  written
Consumptionof logs ~ About ~ About About  About 2,000~ Under 2000~ Under  Over Not Not
per year (m°) 5000 8,000 20,000 20,000 10,000 2,000 10,000 2,000 10,000 written  written

B THN TOZ R AL F—HHEEEDOT — X 1%, Fh] 1~3, 5~9 TILEH O/ THO
ERBT — 2 IS, B 41, FH 3 0 T EIREVE A LT S B E A~ b &
ZTBEEE LT — 2SS, 6] 10 13, JbHEE N O o 8 T35 0 E5H 7 —
B OYMEICHESE . FH 1113, FH 10 DF — Z (2 OV THARBIR 2 7 ) & Sk
N EZTGARERE LT — 2 IS <, F iz, WROEEREE O 7 — 2 12 oW T,
) 1, 2, 5~9 [T LI O SLHIFF RN O FHE U7 SR OBk RO 7 2 Kk LT\ 5, &
Bl 3, 4 1TFRE TIHICEB W THE L T2 TOIKOEmEIRREZ KM LTk v | 45 10,
11 (ZEEAKROFIIMEZ Tk 0L v3IH LTS, Lo T, LROEBXICHET S
BREAMITHEMICHE TCE W SICEETORERD D, 7238, Ffl 5~9 OFMHILIH
BRI OV T, TSR STV 2 B T35 o B 2 JE2 . H ) 300 kW & 75 kW
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Fig.5.1. CO, emission for 1 m® of kiln dried lumber in each case study
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TEICE M 2 ATV BITH 23703 5T CO BRI EN L 2 » - BRHIT. #RIC L vl
VR D BAE LG NWH T~ ORI Th o 7272 OITBRE Y MEL 720 (Table5.1) . AL
KAEFETRE L KTHETED O COPEENEATL 2O TH D, £7-, FhHl 2 2\ 7= 10
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