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ABSTRACT The interest in renewable energy is increasing because of higher growth in global energy consumption and limited fossil
fuel reserve. In Republic of Korea, the necessity of lignocellulosic biomass is increasing and research on utilization of logging residue
is growing. , due to low economic efficiency, domestic logging residue is not being utilized, and many studies are being conducted to
solve this issue. The final harvesting cost of timber and logging residue in the -to-length (CTL) system using the excavator
investigated through field survey. roductivity and machine costs were calculated time and motion study methods and German forestry
operation and machine board (Kuratorium fiir Waldarbeit und Forsttech nik e.V, KWF) analysis methods. The harvesting costs of
timber and logging residue were calculated 43,968 KRW/ton, and 71,079 KRW/ton, respectively. This study helps to validate data on
the economics of timber and logging residue in the existing CTL system using an excavator, and presents the feasibility of the supply
and utilization of hole-tree system using high-performance forestry machines.

Key words Logging residue(%] &5 AHS), Excavator yarding(Z4+7] & AY), Cut-to-length(CTL) system(tr= A AL A A]), Timber
harvesting system( %] 454§ A- 4] A]), Economic analysis(7 A 4d &4)
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Table 1. Reserch site outline

Division Outline
Research site (37° 11 85,92” N, 127° 23’ 20,98 E)
Area (ha) 2.3

Forest physiognomy Mixed forest

Pitch pine, Other pine, Pinus
Main species of trees pine, PIne, ’

Other oak etc,
Diameter class (cm) 22/10~48
Height of tree (m) 14.5/10~21
Volume per tree (m*/3) 0.28
Volume per Ha (m*/ha) 131.1
Yarding type Excavator yarding




Timber
Felling and Processing Yarding
(Chain Saw) (Wood Grab Excavator)
Ny
Logging
Residue

Collecting
(Wood grab Excavator)
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Minor Transport Transportation
(Wood Grab Excavator, (Wood Grab Excavator,
Fowarder) 25 ton Truck)
i)
e
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Minor Transport Grinding
(Wood Grab Excavator, (forestry Tractor, Coupled
Fowarder) Grinding Machine)

Fig. 2. Cut—to—length system
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Table 2. Machine cost using KWF methord™

Z0Ixf - 02K - 2Rl -

Contents Unit
Coefficient
Price P KRW
Endurance period N yr
Machine Economic life H hr
Annual operating time ) hr

Fuel(dissel) consumption | (Fuel Price KRW/ L) L/hr

Coefficient of repair and

(@) -

maintenance
Coefficient of lubeoil (o) -
Interest rate G) %[yt
Machine cost
Depreciation P/H or P/(N-H)
Interest 0,5-P+i-0.01/J

Costs of i d
osts of repair an P/H-r or P-r/(N-H)

maintenance
Fuel Price*
Fuel (dissel) cost Fuel consumption- KRW/hr
(1+(0))
Transportation cost
1000 KRW,
(Trailer rental etc.) /year
Oth t (I
er cost (Insurance, 1000 KRW/year
storage fee etc,)
The f hi
Machine cost subtotal © sum of machine KRW/hr
costs
Labor cost
La]gor 'cost (50% Inclusion | Labor cost per hour KRW/hr
incidental expense) =18
Total hi. it Machi t, btotal
'otal machine cos chine costs subtota KRW/hr

(Inclusion labor cost) + Labor cost
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Table 3. Productivity of timber in CTL system
Y Y 3.1.2 7)AHIg
Division Felling and Yardin Minor Loading and CTL _ s -
processing 9 transport | transportation | System E‘r%"g*&ﬂﬂlﬁl/ﬂ ?:]%—1——2]'75}@01]/\{ 7*11' 'ﬂ‘:_;gﬂeﬂ }\]"g"%
Productivity | - o 73 | 234 15.4 1.34 7|AH]-8=2 Table 49} Zo] FH= T},
(ton/man-hr)
Table 4. Machine costs of timber in CTL system
Felling and . Minor transporting Transportation
Content Unit processing (WYa'gmg b
ontents ni Chain saw ood gra
( ) excavator) teod gislo (Fowarder) Wiged il (25 ton Truck)
Ex excavator) excavator)
pert
Coefficient
Pri 1000 900 54,000 54,000 110,000 54,000
1ce
KRW , , , ,
Endurance period yr 1 5 5 10 5
Economic life hr 2,000 14,000 14,000 20,000 14,000
Annual operating time hr 2,000 2,000 2,000 2,000 2,000
Fuel (dissel) consumption L/hr 0.8 8.1 8.1 6.88 8.1
Coefficier{t of repair and 0.6 0.8 0.8 0.9 0.8
maintenance
Coefficient of lube oil 0.5 0.4 0.4 0.4 0.4 Reality allowance
Interest rate %/yr 10 10 10 10 10 apply
Realit, t X
Machine costs (Reality cos
Total amount of
Depreciation 450 3,857 3,857 5,500 3,857 work done)
Interest expense 23 1,350 1,350 2,750 1,350
Costs of repair and 14,000 (KRW/ton)
270 3,086 3,086 4,950 3,086
maintenance KRW/hr ’ ’ ’ ’ X 780.81 (ton)
Fuel(dissel) cost 1,891 15,252 15,252 12,898 15,252
Tr .
ansporting cost - 540 540 825 540
(Trailer rental etc,)
Othe t (L
er cost (Insurance, | oy | o aay 94,085 94,085 96,923 94,085
storage fee etc.)
Labor cost
Lab t (50% Inclusi
abor cost (50% Inclusion | peer, | 59 055 24,355 24,355 94,355 94,355
incidental expense)
i 48,440 51,278 48,440 218,627
Total machine cost | pory 1 40 gaq 48,440
(Inclusion labor cost) 99,718 267,067
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Table 5. Productivity of logging residue in CTL system

Loading )
. ) ) - Loading and CTL
Division Yarding | and minor Grinding Transportation | system
transporting
Productivity
4 1
(von/man-hr) 5.30 5.40 8.58 8.58 .65

Table 6. Machine costs of logging residue in CTL system

ZDURY - Of2RH - 2t - Bhedit - NS - Hoh

SAOl AR Y= FakEe] Afdule U5 59.3%,
YPEFARE 40.7%=, A4HIE 5.30ton/hr o2 AFEE| QL
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2QJQl St day 2 B ZAby] S=# 1T} o
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3.2.2 717618
S A A QRRARESRR oA 2 39 A

Yarding Minor transporting Grinding Transportation
Contents Unit (Wood grab | (Wood grab (Forestry | (Coupled grinding
excavator) | excavator) (Fowarder) tractor) machine) (25 ton Truck)
Coefficient
Price 1000 KRW 54,000 54,000 110,000 | 247,000,000 246,000,000
Endurance period yr 5 5 10 10 5
Economic life hr 14,000 14,000 20,000 10,000 5,000
Annual operating time hr 2,000 2,000 2,000 2,000 2,000
] (dissel
Fuel (dissel) L/hr 8.1 8.1 6.88 34 -
consumption
ffici f i
Coe 101e1T1t of repair 0.8 0.8 0.9 0.8 0.8
and maintenance
Coefficient of lube oil 0.4 0.4 0.4 0.4 0.4 Reality allowance
Interest rate %/yr 10 10 10 10 10 z.apply
Maching costs (Reality cost X
.. Total amount of
Depreciation 3,857 3,857 5,500 24,750 49,200 work done)
Interest expense 1,350 1,350 2,750 6,188 6,150
Costs of repair and 15,000 (KRW/ton)
3,086 3,086 4,950 19,800 39,360
maintenance KRW/hr ’ ’ ’ ’ ’ X
Fuel(dissel) cost 15,252 15,252 12,898 63,784 - 86.44 (ton)
Ty .
ansporting cost 540 540 895 3,713 7.360
(Trailer rental etc.)
Oth t (L
er cost (Insurance, | ooy | o4 o5 24,085 96,923 130,610 102,090
storage fee etc,)
Labor cost
Labor cost (50%
Inclusion incidental KRW/hr 24,355 24,355 24,355 23,978 -
expense)
T hi 48,440 51,278 142,212 102,090
otal machine cost |y pun | 48 440 128,707
(Inclusion labor cost) 99,718 244,302
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Table 7. Total harvesting costs of timber

Timber
Division Productivity | Machine cost | Harvesting cost
(ton/hr) (KRW/hr) (KRW/ton)
Felling and 2.6 40,884 15,724
processing
Yarding 7.3 48,440 6,636
Minor 93.4 99,718 4,961
transportation
Transportation 15.4 267,067 17,342
Total - - 43.968

Table 8. Total harvesting costs of logging residue
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Logging residue
Division Productivity | Machine cost | Harvesting cost Table 9. Comparison of the harvestln? cost and the results
(ton/hr) (KRW/hr) (KRW/ton) of other research prolects
(Unit: KRW)
Yarding 5.30 48,440 9,140
- This study This study Other study

transportation ’ ’ ’ price applied) | price applied) | price applied)
Grinding 8.58 244 302 28,473 Timber 43,968 46,584 70,915
Transportation 8.58 128,707 15,000 Logging residue 72,522 73,409 99,270
Total - - 71,079 Difference 28,554 26,825 28,355
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