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Domestic unused material wood possesses significant potential as an alternative feedstock to
substitute fossil fuel for combustion fuel production. However, fuel conversion from the unused
wood is not so advanced due to economic reasons. In this paper, energy consumption of wood
pellet procurement was evaluated. The case analysis of three wood pellet factories (CERES, Inc.,
Hokkaido Date-shi, and Asyoro-cho) and a wood chip factory (CERES, Inc.) was carried out. The
percentage of energy content of pellet procurement to output is about 20%, which is a remarkably
high percentage compared with overseas pellet procurement. Energy consumption at procurement
included manufacturing and operating energy of tree felling and transport, pellet manufacture and
pellet distribution, and output energy is given in the calorific value of the supplied pellet. It was
found that the ratio of electric power, which affects the operation of the pellet factory, was
highest in input energy. In comparison with chip manufacturing, the energy consumption ratio of
pellet procurement was slightly lower. For increased energy efficiency, it is necessary to improve

domestic wood fuel procurement fundamentally.
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Table 1. Outline of pellet plant

Production Transportation Crushing .
. Procurement . Boiler fuel
capacity distance of wood power or fuel
Case 1 960 ton/y Standing decayed 1 km Electric Minor
tree power

Case 2 2000 ton/y Thinning material 30 km Diesel Defective

pellet
Case 3 650 ton/y Surplus wood 40 km Heavy oil Kerosene

in yard
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Table 2. Energy requirement factors®

Specific energy

Ttem consumption (Unit) Type
Electricity 9.42 (MJ/kWh) Manufacturing
Steel 25.7 (MdJ/kg) Manufacturing
Concrete 0.879 (MJ/kg) Manufacturing
Gasoline 35.2 (MJ/L) Calorific value
Diesel 38.5 (MJ/L) Calorific value
Kerosene 37.3 (MJ/L) Calorific value
Lubricant 41.0 (MJ/L) Calorific value
Truck (Car) 115 (GJ/ton) Manufacturing
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Table 3. Energy consumption for each process

Tree Wood Pellet Boiler Pellet Total of Output

felling transport manufacture fuel distribution input energy energy
Case 1 0.34 0.033 2.4 0.036 0.19 3.0 18.8
Case 2 0.66 0.44 3.4 (0.65) 0.17 4.7 18.4
Case 3 0.21 0.42 2.3 0.86 0.21 4.0 18.7

Unit;Gd/ton
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Table 4. Energy consumption at domestic pellets procurement

Energy consumption at procurement

MJ/ton MJ/GJ % of energy content

Case 1 Pellets 2990 159 15.9

Chips 2180 179 17.9
Case 2 Pellets 4630 252 25.2
Case 3 Pellets 4040 216 21.6

The table shows that the example used 2990 MJ for obtaining 1 ton of pellets of case 1.
In order to compare standards with individual fuels different calorific value, so that
spent 159 MJ for obtaining 1 GJ Pellets. Or that the energy used for the procurement

of pellets represents 15.9% of the calorific value.
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Table 5. Total energy consumption at procurement of different fuelss.”

Energy consumption at procurement

MdJ/ton MJ/GJ % of energy content
Natural gas 2840 58 5.8
01l 4617 114 11.4
Coal 1764 67 6.7
Wood pellets 626 36 3.6
Wood chips 308 33 3.3
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No. ®
Chain First Belt Hammer |Crushing| Dust Rotary |Crushing| Dust
Devise Blower
conveyer| ripper |conveyer mill blower |extractor drier blower |extractor
Weight(t) 2.5 6.5 0.3 3.5 0.6 5.0 0.4 7.5 0.6 4.0
No. ®@ ® ® ® @
Screw Chain | Packing
Devise Fan Boiler | Blower | Blower Pelletizer| Sifter )
conveyer conveyer|machine
Weight(t) 0.4 13 0.5 7.0 0.4 2.0 1.0 0.7 1.0

Fig.1. Composition of pellet plant (Case 1)
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Input energy [GJ/ton]
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Fig.3. Comparison of energy consumption
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Plant running, }fj
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110 \ power, 81
Others, 2000
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Fig.4. Content of pellet manufacturing energy
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Appendix Inventory sheet

Process Calculating formula Amount of energy(GJ/ton)
Casel
Output energy 18.8
Pellet production; 960 ton/year, Calorific value; 18.8 960 ton/year x 18.8 MJkg=18100 GJ/year
MJkg
Input energy E.+E,+E +E +E, 0.34+0.033+2.4+0.036
+0.19=3.0
a Treefelling (E,) 0.0545+0.281=0.34
a 1 Tool manufacturing 1.18 X 10™ +0.0545
two Chain saws 4.4 kgx25.7 MJIkg % 1/20 year X 2=11.3 MJlyear |=0.0545
Weight;4.4 kg, Depreciation;20 years, Energy 11.3 MJ/year+960 ton/year=0.0118 M J/ton
factor;25.7 MJkg, Pellet production; 960 ton/year
two mini-hydraulic excavators 2.5ton x 115 GJ/'ton X 1/11year x 2=52.3 GJyear
Weight; 2.5 ton, Depreciation;11years, Energy 52.3 GJlyear+960 ton/year=0.0545 GJ/ton
factord15Gyon. o]
a 2 Fue 0.217+0.0641
two chain saws (1400 Lx35.2 MJL+700 Lx41.0 MJL) X 2 X =0.281

Gasoline;1400 L, Energy factor of gasoline; 35.2 MJ/L, |4/3=208 GJyear
Grease; 700 L, Energy factor of grease 0il;41.0 MJ/L, 208 GJlyear+960 ton/year=0.217 GJ/'ton
Including branch cutting.

two mini-hydraulic excavators 800 Lx38.5 MJLx2=61.5 GJyear
Diesd 0il;800 L, Energy factor of diesel 0il;38.5 MJL | 61.5 GJlyear+960 ton/year=0.0641 GJ/ton
b. Wood transport (E ;) 0.0250+0.00838=0.033
b_1 Vehicle manufacturing 0.0250
Type; 2ton-track, Weight; 2.3 ton, Energy factor; 115 2.3tonx 115 GJ/'ton X 1/11lyear=24.1 Gllyear
GJ/ton, Depreciation;11years. 24.1 GJlyear+960 ton/year=0.0250 GJ/ton
“b 2Vehiclefud T[Tt 000838
Diesel;209 L/year, Energy factor;38.5 MJ/L 209 Lx38.5 MJL+960 ton/year=0.00838 GJ'ton
c. Pellet manufacture (E ;) 0.0951+2.30=2.4
¢_1 Plant manufacturing 0.0762+0.0190=0.0952
-Pellet plant 56.9 ton x 25.7 MJkg x 1/20 year=73.1 GJlyear
Total weight;56.9 ton, Depreciation;20 years, Energy  [73.1 GJ/year+960 ton/year=0.0762 GJ/ton
factor;25.7 MJkg
-Concrete yard 414 ton X 0.879 MJkg X 1/20 year=18.2 GJ/'ton
Weight; 414 ton, Energy factor;0.879 MJkg 18.2 GJ'ton+960 ton/year=0.0190 GJ'ton
“c_2Plantrunning [ TT T T T T T by T T T T T T
Dissipation power(month);19517 kWh, Energy factor; 19517 kWh X 12 months X 9.42 MJkWh=2206
9.42 MJIKWh. Glyear
2206 GJ/year+960 ton/year=2.30 GJ/ton
d. Boiler fuel procurement (E ) 0.0250+0.0111=0.036
d_1 Vehicle manufacturing 0.0250
Type;2ton-track, Weight; 2.3 ton, Energy factor; 115 2.3 tonx115 GJtonx1/11year=24.1 GJlyear
GJ'ton, Depreciation;11years. 24.1 GJlyear+960 ton/year=0.0250 GJ/'ton
d_2 Vehiclefuel 0.0111
Diesel;278 L/year, Energy factor;38.5 MJ/L 278 Lx38.5 MJL+960 ton/year=0.0111 GJ/ton
e. Pellet distribution (E ) 0.0425+0.152=0.19
e_1 Vehicle manufacturing 0.0425
Type;dton-track, Weight; 3.9 ton, Energy factor; 115 |39 tonx115 GJtonx1/11year=40.8 Glyear
GJ/ton, Depreciation; 11years. 40.8 GJyear+960 ton/year=0.0425 GJ/'ton
e 2 Vehiclefuel 0.152
Diesel;3794 L/year, Energy factor;38.5 MJ/L 3794 Lx38.5 MJL+960 ton/year=0.152 GJ/'ton
Output energy 18.4
Pellet production; 2000 ton/year, Cdlorific value;18.4 2000 ton/yearx18.4 M Jkg=36800 GJ/year
MJkg
Input energy E.+E,+E +E, 0.66+0.44+3.4+0.17=4.7

a Treefdling (E,) 0.0478+0.608=0.66




a 1 Tool manufacturing
two Chain saws
Weight;4.4 kg, Depreciation;20 years, Energy
factor;25.7 MJkg.
‘two hydraulic excavators
Weight;9.3 ton, Depreciation;5years, Energy factor;25.7

a 2 Fue
two chain saws
No record. Fuel consumption was assumed to twice
Case 1.
Gasoline; 2800 L, Energy factor of gasoline; 35.2 MJ/L,
Grease; 1400 L, Energy factor of grease 0il;41.0 MJ/L.
‘two hydraulic excavators
Diesd 0il;10300 L, Energy factor of diesel 0il;38.5
MJL

4.4 kgx25.7 MJIkgx1/20 yearx2=11.3 MJlyear
11.3 MJlyear+2000 ton/year=5.65 x 10° GJ/ton

9.3 tonx25.7 MJIkgx1/Syearx2=95.6 GJyear
95.6 GJlyear+-2000 ton/year=0.0478 GJ'ton

208 GJllyear x 2=416 GJlyear
416 GJlyear+2000 ton/year=0.208 GJ/ton

10300 Lx38.5 MJLx2=793 GJyear
793 GJlyear+2000 ton/year=0.400 GJ'ton

5.65 % 10°+0.0478=0.0478

0.208+0.400=0.608

b. Wood transport (E )
b_1 Vehicle manufacturing
Type; two 10ton-tracks, Weight; 8 ton, Energy factor;
115 GJjton, Depreciation;13years. __ ________
b 2 Vehicle fuel
Diesel;9560 L/year, Energy factor;38.5 MJ/L

8 tonx115 GJ'tonx1/13year X 2=142 GJllyear
142 GJlyear+2000 ton/year=0.0708 GJ'ton

9560 Lx38.5 MJL x 22000 ton/year=0.368
GJton

0.0708+0.368=0.44
0.0708

c. Pellet manufacture (E )

¢_1 Plant manufacturing
‘Ripper
Weight;19.9 ton, Depreciation;5 years, Energy
factor;25.7 MJkg
-Pellet plant
Total weight;54 ton, Depreciation;20 years, Energy
factor;25.7 MJkg
-Heavy equipment for transport
Hydraulic excavator;9.3 ton, Wheel loader;6.4 ton, Fork
lift;3.7 ton, Depreciation; 10 years, Energy factor;25.7
"¢ 2Fuel & Plantrunning
‘Ripper
Diesel;8580 L/year, Energy factor;38.5 MJ/L
‘Pellet plant
Dissipation power(year);571000 kWh, Energy factor;
9.42 MJIkWh.
‘Heavy equipment for transport(consumption of diesel)
Hydraulic excavator;9924 L, Wheel loader;8820 L, Fork
lift;1908 L.

19.9ton x 25.7 MJkg X 1/5 year=102 GJ/year
102 GJlyear+2000 ton/year=0.0511GJ/ton

54 ton x 25.7 MJkg X 1/20 year=69.4 GJlyear
69.4 GJ/year+2000 ton/year=0.0347 GJ'ton

(9.3+6.4+3.7) ton X 25.7 MJkg x 1/10 year=49.9
Gllyear
49.9 GJyear+2000 ton/year=0.0249 GJ'ton

8580 L/year x 38.5 MJL -+ 2000 ton/year=0.165
GJton

571000 kWh/year x 9.42 MJkWh=+2000
ton/year=2.69 GJ/'ton

(9924+8820+1908) L /yearx38.5 MJL+2000
ton/year=0.398 GJ/'ton

0.111+3.25=3.4
0.0511+0.0347+0.0249=0.
111

0.165+2.69+0.398=3.25

d. Boiler fuel procurement (E )
Product pellets;2000 ton/year, Defective pellets; 340
ton/year.

(E.+Ep+E.) GJlyear x 340/2340--2000
ton/year=0.654 GJ/'ton

0.65*
0.654

e. Pellet distribution (E )

e_1 Vehicle manufacturing
Type;4ton-track, Weight; 3.9 ton, Energy factor; 115
GJ'ton, Depreciation;11years.

e 2 Vehiclefud
Diesel;7900 L/year, Energy factor;38.5 MJ/L

3.9 tonx115 GJ'tonx1/11year=40.8 GJ/year
40.8 GJyear+2000 ton/year=0.0204 GJ'ton

7900 Lx38.5 MJL-+2000 ton/year=0.152 GJ'ton

0.0204+0.152=0.17
0.0204

Output energy 18.7

Pellet production; 650 ton/year, Calorific value; 18.7 650 ton/yearx18.7 M Jkg=12000 GJ/year

MJkg

Input energy E.tEL,+tE . +E4+E, 0.21+0.42+2.3+0.86+0.21=
4.0

a Treefelling (E,)

0.0878+0.127=0.21




a 1 Tool manufacturing
-Chain saw
Weight;5 kg, Depreciation; 20 years, Energy factor;25.7
MJkg.
‘Wood splitting machine
Weight;1 ton, Depreciation; 10 years, Energy
factor;25.7 MJkg.
‘Wheel loader
Weight;6.7 ton, Depreciation; 10 years, Energy
factor;25.7 MJkg.
-Backhoe
Weight;14.5 ton, Depreciation;10 years, Energy
factor;25.7 MJkg.

a 2 Fud & running
-Chain saw
Gasoline;296 L/year, Energy factor;35.2 MJ/L.
‘Wood splitting machine
Dissipation power isincluded in the pellet plant
running.
‘Wheel loader and Backhoe(total)
Heavy 0il;1727 L/year, Energy factor;41.0 MJL

5 kgx25.7 MJkgx1/20 year=6.43 M Jyear
6.43 MJlyear+650 ton/year=9.88 x 10°° GJ'ton

1tonx25.7 MJkgx1/10 year=2.57 GJlyear
2.57 GJlyear+650 ton/year=0.00395 GJ'ton

6.7 tonx25.7 MJIkgx1/10 year=17.2 GJyear
17.2 GJlyear+650 ton/year=0.0265 GJ/ton

14.5 tonx25.7 MJIkgx1/10 year=37.3 GJyear
37.3 GJlyear+650 ton/year=0.0573 GJ/ton

296 L/yearx38.5 MJL+650 ton/year=0.0175 GJ/ton

1727 Llyearx41.0 MJL~+650 ton/year=0.109 GJ'ton

9.88 x 10°+0.00395
+0.0265 +0.0573=0.0878

0.0175+0.109=0.127

b. Wood transport (E )

b_1 Vehicle manufacturing
Type; 10ton-track, Weight; 8 ton, Energy factor; 115
Gdton, Depreciation1oyears,_ _ _ _ _ _ _ ___ ___

b 2 Vehicle fuel
Diesel;5019 L/year, Energy factor;38.5 MJ/L

8 tonx115 GJ'tonx1/12year=76.7 GJyear
76.7 GJlyear+650 ton/year=0.118 GJ/ton

5019 Lx38.5 MJL+650 ton/year=0.297 GJ/ton

0.118+0.297=0.42
0.118

c. Pellet manufacture (E ;)

¢_1 Plant manufacturing
-Ripper
Weight;2.1 ton, Depreciation;10 years, Energy
factor;25.7 MJkg
-Pellet plant
Total weight;47.3 ton, Depreciation;20 years, Energy
factor;25.7 MJkg
-Heavy equipment for transport
Fork 1ift;0.93 ton, Whesl loader;2.78 ton,
Depreciation; 10 years, Energy factor;25.7 MJkg

¢_2 Fud & Plant running
-Ripper
Heavy 0il;2955 L/year, Energy factor;41.0 MJL
-Pellet plant
Dissipation power(year); 135000 kWh, Energy factor;
9.42 MJKWh.
-Heavy equipment for transport(consumption of diesel)
Gasoline;160 L, Energy factor;35.2 MJL, Heavy
0il;1142 L, Energy factor;41.0 MJ/L.

2.1tonx25.7 MJkgx1/10 year=5.40 GJyear
5.40 GJ/year+650 ton/year=0.00830 GJ'ton

47.3 tonx25.7 MJkgx1/20 year=60.8 GJ/year
60.8 GJ/year+650 ton/year=0.0935 GJ/'ton

(0.93+2.78) tonx25.7 MJkgx1/10 year=9.53
Gllyear
9.53 GJ/year+650 ton/year=0.0147 GJ/'ton

2955 L/yearx41.0 MJL~+650 ton/year=0.186 GJ/ton

135000 kWh/yearx9.42 M JkWh-+650
ton/year=1.96 GJ/ton

(160 L/year x 35.2 MJ'year+1142 L/year x 41.0
MJL) +650 ton/year=0.0807 GJ/'ton

0.117+2.23=2.3
0.00830+0.0935+0.0147
=0.117

0.186+1.96+0.0807=2.23

d. Boiler fuel procurement (E )
Kerosene; 14910 L/year, Energy factor;37.3 MJL

14910 L x 37.3 MJL=556 GJyear
556 GJ/year + 650 ton/year=0.856 GJ/ton

0.86
0.856

e. Pellet distribution (E )

e_1 Vehicle manufacturing
Type;4ton-track, Weight; 3.9 ton, Energy factor; 115
GJ'ton, Depreciation;11years.

e 2 Vehiclefud
Diesel;2570 L/year, Energy factor;38.5 MJ/L

3.9 tonx115 GJ'tonx1/11year=40.8 GJ/year
40.8 GJlyear+650 ton/year=0.0627 GJ/'ton

2570 Lx38.5 MJL+650 ton/year=0.152 GJ/ton

0.0627+0.152=0.21
0.0627

*The procurement energy of defective pelletsisincluded E,-E, process.
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