
 

 
 

 
 

 

 

 

 

 

 

 
[Study on Material and Energy Utilization of Forest Resources] 

 

 

 

 

 

 

 

 

 

 

 

 

 

2017 
 

 

 





 

 
 

 

 

 

 

 

 

 

 

 
Study on Material and Energy Utilization of Forest Resources  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2017 3  
 





 

 
 

THE UNITED GRADUATED SCHOOL OF AGRICULTURAL SCIENCES,  

TOTTORI UNIVERSITY 

 

 

 

 

Study on Material and Energy Utilization of Forest Resources 

 
 
 
 

Dissertation by 

 

Hirotaka OTSU 

 

 

 

 

 

As Partial Fulfillment of the Requirement 

for the Award of the Degree of  

Doctor of Philosophy 

 

At 

 

The United Graduated School of Agricultural Sciences,  

Tottori University, Japan 

 

March 2017 

 





 

 
 

 ............................................................................................... 1 

1.  ................... 1 

2. 3  ................................................. 2 

3.  .......................... 6 

4.  .......................................................................................... 6 

 ..................................................................................................... 8 

1.  ............................................................................. 8 

2.  .............................................. 9 

(1).  ............................................... 9 

(2).  ............................................................... 11 

3.  .......................................................... 15 

(1).  .................................................................................. 15 

(2).  .................................................................................. 19 

(3).  ...................................................................................... 21 

 ................................................................................................... 22 

1

 .......................................................................................................... 22 

2.  .... 24 

(1). 2000  .................................................................... 24 

(2). 2011  .................................................................... 24 

(3). 2000 2011  .............................................................. 32 

(4). ............................................................................ 37 

3.  ........................ 38 

(1). 2009  ... 38 

(2).  .......................................... 43 

 ................................................................................................... 50 

 ............................................................................................. 53 

 .......................................................................................................... 55 

 .......................................................................................................... 57 



 

 
 

Abstract ................................................................................................... 60 

.............................................................................................................. 63 

 ................................................................................................... 66 

 ............................................................................... 71 

 

  



 

 
 

 

 1  ........................................ 3 

 2  ............................................... 5 

 3  ................................................................... 8 

 4  .......................................... 22 

 5 2000  ....................................... 30 

 6 2011  ........................................ 31 

 7  .................................................... 32 

 8  .................................................... 34 

 9  .................................................... 35 

 10  .......................... 36 

 11  ....................... 40 

 12 5

 ..................................................................... 42 

 13  ..................................................... 47 

 14  ................................. 49 

 

 

  



 

 
 

 

 1  ............................................................................ 10 

 2 2009  ..................................... 16 

 3 2009  ................. 16 

 4 9  ............... 18 

 5 5  ................................................................. 18 

 6 2009  ... 19 

 7  .............................................................. 23 

 8 2000  ................................................................ 26 

 9 2011  ................................................................ 28 

 10  ........................................ 36 

 11 2009  ........... 40 

 12 5 3  ................... 44 

 



 

1 
 

 

 

1.  

 

2016

2014

(Mitchell, 

1992) Roos, A. & 

Hektor, B.,1998

2012  

1999



 

2 
 

1986  

1982

4 UNSO, 1982

3

 

1992 MEB

MEB

 

 

2. 3  

3

1

1997  

SNA

 

 

 



 

3 
 

 

 

 

 

 

 

 1  

(1997) 

 

 

 

 

 

 

 

 

 



 

4 
 

Koike K., 1998

1997

Koike K., 1998 3

1997  

3 2

3 Koike K., 1998  

Koike K., 1998  

1986

1993 1994

2004 2004 2006

1994 1997 1990

2000  

 

 

  



 

5 
 

 

 

 

 

 

 
 2  

(1997) 

 

 

 

 



 

6 
 

3.  

2003

RPS

FIT

FIT

2016

2016

2014a 2014b

1

1995 1984

 

 

4.  

2000 2011

2

2009 2010

 



 

7 
 

 

 

 



 

8 
 

 
1.  

 

 

 

 

 3  

 

 



 

9 
 

2.  

(1).  

2000 2011

2011 2011

3

2011  

1

 

 

 

 

 

   



 

10 
 

 1  

 

d.m.t dry matter ton  

 

2015

15

http://zmchip.com/249chipkansan.pdf  



 

11 
 

(2).  

  

 

  

I O

 

17 2008

17

2005

16 53 31 2000 2011

 

=

 

  

2005 =

  ( )   (1)



 

12 
 

 

○ 27 63 10

○ 0 76 24 ○

0 44 56  

 

  

  ( )

2000

1

=

71

0 29  

  

(2)

12  

2002 

23  

2012 2

9 23

(2013) 58

 



 

13 
 

  

5. 

  

  

2005

=

= ×

23

2013

2000

2004 2011 23

= × 100 100  

  

13

12  

23  

 

 

4. (1) 

(4) 



 

14 
 

=2005 2005

 

=

2011

2011 

2011 2012

2012 50

=

 

 



 

15 
 

 

 

3.  

(1).  

21

 - 

2 2,398,000 BDT

1,689,000 BDT

1,459,000 BDT 61%

939,000 BDT

2009

2010

2009

3 2009

2,380,000 BDT

1,781,000 BDT

1,387,000 BDT 993,000 

BDT

 

 

 

 

   



 

16 
 

  

 

 

 

 2 2009  

 

21 2012  

 

 

 

 3 2009  

 

 

 

2010 2010  

 

 

  

939
(39%)

1,591
(94%)

68
(63%)

1,459
(61%)

98
(  6%)

40
(37%)

2,398
(100%)

1,689
(100%)

108
(100%)

1,000 BDT

993
(42%)

1,746
(98%)

323
(100%)

1,387
(58%)

35
(  2%) -

2,380
(100%)

1,781
(100%)

323
(100%)

1,000 BDT



 

17 
 

21

3

32

2 2004 2008

5 5

50

 

2009 62,123 

BDT 59,848 BDT 21,702 BDT 17,854 

BDT 7,644 BDT

FIT

 

 

 

   



 

18 
 

  

 

 

 4 9  

 

1  

 

21 2012  

 

 

 

 5 5  

 

 

2  

 

  



 

19 
 

(2).  

  

2009

 

6

55

10

2  17,802 

ton 159,865 ton  2010  

2009

 

 

 

 6 2009  

 
2009 2010  

 

 



 

20 
 

  

RPS FIT

2009

RPS FIT

3

2011 2013

2015 6 7 FIT

 

60%  

3

30,000 ton

79.000 ton 83,000 ton PKS  

Palm Kernel Shell

8,800 ton

110,000 BDT

2009 124,000 BDT

90 2015

89,934 BDT 2016  

 



 

21 
 

(3).  

 

 

2010 2010

 

2010

 

  



 

22 
 

 

 

1  

4

 

 

 

 4  

GROT:  

MASSAVED:  

TIMMER:  

Svebio(1998)  

 



 

23 
 

7

 

 

  

 7  

 
4 2004)  

(1928) 

 



 

24 
 

2.  

 

(1). 2000  

2000 8 2000

5,606 2 551

228 3  

62%

18% 4

47% 5

41% 6

52%
7  

5,254 8

63 17

12  3 0 9

995 10

89% 11

41%

100% 12  

 

(2). 2011  

2011 9 2011 5,207
13 576

157 14  

56% 28% 15

2 15 2000

43 16 30%

57%



 

25 
 

17  

4,254 (18)

65 17 8  = 

2 19

769 20 85 21

30% 95%
22  

 

 

   



 

26 
 

 8 2000  

 

A
B

C
D

E
F

G
H

I
J

K
L

M
N

O
P

Q
R

S
T



 

27 
 

 

 

 I
: I

np
ut

, O
: O

ut
pu

t
 

 
 



 

28 
 

 9 2011  

 

a
b

c
d

e
f

g
h

i
j

k
l

m
n

o
p

q
r

s
t



 

29 
 

 

  

 I
: I

np
ut

, O
: O

ut
pu

t
 

 
 



 

30 
 

 

 5 2000  

2.
2

11
.1

14
.7

31
.8

46
.6

25
.7

44
.2 19
.2

14
4.
7

31
.3

2.
8

18
4.
4

6.
7

1.
4

60
.3

16
.9

19
0
.4

12
7.
9

88
.5

11
4.
0

49
.1

8.
2

2.
4

0
.3

14
.3

12
1.
2

4.
2

8.
7

4.
4

15
.1

56
.1

12
3.
1



 

31 
 

 
 6 2011  

11
7.
9

3.
5 17
.4 9
.9

24
.5

20
.1

36
.9

6.
3

7.
4 11
.8

14
.8

19
.1

0
.4

1.
2

15
.2

21
6.
7

23
.1

15
4.
5

11
1.
6

70
.7

43
.3

13
.0

34
.9 9
.3

1.
4 0

.6 0
.2

8.
5

9
1.
8

47
.3

11
0
.7

59
.1

3.
2

0
.8

5.
7



 

32 
 

(3). 2000 2011  

2011

2006 2015

2006 2015

7 2006 2015

2009

70 16 17
23

2011 2000 2011

 

 

 

 7  

 

 

0

10,000

20,000

30,000

2005 2007 2009 2011 2013 2015

[1,000 ]



 

33 
 

2000 2011 Roos et 

al.(1999)

8

5,254 4,254 19

603 349 254 42%

12% 8% 4 24

9 66%

59% 7

25  

2000 2011

10

26

428 226 27

10 41% 30

11 12% 24% 12

28

100 % 95%

5  

 

  



 

34 
 

 

 

 

 8  

 

  

60.3 34.9
16.9

9.30.4
6.4

328.1 275.9

20.2
23.1

11.0
10.3

88.5

65.5

0

100

200

300

400

500

2000 2011

100,000 ton



 

35 
 

 

 

 

 

 

 

 

 
 9  

 

 

  



 

36 
 

  

 

 

 

 10  

 

 

 

 

 

 10  

 

  

18.6

23.6

15.1

6.7

1.6

0.1

14.8

19.2

11.8

8.2

0102030

0 10 20 30 40

2011

2000



 

37 
 

(4).  

 

 

  



 

38 
 

3.  

 

(1). 2009  

 

  

/ /

3

1 3

3

3

2

27

12 16

15 19  

11

11 6 1 4 5

5 50%

10,000 BDT

7 60%

4 69

56 8

11 1



 

39 
 

 

 

   



 

40 
 

  

 11 2009  

 

CRk (k-firm Concentration Ratio; k ): CRk=  

Si: i  

23  

 

 

 

 11  

23

 

2010  2010  

CR1 CR4 CR5

0

20

40

60

80

100

1 4 7 10 13 16 19 22



 

41 
 

  

2009

 

0

10

1

 

2001 2015

12

2010

 

  



 

42 
 

 

 

 

 

 

 

 
 12 5  

 

 

 

 

  

0

50

100

150

200

250

2001 2006 2011

1,000 BDton]



 

43 
 

(2).  

 

8  

6 30 mm

9 25 mm

6 29 mm

1 50mm

1 100mm

55 2

60  

 

 

   



 

44 
 

  

 

 

 12 5 3  

 
 

(2013)  

 



 

45 
 

  

1.  

 

3

2009

85

2 50

 

2

1

 

 

  



 

46 
 

2.  

13

2005 2008

2015

46

160,809 BDT 165,746 BDT 5,000 BDT

486,466 BDT 430,318 BDT 56,148 BDT

24,957 

BDT 31,191 BDT

2014 2015 5

 - 

12,000 BDT 12,000 BDT 62,000 BDT

79,000 BDT 4,000 BDT 5,000 BDT 55,000 BDT

71,000 BDT 23,000 BDT 22,000 BDT

15,000 BDT

10,000 BDT 27,000 BDT 29,000 BDT 55,000 

BDT 44,000 BDT 283,000 BDT 280,000 BDT

35,000 BDT 41,000 BDT 5 415,000 BDT

404,000 BDT 11,000 BDT

 

 

 

  



 

47 
 

 

 

 

 

 

 

 
 13  

 

 

  

04080120160

0 40 80 120160200240280
2015
2013
2011
2009
2007
2005



 

48 
 

14 2005 2008

50 30

20

2015

 

18.0cm

 -  - 

2015 2016 9,300

2015 2016 13,200

11,600 5,300

8,800

2016 6 5 7,300 8,500

2016 7 6  

 

  



 

49 
 

 

 

 

 

 

 

 
 14  

 

 

0

10

20

30

40

50

60

70

2005 2007 2009 2011 2013 2015

(%)



 

50 
 

 
2000 2011

2014 GR 2006

RPS

2008

2008

 



 

51 
 

 

2004

1977

 

2014 2015

5

 

2012



 

52 
 

2015

 

FIT

1980

 

 



 

53 
 

 

 

 

 

1

 

2

 

3

 

4. 

 

5. 

 

6. 

 

7. 

5

2015



 

54 
 

 

 

FIT

 

 

 

 

  



55 
 

 

11  

3

 

 

2

 

4

 



56 
 

 

 

 

 

  



57 
 

 

 

2000 2011

2

2009 2010

2010

 

 

 

1

 



58 
 

2

 

3

 

4. 

 

5. 

 

6. 

 

7. 

5

2015

 

 



59 
 

 

 

 

 

 

  



Abstract 

60 
 

Abstract 

Wood can be used both material and energy. However, Wood quality of 

timber is not homogenous. So, Use is limited by the quality  of timber. In 

utilizing wood, by our study, the profit obtained from wood will also 

increase by choosing the application suitable to the specification of each 

wood. 

In this report, first, to clarify the balance of wood products produced in 

Japan, we have compiled created a sector commodity table of the 

domestic wood use for the year 2000 and 2011. We examined how the 

increase in woody bioenergy utilization in Japan is  integrated into 

conventional forestry, i.e. sawn wood and paper production, and wood 

industries using two sector commodity table. Moreover, because we do 

not know the difference between the quality of wood used for energy and 

the quality of timber for material use, we focused on the response of chip 

industry caused by the increase in fuel demand and investigated the 

difference in the grade of wood chips. Traditionally, since wood chip 

industry mainly supplies chips for the paper to pulp mills, We firstly 

found the existing relationships between paper companies and wood chip 

industry. The target is wood chip mill and Subsidiary of the paper 

company. Next, we surveyed how chip producers respond to increased fuel 

demand. The target is wood chip mill and Power plant. Also, we studied 

changes in  hardwood chip production volume,  how to use log,  

hardwood chip collection quantity,  log price change. Using the survey 

results, I compare the standard of pulp chip and fuel chip and transaction 

methods. At this time, based on 2009 before the emergence of woody fuel 

demand, we examined the structural change that the increase in demand 

for fuel chips after 2010 on chip industry and pulp production industry. 

Also, I used statistical data on log usage, usage, log prices, and discussed 

the selection of woods for chip industry in response to the increase in 

fuel chip demand since 2010.  
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As a result, the following items became apparent,  

 

1. Since the amount of commodity produced from each sector is 

decreasing, the use of materials in wood utilization in Japan was 

reducing. Byproducts to be converted into woodchip also reduced.  

2. The increased demand from plywood production during this ten -year 

period had not coincided with the domestic input of timber.  

3. Although there is little change in the material and energy balance in 

wood products, the wood chips production sector is heavily dependent 

on other production processes, so the use of used wood and the like 

has been increasing with the steady reduction of material usage.  

4. As pulp chip transactions of chips for paper in Chugoku-region has 

still a strong influence on paper companies, we are aware that pulp 

chip production will be given priority even after fuel chip production.  

5. The ordered standards for wood chips differed  considerably among 

the clients. Since the lower limit of the chip size does not meet the 

fuel chip standards, we found that a wider range of chip logs can aim 

for fuel use. 

6. This multi-standard condition rendered the wood chip industry to add 

new checkpoints for the quality control of their products. Additionally, 

the preference for raw materials was biased toward hardwoods.  

7. Trends in softwood log prices due to significantly increased fuel chip 

demand during the research period. However, the supply of  logs did 

not increase. The reduction of softwood chips in Chugoku-region do 

not meet the reduction of collected softwood chip for pulp. So, 

softwood chip also supplied as a fuel. On the other hand, in 2015 when 

demand for fuel increased, the production of  hardwood logs increased. 

However, the consumption of hardwood chips by paper companies had 

remained constant. The increase in hardwood timber production for 

chips means the growth in use as fuel.  
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Given the above situation, the growth in fuel demand can not cope with 

the current wood use alone. So, it tends to encourage additional logging 

of timber for fuel.  

 Further, the consideration to control the quality for earning more 

stumpage also suggested that foresters tend to harvest more hardwood 

trees. For this reason, the impact on the stumpage of softwood was 

invisible, and the turnover to forest owners was not significant.  

Therefore, the increase in woody fuel demand alone seems to have 

limited impact on conventional forestry and related wood industry. 

Basing on the linkage between the timber use as conventional material 

and woody bioenergy supply, the increase in the conventional use of 

timber will be able to increase the energy use of wood accordingly.  
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