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for the Use of Forest Biomass and Products
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SUMMARY

I. Title

Development of Fermentation-Heat Exchanger for the Use of

Forest Biomass and Products

II. Purpose and Necessity of Project

Fossil fuel is a non-renewable energy source. Crude oil and coals are
supposed to be exhausted within 40 and 80 years, respectively. Alternative
energy resource development is becoming global task, especially urgent for the
Republic of Korea (ROK) because Korea depends mostly on fossil fuel
Alternative energy resources includes solar energy, wind energy, tidal energy,
biomass and other renewable energy sources. The development of application
technology to use biomass as an energy, particularly forest biomass which is
abundant in Korea, is important.

Research how to use forest and agricultural waste biomass is lack,
application and technology development of waste biomass resource converted to
alcohol has been taking first consideration. In addition, research on the use of
livestock wastes for energy has been executed. thus, energy-exchange
technology which is useful for rural households is insufficient. There has been
no other way using forest waste biomass except for sawdust.

Large quantity of forest and agricultural wastes including thinned logs, rice
hulls, and rice straws is produced annually, but there are almost no technology
to use them. Unused forest and agricultural wastes, which were left or
removed, caused economical loss and environmental pollution. Therefore, it is
necessary to develop energy utilization ways by natural fermentation which
can be involved relatively easily as a method of economical utilization of forest

and agricultural wastes.
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It is also needed to develop technology to facilitate and continue fermentation
and to exchange and store the generated energy. Consequently, it is required
to develop practical technology for the use of forest and agricultural waste
biomass. It is also wuseful if fermentation process and fermentation—heat
exchanger for producing bio—fertilizer and utilizing fermentation heat as
alternative energy would be developed. Fermentation heat, which can be used
for the supply of warm water to rural households and greenhouses, can
decrease dependency on fossil fuel and induce environmental friendly
agriculture in rural areas. Furthermore, bio—fertilizer obtained after fermentation
of those wastes will prevent from soil pollution and reduce waste treatment

costs.

M. Contents and Scope of the Project

Forest biomass obtained after forest tending in rural villages was
investigated. Fermentation characteristics was analyzed for agricultural and
forest biomass and fermentation—heat exchanger with low priced and high
efficiency for those biomass was developed. Major contents and scope are as

follow:

1. Supply and utilization technology of forest waste biomass
1) Investigation of forest biomass resources

2) Utilization of forest waste biomass and economic analysis

2. Optimum fermentation technology of agricultural and forest waste biomass
1) Analysis for fermentation characteristics of substrates.

2) Development of technology for fermentation process
3. Development of heat exchanger for biomass fermentation

1) Design and development of heat exchanger for biomass fermentation

2) The use and examination of fermentation-heat exchanger for its efficiency

_13_



IV. Results of Project and Suggestion for Application

Forest biomass of Quercus mongolica, Pinus densiflora, Pinus koraiensis,
Larix kaemferi and Pinus rigida was estimated. Fermentation process with
agricultural and forest biomass was obtained. Fermentation-heat exchanger for
those biomass uses was developed and analyzed for the cost. Fermentation of

those products as bio—fertilizers was investigated.

1. Supply and utilization technology of forest waste biomass

Forest biomass accumulation in Korea is increasing now, and a large
quantity of forest waste biomass such as thinned logs has been produced
annually. Biomass and annual net production of five most common tree species
- Quercus mongolica, Pinus densiflora, Pinus koraiensis, Larix kaemferi and
Pinus rigida were investigated.

In Mt. Wolak, Chungbuk, biomass accumulation of 35-year-old Quercus
mongolica stand in north slope was 1042 ton/ha in stem (53.1 ton/ha in
sapwood, 51.1 ton/ha in heartwood), 185 ton/ha in bark, 26.4 ton/ha in living
branches, and 82 ton/ha in leaves, totally 198.8 ton/ha for above ground, and
414 ton/ha for below ground at 300m above sea level. annual net production
was 6.1 ton/ha/yr for stems, 0.9 ton/ha/yr, 1.6 ton/ha/yr and 8.1 ton/ha/yr for
barks, living branches, and leaves respectively. Total above ground annual net
production was 16.8 ton/ha/yr while below ground annual net production was
4.4 ton/ha/yr. Total annual net production in . mongolica was 21.2 ton/ha/yr.
Biomass of 5 ton/ha, which was as much as 3-year-growth, would be
produced if 20% of pruning is applied. Above biomass of 16ton/ha, which was
as much as 1-year-growth, would be produced if 10% of thinning is applied.

In Mt. Jungwang, Kangwon-do, biomass accumulation of 60~70-year-old Q.
mongolica stand was 1375 ton/ha in stems (65.8 ton/ha in sapwood, 71.7
ton/ha in heartwood), 16.3 ton/ha in barks, 54.3 ton/ha in living branches and
3.8 ton/ha in leaves, and totally 211.9 ton/ha above the ground while 40.7
ton/ha bellow the ground. Total biomass accumulation in north slope was 212.3

ton/ha at 1000m above sea level. annual net production was 6.5 ton/ha/yr in
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stems, 0.7 ton/ha/yr in barks, 3.3 ton/ha/yr in living branches, and 4.1
ton/ha/yr in leaves. Thus, total above ground annual net production was 14.5
ton/ha/yr while below ground annual net production was 2.8 ton/ha/yr in north
slope. Estimated annual net production was 14.2 ton/ha/yr. Total biomass in
north slope was greater than that in south slope. It seemed that it was
because there was larger portion of leaves and branches that function
important roles in photosynthesis and sapwood transporting water in north
slope than in south slope.

In Mt. Wolak, Chungbuk, biomass accumulation of 45-year-old Pinus
densiflora stand was 187.0 ton/ha in stems, 61.3 ton/ha in branches and 31.7
ton/ha in leaves. The total of 280.4 ton/ha above the ground was shown at
300m above sea level, in eastern slope. Estimated annual net production was
17.0 ton/ha/yr. Compared to 35-year-old . mongolica stand in Mt. Wolak,
biomass production of P. densiflora stand was abundant while annual net
production was similar. It was because of great leaf biomass of P. densiflora
stand. Biomass of 6 ton/ha, which was as much as 4-year-growth, would be
produced if 109 of pruning is applied. Above ground biomass of 28 ton/ha,
which was as much as 2-year-growth, would be produced if 10% of thinning
is applied.

In Mt. Wolak, Chungbuk, biomass accumulation of 45-year-old Pinus
koraiensis stand was 26.6 ton/ha in stems, 4.3 ton/ha in barks, 0.2 ton/ha in
1-year-old branches, 86 ton/ha in branches, 1.3 ton/ha in 1-year-old leaves
and 6.1 ton/ha in 2-year-old leaves. The total of 47.0 ton/ha above the ground
except for dead branches was shown at 380m above sea level, in eastern north
slope. Annual net production was 3.0 ton/ha/yr in stems, 0.4 ton/ha/yr in
barks, 0.2 ton/ha/yr in 1-year—old branches, 101 ton/ha/yr in branches, and 1.3
ton/ha/yr in 1-year-old leaves. Thus total above ground annual net production
was 6.0 ton/ha/yr while below ground annual net production was 2.8 ton/ha/yr
in north slope. Dead branches and trees were produced by severe competition,
which needs urgent pruning and thinning. Biomass of 2.6 ton/ha would be

produced if 30% of pruning is applied. Above biomass of 9.4 ton/ha would be
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produced if 209 of thinning is applied. About 8 years after pruning or 1~2
year after thinning was required to recover its annual net production. But more
vigorous growth was expected because it was just at young stage.

In Mt. Wolak, Chungbuk, 30-year-old Larix kaemferi plantation stand was
the area in south slope (520m from sea level) where thinning of 20% was
applied in 1996. Biomass accumulation of L. kaemferi stand was 286.8 ton/ha
in stems, 68.7 ton/ha in branches and 31.1 ton/ha in leaves, and the total was
386.6 ton/ha above the ground. Annual net production was 18.1 ton/ha/yr in
stems, 55 ton/ha/yr in branches, and 31.1 ton/ha/yr in leaves. Total above
ground annual net production was 54.7 ton/ha/yr. L. kaemferi stand was just
after young stand stage, and annual leaf production was high. Natural pruning
occurs commonly in L. kaemferi stand, and pruning above 10m in height was
too difficult. Biomass of 58 ton/ha, which was as much as 1-year-growth,
would be produced if 20% of thinning is applied.

Mt. Taehwa in Kyeonggi—-do is the site where 36-year-old Pinus rigida
plantation stand was not thinned at all in western north slope (250m from sea
level). Thus, many dead branches and trees were occurred. Biomass
accumulation of P. rigida stand was 243.7 ton/ha in stems, 32.8 ton/ha in
barks, 76.3 ton/ha in branches, 234 ton/ha in dead branches, 55 ton/ha in
1-year-old leaves, 9.6 ton/ha in 2-year-old leaves, and 1.84 ton/ha in cones,
The total was 396.8 ton/ha above the ground except for dead branches. Annual
net production was 245 ton/ha/yr in stems, 2.6 ton/ha/yr in barks, 8.3
ton/ha/yr in branches, 5.5 ton/ha/yr in 1-year-old leaves, and 1.84 ton/ha/yr in
cones. Estimated total above ground annual net production was 42.8 ton/ha/yr.
P. rigida is shade-intolerant species, and is well pruned naturally. However
biomass production by pruning was quite small. On the other hand, biomass of
74 ton/ha, which was as much as 1~2-year-growth, would be produced if
20% of thinning is applied because P. rigida grew very well.

In summary, the largest quantity of biomass seemed to be obtained in
36-year-old P. rigida plantation and 30-year-old L. kaemferi plantation by

thinning. 24-year-old P. koraiensis plantation needed both of pruning and
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thinning. 35-year-old @. mongolica stand seemed to produce biomass of 20
ton/ha by 10% thinning. A careful thinning and pruning is needed to P.

densiflora stand because of its slow growth.

2. Optimum fermentation technology of agricultural and forest waste
biomass

According to recent high oil price, worldwide interests in alternative energy
resources instead of fossil fuels have been focused, and above all utilization of
plant biomass for energy is especially highlighted. Lignocelluloses resources are
the most abundant source on the earth, and are obtainable as the original
biomass on the land and residues or by-products, and even as municipal solid
wastes. Recently the use of lignocellulose resources as a source for fuel and
heat energy production becomes more attractive.

In this study, fermentation characteristics of agricultural and forest waste
biomass for production of heat energy were focused to be used in agricultural
farm households. Fermentation process was examined in terms of different
raw-materials and their mixture with different ratios. Eventually the optimum
fermentation condition through careful investigation on various factors, such as
raw-materials, moisture contents, fermenting aids, and practical measurement
of hot-water temperature during fermentation were investigated. In addition,
reutilization of fermentation residues, the effect of these organic biocomposts
on the seed, plant growth and soil temperature were discussed.

Fermenting aids were urea, lime, and bioaid. Moisture contents of fermenting
substrates were adjusted by 55-60%.

1) Fermentation process of softwood and hardwood beds during winter
season shows almost similar temperature patterns. Temperature increased in
first and second weeks to be about 42~480C, and then maintained
approximately around 50°C. Later it gradually decreased. Maintenance period
around 50°C was longer in hardwood (10-14 days) than in softwood (8-12
days).

2) Fermentation process during summer season showed different results. Bed
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temperature abruptly increased for hardwood than softwood, and then slowly
decreased and maintained approximately around 42-52°C for one month.

During fermentation in summer season, bed temperatures abruptly increased
in hardwood (74°C on 5th day after piling) than softwood (64°C on 14th day
after piling), and afterward slowly decreased and maintained to 42~52°C for
one month.

In the case of grasses and hardwood, almost similar temperature patterns
was shown during fermentation process. Bed temperature quickly increased up
to 38C at upper part, while 80°C at mid- and lower- parts on the second day
after piling, and then rapidly decreased to 30°C on the sixth day.

3) The results of substrates and their mixtures with different ratios on
fermentation process were as follows; hardwood bed showed highest
temperature (high temperature of 65~740C, average temperature of 40~50°C)
followed by hardwood: softwood mixture (highest temperature were 58~60°C
with average temperature of 35~55C) and hardwood: grass mixture bed
(highest temperature approximately 58~60C and average temperature of 50~
55°C), respectively.

In particular, increased application of fermenting aids, with 15 kg from 10 kg
urea and 20 kg from 15 kg bioaid, has resulted in high temperatures of 80~90
C (average temperature of 50~600C, and with 20~30 days of maintaining
periods).

In conclusion, the best fermenting results were obtained from hardwood only
and hardwood: softwood (50:50) beds (high temperatures of 60~9OOC, more or
less 40°C low temperature with average temperature of 50~60°C and 20~30
days of maintaining periods). Optimum additives per ton of substrates were 15
kg of urea, 20 kg of bioacid, and 10 kg of lime.

4) The results of fermenting substrate moisture content shows that 55% was
the optimum for highest temperature among three moisture content treatments
45%, 55% and 65%. The low (45%) and high (65%) moisture content of
substrates have shown lower temperature compared to 55% moisture content

of substrates.
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5) The temperature of hot-water tank installed in fermenting bed of
hardwood:grass (50:50) showed very different temperature patterns according to
measurement positions. In general, measurement of mid- and upper—parts
showed higher temperature than lower and surface parts during 45-day
fermentation process. The temperature of initial fermenting stage was 4O~5OOC,
and that of later stage, 32~40°C. Average temperature of the tank ranged
approximately 30~45°C.

6) Further utilization of fermenting residues from hardwood sawdust and
grass was examined whether those could be an organic soil conditioner for
growth of radish and tree seedlings.

The results of chemical analysis for fermenting residues were almost same
in all residues of hardwood, softwood and grasses, 20.7~28.6% of high organic
matter, 0.88~1.41% nitrogen, pH = 6.75 and C/N ratio = 25~30, except higher
concentration of Ca in hardwood and potassium in grass.

No harmful effect was discovered on germination and positively affected
plant growth, such as radish and softwood and hardwood seedlings. Also
fermenting residues did not affect soil temperature change, but increased daily
soil temperature fluctuation, such as small increase in the early morning, a
small decrease in the mid-day or afternoon (2:00pm), and increased in the

early evening (6:00 pm). This compensating effect became higher with

increasing contents of organic residues.

3. Development of heat exchanger for biomass fermentation

Waste heat recovery system was studied numerically and experimentally. In
the present study, heat exchangers for biomass fermentation were developed as
a waste heat recovery system. The developed heat exchanger is a system to
supply the hot water using fermentation of waste biomass. Heat exchanger
systems were designed specially to obtain the optimum heat exchanging
performance.

For the experiments, various biomass materials were examined to obtain the

best heat recovery. Sawdust of softwood, hardwood and grasses were used for

_19_



the present experimental study. Eight biomass heat recovery systems were
designed. The developed heat exchangers kept farm households warm by
providing. They were concentrated to improve the overall efficiency of their
heat capture system. One obvious way to minimize heat loss at the
atmosphere was to build the piles in a circular fashion, which offered less
surface area for a given volume. Furthermore, such an approach promised to
simplify both the assembly and the tearing down of the heaps. The basis of
the present cylindrical compost pile was similar to some sort of tower built
from steel frame, which will hold the inner brush in place. One example
incorporates a retainer 2 m in diameter and 1.5 m tall. Once the tower has
been filled with brush clippings, polyethylene helical (0.03 m I.O) and plate
type(0.2 m IO) pipe line were installed to recover the heat from biomass
fermentation. The intake and exhaust ends of the pipes should be connected to
form a closed loop running to and from the building being heated.

The fermentation process of biomass dump was maintained for maximum 3
months with HX 8 (Plate Type). While composting goes on, the bacterial
activity within a biomass dump produces a considerable amount of heat,
averaging about 50-65°C. Thus, it was possible to tap a significant source of
thermal energy by intertwining heat exchanging pipes throughout the interior
of the stack. The current heat recovery system could recover over daily
average usage (16,500 kcal/day). The optimum state of biomass heat exchanger
was obtained from HX 8 (plate type). The composition of HX was 90 % of
wood sawdust and 10 % of grasses. If waste logs obtained from thinning may
reach diameters of up to b0 cm, then heavy duty machinery may be needed to
chip the wood. Though the shavings may be as much as an 2 cm long, the
ideal thickness is about 5 mm.

The present developed heat exchanger with 1 ton of those biomass could

heat a room, and produce hot water for at least 3 months.
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SR | 3396| 5084| 522.1] 5359 5359 522.1| 5221 5084 5052
ofziLte | 2UF2 [ 368] 551 566] 581 581 566] 566] 551 548
b2 | 549 821 844 866| 866 844 844 821] 816
M2 71 e | 034] 1309| 1436| 147.4] 147.4] 1436 1436 1399 139.0
A 5047| 7855 806.7| 8280| 8280 806.7| 806.7| 7855 780.6
SR | 4921| 6475 6612 6750 6750 6612| 6612 6475 6504
P2 | 4404| 3580 3595] 3610 361.0] 3595] 3595 3580| 3558
M A | &2 | 6408 4293 4316| 4338 4338 4316] 4316 4293 4003
71 EF | 2705 301.3] 3051 3089 3089 3051 305.1| 301.3] 3075
A |1,8438[17362| 1,757.4| 1,778.6| 17786 1,757.4| 1,757.4| 1,736.2[ 1,714.0

F 0 2UFdlE &2UF olzid 2l7lciuF 8§ =8

E S LHE ARQIC) 2If SERHS) | SYENY W HY (B9 Bha)

ANHE T B 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007
St 190.1] 173.4| 173.4| 173.4] 173.4| 173.4| 173.4] 1734| 181.0

o aLEF 411.8| 375.6] 375.6] 375.6| 375.6| 375.6] 375.6] 375.6]| 392.0
- 7| El 273.3| 249.2| 249.2| 249.2| 249.2| 249.2| 249.2| 249.2| 260.2
A 875.3| 798.2| 798.2| 798.2| 798.2| 798.2| 798.2] 798.2| 833.2

o2 &L 108.3] 64.2] 642 642] 642 642 642 642 589
- Sl 69.6] 412| 412 412 412] 412 412 412 3738

= = A 177.9] 105.4| 105.4| 105.4| 105.4| 105.4| 105.4| 1054| 96.7
P 190.1] 173.4| 173.4| 173.4] 173.4| 173.4| 173.4] 1734| 181.0

aLHE 520.1| 439.7| 439.7] 439.7| 439.7| 439.7] 439.7| 439.7| 450.9

o A Einas 69.6] 412 412 412 412 412 412 412 378
7l E 273.3| 249.2] 249.2| 249.2| 249.2| 249.2| 249.2| 249.2| 260.2

A 1,053.2| 903.6] 903.6] 903.6] 903.6] 903.6] 903.6| 903.6] 929.9

F 0 2UFdlE &2UF olzid 2l7lciuF 8§ =8
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E 719099 BE +=ZAUE 9 200001 M (B M (x))

3 = T BF(A) = o LB =& E(E-A) =SS (BA)
10090 s ol & £, 826 1, 566 AL, EED B5. 4
2000 s M 3,053 1,839 A2 114 46,5

AhE  MEEHEAREE YO DS, 20009, ARSI

91%E AA ATt Fadd FEHES HW, AAL 826%, AHEI - FH
125%, 4dde 4 43%, A -7 06% oz, AAEe] dRE FHEE A
o2 YEIGTHE 8). °lF 2ANHA T 95S 7t - Aakete] FHEHE
S g AL, 1 oofE dEEHe A A AAFEl v& 7HA
2 Wol A "dojx 7] wield, ANEFNS 985S JhEeus HsE FAbEo

7] wEol ot

Ee S5 MR IZUN Y AY (2R H o x)
s5e Ay Y
o =
A | &2 | vl | A | MM g sw| melx | AL
19994 = | 2,829 2,574 252 1,566 1,294 196 68 8
oA (100.0) (91.0) 9.0 (100.0) (82.6) (12.5) (4.3) 0.6)
20004 = | 3,953 3,880 338 1,839 1,299 385 50 105
AE | (1000 | 982 | (18 | (1000 | 708 | @09 | @7 | 58

AhE  MEEHEAREE YO DS, 20009, ARSI

A Fare] AAAR o] fH = HEEN} AL HEAES ol&ste] FHE Al
2% 35 & 99 Zol mF AL Fio]l 8878 ¥ AHIT Aoz vEy, A
Al FAE7E ol 2 A5 FuEg AL w9E ol &t M 2 olf7t
i gz

warel dviztg A w7 =RA S vl & o, AbgzgelA Az
=g FH7H4e] AY =2 33040 f/melw. AHA ] AA F2 25200
d/mz F5E F B 784090 Agedrh. vl Sy Lol Avfsk=

E7HF7] ERE2 17,000 9/m 2 Al A", o] AL s SN |7

TooEAY meor HEHY wiolth
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9 HES G HA: HESME o|SE BE M= (SR Boad, (%))

T+ = Al =] ZH| L5 H| 22| H| o=
L 37, 390 22, 760 5, 270 7, 020 1,610 o0 |
Lkl 1100, 0] L0, 9] (14,11 118, 8] 14 3] (1.9]
R 28, 512 13,913 7,024 5, 267 1.613 B9S
LE] (100, 0] (48 8] (24 6] 118, 5] 15, 7] (2. 4]

A 8, 878 8, 847 -1, 754 1,753 -3

AhE o MEEHUERRE (S 2aer 2000, 9., MRS

2) FRFAM] BN B4 L 0§ )

TR B w4 % olg A ZA AA APNYHA &S F
SEAGONA e o mrolevlaz FRSG. el Zzbe] ) who] Quj
A= H, Bz TRAAL. V14 AR AFE AANE, FRson T

Se SRgnat A BHe AMetel HA2EY 2ARgoR
Auld e EAsgon, JEt 9 B8 §% oo Jidsn Fo wpud

o

Moo

o
5488 m (6%)2 EAHH AT RS R dses 5 A% sugel 82%,
FAF 49%E AAGGY WA BHs A% Fej Ay 2how 4
A2Fs B gz BT BHo2 £¥d U 9
Aol 45%% AASATHE 11). whebd FHgol A
dhol ouf 2o iR A G By dujHttn ¥ & vk

ofj

ma)

E 10. STEEE:UM s S=E8 ST (B9 o, x)
#l =
= gt 7 E| Sk
T g |¥FISE| MxsS8 | U8 = A - i
S| o | S | mol | $F | wol | $F | mol | $F | mof | SF | mol | £ | mHoy

o A@ | 71 61 | 44,664 (43,059 9,442 | 3,739 | 54,157 | 46,859 | 32,418 | 28,563 | 5,488 | 5,392 | 92,063 | 80,814
S3ZE(b)| 71 61 |34,516(32,996 | 8,536 | 3,193 | 43,240 | 36,367 | 31,872| 28,017 | 4,791 | 4,750 | 79,786 | 69,027
H]Z(b/a) |100.0|100.0| 77.3 | 766 | 90.4 | 854 | 79.8 | 77.6 | 983 | 98.1 | 87.3 | 88.1 | 86.7 | 854

F o FFydeles F0l 2HY, 27, 22 o, Y, g, B #®534, 5Y, 53
HE, &7 9, @M, @E, gid, gy, By
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g8
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et
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_'_II

2 K|
T =

Ikl

ol mf | #7

A
TE

T
s34 | aol

14,698 14,662 15,385 | 14,662 | 7,075

o

2,078

24,538|23,431

N log
r

2,494 | 2,474 5352 | 2474 | 7,187

257

12,798| 9,585

AL
12

12,581]12,234 12,581 12,234 | 704

112 13,396|12,828

4o | ok | o

61 413 1

i

217111912 2,655 | 1,973 | 8,293 | 6,662

,597 12,545|10,136

N

m

JLLLR

12,720|11,777|5,484|3,739| 18,184 | 15,516 | 9,159 | 7,873 |1

444 28,788(24,834

]

X

61 |44,664|43,059(9,442|3,739| 54,157 | 46,859 | 32,418 | 28,563

5,488

92,063|80,814

b
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14. Hto| 204 A

219kAL (300m, &)

2m

AF (1000m, &)

DBH

e |72 m =R 3 (m)| @y
4.3 4.21 22 6.65 18
5.9 8.60 50 13.40 52
6.5 9.18 54 13.20 70
7.8 11.00 55 17.80 66
9.4 11.10 57 18.70 73
10.2 11.10 64 18.90 71
13.0 12.30 60

13.2 14.35

14.3 14.40

17.6 14.78
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17, MZLEF HiO|Qof A 0| AbTH M T4

AT T A Z 8 AR Fa
logWs = 0.9198/0gD%H + 1.5307 0.94 126.35™"
logWbk = 0.7187/0ogD%H + 1.4997 0.94 132.42""
logWo = 0.9964/0gD?H + 0.6542 0.97 221,66
logW1 = 0.9469/0gD?H + 0.3293 0.98 501.30""

Zel HETE Z2AA(EALH)
logWs = 0.9758/0gD%H + 1.3912 0.99 3012.54™
logWbk = 0.8702/0gD*H + 0.8843 0.99 1282.83"
JogWb = 1.4415/0gD?H — 0.8900 0.95 95.15"™
logW1 = 0.8636/0gD?H +0.2714 0.99 590.33""
Zel HETE Z2AHALH)
logWs = 1.0276/0gD%H + 1.1965 0.99 2091.09™
logWbk = 0.9985/0gD%H + 0.5048 0.99 1379.56"
JogWb = 1.1449/0gD?H +0.1690 0.98 213.82""
logW1 = 0.7927/ogD?H + 0.4140 0.99 340.98""

7 0.0010ll A Fold 2AF

I 18. Al ZLLE dHlo| oA o] F|ZF AbCH A ZFA|
E5 HHA goput
AbCH A B A 2 ™A $(R? Fat
logW!l = 0.9932/0gWs— 1.0921 0.97 302.37""
JogWI = 1.2710/og Wbk— 1.4780 0.97 273.01°
logWI = 0.9376/og Wb— 0.2465 0.99 1093.52""
JogWb = 1.0600/0gWs— 0.9048 0.98 453.97""
Ze HET ZHHEA)
JogW! = 0.8842/ogWs— 0.9560 0.99 579.95™"
JogWI = 0.9922/0g Wbk— 0.6050 0.99 961.63"
JogWI = 0.5717/og Wb— 0.9204 0.95 95.64"
JogWb = 1.4874/ogWs—2.9945 0.96 137.03™
Ze HET FgeHA)
JogW! = 0.7690/0gWs— 0.4973 0.98 248.06™"
logWI = 0.7902/0g Wbk+0.0283 0.98 218.44""
JogWI = 0.6815/0g Wb+0.3434 0.98 159.63"
logWb = 1.1174logWs—1.1798 0.99 367.23"

T 0.001001M FolM oF
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7 A9l Ao WI~Ws, WI~Wbk, WI~Wb, Wh~Ws¢] #AE 3|7
! 2ol dojgrh. o] AelA 74A AFFEH A AFFES
7] AFZFe] Skl whet vldste kS 4 dvh(ad 9, 11, 13 3x).
£ 5(2002)2 A= FFAW 2594 AR D’H~Ws, D°’H~Wbh, D
H~WI Atol o] Ao AZAsE Z2F 09652, 1.4201, 1.1947%2 Rastglon o] g}
uH(1987) A71% @3 2294 AAUYREe AdAIASIE 747 09013,
1.1377, 0.9788%1 Aoz o AT Adet HasrE, Yo
A Aoz 7] A5 Anet %A}z BEFs YEtdl L AR, T A9 A
o, EAbE ER) 718717 1.0276, 0975824 tha F3 Holth, ol g
A7 U AL B AFoA Al 2ALE 98 e AR F9E dhg s
ol ZANY] WEd A= Ao o] o] AAUFIE Ao R

WEow Az,

i

2otal x|l o

Murayama 5(1953)2 A% d#o] 17-184, Ovington(1957)2 Pinus sylvestris
o] 20 AFolA Hu o] mdsvta Bastlerl, E 1704 43 7HA
ol 71&715 27 Hlaelngts W RE AolA drY THA e 712Vt o =
A vhskEd], ol AL DHE F7bel wet o] bt thE BRRe F71E
U= olu & A 35 ool oln o] HUPHFES Hol= AV

0]

S

oI 2=
Ages & F Ao

22 Fshal

6) A Feo vtolemfs Bl Azt AN 2] Aol wE F ulol
Sl b

Stoll M =gk th3] A4S 7HA L dofith AR A9 359 A AU E 9
hag H}ol = 4 7|5 1042 ton/ha (HA]5-
53.1 ton/ha, 51.1 ton/ha), =34 185 ton/ha, &olA= 7FAF 264 ton/ha, &
8.2 ton/hao.2 A A|FH A7} 1574 ton/haol 3L, A shF-(Fe])= 41.4 ton/hal.
2 AA vlel w2~ 1988 ton/hat @ FAHACE Al Wi 2 7)) w)
&2 =7] 52% (HAF 27%, HAAF 26%), T3 9%, 7FA 13%, < 4%, i
219 = JEbskth R 5 209 o] o] A9 dE Y At &AL ES 71 6.1
ton/ha/yr, =35 09 ton/ha/yr, 2old= 7FAH 1.6 ton/ha/yr, & 8.1 ton/ha/yr
o2 AGE A= 168 ton/ha/yrol L, A st 44 ton/ha/yro=A HA|
AU A AL ES 21.2 ton/ha/yro 2 FA H At

}o
l>
&
r (o

=
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19, MR o[ Hlo| 204 A(ton/ha)2t HIE(%)

g7 sa Mo 2 wM AW el s B
210kAL (300m, SAIH)

104.25 18.54 26.36 8.22 5313 51.13 157.38 41.42 198.80
(52.44)  (9.33) (13.26) (4.14) (26.72) (25.72) (79.16) (20.84) (100.00)
Z 2 (1000m, 2AHH)

137.50 16.32 54.28 3.75 65.77 71.73 211.85 40.73 252.59
(54.44) (6.46) (21.49) (1.48) (26.04) (28.40) (83.87) (16.13) (100.00)
Z2kA (1000m, HAMH)

122.05 18.98 33.99 2.35 41.08 80.98 177.37 34.93 212.30
(57.49) (8.94) (16.01) (1.11) (19.35) (38.14) (83.55) (16.45) (100.00)

20 dlzubFEel Fod Az =4 d2ton/halyr)2t HIE(%)
XA E
T L I e T B e LT
=

OHAE (300m, SAHEH)

6.09 0.92 1.60 814 2585  3.24 16.76 441 2117
(28.78)  (4.35) (7.57) (38.46) (13.47) (15.31) (79.16) (20.84) (100.00)
ZaHk (1000m, SAMH)

6.47 069 3.29 4.07 290  3.57 1452 280  17.32
(37.35) (3.98) (19.00) (23.52) (16.72) (20.63) (83.86) (16.14) (100.00)
Z etk (1000m, EHANH)

6.59 1.00 195 235 1.93 467 11.89 234  14.23
(46.31) (7.06) (13.67) (16.50) (138.53) (32.78) (83.54) (16.46) (100.00)

g% 59 FHAEEEE By 92melA 11.2m Abele] ZhA= B3Rl <ol
AA ey wEel ZkAAVE e Aol & HAE UEedHRE kio] @
Ao HAn wepA gk o] A qellX 20% dEe] ZHAA 7S FH had oF
5 ton®] whelewjAE o] &% 4= glom, oA A depak Adrde] 4%
SR woks w 3dgte] ARl sigsts Alolth B 10%9 ofk ES
AAEE A4 oF 16 ton/ha®l HlolQujArE Wo=d], o] AL 1dzke] A

FAAHEANH, TL FAR 609 AAud e vjvd
AT &S 7] MA%AA T 26%, A AF- 28%), 3 6%, 7FA 21%, 9 1.5%,
2] =7] 57% (R A 19%, 4 A+ 38%),

ShA X 1994 T4 s 1000m A9 AF HAMH-S 2526 tons/ha, HAF
o b

—
D
X
o,
k=
ol

S
>
ra
J
o
rL
o
2
(i)
i
-
o
rlo
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9 9%, 7HA 16%, A 1%, 8 16%= YErWth % 20014 F9A A2 u-|
A7 AR L BaAldO A Z7]5 65 ton/ha/yr, 345 0.7 ton/ha/yr, 2o}
= 7FAE 3.3 ton/halyr, & 4.1 ton/ha/yroZA A4S A= 145 ton/ha/yr,
13l 2.8 ton/ha/yrel i, AA 17.3 ton/ha/yroz FAHEJ oW, FAHANAN &
715 6.6 ton/ha/yr, 3% 1.0 ton/ha/yr, 2olglE 7FA % 2.0 ton/ha/yr, & 2.4
ton/ha/yr, A% A= 119 ton/ha/yr, A5 23 ton/ha/yr, A 14.2
ton/ha/yre. & FA % gt

dopk A3t vl FLE Aol P wpol e vhzo] A 53] ool ol

32 1o
r 9

N

53] o
SujazE A A2, szt EEas i o] AxHol ZaE A
npo] Quj 2ol A glo] Ak HlF ol EolEal h= Aol HEuth T4t A
Aol A AA vpo]eujagFe HAbdEC] dAbARET ¥ #E AoR yEEon,
bRk A SAb el dAMEEY ¥ we ZoR FAHAGY. oA 3
dol Tad ATE o= A A TRkl FAMHCA WAHEEG o 2 6T
S AAstL FREe] Bad B8 TFAFE WANE RAEAA ¥ 2 T
S A g7 Yo A

AA AEe] AsHH(8e]) vielem A~ vl &S Szl d
bt s FUlsle Aol v ¥ e Laclau(2003)= 10834 ponderosa
pine?] A 3FH ¥ &S 27% =, 2044 ponderosa pine? A3 H| &S 22%Tal
st Ui A7t AZSFH AsHe] HEo] Foleval e

Marks(1971)= A5 A&l g e dE=ZFe ves 55 0 0
2~03, A=5 02 ostgtar e, ¥ Aol RE Ay Fudidael =
TE AL A=) diE e A= nl&o] Faste FAE Holal U
th. Ovington(1962) 2l Alete] 22 A Fhupi&o] A&k vl &o] 31.8%, 4214
171%, 564 16.5%, 20064 95%0°]aL, V= Minnesota Fol Sli= 5794
Quercus borealis AAH e Asty H| &2 83%w+aL stttk ¥ F(2003) 2
Wi R EAAAE AR SR dig By FRFo] AXRE HAAHo] AATHE
Aap AobAdM 8% FE7hA "olXval stk defak2 219%, TS 16% =

s
JE A9 ATET fAE RS nelFn b Ao Jey,
o KN

%

1
2
N
N

B oATeA "epda Fgue wlolevs S thE Ast wwshy, u
(20030 ATE A% FAAWE] 5034 ALUTH(AH 438 ton/ha,
S A

Al 49507 ton/ha)B ot AANE S5 29 67dA AZduFd 1258 ton/ha(F
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B

o], 1996), =& FTT*

AN

o] AAurd 13058 ton/ha( &, 1997) 5ol Ml

A = detdt =18 & 5(2002) A7) Eistal A el A 30948 AlAuE
dol 7] A5 51.3 ton/ha, 7FA 7% 131 ton/ha, & 715 35 ton/ha®A A4+
T dFEol 679 ton/hacletal st 2 AT Ay 7t Fopd Ao A A8
ATFERT R o w2 g2 Boli edl, 2 olfEe ZARAWA FaF
Aaol & yUiEsEol k7] witoltt. =12 Waters®t Christie(1958)2F = 9]

Schwappach(1912)= Quercus roburdl] T3k nvfo] o ufj~ ZAlo| A A Eo] F4
5 nlo]Quj ko] |43 Fristtta H sk vl k3 Ovington(1962)2 4
AA Y Quercuss: ol Eﬁ Alo}oll A 169.8 ton/ha®] ™, =t X =t 7<]’L‘r—r*?@/] B A =

2|7} 17352422.35 ton/haztil 8}21—5—&], %‘?h} AGHHE Ea
Adrthes gAv Aoz FAE A3E Kol v
2% 63 7oA TEA AU FARERE B
= Aol Ao EoldA & F ThAEo]l Wol #Este] Stk wEkA o] A
A HEETE ZHAA7 H SHs T #EE & 2ot e AeE gd
%U‘r. e o] oA 30% AL AR 7]E srhH EaAlH A E had oF 16
AbHOl A = ha'd °F 10 tono] Hlo]emj2=E o] &3 4= qlom, oA A

o] At AL FS VIEor 5dzte] A sfdsts Aotk I 10%9] oF
T S AAEE AR oF 21 ton/ha(HAMH)F 18 ton/ha(gFAbd)e] who] 9

w27b e =], o] e 1dzke]l Al ke &g et

7) Ao oy A =
F 199k 3 20004 4 B dgE S5k AdvFde] T ooluA
UAnAHS Astel & 213 F 220 dehiich ¢ @m REREEED

rz

000 MJ/ha(A4F5-3= 3,000,000 MJ/ha)e] iz, 544k B-Apd
g o] F oy A % 4,990,000 MJ/ha(A 5= 4,205,000 J/ha), T4t
APE ARl F oluA #He 4,181,000 MJ/ha(A 45 3,508,000 MJ/ha)=
ArrE Ak B3 B EFAUAREEH A nAHE dUAFS Dot AduE
526,000 MJ/ha/yr(A 25 441,000 MJ/ha/yr), E 94 S 220028 345000
MJ/ha/yr(A %44 292,000 MJ/ha/yr), <92t @AMAE AlZuFR 284,000
MJ/ha/yr(A] A5 238,000 MJ/ha/yr)o] t.

>

e
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ol AS YAl AF3AE(TOE; tons of oil equivalent)?.i ksl DetAak Al
ZyuFd-2 9071 TOE/ha(A]/d+ 71.65 TOE/ha), G BAPA A AUTE S
119.18 TOE/ha(#]7¢+H 10043 TOE/ha), 94t HAMH AZ24uFES 99.86
TOE/ha(#] 3% 8378 TOE/ha)e] A+l st 3 AduFgo] Azb A
FE = dluA#Fe gopat 219 1256 TOE/ha/yr(A44 1053 TOE/ha/yr), &%
A BALE A9 824 TOE/ha/yr(AAH 697 TOE/ha/yr), 44 GAMAE A
6.78 TOE/ha/yr(A]7d* 568 TOE/ha/yr)e Al st o A oy
AFE T Aol o BAW A7 A= AR Fe dopit X]Oﬁjo] 1=

Aoz Uetwt 1 olf=
gemo] Apoj2 QA7 Ao w YzHch

rlo

21 AELRE S FofY HollqX[2ZHGI/ha)

i
*

Al et7 TA|

ZAR wE MR 9 ER A S
=

ir

210kAL (300m, SAIH)
339 504 170 1,004 983 3,000 798 3,798
(8.93) (13.27) (4.47) (26.42) (25.88) (78.98) (21.02) (100.00)
Z 2 (1000m, 2AH)
324 1,088 77 1,316 1,401 4,205 785 4,990
(6.50) (21.80) (1.53) (26.37) (28.06) (84.27) (15.73) (100.00)
Z2kA (1000m, HAMH)
378 680 49 820 1,581 3,508 673 4,181
(9.04) (16.26) (1.17) (19.62) (37.82) (83.90) (16.10) (100.00)

22. MzLeElol 2oid o7k ol X M aEHG/halyr) 2t Bl 2(%)

FHI

e
B

A

ZAR sE Mol 9 A A S

w2l

2okAE (300m, SAIH)
17 31 168 62 163 441 85 526
(3.19) (5.80) (31.97) (11.84) (31.02) (83.84) (16.16) (100.00)
Z 2k (1000m, = AHH)
14 66 83 59 70 292 54 345
(3.96) (19.19) (24.05) (16.97) (20.23) (84.40) (15.60) (100.00)
Z2AF (1000m, 'ZAHH)
20 39 49 39 92 238 45 284
(7.04) (13.67) (17.23) (13.65) (32.48) (84.07) (15.93) (100.00)
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A bzt 2AER o, v 22 AES AATh

FH 2ok AgelA s 300m HAFHO 3B/dA AAUFEES Z7]5 104.2
ton/ha (WA 53.1 ton/ha, 51.1 ton/ha), =35 185 ton/ha, Aol 7R
26.4 ton/ha, & 82 ton/hao .2 A A/gH A7} 1574 ton/haol iz, | skH-(¥e])
T 414 ton/ha® 24 A vie]lew]si= 1988 ton/hal @ FA AT g A7t
TS 715 6.1 ton/ha/yr, FIF 09 ton/ha/yr, AoldlE ZHAIHF 16
ton/ha/yr, & 8.1 ton/ha/yro. 24 AAE &A= 16.8 ton/ha/yrol R i, A st
44 ton/ha/yro = A HAA AT e] Az &AM ES 212 ton/ha/yro 2 74

H

(<3

AT T o] AFelA 20% FE=e] ZFHAAVIE FHH had °F 5 tono] Hiol
s o] &S F dom, oA A dopit AduFEHe AHEER HokE
o 3ol Akl sgets Aotk I 10%2 ok 7HHE AA S KA
°F 16 ton/ha®] wlo]Qwj27F Vo =d], o] A& 1d7ke] AAFakel] &g}

e T Aol A s 1000mell A+ 60~70 A A2 ] vho] @ uff 2~
= BAMHA A F7]5 1375 ton/ha (A AF 65.8 ton/ha, A AF 71.7 ton/ha), I
95 16.3 ton/ha, AolSl+ 7FAF 54.3 ton/ha, ¢! 3.8 ton/haclil, A4+ A=

211.9 ton/ha, A 8H-(¥2]) 40.7 ton/hal. 24 HA 2526 ton/haz F4H 3 oH,
GAMHO| A= E7]5 1221 ton/ha (HAF 41.1 ton/ha, A A% 81.0 ton/ha), 53
5 190 ton/ha, Aolde 7FAH 34.0 ton/ha, & 2.4 ton/haolil, X4 A=
177.4 ton/ha, AsF5F(¥2]) 349 ton/halZA AA| 2123 ton/hazZ FAHEAC A
b A ES EAldHOg A £7]3 65 ton/ha/yr, 35 0.7 ton/halyr, Aols
7FA1 8 3.3 ton/ha/yr, ¥ 4.1 ton/ha/yro 24 AR A= 145 ton/ha/yr, A3

F 28 ton/ha/yrel i, HA 173 ton/ha/yroz FAEHJSH, FAMHNA ZF7|H
6.6 ton/ha/yr, 3% 1.0 ton/ha/yr, &old+ 7FAHF 20 ton/ha/yr, ¢ 2.4
ton/ha/yr, A’dH A= 119 ton/ha/yr, A+ 23 ton/ha/yr, HA 14.2

A

oty = %Zéﬂ‘?v}. AA vhel el aFe HAEe] HAENT U BE
i A BAbdel gApENT o @ AoR 3

A9k oA T S qae s A3 bS] Fgol BabwelA] |
At o 2 0FE AAsa GUAARE HARE100] A (440 5T

g geon L3 FFAe o3 =& THAFTE WAYE FAMEAA § 2 4|
T2 AAstL 7] WEor dddn webA AZduURIE Aeksds Abde] w

& Hranths fRolt 99 B¥Y Teel ¥ IFL WAL o welr,
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H 25, ZARXIS| HE

HAFUH () 48 HEF 2% (1) 44~159
BFSD (m) 123 dEE BRY (m) 1,200
\ HAAAT (°) 10
=+ DBH 22.7
(em) 0 gk NE8O0
ha't 2= 525 EAM Al‘i, AtotE
sk (m) 300 E2F pH (AS) 55
E 26, ot 2R ZAX|S| EYAS) S4
£ A Erg £ 2¥pH £ 2pH MEALrEF RIS
(%) (H-0) (CaCly) (%) (%)
ALE 18.72 4.45 3.80 0.121 4.06
Wi gEE D'He 7] AF(Ws), 7HA 1A5(Wh), o AF(WDS 3% 24
of Jeh o, o] AxtolN FrE AL ¥ 27, ¥ 28 19 14, 19
159 YeERNY. ¥ 16+ X 279 = A o] &dle] Aot FAMA

B
WS
o
rf
ox,
B~
i
—d
i)
1o,
of
ox
r>f
oft
I
Hr
ox
>
ot
tlo
X
r>f
o
Y,
o
£

A1 (3 300m) ol
o7lo] wWEW Yok AYUFge uloloniies F7]H 18699 ton/ha, 7HAIE
61.31 ton/ha, ¥ 31.89 ton/haZAl X5 A wlo]lujx~E 28041 ton/haz
FAEY o AT A S Z7|5 487 ton/ha/yr, 7FAH- 1.63 ton/ha/yr,
(1 48) 1045 ton/ha/yr2A A4H A9 Azt AL S 1694 ton/ha/yr=
AE At ot A B A Hawst s W A vpolemjaE A
ol o @ v Az SALMES vl AoR ueued, ARl A
o] blo] @ A7F AAEHE W&ol 61.65% =AM U B WiEow sukdd

o ATZARE B Ay vlastd, 71(1972)0] g FXHAN
A dEF 2687tons/ha th= A4 A3, o] (1985)7F g F4f
2l Y AYUF HFAY dEY 198.82tons/hal tie T Atk I
AhEFE wlaskE o](1985)7F Are AR AugEE Az AL

ton/ha/yrel Hl3] 1694 ton/ha/yr2A <kt o] =u upeba] Dol A

=

jud

{1

C;;O_:
B~
kY
d

R

O

oo
ol
w
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o

2
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ox

o
2
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9
Q
3

Ao 2
FEe AP w2 48 HoFa e Aog YEgEd, oA o] 299
o] rE

_62_



okt A AyFEE 3 e #2 7HA7E 8 ooz @o] wojiu}
oFQl 7] wiiLoll 7FX 7] Zde] "Hasit). Tk o] A A 10% HFEe 7FA| A
715 dt¥ had oF 6 ton®] HiolemjAE o] &3 4 ded, o3 4dxte] A
aFol| dlGdsts Aolt) Tk 10%9] oF% IFHE AHAAstHA AA4HE oF 28 ton/ha
o] wlo]Quj A7t Y=, o3 2k Aol sidste] AAdude Hlg
AEE7E mEh A AYFRe A= 7P A =7] D HHe] Fr9} FEE A
AuFdrEog £ 9 wE gojol 3 gt Ao Z HATH
E 27. &LtF dHio| o Ao AbCH A6 AFA
ATh A F A Z YA+ (RY Fat
logWs = 0.8275/og D*H + 2.0604 0.96 63.94"
logWb = 1.0384/og D®*H + 0.7201 0.96 71.37"
logWI = 1.1131/0og D?H + 0.1269 0.91 28.54"
T 0010 RS QH
E 28, ALIF dHio| o Ao 27 ALCH A RAl
AFCH A ZHAL AN A 5 (R?) Fgt
logWI = 1.0759/og Wb — 0.6601 0.95 56.85"
logWb = 1.2214/ogWs — 2.2661 0.95 59.25"
logWI = 1.2615/og Ws — 1.7138 0.83 14.98
" 0.010M molM X T 0.050M RN 2H
¥ 29, €Ak AyF e FAL G Az AL
& =5 Z7| x| 2 K| AE SHA
AT & =MAZHon/ha) 186.99 61.31 31.89 280.41
MAx A2 ZSMAZHton/ha) 182.12 59.68 30.90 272.69
oA 72F = A2F(ton/ha) 487 1.63 10.45 16.94
=M AEF 2 E (%) 28.73 9.62 61.65 100.00
% 30. et a2yt dayA ) A7 Ay A 2% (GJ/ha)
s = Z7| AN =] X| AL SHA|
HHE A2 SMMEF (G/ha) 4,001 1,312 774 6,087
HAzZE =M AMEF (GJ/halyr) 104 35 254 393
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oAFo A v FeE BHds SAHste] Fds W A, AAUF
BEARIL 4750 keal/kgolil o] 4900 kecal/kgdl Aol nla] AuFE EARI}
5110 kcal/kg, Qo] 5770 kcal/kgo. 2 ZAw o] 2o &9 FHo i A
YA go] AauiEng o & Jow Yeth

olglg A3 Ao wet Yot AUFEe F YA FHAGT)H A7 oY
A DA FH GRS AN AHE F 300 JERRAT ® 30 2 Lot &
Urde F oduA L 6086665 MJ/haolir Az oy XA ES
MJ/hao = YepEth i dAe] F oUAFS B dobit 35 AldvTd
(X723 3,000,000 MJ/ha)B ot @i Sk 60~70d 4 A2 (SAE 2] G5
4,205,000 MJ/ha, FAFA A5 3508000 MJ/ha)3= Bls=alA Rt A7 1A H =
oA e dolat AZUEH (X4 441,000 MJ/ha/yr) Btk o Ao, Tk A
AUFE(HAE AR 292000 MJ/ha/yr, BAPE S AR AR 238,000
MJ/ha/yr) B ohE Be Ao UEbyt)

dobit A AT oUA S Al AfstEc R SlEtd, &
TOE/ha (66%), 7F#] 31.3 TOE/ha (22%), 2 185 TOE/ha (13%), A4 A=
1451 TOE/hacl #i@ste, <Az nQd¥= ouAZFEsS Hitstd, =
TOE/ha/yr (27%), 7FA 0.8 TOE/ha/yr (9%), 94 6.0 TOE/ha/yr (64%), A5

tlo

A 94 TOE/ha/yrelth. =, 48d4 AuF3 lhawe 1dol 94 ton & A4+
& Aol kst 1%@% Aol
obef el & 312 Aufo AT duAs A ddAolH, of AIE T}
Ao AsFel vk A BE Axkskd oF 69.97 ar/gel €k webA 3 290
o =

e S HS () 7 3| (m?) & X (o)
A 1.20 0.64 1.00 43.99
B 1.40 0.78 1.34 55.18
C 1.01 0.51 0.78 35.87
A 3.61 1.93 135.04
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t
A € H}Olguﬁi—: 280.4 ton/hai FEHERNH, OJJ AN F7
49 ton/ha/yr, 7FA15 1.6 ton/ha/yr, & 105 ton/ha/yrE4 AAHE AA e <
AL EE 170 ton/ha/yr® FAE AT Aopit A9 35 A Al Ao vl
stds W HA wlo]emfAE AvrEe]l ¥ B whi A SANEES ]
q

Ao2 Ye=d, vl <l mpolevfart TR 2 W (A A%

TR 62%)S AA|stal 7] wWiEo® FAET ol AS AlfEHA
A8 T A AuEE e A AN = 1451 TOE/haol i, 7 Aakw o] xARo] 114

q
=& & 94 TOE/haol o
okt Ao 2R 10% F%e] /AAA71E @ohd had F 6 tone] vl

oJouag ol 48 4 A, oA 4d7te] AFwel dPat Aotk wF
A

=

10%9] oF&= S AAled AgH oF 28 ton/ha®l Hio]l A7 W o =d|, o

Ae 2d7e 43Pl AFADE AgurPun Es F/9 FrE 4
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I 33 LR 2w ASFE (g)
EONZA 1 L =7t =7 ze g ChAA A A
R - L . Lt L A R
45 55 1,998 1,627 371 111 41 421 100 236
55 51 3789 3,200 589 515 32 650 165 458
57 65 3696 3,095 600 511 49 593 252 668
75 68 6,696 5633 1,063 613 73 1,052 385 1,014
9.8 85 13955 11916 2,039 681 111 3186 485 2,384
10.4 8.1 15940 13642 2,299 783 121 3335 626 2,949
132 93 27943 24078 3865 877 172 8103 1,121 5782
142 92 32901 28468 4433 1398 187 11,010 1333 6499
156 102 43533 37868 5665 1515 221 13801 1659 8413
FE 34, Zodh XA 244 ZLLR Hio| 2o A o] AMCH A ZHA]
Y= RUESPN Z 8 % (R? t % Pr>t]
logWs = 0.9543/0gD?H + 1.3875 0.99 28.88 < 0.001
logWst = 0.9708/0gD’H+1.2712 0.99 27.58 < 0.001
logWbk = 0.8641/0gD’H+0.8125 0.99 37.54 < 0.001
logWb; = 0.6087/0gD?H + 0.2797 0.97 16.23 < 0.001
logWb = 1.1598/0gD’H +0.1672 0.97 17.60 < 0.001
logWdb = 0.5744/0gD°H+ 1.2181 0.70 4.45 < 0.01
logWh = 0.8321/0gD?H + 0.3763 0.97 16.92 < 0.001
logWl, = 1.1107/ogD?H+0.1765 0.99 31.34 < 0.001
Ws=&7| AZE(g), Wst=ZtFZEE A Z(g), Wok=FZt=I T 24 ZF(g), Wh=EAH JIX] AZE
(9), Wo=7tx| A& (g), Wdo=TLALX| A ZF(g), W= 2 HAZF(g), W= A HAZE(g)
E 35 UM XA 244 LT A ASTO AFCHAM EA
Y= RUESPN Z ™A % (R? t % Pr>[t]
logWl; = 0.8663/ogWs-0.8110 0.97 15.53 < 0.001
logWl; = 0.9394/0gW bk-0.3307 0.96 13.16 < 0.001
logWl; = 1.3206/0gWb;+ 0.0853 0.93 10.03 < 0.001
logWl; = 0.6973/ogW b+ 0.3242 0.93 10.76 < 0.001
logWly = 0.7495/0gW 12+ 0.2430 0.98 20.72 < 0.001
logWl; = 1.1583/ogWs-1.4163 0.99 29.27 < 0.001
logWl; = 1.2605/0gW bk-0.7883 0.99 23.97 < 0.001
JogWl, = 0.9361/0gW b+ 0.0891 0.97 15.08 < 0.001
logWl, = 1.3128/0gW11-0.2669 0.98 20.72 < 0.001
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ATl g FABIAFE R4S AP GdF vimsiuw, fop
[e=]
-1

A 5, 1998)¢] AHHAAlT 0.94810(=71), 1.18013(7FA),

oy
M
f

e &, 7HA, e 71&7] gkl frAberAl vEbskTh @ A(1982)°]
Hug A7|= FFAGe 1894 sUF dTeA e HuRdArE 47
0.9288(%71), L1306(7FA)), 1.0102(3)elA L, ol(1984)= A FFA 9] 6394
A QlEde] A9 A ASFIE 09672, 1.1343, 1.0471¢]2kaL shgich=dl, 2
AT A o] %ﬂvg%ﬁl#—t— AgdTse Wl 23Tk

3) bl wpol @l s &b Aol W A vhol o) AEF F4
B oATA 2494 Wopat s YA wpolevlast A EYNFS E

3601 YEtlATE. sturg el &7 "ol vl 2657 ton/ha (56.5%), 3
4.27 ton/ha (9.1%), 194 7}#] 0.21 ton/ha (0.4%), 7} 864 ton/ha/yr (18.4%),
ILAFA] 1.45tons/ha, @3 & 1.25 ton/ha (26%), 43 & 6.07 ton/ha (12.9%),
AR AA 4701 ton/haol Atk oleld A¥e= 13dA e HHE dolA =71
51.7 ton/ha (74.5%), 7}FA] 124 ton/ha (17.9%), & 5.3 ton/ha (7.6%), A5 A=
#H2 694 ton/ha (Hatiya &, 1966), 153X 9% d&olA &7] 4770 ton/ha
(74.9%), 7}A 11.85 ton/ha (18.6%), ¥ 4.11 ton/ha (65%)% A AHo H=HS
63.66 ton/ha (! &, 1981), g7Ittavty el A4 d&%F 55.25 ton/ha (A
1971), 84 #7lvkavok g7l ElttavT ol A& o] 72 21.60 ton/ha
o} 22.80 ton/ha (1, 1976), Pinus sylbestris Z@ Aol A 1134 15.36 ton/ha, 17

H 36 2444 RLIT TR halh HET MMHEE HMEAl Yot

—

b 114 A4 CHAA X L4 Al

= il () [=] Ij S o =
=29 Z7| @xE ags Jbx ZER| K] o ol A
ol H = A ALEE
=2 2= =° 3084 2657 427 0.21 864 (1.45 1.25 6.07 47.01
(tons/ha)
dAEY X
0 65.60 (56.53) (9.07) 0.45 18.38 = 2.65 12.92  100.00

=

= = =< 27.40 23.57 3.83 0.20 7.52 - 1.12 5.31 41.55
(tons/ha)

ol A AlEE

=S T2 344 3.00 0.44 0.21 1.12 - 1.25 - 6.02
(tons/ha)

57.14 (49.83) (7.31) 349 1861 - 20.76 100.00
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dopik sty AzF =AM E7] 3.0 ton/ha/yr (49.8%), 3 04
ton/ha/yr (7.3%), 1348 7}A 0.2 ton/ha/yr (3.5%), 7FA 1.1 ton/ha/yr (18.6%),
G 9 1.3 ton/ha/yr (20.8%), A7 &7 6.0 ton/ha/yr= FR8 = AT o] A
o] 2001dd =HE olF AT I & w77 Fel A AlFHA
ol JRAE ARt A 7] obAFE/A e deldle THHAER QL
AARA S} JiAREo] g EAEkaL glom e JRA A7) of Fh o] ARk Stojnh. w
A ZHAA71E 30%9] AR @ Fark glow, b A 20%9] T 7ol

a8}, 300 FEe] A4 26 ton/hadl A kol ez} them, 20% %

o & Aldstd 94 ton/hadl ¥ wholewi Ak vtk o] 32 dAjel <kt
b FASAE W JHAAVIE 8d, Ee 1~2d

s He 1
A AT FEHe Wolvs @07 el w7kl Ao Aol
Zro] =

H

SoHy Ko
do of ox
_‘>'_‘
oft
o '
it
ez
-
i,
i
>
r\l

fin)

#3744 ekt A9 249 st 42 o] ha® F UAFH GRS
1,028,314 MJ/haol™, A3t olyx] A "X 4H)2 132,678 MJ/haz e
T AT 359 Aot Aldurg A 3,000,000 MJ/hatt 4848 ot
b 2u5 AR 6,086,665 MJ/haol HlsiA wig- A2 oz yelow o
A EE A G A Al 441,000 MJ/ha, AUHE 392,827 MJ/hadl
Hls) A dEbgth ool &27] Aol =9 Avre AeE 543 o] A
el A =-S5 £7H7] Aol A& o] FojA A e ki Adn

dopit st g el & duAFES AfEdEes nrd AR dAl= 245
TOE/hacl™, A3t A/d%-o aAgs= JUuAEFE 32 TOE/haoliL, o & =714
ol vk <1zt 1.8 TOE/ha (56%)7F 117 = a1 gk

I 37, Hefth X9 2494 RLHFE Q| ha'h ol X2kt A7k o (x| ek

- . | w2 a2z a4 P TR TPV,
2 o =7 %%% 4':_4% s JFX|  DAMK| b 5 57
ol & of L X| 2k
(GJ/ha) 660 568 92 5 186 (31) 30 147 1,028
4zt ol R o . . . . - "
(GJ/halyr)
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5 AT 2R JAAd A5 FA
A Ao dEHy] s Adtstr] 98 29 w2 AFd, Fy, 4
o], Z =& =43 ANE F 38¥% F 399 YEFHATE AUYF Hd g 9H
Ao FdA 9 31221, A & 2684=4] had gFH(AF) ddA 9 125
ton, AdA < 607 tono]l wHHsH Hofak 2434 AYYFFH] AWAA =
202211 (A o 39026, AdA 9 16.3185) o2 FH =}
E 3B Z EESY Y MES 73y Y £I
TE= A B0 HEH ! 5070 HI
s 1144 Ch 4 1444 CHA 4
1 0.5 0.6 0.44m! 0.92m!
2 0.6 0.6 0.61ml 1.28ml
3 0.6 17 0.72ml 1.86ml
4 04 07 0.71ml 1.42ml
5 0.4 12 0.91ml 2.11ml
E 30. BT FHe guH
Al B HF 2ol (m) HF 2o () GHEH (w)  ABY (g
EHAM A2 6.81 0.0092 1.17 0.5
EHAM AR 2 7.55 0.0127 1.45 0.6
CHAM A|Z 3 10.26 0.0150 1.83 0.6
EHAM AR 4 8.71 0.0148 1.68 0.4
EHAM AR 5 6.80 0.0190 1.68 0.4
MAM AR 1 8.70 0.0184 1.87 0.6
MAM A2 2 7.91 0.0256 2.10 0.6
MAM AlZ 3 14.84 0.0372 347 17
MAM A2 4 10.24 0.0284 252 0.7
MAM AE 5 9.37 0.0422 294 1.2
g A8
S5 Aot BEARE A 380m)oll A 243 A AU el g o] wpo] @
22 FAsta 27147 Agoer o= 7 vlolewjAsE =A% AyE ey
2l Yot AYEH Y uHlolomj A= Z7|8 266 ton/ha, £ % 4.3 ton/ha, 1
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dA 7FA] 02 ton/ha, 7FAlEF 86 ton/ha, ZAFA] 15 ton/ha, BdA ¢ 1.3
ton/ha, A3 4 6.1 ton/ha® A TAMAE A9k AR A= 470 ton/hal &
vebgth =3 A7 A ES =713 30 ton/ha/yr, 3% 04 ton/ha/yr, 1
A 7FA] 0.2 ton/ha/yr, 7FAH 1.1 ton/ha/yr, 994 9 1.3 ton/ha/yr, A44% &
Al 6.0 ton/ha/yrz FEHATE o] A& 22 dF AFE Feds W AT
AA7F 245 TOE/ha, A3t A7d4-o 4 == & 32 TOE/ha°l & F gt

dopik A g o AUFHE AT BAF 7] ol RE/A D Aolde
ZHAER Qe aARA e} aLApEe] v A A 71eF ko] Al g
Folth, ZHAA 71 E 30%¢] AR & davt dow, 1 9A 20%9 T
B e etk 30% 2Ee] ZHAA7IA 26 ton/hasl A vko] w2k 1he i, 20%
= Aldsd 94 ton/ha®l #H mpo] e w27 vtk o] A2 AAle] 4
ow EHe AE FAHSAS W /HAAIVI= 89,

v TR HS dolus drol7] wEe] FEAder Aol o

_m_ NJ_L;
g 3 o3
¢

FU
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58ZA =9 AFo AFst Aoz yERRTE A (1981, 1982) A& Ao
2ofe) BeH A7 RAYA HtH 4AE FF JFL vA, I A
o ¢ure EdpHE= ~65 AZol HAAN), AAHP), ZHE(K)S ¢o =2 H
B 3248 278 ¥ Yk AR B, ¥ AN ey 2
2Ae @3 A9l FEAe g tehla 9o
E 40. ALK 74 &
e = 248 EY

= 30 A 7|2 (C) 11.0

_ o1 Z=2F (mm) 1,100 ~ 1,800

HA3 % STo ; ;

s T m) 16.43 Y3 ZAE () 18

g D cm) 15.21 EN AtSEE

ChHE ha) 39.20 E2F pH (H0) 5.8

B Nitrate—nitrogen (ppm) 17.88

= X~

= A /ha) 396.54 P (ppm) 91 25

ha & & 2028.57 K (mf/g) 28.01

A el SAHE flEA 3088 HEE 2HAE Yo R 20mx20m
A71e] AR A s AR AASal T aear FaAAde] 6em ol ol
S 2 FuHAEER 1 T 8¥s AAske] W&t ARl 2m it L
2 2715, 55, 7HA, A9 BT FE SASAT old ZF i EAM 27,
7HA, slel dRE AFAsen, 80T ool FF el ol WA AEAA
ATEFATE AEshaL Aol ASAA A AT AN AT 4D
E 41 Hedel wolE HEY

. 2 7| A5 Ik dB o s

DBH (cn) 3 (m) D*H Ws. ko) (Wb, ko) Wi ko)

12.9 19.1 3178.43 58.93 5.72 1.94

14 21.3 4174.8 62.88 7.27 2.32
15.7 21.8 5373.48 83.83 7.7 3.17
17.7 22.6 7080.35 101.69 11.56 4.67
20.5 23.2 9749.8 169.59 24.07 7.18
221 23.8 11624.16 194.54 26.46 10.16
23.9 24.3 13880.4 229.32 31.85 11.84
25.2 251 15939.5 260.68 39.48 13.73
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sof v

=5 FA(USDA ; U. S. Department of Agriculture)dol wgkth B9 pH, &
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DEH 2&_Zcm
DBH 20_82m
HS  28.1m
HG  23.2m
DEH 1Z.9¢m
HS  19.0m
k‘J"2ICII23456?8‘.}'“&3 1 01 2345 101 23 kg
CJws B whb lwi
T2 23, HHEE0M RME, S72H2, HA=29| HIO|QUfA FEAEZ T
(Ws, 7| Z45; Wb, 7K HAZ; Wi, & H45)
E 42, H4YS dHio|ojAo ALHMEAN(SE MAMA| HtAH
AbCH 4 A ZHA %R Fgt
JogWs = 0.9989 /ogD’H + 1.2183 0.98 312.80"""
JogWb = 1.2734 logD?H — 0.7666 0.97 181.66"""
logWI = 1.2920 JogD?H — 1.2859 0.99 711.35""
T 0.001001M oM olF
F 43. U¥S dlo|Qoj Ao E2{7F MIfMAA(SS HHMA| AN
AbCH 4 Al ZHH%(RY) Fat
logWI = 0.9912 JogWb — 0.4100 0.98 261.73""
JogWI = 1.2810 JogWs — 2.7994 0.99 684.88"""
logWb = 1.2745 JogWs — 2.3193 0.99 429.58""
T 0.00100M 7oA olF
X

R

AgellA d2

< X 420] dEpler, AR AT =
< ¢ (198Dl g 1594 HHE

~Ws, D’H~Whb, D’H~WI A}o]<] A A4 4]
Z+7F 0.9989, 1.2734, 1.2745] % T}

2ol A

ol A
< AT 0.9634,




1.0403, 1.1350, zg]ar A S(1998)°] H g Yokt X 2434 Y JE 9
oA AAT 094810, 1.18013, 1.13797% Hlw et wf Fad A7 G F7t
of wet mfo]emjzo] Frhgo] T AAE AFE Hola JATHIE 24 FX)
o] AL o] Aol HA 2z FHAVIE F3 AGOREA vhre] Ao WA}

A e As vFolRS o AAd oa dtEI fAFS A7t HE A
Hojxja Q17| Wi oz HAdwEtt Murayama 5(1953)2 AHSdio] 17-184d,
Ovington(1957)2 Pinus sylvestris 4&o] 200d AZoA Hugako] =23ttt
Hasd=d, # 5(1998)0] dotit X ol dis] st AFAdoe]| st 24
A 99 JdEA DH~WI Atolel Ao AdAS ghol 7P¢ A ey ol
HugFs Hole A7 A Ao w YEEt

gtH, Ws~Wb, Wh~WI, WI~Ws¢| #AE 3|AEA e A3 1 437 22 2
o] dojxtt. o] AeA B wf 7tx] AT o dFHFS vho] 7] dF el
S7bgkel wet wlEste] SUbeke 4 ¢ ATH(aE 256 FAx). ZAAUY FA-
EFo R had IS FAHSHH 3% 449 o] Wst 286.8 ton/ha, Wh= 68.7
ton/ha, W1 31.1 ton/ha, Z28]3 A% AA+= 386.6 ton/ha® LEFWTH

Hatiya 5(1966)2 13d4e] 49 dFoA &7 51.7 ton/ha (745%), 7HA
12.4 ton/ha (17.9%), ¢ 5.3 ton/ha (7.6%)= A|4H wvlo] v ~= 69.4 ton/ha©]
dhan Raugeor, ¢ 098D 1598 99E dEAd E7] 4770 ton/ha
(74.9%), 7FA 11.85 ton/ha (18.6%), A 4.11 ton/ha (6.5%)% X4 wlo] Q ujx
£ 6366 ton/ha®® Hagh wp glrh 3 A S(1998)> 2494 HHE Aol A

¢

m&‘1

=7] 160.75 ton/ha, 7}A 1842 ton/ha, ¥ 7.08 ton/ha, X]*J—r AAE 186.25
ton/hal @ H I35}

g oA Hol A & deFe dEFS vlus] BH, grivavy 3
o] 55.25 ton/ha (%, 1971), =AW AT id?_%"] 26.87 ton/ha (%, 1972),
89 rittauyok grH AU il I 21.60 ton/ha®} 22.80 ton/ha

(#, 1976), Y% 2uyF HAYLS 19882 ton/ha (©], 1985)¢]lxL, Pinus
sylbestris Z@ A A 1134 15.36 ton/ha, 1734 22.93 ton/ha (Ovington, 1957),
313 A Pinus banksiana Q%2 60.89~106.39 ton/ha (Doucet &, 1976)% H %
AT o] 4Fe] ArAdet HluE s W, YA dHF wE AolE sy

dolil A 30dA HHE A dEHe o HAFFol vE diwsl

e Qo vehguh

k)
b

Hir
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F 45 B9 gt A9 3098 9EE 2HAY] A sANEe 7] 181

AA 547 ton/ha/yrE WERETE AR A Satoo(1970, 1974)7F AN GAES
B 21dAe] #AMEE 7] 68 ton/ha/yr (46.9%), 7FA 3.2 ton/ha/yr
(22.1%), S 45 ton/ha/yr (31.0%), A7 14.5 ton/ha/yro] i, 39 A ] = AF=F
2 Z7] 579 ton/ha/yr (45.8%), 7}A 3.26 ton/ha/yr (25.8%), & 3.59 ton/ha/yr
(28.4%), A5 12.64 ton/ha/yrZ2 YESETE o]/ Satood] AFZAIe} 2 A2
5 v Ry 3098 Aot Y EFH e A SAMES e 122 Ao

gohe e, ol AL dAxA0] o Felahy] Wi Row AztAd,

N

=

E 44 H¥S TR & YAZ(EE HMHAl YA

st = E7| ZHX] ol XA BHA
AT & ZMAEF (ton/ha) 286.8 68.7 31.1 386.6
MAZ A2 SMAMEF (ton/ha) 268.7 63.2 28.8 360.6
17t =ML (ton/halyr) 18.1 5.5 31.1 54.7
M EE(%) 33.1 10.0 56.9 100.0

HEY F
opit Aol 3094 G9% RS FPIS Wold v, A Aol 4
=

abgro] Wl S ELHT} 100W Aol 20% FE 1h A

ol m¢ % Aow yswt 99EFS Agued B2 AES d8 7 s
= FUFEA AAYAI ZF Ha, =3 dA 7 ol & 7EA]7F 10m o] Ao
Eolol lermm AAAOoR FA AV Ade Alder= oHu HT duFol

rf
ox,
AL
jint
oy
o
1o
0%
o
flo
©
N
o
4 o
_O|L
)

E 45l Aokt A9 3044 H9% PR had F AUABILR)

1,256,220 MJ/ha® HEFSEH

00
w
Q1

~
(=)
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T olyuA g 359 dofh Ay A 3,000,000 MJ/hatt 4814 A of
H A3 6,086,660 MJ/hacll wisid Hxl @ AoR yeon, A

I 45, @btk X|of 309 HEEE e hat o AX|ZF et A7 ol X ngE

— — o

g = EXd 7HX o g7 2
&= olLixg (GJ/ha) 6,136 1,470 751 8,357
AZk o4 X[ (GJ/ha) 387 118 751 1,256

o Ae
FE Qb WA AGGT 50mel A 3084 GeE ATPL 199640
200 ZE9 ARAe]l AW Aotk Pobk g%

2ok da9$de nmlolemjAEx Z7] 286.8 ton/ha, 7FA] 68.7 ton/ha, & 31.1
ton/ha®ZA] A A5 AAE 3866 ton/ha® FAHJCH, A7 £ANHEL 7|8
o] Az+

181 ton/ha/yr, 7FA% 55 ton/ha/yr, 9 311 ton/ha/yrEi] =45 74
EAA L 547 ton/ha/yr2 FAE T 4t G5 Y e

QAo Ak gle] Aol wl$ Eedtrl 1007 Wl hEAele] Adw
2

flo
Ho
ot

v oA AFo] e Ao Uegth 4dEe FEFEA AAYA st #
Ha, @A 7 okeiEe] ZFA7E 10m o] o] Eold glom=m AxEAHom i
271 oAHTh 20%9 FEHES A @35S w oF 58 ton/ha®] ¥ wlo] Qw2
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A FHSGEH)A 369 27t

O & 20mx20m =79 FAFTF
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=
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), ARAelA Ax72 80T ol dolA 3
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s

=

g AZ

il

o

el

748
1,649
1,107
2,243

3,396
6,049
6,286
11,423 2,194
12,811

1,665
3,377
3,817
6,347
7,217

8,940

32,083

49,185 15,306

I
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3
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11,083 20,523

68,382
131,942 22,369 34,527 12,927

171,360 28,111

79,465

154,311
309,934 276,059 33,875 90,316 28,817

374,082 333,502 40,580 112,031
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17.9
18.6

47. 2|7|ctaLt

17.0
21.4
24.0
271
29.5

v
ar

of

e
o
,ﬂ!

)

X

—
1o

_86_



% Ao BaabEe] 3634 YAt 2dA9 vhel ez 54
REEE 19 2600 el BFATE A 52m¥E AgHT gom, H
PEFA T A4 1Im~13m Aol ] ol A teha gleh 7] thau i ]
&40l k@ $Fo7] WME AAA} @ol Hid, A4P 32mPE 132m A
oA vl Rele wARZF wAHD Ak AR A gl WA
It 9
q

2mel e nesE, AAH7E & W 10m olste] A AF=

[} . 5n
I.‘! IZim
i

et i

- = m

O - T fem ]mll Mirm

aFd Wi i 2 iD 20 30 &0 BB BoA & 2 0 10D W odp B G0 W] )
BRSO

02 26. 47| ehEtat X9 2|v|ctaLtRe| slo|2oiA SR EEE

2) 27| thape] ol nlo] Qufj s =A A
G 364 grIttaty BEE] DHS 27 AF(Ws), F54% A%
(Wst), 2b=9]3 A5 (Wbk), 7H4 A% (Wh), AA AF(Wdb), F94 9 2



= (W),
o A

A4

I 48. EfELE X 3 2|7 ctaLtR

FEE AR S

o AFT(Wh) # 3%

AZE(We) s
¥ 483} 2t}

4701] ;G‘j/] O]—)\/\»—‘U:] ]

HRO| 20 2 of AbCH M F A4

(=l

A H A B A 2" A (R t Pr>[i]

logWs = 1.0223/ogD?H + 1.2699 0.99 47.45 < 0.001
logWst = 1.0492/0gD°H + 1.1046 0.99 31.07 < 0.001
logWbk = 0.8331/0gD’H+ 1.1199 0.97 12.30 < 0.005
logWb = 1.1433/0gD’H+0.2130 0.96 10.20 < 0.005
logWob = 0.8769/0gD°H + 0.7941 0.91 6.65 < 0.01
logWl; = 0.9700/0gD?*H —0.2165 0.98 18.79 < 0.001
logWl, = 0.8838/0gD?H + 0.3797 0.95 9.30 < 0.005
logWe = 0.7040/0gD*H + 0.3966 0.73 3.46 < 0.05
Ws=&7| 71&(g), Wst—“*ﬂi I8 A4ZE(g), Wbk=2t+u|§ ZdZE(g), Wb=7tx| ZdZ(g)

Wdb=TAMK| AZ(g), Wi=ZHM 2 AS(g), We=REHH o HAS(g), We=T2 Z4Z(g)

2o ATellA e 369 Yrivaue Ao ATE 24948 sturek 30
WA GdEsH vasird, 243948 Ao A 0.9543(%71), 0.9708(57HE ),

0.8641(5=]), 0.6087(1 34 7kA]), 1.1598(7FA]), 0.5744(5 <=

o)

ol), 1.1107(:d A
1.2920(eh) e 24 3o} Fi2 7ol

Qo] Sl aL,

Furk E790 vhelev st v ol

Hpol @l 2t SbRLh He

gl o] A2 stz Aol A =59 Al vl

9 =20 Frhses

abie FYEEA Pol REAAW
Qe Fust FuAFel FAAFE o
Lo AaA ge ARt 9ooa
A sE TAA S Ao A5} v

3) #7lvauy

H

&

fto

dol upol o uj sl 747
Bodela 3694 Bl drltagy
% 4991 JERIAT B g avgide) 7%
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Fig. 2.

Fermenting bed (left) and pipe installation (right) for hot water

2) A= W 2 5A

AES 20 mof Fol2 F77F & FaEs =
HEE 2AsEA davstds sty ddaA RxrE 2ESAE
AAE o] &ate] Yo 2EWstE AAHor FA A H(Fig. 3)
Table 2. Mixing of raw materials for sawdust fermenting
Raw materials Mixing
Sawdusts 1,000 kg
Urea 10 kg
Chicken shit 15 kg
Lime 10 kg
M. C.(%) 55~60

Fig. 3. Piling of hardwood sawdusts and its completed pile
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Fig. 4. Pipe installation(left) for hot water and fermenting bed (right)
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0~15C A==z & 2EE o7 A3 Ee AXo axt dd A9
FA R ALER A9olE ALLE 60~65C, BIFLE 40~50CT, Fx17]7ke]
2% Az X &gl
BHFEA FHS HISE 66~74C, 3% 40~50CE veoy a7t
Ao mEoA 2A4E T4 10 kgolA 15 kg2 Zgla, HEE ESuEE
15 kgoll A 20 kg2 S7MA7 A3}, Hu2%= 80~90C, Hd2% 50~60T,
A7 20308 R Holu AnE AT W AYF BU-2AS B
WS 5050082 £33 A HuL®E 58~60C, HELxE 3H~55TC AR A
T OEETE £ A9E Ho FAT SaA Fa-Atekx (50:50) FH AL
T 58~60C, B &% 50~55CE YEtHen, §A7|7F =g &9F 53 o5
WETSH PRI R 20~309 ARE Holwnt
Table 3. Effect of Mixing Ratios of raw materials on the fermentation
Raw materials Hardwood Softwood Leaves+Straw | Leaves+Straw
+Grass +Grass
Main source, kg 1,000 1,000 1,000 1,000
Urea, kg 10 10 10 10
Fermenting Fertilizer, kg 15 15 15 15
Lime, kg 10 10 10 10
Moisture content, % 50~60 50~60 50~60 50~60
Temperature, Mean (C) 43~49 40~50 35~40 5~15(15)
Maximum 65~74 60~65 73~92 30~38(10)
Low 33 20 20 0
Dec. 10~35T
Jan. 0~20C
Maintaing period, day = 25 = 15 = 7710 Feb. 0CH™ =
Mar. 0~7C
Apr. 3~20C
Raw materials Hardwood+Softwood Hardwood Hardwood+Grass
(50:50) (50:50)
Main source, kg 1,000 1,000 1,000
Urea, kg 10 15 15
Fermenting Fertilizer, kg 15 20 20
Lime, kg 10 10 10
Moisture content, % 50~60 50~60 50~60
Temperature, Mean (C) 35~55 50~60 50~55
Maximum 58~60 80~90 58~60
Low 35 43 40
Maintaing period, day = 15 = 20~30 = 20~30
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Table 3. Biomass Heat Exchanger Experimental Summary
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(Pr& Tf=35TolA 48252 714, k(3}o] 2] I %=A5)=0.33w/m - Co|t})

0.093 - k- Re"S - Pr 0 0.0230.33%(2358.18) 084 gor 03
upebAl h o= d = 0.05 =121.456w/m2°C
—ep| 2 XR)_ 60—T,, <(0.05)x(31.5)x(121.45)
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B33 3III3333333383
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i)

10 0.016 4.825 315 3.43 23581.8 4.606 304 0.067 4174 0.005 30.8 5817
10 0.0314.825 315 0.857 117909 4.606 152 0.067 4174 0.01 308 5817
10 0.047/ 4.825 315 0.381 7860.59 4.606 101.3 0.067 4174 0.015 30.8 5817
10 0.063 4.825 31.5 0.214 5895.44 4.606 76 0.067 4174 0.02 30.8 5817
10 0.079 4.825 315 0.137 4716.35 4.606 60.8 0.067 4174 0.025 30.8 5817
10 0.094 4.825 315 0.095 3930.3 4.606 50.67 0.067 4174 0.03 308 5817
10 011/ 4.825 315 0.07 3368.82 4.606 43.43 0.067 4174 0.035 30.8 5817
10 0.126 4.825 31.5 0.054 2947.72 4.606 38 0.067 4174 0.04 308 5817
10 0.1414.825 315 0.042 26202 4.606 33.78 0.067 4174 0.045 30.8 5817
10 0.157/ 4.825 31.5 0.034 2358.18 4.606 30.4 0.067 4174 0.05 30.8 5817
10 0173/ 4.825 315 0.028 2143.8 4.606 27.64 0.067 4174 0.055 30.8 5817
10 0.188 4.825 31.5 0.024 1965.15 4.606 25.33 0.067 4174 0.06 30.8 5817
10 0.204 4.825 315 0.02 1813.98 4.606 23.38 0.067 4174 0.065 30.8 5817
10 022 4.825 315 0.017 1684.41 4.606 21.71 0.067 4174 0.07 30.8 5817
10 0.236 4.825 31.5 0.015 157212 4.606 20.27 0.067 4174 0.075 30.8 5817
10 0.251 4.825 31.5 0.013 1473.86 4.606 19 0.067 4174 0.08 30.8 5817
10 0.267 4.825 31.5 0.012 1387.16 4.606 17.88 0.067 4174 0.085 30.8 5817
10 0.283 4.825 315 0.011 13101 4.606 16.89 0.067 4174 0.09 30.8 5817
10 0.298 4.825 315 0.01 1241.15 4.606 16 0.067 4174 0.095 30.8 5817
10 0.314/4.825 31.5 0.009 1179.09 4.606 152 0.067 4174 01 308 5817
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Fig. 10. Effect of Pipe Diameter on Outlet Temperature
(Turbluent Flow,Dittus & Boelter's Correlation)
O 72 (Sieder & Tated])S AH&3 45 A e
Ts TmI P Pr X % Re Nu |h m Cp Tmo g
60 10 0.016 4.8/ 31.5 3.43 23582 4.61 304 0.067 4174 0.005 30.8 5816.91
60 10 0.031 4.8/ 31.5 0.86 11791 4.61 152 0.067 4174 0.01 30.8 5816.91
60 10 0.047 4.8 31.5 0.38 7860.6 4.61 101.3 0.067 4174 0.015 30.8 5816.91
60 10 0.063 4.8/ 31.5 0.21 5895.4 4.61 76 0.067 4174 0.02 30.8 5816.91
60 10 0.079 4.8/ 31.5 0.14 4716.4 4.61 60.8 0.067 4174 0.025 30.8 5816.91
60 10 0.094 4.8 31.5 0.1 3930.3 4.61 50.67 0.067 4174 0.03 30.8 5816.91
60 10 0.11 4.8 31.5 0.07 3368.8/ 4.61 43.43 0.067 4174 0.035 30.8 5816.91
60 10 0.126 4.8/ 31.5 0.05 2947.7 4.61 38 0.067 4174 0.04 30.8 5816.91
60 10 0.141 4.8 31.5 0.04 2620.2 4.61 33.78 0.067 4174 0.045 30.8 5816.91
60 10 0.157 4.8/ 31.5 0.03 2358.2 4.61 30.4 0.067 4174 0.05 30.8 5816.91
60 10 0.173 4.8 31.5 0.03 2143.8 4.61 27.64 0.067 4174 0.055 30.8 5816.91
60 10 0.188 4.8/ 31.5 0.02 1965.1 4.61 25.33 0.067 4174 0.06. 30.8 5816.91
60 10 0.204 4.8/ 31.5 0.02 1814 4.61 23.38 0.067 4174 0.065 30.8 5816.91
60 10 0.22 4.8 31.5 0.02 1684.4/ 4.61 21.71 0.067 4174 0.07 30.8 5816.91
60 10 0.236 4.8/ 31.5 0.02 15721 4.61 20.27 0.067 4174 0.075 30.8 5816.91
60 10 0.251 4.8 31.5 0.01/1473.9 4.61 19 0.067 4174 0.08 30.8 5816.91
60 10 0.267 4.8 31.5 0.01 1387.2 461 17.88 0.067 4174 0.085 30.8 5816.91
60 10 0.283 4.8 31.5 0.01 1310.1 4.61 16.89 0.067 4174 0.09 30.8 5816.91
60 10 0.298 4.8/ 31.5 0.01 12411 4.61 16 0.067 4174 0.095 30.8 5816.91
60 10 0.314 4.8/ 31.5 0.01 1179.1 4.61 15.2/ 0.067 4174 0.1 30.8 5816.91
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& dRA(Dittus$t Boelter?!) 3 272 (Sieder & Tate?])

Ts Tml P Pr X v Re Nu h m (0] d Tmo g
60 10 0.016 4.825 31.5 3.433 23581.8 116.1 7662.7 0.067 4174 0.005 60 13982.9
60 10 0.031 4.825 31.5 0.858 11790.9 66.683 2200.5 0.067 4174 0.01 59.98 13977.1
60 10 0.047 4.825 31.5 0.381 7860.59 48.21 1060.6 0.067 4174 0.015 59.82 13932.7
60 10 0.063 4.825 31.5 0.215 5895.44 38.299 631.94 0.067 4174 0.02 59.43 13823.2
60 10 0.079 4.825 31.5 0.137 4716.35 32.038 4229 0.067 4174 0.025 58.81 13651.1
60 10 0.094 4.825 31.5 0.095 3930.3 27.69 304.59 0.067 4174 0.03 58.03 13431.7
60 10 0.11 4.825 31.5 0.07 3368.82 24.477 230.78 0.067 4174 0.035 57.13 13180.7
60 10 0.126 4.825 31.5 0.054 2947.72 21.997 181.48 0.067 4174 0.04| 56.17 12911.3
60 10 0.141 4.825 31.5 0.042 26202 20.019 146.81 0.067 4174 0.045 55.17 12632.9
60 10 0.157 4.825 31.5 0.034 2358.18 18.401 121.45 0.067 4174 0.05 54.17 12352.1
60 10 0.157 4.825 31.5 0.034 2358.18 4.606 30.399 0.067 4174 0.05 30.8 5816.91
60 10 0173 4.825 31.5 0.028 2143.8 4.606 27.636 0.067 4174 0.055 30.8 5816.91
60 10 0.188 4.825 31.5 0.024 1965.15 4.606 25.333 0.067 4174 0.06 30.8 5816.91
60 10 0.204 4.825 31.5 0.02 1813.98 4.606 23.384 0.067 4174 0.065 30.8/ 5816.91
60 10 0.22 4.825 31.5 0.017 1684.41 4.606 21.714 0.067 4174 0.07 30.8/ 5816.91
60 10 0.236 4.825 31.5 0.015 157212 4.606 20.266 0.067 4174 0.075 30.8 5816.91
60 10 0.251 4.825 31.5 0.013 1473.86 4.606 19/ 0.067 4174 0.08 30.8 5816.91
60 10 0.267 4.825 31.5 0.012 1387.16 4.606 17.882 0.067 4174 0.085 30.8 5816.91
60 10 0.283 4.825 31.5 0.011 13101 4.606 16.889 0.067 4174 0.09 30.8 5816.91
60 10 0.298 4.825 31.5 0.01 124115 4.606 16 0.067 4174 0.095 30.8 5816.91
60 10 0.314 4825 31.5 0.009 1179.09 4.606 15.2 0.067 4174 0.1/ 30.8 5816.91
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Fig. 11. Effect of Pipe Diameter on Outlet Temperature,

Comparison between Dittus & Boelter and Sieder & Tate Corr.
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b. d=¢4d,

m= H3H d= 0.08m, ;,=0.065

< W2 (Dittus & Boelter?])

Ts Tml P Pr
10 0.0942
10 0.0942
10 0.0942
10 0.0942
10 0.0942
10 0.0942
10 0.0042
10 0.0942
10 0.0942
10 0.0942
10 0.0942
10 0.0942
10 0.0942
10 0.0942
10 0.0942
10 0.0942
10 0.0942
10 0.0942

3333333 33333333333

512
512
512
512
512
512
512
512
512
512
512
512
512
512
512
512
512
512

X

\

Re

31.5 0.09 3606.126

31.5
31.5
315
31.5
31.5
31.5
31.5
31.5
31.5
31.5
31.5
31.5
315
31.5
31.5
31.5
31.5

0.1
0.11
0.11
0.12
0.13
0.14
0.14
0.15
0.16
0.16
017
0.18
0.19
0.19

0.2
0.21
0.21

3883.52
4160.914
4438.309
4715.703
4993.097
5270.492
5547.886

5825.28
6102.674
6380.069
6657.463
6934.857
7212.252
7489.646

7767.04
8044.435
8321.829

Nu
26.96
26.96
26.96
26.96
26.96
26.96
26.96
26.96
26.96
26.96
26.96
26.96
26.96
26.96
26.96
26.96
26.96
26.96
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h

296.5
206.5
206.5
206.5
206.5
206.5
206.5
206.5
206.5
206.5
206.5
206.5
206.5
206.5
206.5
206.5
206.5
206.5

m

0.065
0.07
0.075
0.08
0.085
0.09
0.095
0.1
0.105
0.11
0.115
012
0.125
0.13
0.135
0.14
0.145
0.15

00
4174
4174
4174
4174
4174
4174
4174
4174
4174
4174
4174
4174
4174
4174
4174
4174
4174
4174

0.15)

d

0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03

Tmo g
58.05
57.54

57
56.42
55.82

55.2
54.57
53.93
53.29
52.65
52.01
51.38
50.75
50.13
49.52
48.92
48.32
47.74

13036.7

13891
147121
156500.2
16255.8
16979.9
17673.3
18337.4
18973.4
19582.4
20165.8
20724.8
21260.6
217745
22267.5
22740.7
23195.2
23631.9
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Fig. 13. Effect of Mass Flow Rate on Outlet Temperature
(Turbluent Flow,Dittus & Boelter's Correlation)
> =F2(Sieder & Tate?])
Ts Tm,l P Pr X v Re Nu h m
60 10 0.094 483 31.5 0.007 293.31,2.243 24.7 0.005
60 10 0.094 483 31.5 0.014 586.61 2.826 31.1 0.01
60 10 0.094 4.83 31.5 0.021 879.92 3.235| 35.6 0.015
60 10 0.094 483 31.5 0.028 1173.2 3.56 39.2 0.02
60 10 0.094 483 31.5 0.036 1466.5 1 3.835 42.2 0.025
60 10 0.094 483 31.5 0.043 1759.8 4.076  44.8 0.03
60 10 0.094 4.83 31.5 0.05 20583.1 4.29 47.2 0.035
60 10 0.094 483 31.5 0.057 2346.4 4.486 49.3 0.04
60 10 0.094 483 31.5 0.064 2639.8 4.665 51.3 0.045
60 10 0.094 483 31.5 0.071 2933.1 4.832 53.2 0.05
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Fig. 14 Effect of Mass Flow Rate on Outlet Temperature
Comparison between Dittus & Boelter and Sieder & Tate Corr.
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60
60
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60
60
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60
60
60
60
60
60
60
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10
10
10
10
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Fig. 15 Effect of Mass Flow Rate on Outlet Temperature

P
0.094
0.094
0.094
0.094
0.094
0.094
0.094
0.094
0.094
0.094
0.094
0.094
0.094
0.094
0.094
0.094
0.094
0.094
0.094
0.094
0.094
0.094
0.094
0.094

Pr
4.825
4.825
4.825
4.825
4.825
4.825
4.825
4.825
4.825
4.825
4.825
4.825
4.825
4.825
4.825
4.825
4.825
4.825
4.825
4.825
4.825
4.825
4.825
4.825

X

31.5
31.5
31.5
31.5
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31

oo oo o jon o oo o on [on o1 [ on ot ot [on an

w
=x
o

31.5

\%

0.014
0.021
0.028
0.036
0.043
0.05
0.057
0.064
0.071
0.078
0.085
0.093
0.1
0.1
0.107
0.114
0.121
0.128
0.135
0.142
0.149
0.157
0.164
0.171

D3t 57

Re
586.61
879.92
1173.2
1466.5
1759.8
2053.1
2346.4
2639.8
2933.1
3226.4
3519.7

3813
4106.3
4106.3
4399.6
4692.9
4986.2
5279.5
5572.8
5866.1
6159.4
6452.7

6746
7039.3

2 (Sieder & Tate?]

Nu
2.826
3.235

3.56
3.835
4.076

4.29
4.486
4.665
4.832
4.988
5.135
5.274
5.406
26.96
26.96
26.96
26.96
26.96
26.96
26.96
26.96
26.96
26.96
26.96

h
31.084
35.582
39.164
42.188
44.831
47195
49.343
51.319
53.153
54.869
56.484
58.011
59.462
296.53
296.53
296.53
296.53
296.53
296.53
296.53
296.53
296.53
296.53
296.53

132 -

m

0.01
0.015
0.02
0.025
0.03
0.035
0.04
0.045
0.05
0.055
0.06
0.065
0.07
0.07
0.075
0.08
0.085
0.09
0.095
0.1
0.105
0.11
0.115
0.12

1)

(@)
4174

4174
4174
4174
4174
4174
4174
4174
4174
4174
4174
4174
4174
4174
4174
4174
4174
4174
4174
4174
4174
4174
4174
4174

d

0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03
0.03

Tmo g
54.52 1858.26
50.748 2551.26
47.581 3137.24
44944 3646.43
42.727 4098.09
40.838 4505.09
39.207 4876.36
37.782 5218.35
36.526 5535.91
35.407 5832.71
34.404 6111.68
33.497 6375.11
32.674 6624.89
57.543 13891
56.996 147121
56.419 15500.2
55.818 16255.8
55.2 16979.9
54.57 17673.3
53.933 18337.4
53.291 18973.4
52.65 19582.4
52.011 20165.8
51.377 20724.8
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Table 4 HiO|2OHA Hwety|

4 o 20034 20044 20054
= HX1 HX2 HX3 HX4 HX5 HX6 HX7 HX8
LIZl+ X0y 2t A 4 | AFOFE+ | AOEE+
Hlo| QU AT E | AP | @S | Mokx |sFest| S5 sy gels | ges
=H:T

oFx =4} Ed}

SROI2M= "1 4000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000
AtE 2 (kg)

40:20:4 50:10:4

B [ (%) 0 50:50 0 60:40 | 10:90
ThA et Zol|,=
Hho| Lo A7 olgix | WO | 2y | may | m
=z chip 5mm
o] = & = poly | poly | poly | poly | poly | poly | poly | poly
ethylene|ethylene|ethylene|ethylene|ethylene|ethylene|ethylene|ethylene
AW B | S A LiME | LpME | LM | LM e | LMY | LY | LY | "
oo Z XA (mm)
.D.0.D 30,42 | 30,42 | 30,42 | 30,42 | 30,42 | 30,42 | 25,32 15,20
oo Z | X[ (mm) 65 65 100 100 100 50 100 250
ool = 20l (m) 100 100 120 100 100 120 100 100
EO R 2200%2(1800%1|2400*2{1800*1(2200*2(1800~*1 15880*1 2000+*2
(7F§*A1I§*§_50|)2 O 0|8 0 0/4 0 0/8 0 0|2 0 0/8 0 O 0 0 O
*1500 |*1500 |[*1500 |*1500 |*1500 |[*1500 “1500 *1500

*) 13.2 13.2 15.8 13.2 13.2 15.8 10.5 6.3
2.5 2.2 2.8 2.2 2.5 2.2 2.2

Fig. 169] /Mgfrs dwgr] HX 1, HX 2, 2831 HX 39 7jgFoe|d} 2z
A FwFig. 17, #5), d9-A 9 Fg. 17, $5), 183 4oz (Fig. 18)9
Al 74 A gl ofg B3R DAds 4 3getr] fsiA e dush
717k Akl o A3g vpgror AA AFEAY. AGFA Fike] 2l 9

A

)

o]
H

g olgd 4 5 FPEHA egakguq, 409 Eor wrael wE wAP o1 A
4o waddt. BEFA BUS S AL A9 94 AAFAL B5sh
SAAAR N LEW, O AS4S BRAGON, NeprE AEHAL A9E
MAAAZ N SRS A% BEs
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Fig.16. Experimental Schematic

Fig. 17. Experimental Setup for HX 1 and HX 2

Fig. 18. Experimental Setup for HX 3
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Fig. 20. Thermocouple Positions.
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Table 5. Thermocouple Position of HX |

Fig. 21. Thermocouple Installation

A 136 cm G 136 cm
B 78 cm H 78 cm
C 6 cm [ 6 cm
E 107 cm L 40 cm
Table 6 Thermocouple Position of HX |
A 136 cm G 136¢m
B 78 cm H 78 cm
C 6 cm [ 6 cm
E 107¢cm L 40 cm
Table 7 Thermocouple Position of HX Il
A 136¢m G 136 cm
B 78 cm H 78 cm
C 6 cm | 6 cm
D 136 cm J 136 cm
E 78 cm K 78 cm
F 6 cm L 6 cm
M 70 cm
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Fig. 24. Heat Exchanger 4

Fig. 25. Heat Exchanger 5

Eit b | - Lr AR .7

Fig. 26. Heat Exchanger 6

- 140 -



HX 69 /I3 G4 %+ Fig. 279 Uetdion, doj=e] 3 dM74d 2 1.Im, =
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Fig. 27. Design of Heat Exchanger 6
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Fig. 28. Experimental setup to Collect Methane Gas .(HX 6)

Fig. 30. Prototype Silo of Industrial Heat Exchanger
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Fig. 31. Ceiling of Silo

-

Fig. 32. Wood Chip Maker

Fig. 33. Gas Analyzer
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HX 49 dxde] 91x% Fig. 3500 YebWa, & 16719 dddE Agste] 2
g8k th HX 59 dxdie] $12& Fig. 3601 veblla & 12709 dA)

Fig. 35. Position of Thermocouple (HX 4)

Fig. 36. Position of Thermocouple (HX 5)
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Fig. 37. Position of Thermocouple (HX 6)

Fig. 34 HX 6°] &dd A& e Aot dxdd A-1~33 B-1~3&
ZAYE Fx=o] HF5 W A fA o FHea, ddd C-1~-33 D-
1~32 ZAYE FxE dd FEQ AdFo Rasdd. 72t dugrle 4F
v H7IE 98] HX 1, 29} L3 K-Type(Sheath Type, § = Imm)e] &)
= AREESla, APl ddd s S4sky] S8l 370l 5AE Digital

ThermometerE ©]-&3}o] Switching box(Fig. 38)2 ®wtEo] 222 =A st}

Fig. 38. Switch Box (HX 6)
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HX 7 (Fig. 300 U9, 4, Atokzg vlolenag A, duds] Az A
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Fig. 40. Radiator (HX 7)

Fig. 41. Design of Heat Exchanger | (HX 7)

r

Fig. 42. Biomass Dump (HX 8)
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Fig.44. Position of Thermocouple (HX 7) Fig.45. Position of Thermocouple (HX 8)
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Ty Y= HA% 10,000 kg HlolewjArl HQst Aolgt o=FHrT)
g, SANEY e BRI o) daNE 94 BUeRE £4 & & gl
A4 wael Ahgel desth okgel A4 dudriziE 42d 4 H04s
A= A st YyAdg el Kol vlo]leufAdA HuE2RE 1% 9
< H% 7198 Ludy] solmakele] RS 2 FTh I R T FL A
Aol A gelel dg antd 4 Aol AZHY, o] e solxe]
2 ARG A A2 AR AES e vt
Table 8. Comparison with Previous Research
HX 2- (1) HX 2- (2) JEAN PAIN

HO| oA X =2 == SRS brushwood

Hio| 2ol A 2k (kg) 1,000 1,000 16,800
UM X (m?) 13.2 13.2 20.1

2 A2 (kcal/kg) 5.99 5.19 1100
222t 4 hours 2 hours 4 month

chel AZHe) e g

AOH:E W 144.93 125.6 443.9
Hiolo A HA=2E

(°C) 51.3 51.7 60

=W RS = 600 Z|E = 400 2/H
2) HX 4,5, 6 2&43 4 w7

HX 4, 5, 69 23S E3te] dudtr)e] HA HAAES 9sle] o224 BAS &
ste] o] 74 WeEe] JFS AT dudky] AAE 9o Fagk W
G 9| el dusty % dugr)e AdAd WHe Z93E volx

X Bolxl 49 Al o
A 330CE FAANY BAow AWY WAL F/ AA olgd BAL g
Ath. Fig. 549 55 o224 BAE Fale]l dmey] ¥l f3 D oL 4
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Table 12. Comparison between Helical and Plate

Type Heat Exchanger
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Table 14. Usage of Biomass Heat Exchangers

2EAZ | 2F3E LS | 2525 | oY d 35 |dERE
HX 2 |4 hours/day| 5,986 kcal/day O At 33°C
HX 6 | 20&/day |15,600 kcal/day Of &t 26°C
HX 7 2,900 kcal/day ol4t| 18°C
HX 8 | 60 days |15,600 kcal/day oAt 38°C

Table 15. Optimum Design of Biomass Heat Exchangers

Ef 2kd 27[(HAH =X dio|ofjA Fmsty|
o ZerRsH4-6Rl7tE 7
L = &7 8H4-62lt | 15,600 15,600 Of At
Z), keal/day
HAHM(LMY HA) m? 19.8 6.3
=22F (Liter) 300 500
- AbZt F ™ 7H1020%1940) _
=l | * * _u_=i_u. (8<E]
Awz7| 72 (8w o meim 101 2000+2000+1500 = =+
e4Hx e 3 (Liter) 1,000 1,000
247 dd "F Jts &
2k(kcal/day) (B E A2 =T 42,230(A |AtZE 7| ) 100,000 of A
AAtE 7| F)
drich ixrie B2 3
=L 788 2476
£ 5} keal/day
N2 Ef & Hio| 2o A
g} vfol Qujx Ay Wy x| E&A|7F A A
stolo w2 Aawskyle] WEANS AHAINE AL B AT TR FAo]
o wEDS AHAII] ek B Ane] 2%e ZuA gowl, Fu o
ko] dekzE shafste] dt Agol Ao BE AHANY 2857t Thsed
o a8y B ATy 34 #Hae BN 3] 379 FFH 29 SRt
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Fig. 89. Ammonia Trap from Biomass Fermentation

Fig. 90. Ammonia Trap Sketch from Biomass Fermentation
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Table 1. Chemical components of organic wood composts

L/l Hardwood sawdust Leaves + grass
P.0O, % 1.02 0.95
Total N, % 1.41 0.88
K20, % 0.33 1.46
Cal, % 2.82 0.16
MgO, % 0.19 0.13
Organic matter, % 20.7 28.6
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Fig. 1. Growth of radish on 3 days after seeding
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Fig. 2. Growth of radish on 10 days after seeding

Table 2. The effect of organic wood composts on growth of radish

Organic composts Days after Mixing ratio with sand, %
seeding 0 50 100
Hardwood sawdust 5 9.5/2.5 11.5/3.5 14.5/5.0
10 11.0/3.5 14.5/3.8 15.8/7.5
Leaves + grass 5 8.0/2.1 11.0/3.5 13.5/4.2
10 11.5/3.0 12.5/3.0 14.5/8.0

= All values are top/root length(unit : cm) of radish.
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Fig. 3. The effect of organic wood compost on growth of radish
(10 days after seeding)
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Fig. 4. The effect of organic wood compost on growth of radish
(15 days after seeding)
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