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SUMMARY

Biomass is considered to be a major potential fuel and renewable resource for
the future. In fact, there is high potential to produce significant amount of energy
from biomass around the world. In spite of the potential, there are a few efforts
in biomass utilization in this nation. In this study, effective utilization of
agricultural biomass was proposed for rural applications. The study consists of

the following four topics :

1) Survey on the amount and characteristics of agricultural biomass
production

2) Drying and chipping for gasification

3) Development of a downdraft gasifier

4) Effective use of producer gas for rural applications

Survey on Agricultural Biomass Resources

The elemental biomass data collected from field surveys was obtained with
respect to the amount and calorific values of agricultural residues. Rice straw
and husks were not included in the evaluation due to their demand from
alternative uses such as livestock feedings, bedding materials, and so forth. Dry
basis high calorific values are about 4,500kcal/kg for all the agricultural residues
investigated, similar to literature data. Energy densities or unit area energy value,
from pepper and sesame were significant and comparable to those of woody
biomass. Biomass production from non-paddy fields were about 0.3 kg/m’ and
those from orchards was 2.09 kg/m2 based on the first year survey. Overall,
biomass production from orchards ranged from 0.2 — 5 kg/m2. Elemental analysis
showed that carbon was about 45% and hydrogen was about 6%. Samples
collected from the fields indicated that moisture contents were over 40% from

orchards and less than 20% from non-paddy biomass. It suggested that wood
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biomass from orchard should be dried before their use.

Unit energy amount was calculated for planning. The highest unit energy,
which was defined as a unit biomass production(kg/m® multiplied by higher
calorofic values (kcal/kg), was over 6,000kca1/m2, and the lowest was about 2,000
kcal/m® It is related with the amount of biomass production since differences
among the calorific values of woody biomass are not big. Total energy that can
be supplied from orchards was over 660,000 TOE. Agricultural biomass was
produced mostly during the Winter season, especially on January and February.
When planning facilities using biomass, one should take into account the time
period of biomass production. These elemental data for biomass resources will
provide the background of planning and development of biomass energy program,
which is getting more feasible along with advances in energy conversion

technologies such as micro gas turbines.
The cost of collection and transportation was about 19.5 - 24.4 man-hr/10a,
based on field investigations. The cost was expected to be lower when truck

mounted with crane was used to loading and unloading.

Drying and Chipping for Gasification

The diameters of trimmed branches ranged from 05 to 10cm or more,
depending on the year of growing. The lengths ranged from 50cm to 2m.
Biomass from non-paddy fields such as sesame and peppers were 60 - 120 cm
in length, depending on the type. Water contents of branches from orchard were

mostly over 50%, needing drying for gasification.

Downdraft gasifiers need strict fuel condition of biomass fuel. Whatever the
gasifier types are, therefore, biomass chipping is required for normal operation. A
small wood chipper was used to estimate the amount of fuel consumption for

chipping. Gasoline of about 55-58L was estimated to chipping 1 ton of biomass.

_15_



When a large chipper or crusher is used, the fuel cost would be decreased.

Physical characteristics of wood chips were analyzed by a series of
experiments. The continuous flow of biomass fuel should be guaranteed for
successful operation of gasifiers. In some gasifier, an agitating device was used
to secure uninterrupted flow of fuel. The experiments showed that so-called

bridging was occurred as the moisture contents were high.

Carbonization of biomass is one of the fuel processing to reduce moisture
contents. When the biomass is burned to char, it is easy to make them
small-sized chips by crushing. In this case, only about 40% of total energy of
biomass can be used for gasification since more than half of the energy is lost
during the incineration or carbonization process. Another good aspect of
carbonization is that the calorific value of char is much higher than normal
biomass, resulting in better gasification and producing better quality of producer
gas. The economic comparison was not made between chipping/drying and
carbonization with respect to the cost of fuel processing. It might be more

feasible than carbonization when the size of gasification system is large.

Development of a Downdraft Gasifier

Two test gasifiers out of thee were successful for preliminary studies for the
configuration of gasifier/CHP systems. The other one with small neck was failed
due to poor flow of biomass fuels, even though it showed a normal operation
when biomass fuels with small enough was provided. The diameters of hearth
zone were 100 and 300mm, respectively. Fuel consumptions were about 10kg/h
and lkg/h. Wood chips and char were fed into the gasifiers. Gas analysis results
showed that CO and Hz were about 25-35% and 5% or more when char was

used, comparable to the values from other previous studies

Since the gasifier was built with stainless steel without insulation, the
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temperature inside the reactor ranged from 600 to 700C. The concentration of
CO and hydrogen was measured using gas probes. The higher the temperature
inside the reactor, the better gas quality in terms of the composition of

combustible gases.

Gas quality was better when wood char was supplied rather than wood chips
only. Flames were right blue color when char was fed, while yellow and red
when wood chips or mixture of wood chips and charcoals were used. When
wood chips or mixture of wood chips and charcoals were used, a significant
amount of tar was included in the producer gas. It seemed that the combustion

of tar resulted in yellowish red color.

Effective Use of Producer Gas for Rural Applications

Biomass can be used in various applications including heating by direct
combustion or gasification, and heat and power. Combined heat and power
application requires gasification for fueling engines or turbines. Heat can be
recovered from flue gas. In small system configurations, initial cost could be too
high for turbine or steam power-generation systems. Therefore, internal

combustion engines(IC) would be desirable in the small systems.

When producer gas is used in the IC, dust and tar should be removed before
fueling the engines. Tar which includes acids results in engine corrosion. A
number of studies gives various techniques to remove tar and dusts. Another
aspect in IC applications is lower calorific values of the producer gas, about
SMJ/Nm3 which 1s only a tenth of that of natural gas. Engine de-rating is
inevitable. Although the air to fuel ratio is much lower than other gaseous fuels,
the mixture of air and producer gas has less than 70% of calorific value of

methane/air mixture.

As a report from World Bank indicated, heat gasifiers are more economic and
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practical. When producer gas from a gasifier is used in boiler, the gasifier is
referred to as heat gasifier. Meanwhile the gasifier is referred to as power
gasifier when the producer gas is used to fuel internal combustion engines to
produce shaft power for generating electricity. Through the analysis of gasifiers
with respect to its applications, heat gasifier is more competitive than power

gasifier in that power gasifier requires more costs in both capital and operation.

Particularly, combined heat and power systems shows a good overall efficiency
only when demand of heat to power ratio is big enough to maximize the use of
heat. It means that a CHP system is too costly when heat from engine flue gas
is not recovered. Therefore, heat gasifier would be a much better choice when
heating requirement is dominant. Heating greenhouse using a gasifier is one of
the cases. Almost all greenhouses require heating and have boilers. Replacement
or modification of burner makes it possible to use the existing boilers. As
mentioned in the previous section, no replacement or modification of burner may

be needed when natural gas is mixed with the syngas.

When the syngas is used in boiler for heating, extensive cleaning of gas is not
necessary as in the power gasifier systems. It is another merit that enable to
reduce the cost of operation. In fact, syngas should be cleaned to remove tar and
particulates to fuel engines. Additionally, properly operating a biomass gasification
system requires training and experience. A skilled operating personnel should
check a number of temperature and pressure meters and use the information in

making decisions on additional fuel and many parts.

Even though recent rapid increase of oil price makes biomass gasification more
and more positive, higher initial investment cost is still a big obstacle. One of
operational strategies that make the renewable energy system more feasible is
dual fuelling. Dual fuelling with natural gas is the case. Particularly, since the
syngas produced by a gasifier has low calorific values, mixing syngas with

natural gas improves fuel characteristics. Fossum and Beyer(1998) showed the

_18_



mixture of syngas and natural gas has improvements with respect to heating
values, flammability, Wobbe index, burning velocity, an so forth. In addition,
mixing with natural gas does not require modification of burners in gas boilers.
It suggests that gas engines can run without major modification of fuel systems
when syngas is mixed with natural gas. Fossum and Beyer(1998) recommended
the mixing ratio of syngas and natural gas be 75% and 25%. In the ratio, engine

de-rating was only about 10%.

The government also provides incentives to those who have combined heat and
power facilities with natural gas. When the system capacity is large, the area
from which biomass is collected also increase, resulting dramatic increase in cost
of biomass fuel. Therefore, natural gas could be able to substitute syngas or the

amount of biomass required to fuel gas engines.

In this study, three gasifier/CHP systems of 60kW., 100kW., 300kW. were
proposed for rural villages. Since average monthly power consumption is about
200kWh per household in rural area, power demand was assumed about 2kW per
household. Therefore, the systems with the capacity of 60, 100, 300 kW, can
supply 30, 50, 150 household, respectively. Heat from the plant can be used for

heating in household or greenhouse facilities.

When the generation efficiency is assumed to be 25%, the energy required for
unit power generation is 3,440 kcal/kWh(860kcal/kWh = 1/0.25). If a daily power
demand is assumed to be about 10 hours per day, forest area required to supply
the gasifier/CHP plants can be estimated based on the amount of biomass which
is supplied from farmlands near the station. When additional biomass is supplied
from forest land through thinning program, gasifier/CHP systems would more

competitive.
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[Photo 3-3] w57k A 7k R AA 2 A4 (F5)
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[Photo 3-6] 2=%F7F2] ZAgd 7FA (HA)
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[Table 3-1] H-AFEE k9w = by 2k

Biomass No. of samples Unit production (kg/m?)
Pear 19 0.128 ~ 2.738
Grape 13 0.267 ~ 5.104
Apple 12 0.051 ~ 3.747
Peach 6 0.085 ~ 0.957
Pepper 20 0.186 ~ 0.480
Sesame 10 0.088 ~ 1.040

B FgAE AuMEAR FAEAYE Tx A9 A3 5104kg/m’=E 7
FAA dvEwew EFolrt M A JElgy. wREe 49 HAE
0.088kg/m’| A A= 1.04kg/m°® LFEFRETH

Ak
T ttetel A ALtE = FHEFAE vltolemi s F UMY BE FE AASeE AL

24 R FAbsTtelA 2 Aoy AlgR @8¥Ha vk B RS of
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[Photo 3-7] & %
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MBS e RAES A A BHL HIBE qUANCE BT F 9
= owpoloml i gk el 7k M5e] A Fo FAT gllel £ o]
A Fgg vholorhae] EHHA gtk A9 BAA wholenjzst U
dow AFHow FEHA BH olft Fdel BAY A9 AFelu 4E A=
1gH I g, ot Aol W o AL F & Atk YA WANA A
AEE 7hewE A%e ohge] Table 3-40] AIAF who} 2o,

[Table 3-4] SFAA] Ao A AAEE 7. HE &3

[ed

T B FA | 9EAA | 9 | 2895 | =83 | FEER - FH
AR A A9 1,430 1,364 424 221 719 66
—tEE
EFEA A 41 37 11 5 21 4
=549 12 12 - - 12 -
T4
T 9 666 665 307 73 285 1
Alg A 20,320 19,952| 8675 2,580 8,697 368
AR
A 3HA] 3,098 3071 1,717 361 993 27
A 25567 25,101| 11,134| 3,240 10,727 466
= AUEF (6%F) > TIHAITE dRE= £
U2 5 (U71g 2u5) — F5
A= Aol WESHA] gkt
g = o HE A A2lE A7 Al A E e 7he st
- WEe = Az wpEba] g e,
HEA7] = A7 22d o HEsio
(A4 713 Zol 3t}
= FHFYS Y FTFHBAYAFE 20 e s
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[Table 3-5] Moisture content of biomass samples
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bR -

(a) Main body with thermometers (b) Bomb
[Figure 3-1]1 Bomb Calorimeter (Yoshida Inc., 1013-B)

ALA S o] &3t ZHE Axy vo|oujre] oSy A% ¥ 2 AAE
upe} 7ol 4500 keal/kg W99 W= YEbgTh Ed] o3 Audge LI
7} 4620 kcal/kg, 71EF A1l ¢ thAlZ 4500 keal/kgel el <ltH(Honda,
1986). S HA G DA FY GTHT YIFS o] &3t A dHAE dof
WA e 2000~6300 kcal/m’® vERE O™ A#7} 62676 keal/m'®E 7Y EA)
et a5t §A 2] FAbEo]l HAAQ w4 iAo e ofzt whe gk
S 7HN A Qo Hd FEQS 4§k ol wratE o] Ratme guv)
wrol AzxE 93 AAgr D& §lo] 2ztoly d5sty FAd 88 F ot

o
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[Table 3-6] High heating values of biomass samples

Dry basis high heating | Wet basis high heating . .

. Unit energy production
Biomass value value (keal/m?)

m
(kcal/kg) (kcal/kg) “

Pear 4532 2,702(35.1) 3,810.93
Grape 4,486 3,176(22.9) 4,742.90
Apple 4,599 2,933(32.8) 6,267.60
Peach 4,601 3,599(24.1) 2,097.68
Pepper 4,469 4,089(11.3) 1,414.72
Sesame 4,385 3,957(12.4) 1,955.84

() : moisture contents in % after 2 week indoor drying

= 7l FFu7E 10% A= ZAe A
ok 4,00 kcal/kg e, sdFAES 39 Hl&o] 5~20% FTozA Tt

Ei 1 3,000~3,500 kcal/kge] W9l ATt o]efgh n}

Py P og%i—an we uaEde BiA £ pe 1y dnz ARAE 49
HAF oF 20 E mobd HAfolA Ao o] 7500 kecalkg, & QT AHE A
Ao 6,000kcal/kg A= AQwd#e zr=thH(Wereko-Brobby and
Hagen, 1996). &2 3|&3r&do] tiAl=2 20~25%°l™ 37+ &H7F 30%
Zd o 2400 kcal/kgol B2 FAHE el Aol At JUAE 3|Fate Wwete
we g Wi,

Eagur j0- ALELp—Charl
A EL

E g e

B, TR

] B
| FRLEY E Wi
-
Palkd f &
i )
2.0% | g
L]
i -
0.3k B
| i
i L T - 1 I
.8 120.49 2400 1503 4800 0

Time [mec=]

[Figure 3-2] Result of elementary analysis for Pepper
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Aa BA7)E o] g3le] AlRE F2 U4 C, H N, Sol diair 249 94
A7 el = oF 1800TColA Aad F vk oA Y APS
FETo mE dAEER REHe HAE Y94 E47]= CE Instrument AR
EAI110S o] &3t aL, i C7F 45% Wi 9], No] 1% olst, H7} 6% &= e}
ok SAe] daTA Hl&e] C7F 50% el H7F 65% W9, Nol 0.1%¢]3}, 07t
40% FFEola IEL 02~22%2 AAs= A H]ﬂé}‘ﬂ AR 7HA 9] 4S9 N
2 B3 He C7F i B3-S 4 & At "AFE A E e v
& ZAo) &) thx =A Yed Aoz ®mel
otk dwrH o g ghEe]l 1% el HAA wvlolemjo] Hls] 3]@EFEFe] 20%
ARl FAME wlolowiaE dRFo] oF 19% Ar we Aox ddEAd ddt

(Wereko-Brobby and Hagen, 1996).

[Table 3-7] Result of elementary analysis for biomass

Biomass Nitrogen(%) Carbon(%) Hydrogen(%)
Pear 0.70 46.54 5.95
Grape 0.65 48.66 6.10
Apple 0.66 46.42 6.00
Peach 0.93 47.62 6.02
Pepper 1.16 42.29 5.65
Sesame 0.65 44.65 6.02

* Sulfur is below the detection limit
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ta sy, B APAIAAE 2o $AE el vk wgEe e o
1500 keal/m” & o2 VEbgth AFS 7)Fo nlo] o oA e 7
& B2 FRAQAT L@ AYAT EATF DA FAL ATATe} ¥ %5
bk},

[Table 3-8] Biomass energy production for different biomass

Unit energy Ansung Kyonggi National

biomass| production”
(kcal/m?) Area TOE Area TOE Area TOE

Hj 3,810.93 1,271.7|  4,846.4 4,345 16,558 25,535 97,312

= 4,742.90 830.0| 39366 3,485 16,529 26,803| 127,124
ARt} 6,267.60 52.8 330.9 381 2,388 26,328| 165,013
ok | 209768 51.9 108.9 1,038 2,177 14,412 30,232

i 1,414.72 353.4 500.0 6,073 8,992 76,395 108,078
( 1,955.84 201.4 393.9 8,134| 15,909 72,595 141,984
Total 2,761.2| 10,116.7| 23456| 62,153| 242,068 669,743

* Dry basis high heating value
TOE : tons of oil equivalent (10" kcal)
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71l dg o] oF 25% o, 1Al BHT Y] 589 9043}1 St wfo] @ uj
2 o]g3 HAHAFTEL oF 162% 2 =AHET 4 ). = 1kWh AHA2ke] a3k o

2ol d#2 860 kcal o]|H =,

860 kcal/kWh / 0.162 = 5,309 kcal/kWh

i

3 AEH RS 93 Al THEES A7 60%E 7RG THE, Hlo]loml A A
FS (B, kcaDeta & uf wHdAld o] FE(E, kW)t #A=

5,309 kcal/kWh x (E kW x 8760 hr/year x 0.6) = B kcal
E = B/ (28x10" kcal) =+ E = B / 2.8 TOE
2 gor Egol 80% o4 AWFLAL o] g o] aF o] 43
51.84% % 343 4 9t} 860 kcal/kWh/0.5184 = 1658.95 kcal/kWh
E = B/ (0.8x10" kcal) =+ E = B / 0.8 TOE
Shg Al o] A7l wpolouj A~ HEEFS 10,117 TOE o2& o] 7bkgdl oF 50%%qto]
b kol gk ar bR e etE Hlo] QujAS o] &3 WA A|AM ] R Z+ZE 1800 kW

o] 4, 6,000 kWolAo] 7}15al, AN WAoo g A7|=E 717 43 MW, 151MW,
AFdAo 7= 747k 119 MW, 418MW o] o= FA43 4= 9t}
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[Table 3-9] Biomass energy potential in Ansung

Power Generation
Area (ha) Capacity”™ (kW)

TOE | Internal

Apple | Pear | Peach | Grape | Sesame | Perilla| Pepper” combustion | Cogeneration

engine
Kongdo| 1.3 [196.6| 69 | 21.1 | 124 | 105 | 4.7 914.6 229 800
Bogae 08 |647] 16 | 98 | 250 | 7.0 0.0 363.0 91 318
SeoUn | 2.8 (270.7| 76 [3549| 0.7 05 0.2 |3842.3 961 3,362
Miyang | 3.8 [200.3| 16.0 |121.7| 102 | 0.0 0.0 17352 434 1,518
Samjuk | 4.1 |23.7| 23 | 49 15 0.3 0.2 135.9 34 119

* incomplete data

assuming 70% of total biomass is available for power production

TOE : tons of oil equivalent (10" kcal)
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[Table 3-10] biomass energy in Buksanri & shinchunri

Biomass|®& A F(kcal/m’)| A ¥l A 5= Al vl A 4 (ha) TOE*
Grape 4742.90 65 21 99.6
Pear 3810.93 6 2 7.6
Pepper 1414.72 8 0.1 0.14
Sesame 1955.84 3 0.05 0.097

A 82 23.15 107.437

#* TOE : ton of oil equivalent ( 107kcal )

2
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1Drum% 2004 ©]aL €3 2 DrumAt&&tha &b 1Barrele] 1589720l = 3
7h- & g%+t 12.58Barrel ©] Ab=¥t 1TOE”F 741Barrele] 2= 3k 7b- 3 1.7
TOE~} Z/\PE] AL whSAA (557 2= 93.5TOEZF ZAMH AT d 5 AHE-S}

A7E 10929744 F 59 F9k WaE Agdtin Hgstgn,

rr

[Table 3-11] Residential use for heating in Buksanri & Shinchunri

A | A& [ AeEdE 23 7t Barre) |3 7HF(TOE)| vt=2 4 (TOE)

49 6 10 Drum 12.58 1.7 93.5
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[Figure 3-4] Seasonal distribution of agro-biomass production

[Table 3-12] Unit cost for collection for biomass

] 035%(9802.08411’12, 2065.13%) | A& (7793.42m” , 2418.014)
=== 7)es7]] 187.41 139.66
(man - hr) ' ’
FAF =AY =393 1766
(man - hr) ' '
A (man - hr) 240.74 157.32
% WA
0.0812 0.0651
(man - hr/3)
e w9 )
Al 2 0.128~2.738(1.433) kg/m
= ZAZF (ton) 1.26~26.84(14.05) 0.997~21.338(11.17)
@ FA 9
A A 191.06~8.97(17.13) 157.79~7.37(14.08)
(man - hr/ton)
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[Table 3-13] Unit cost for loading for biomass

T FA (R AL, 17)

& (35ton EZo]& 49)

417] (man - hr) 0.5

5.68
S1F (man - hr) 1.12 4.68
39 (man - hr) 0.43 3.60
A (man - hr) 2.05 13.96
71A = 300,000 250,000
(Z1AH] 2% ) ' ’
_ 47 x50,000=200,000
FH] & 300,000
+ 250,000 = 450,000
o™ A
30.61 57.74
1] £-(¢/m?)
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To% WER 2Agent sk e] 7)eetA Avjel webA vpe]emfx o] A A
A717F i W o, qRe arvt & AS Tl AN kTt 3 F
A FEd JFAGE A ReRR vhxst &0l FR® Yol Al frh yhdd
Jzrel A7} obF #Ae A= iAo Frbete] s EFo] FA %
ok

44 2 |dejotell A AAE AFAdel] oJstd, 2t TFERe AS £5
7t 8lslE A9 31.75mm AdlE SHsta 95mm Aol A A= A7 A st
AL gk AP bR glolA £& o]t Aol FEY dAE 45 F A
AL, g Ao W 25 AAAPARTE 2do] &olg Aol gla bR Fst
7] st =& Seta Eor Hejule 5 1dd] dEE WE FE Ak

2TtR Th2stE Al SlojA Exjeh e violemj2E dsR o]&ste A9 9
2o AAEE AT L8 AHe] F7 79 T4 AR A EH 5AE dE=
ol g3t k=g QlolA = 20~100mme] =7]7F A, iy sk Al A
= A7 100mm, Zo] 250mm¢ Y¥E% 7bssith ey 7bARe] A el wEbA

] A
A A FuAE AF stagtsteds ofelge] wEth 2y HA, S
H71e, A" d7=, w9 W7lE 52 95 AR #dstE A9 dAe AAds
AAA ke A7 A7) The st e, 2004)
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[Table 3-14] 7}=2 &9 92

(e} =
Zz71 9 HAE5A

Fuel requirement Down-—draft Up—draft

wood moisture content

(%, wet basis) 12 (max. 25) 43 (max. 60)

wood ash content

(%, dry basis) 0.5 (max. 6) 1.4 (max 25)

wood size (mm) 15-50 5-100

Tar(g/Nm”) 0.015-0.5 30-150

Feedstock sensitivity critical critical

Scale < SM; < 20M

Outlet temperature(C) 700 200-400
1) 547 vpo]emjx

47 vpolemjzdge M T8} 5HoRe FE FFES = 7 UoH,
green basis =% dry basis® XA H 3 Q) vlolujx~ A5=E ALE ThEd HA|
o Hol FEIITFS 656~68%0]H, o] o]ite] Fite] EIHE HAS Aol FE
s 98 Be duArt aFEHI, dAE HEAe AN AUt FHoR
L7577 diel ddu dor AGHA @i vk EF vto]ems o] FHr o]
A FZFe] FEL AgA LS NS 9 EAE 4o F A, A8 &
5 AT
2) At #H7=

EA7bE, b ANHA] S E = B 1A 7HA, A, Rl 5 Ae
EAE FAHY or 40%~608= S FH3t Ut HF(chipping)> &
2o A tj=a A o) °]$°1X]3—’, AT =] FHE &olatAl drh Ank
Ao A H71E 3o A7]E 25mm x 25mm x 6mm A Eo|il, F7|EAtA e
ola] Evdel® &A% & FHEH, F7|RAAY Al - yiteld WA A7
7= U Zolo 23 %‘JP«ETH AA @At 3 ZA whole-tree chip, round-w

ood chip, clean chipe & +# al, o]F yUFZA Ao ¥3hE A & clean chipe o
SEHOE BX AZYA ]74] Hdx 852 Fg¥2 ). 53], whole-tree chip<
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[Table 3-15] Major attractions and drawbacks of the three main biomass energy forms

Source

Assets

Drawbacks

Woody biomass sources
Logs

Branches
Twigs

Leaves,

Roots

Bark

Bushes

Minor plants

(e.g. water hyacinth)
Weeds

Burn slowly

Give good heat

Good for small-scale
industry

Good for charcoal burning

Easy to handle
Preferred domestic fuel

Useful when a quick, fierce

heat is needed

Requir much labour to

fell and cut into headloads,
and tools may not be
available to women

Need further splitting or use
of smaller wood to kindle

Tend to burn away very
quickly

Basic fuels for many poorer Inferior performance

people

Crop residues

Fronds and Husks
(e.g. coconut)
Stalks

Straw

Hull (e.g.groundnut,
fruit and wastes)
Oilseed wastes

Residue from
commercial processing
of crops (e.g.sugarcane)
Peat

Good quality fuel

Often of high quality;

sorghum stalks preferred to

wood

Staplefuel, a most convenient

fuel
Good quality fuel, available
at homestead

Valuable for use as firelighters

Boiler fuel or electric
generation

Good heat
Used for electricity
generation(Eire)

Bulky and difficult to
transport

Coarse straw very bulk to
move distances

Burns quickly
Very light and bulky to
transport distances

Secondary sources
Charcoal

Easy to transport and store

Greater heat than wood
Smokeless

Allows big wood to be used

in situ

Quality varies greatly
Poorer grades very dirty to
use and dustry

Fumes can be dangerous
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bzl A F4H] 15~20% ol stell Al W=7 500 kg/m® o], Ak
50% ©]&tell Al W=7t 400 kg/m® o] o] wpEAE o=

g4 9tk 9At o} F e AS Agom Wi gt A ¥ F 9

5) ¢lze] =)

o] e~ AR ol AV|E VAR FRol web A Ho ok v tiAlR AqPR
G TER Aadlo e F sor AEs Wyl ubeAstal, it Al =gl A
= B2HS g zsle] =2 2AsE Ao ntEAst sbage 2FEHE Ao
A2 FAEEE ~3d 58 o]&3te Ax Hasith 7padte] A3 npo] o vf
2 QEREAM I 210& 7] e s vl ek vlol e b AV]E A sk
of st=dl, o]& flste] HateAS =dT = Ak st ol webA o
w3 o] 27HA 2 o] A4E & gt

!

CEE EIE
= 2

o 33

3 ol S
(YA Z7] davt Ad) = 1x = (A = 722 F4Y

o ®E = v = 23w (427 A = (A1) = AR FY

o SRl R B =
A7 7 A AAely Holg B w JtaroA YR o] & 4 glonw
dAgk A7|2 s sto] o]&slojof stEE E AFoA = 7HA FHHAE 9t
D AFe] Model 465 (87+<)& o]&3titt. (Photo 3-10)
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[Photo 3-10] #1715 ol & 3 7HA1 o] s 24

s T wpo]ouja Qo] A= FhA 9 FHld] AA PGS W= Aoz 1}
Elwtth. (Photo 3-11)

(%S 7HA © 20~40 mm) (ZF7FA] 10mm 7] )
[Photo 3-11] 3} | dA+e] R

gfel] Had AsFs Fobetr] 98k A 1Ll dis] A e F2 7R
g3 FE F2AEE A 17~18 kgl 2 e wheba] vlo] ewfs Thafo] g 3k
= 0.055~0.058L/kg, =& vlo]l w2 1 ton @ 55~58L AE=7F 289, o] o
v oF 15% Fraolth S el dEe 8300 kcal/Lolal, wpo]lQujs ol
v S 1 3te] 4,000 keal/kg olgta & i, 68,000~72,000 kcal®] who] ujsZ
o, Fafelli= 8300 keal®] Al AZF Q€S & F Utk
g f wpolomjxo] Wi Fold webA tha EebAY, §FaH] 15%

A A8 AE AFEE Folsl WEFE WEs 43 Folst FABEE 45

¢

2
I A DA 1

ne oot oot
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s Al A= EAAR & 6ol vrebd wkel o] E Aol A o] &E 7]
of oa] Aozl mpelewjr AmE FHFA bRl o] &ald Aol wig A
Ao g vetgrh #&7HAE ol @ zlo] W AAE Tha @ el wEiA thik H
715= sk, 4ol 9.52mm olskql AAIF ZH7F 91%, 72.2%E AHASkar dvh uhet
A B Ao olgH AIE olgdE A 98 EE AFS FE bridging
ool B/t Aom yvelgon 53], kA xHl e s g FgelA
3|

AU @3 R 2 ARFoR dob gold W € A WEE Ug %

[Table 3-16] 7}% =54 Q174 B¥

Hl & (%)
= A7](mm)
I7HA Fe 7HA
25.4 2.1 0.2
19.1 0.1 0.2
9.52 6.9 27.4
4.75 39.8 40.4
<4.75 51.2 31.8
el e AR FH FHE sty flste] da € wolevjas AW gl
ol Atz 4 Feldor AP tam RPN s or stast AP A
Htol @m0 5ol F FAR tiFEAT old JtaEue] rpast RS mow
FA  de Adfradder 3ho] A TtarE vHEo] JhAsE JdE = 3
Aol A dhaf @ wpolewize] 5 FS RISt $FL AFAA FFVE FIHA
TwetAal Hsks dut FFAREAE o] &dto] ofgREe] tads Eﬁﬂ A4 st
St
I} o] pAR ofg A FelM HEtete] ThAstE Al ek Gl = FEd
Am7bzrb BASa, shavt AAhHE S HEE F ddou, 1098 A Fol
= vpolomj vt SIREA ofH| = o] FE A il &9 bridging Aol YENA



SESEE RO
Gebd vhol ez @Rl BFol A&HOR Yold & UEE AnTAN A
2 QA AAGE Aol s Fod AR R i

7] 9stel ARE @aketel FAsHE Were s

(b) ARIb W D b Ax

g ArmelAd A B Fhas 34

B

[Photo 3-13] A Fejde= A=3

o e vpol e o] w3}

rlj

zow wE A3 dare] A7|7F ekke] gk

o
H a1, Eg vfolemj s Foll o]
17 T

9= . @

gtk BakE A SPES ol gste] Axzsurh £2 WwEE A3 AR ol

~ % UelAs 4 gEvoe, gy
2 Aol 3

3 5o BMJ/kgol DR, 85& o 25%5 7eretu
lkg % 625 MJ®| £& 2/ H3, 9ea 875 MJ7h ©ahwpgolA
s wa gt tge] B Ax shas) w
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FHBE o5 $FHed n9 B
)

A ol gatr] 9% Pk 3

w2 A AE spage] A F9 5

-

(@) &t 24 (b) W5l %

[Photo 3-14] &3} 24 B &3} & @& vpo]omjx

Blel & 9o £8 stago] F9lete] stastelsd A7 529 mobsls] 98]
Y BAE @ A3} 254 mm ool oF 65%, 475mm ©lFHE °F 200% FEE A
A

o] el
Astget 192 mmol ol o 25%HEE AAstE Ao Hop spxaRe] o] g3t
Dz

[Table 3-17] &3} & Aozl

Y = (mm) Al 254 19.2 9.5 4.75 < 475
A (kg) 17.60 1.15 3.15 6.95 2.80 3.55
HEE (%) 100 6.53 17.90 39.49 1591 20.17
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Ntz gaiel M wlolova ARl 58 AUE stebay] skl AL o
A58 7Y AFsn £ FF HFHE FAF A3}, 30mm ol YA EA
st e E BFe] FA Kol He] rAH o WAFG O, 30mm ]
AAE AAF Fole A5 55 FAV 9 Ao Yey

3. 7t22 fE AAETH

dpol o ul o] §ikATle] we Fasubge] e WA wF shamel

Bol 7k Fo wEl iy YAt dIg= %WJE}. A7} AW FZo] AX
i AT FEE FE FJA WA UsE Sawgo] AAsA dojuA g A
AgE o] vrolx A Ak vz QiArt v #3‘3 F71E 5 nhEA ] YR
AM gl vk Al shaRe] fFE7E AW Qe AVE thh AR i,
AtRME A5 wHA o] Frojol gty E Datta(1981)e] Ao w= W
Hpo] @ wf2~o] =7]7F 0.15mmeolstd well AL HE A= L upol Quj Tt THA|
gl F oluA 25%01 S AAskar, A7 0.07~0.08mme] Y A -0l = 2.3

2 ol el Folue] 1009%7h W UA}F 2 FEGT AT

dlol o ulzse] FRU T4 we s Aoli AAXNY ARAA dwE DA
TR B@ ATAREO] F2 025mmold 271e] vlol o aE A faow
OE AR olsh 2 olfelth aHmE wholow AR x%xmww— A%

7123t E Y E m$ ZasY. vlolou Ao AXFYTAL AR H

r

71 FolA Dry, Sizing 959 g5u|ef At AV|E 24 %Zé olmg stam
Aol wheh @bk vk digpRe] vpastegd g q =

[Table 3-18] 7}~29] 8@ 98 =7

Gasifier Type | Updraft Downdraft Open Core Cross draft
Fuel Wood Wood Rice Husks Charcoal
Size, mm 20-100 5-100 1-3 40-80
Moisture, % <25 <60 <12 <7
Ash, % <6 <25 Approx. 20 <6
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[Figure 3-9] Illustrative feeding system incorporating drying and sizing equipment
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1) Initial Sizing Devicel /] HammermilZ ©]&3to] 4xe] =7]E 20~100mm=
& stk

2) Drying Systemo| A =&3F#S 25%0]3l=2 Y&

3) HammermilE °]-&3to] thA] & W Qdxpe] =75 Zdgrh

4) Food Hooperdll ¥8& A% s},

5) Screw Feeder& ©]-&3lo] 7[x2o 95 E
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ol

Eian

uh, stk AW EA ] X YT
AgFal AW A A" Axe T B2l Initial Sizing Deviceol Al 9 #1<]

3
2718 5~100mm3s) & = A Drying Systemel el $2&F2 60%2 ol
1) Initial Sizing Deviceol A HammermilE ©]&3fo] 4At¢e] =7]ES 5~100mmE
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& g
2) Drying Systemoll A F&3dS 60%°]st= v+
3) HammermilE ©]-&3dto] thA] gk ¥ Qixke] A7]E5 Zd3gh
4) Food Hooperoll ¥8& # %3k},
5) Screw FeederE ol&sto] 7fxzd 85 &w3th

th k=Rl F 7)Y
1) Initial Sizing Device

Hammermil& #3-8& E#ol=2 FAHY e =HIAS  Fy7]ojth
Hammermil o= A87F WojA™ S#ol=rt 3]3S stHA dAme] w7t x13

o], Breaker plateE ©]83slo] 959 4 A7]|E M3

Tramp-retal
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2) Drying System
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3) Fuel-feeding system
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st G ARVtAS Adtets dile] Sk ARTbso AR 40~50% N, 1
5~20% H», 10~15% CO, 10~15% COs, 3 3~5%¢ CH4E TAHY A87~
~6 MJ/Nm’e] v+ dAZH(CV, calorific value)S HITh 7}23sju) A =
52 Ne &R durtze F9E F HlE S7HA717]
ol A7k JAAAEEY AV]E S7HATIE 8ol Hv 2 dFaY A8
25 AAtet7] fleiA = wlelQujze] ghEo] 156~20% olst® A F | ofofgitt,
ueks ThashgA o] BES Eol7] flste], 2REE wEHe dR7h2e dellyA
£ Zt=stg Ao T s vpol oo X &8H 7% g
Az7b=o A FAATI7] 9t 2%, 2709 723 whE R e AA7F AEE Q)
o FAlo A= Al 1dolA 600C=2 ES 7hete] dal] Al7lar AAdE 7h2=o
SAA BH2E A7 dEHE BAE Jtas oAl Al 1del A Add
I wkgete] HF AR7VIAE wiEAIZIYh Warren et al.(1995)°ﬂ o]atH o] 9}
ol At AnTtae A F 72X E ThEA7IEH SEE AoE gAE

[Table 3-19] Characteristics of Different Types of Gasifiers

Characteristic Downdraft Updraft

Fuel(wood)

Moisture content(%wet basis) 12(max. 25) 43 (max. 60)

Ash content(%dry basis) 0.5(max. 6) 14 (max. 25)

Size(mm) 20-100 5-100
Gas exit temp(C) 700 200-400
Tar(g/Nm”) 0.015-0.500 30-150
Sensitivity to load fluctuations sensitive not sensitive
Turndown ratio 3-4 5-10
hue full load(%)* 85-90 90-95
hee full load(%)" 65-75 40-60
Producer gas LHV(kJ/Nm®) 45-5.0 50-6.0

a. hne Hot gas efficiency.
b. heg Cold gas efficiency.

- 101 -



2 Agre] hzste] de AbgEegon, ug4 7has)

——
o

o))
Bl

(circulating fluidized bed) 7}2=8} “&%] 9} bubbling bed + &fF7F low, o] F+ 7}

o)
=

<=3} (fast internally circulating) 7F2=3} X7} 7|

Aol 71e 4

=]
-

A= AAFAAANA

Ea

J 7].
Je] g Foz 7}

>

b=dl ARSE AL gl

S

23}

KN
T

!

R e e i B

S

(cyclone separator)Ale]E <=3}

b UelA 2 o)

S

A A

=]

=
=

A

L
o

ARt 7] ol M

2 A87I2E 7t~H

o 73k FAE ;e

HEe B

)

1}) Bubbling bed

Bubbling bed

=]
=

2= o] fE ol A

o
-

tel 700~900C FA =™ n}ol

S

g 24
w3t b 4

=

A

L
=

w3l =

o)

e

Hhol @u) 9] A7b ol

B RE=]

=
=

s A

- 102 -



o 23HE BeER JAe B2, disstE, FedE, ada &7y gekEol
Atk olet Be HEES AASY] Y8k oz A W 1 AHAWHo] glo
U2 AANHE Vs or ougol B, A2 FAMEE Vedow 1hds)
U EER odE s TN ER Al EAZE A= o2 LA At

L 7h=st A 73 AAIRIA
ol Qulj2~o] Zh~dm 2ol W dis|et staste AT dEse o
7] Tl Friede dElE onlstH, nlol w2z i) HHES S
SE5A AA 2 stxolth, wpoleuf = Al 7FA] F 24 B (cellulose, hemicellulose,
lignin) B &% & A5 (5 Fr1skekE) o] EgA o, &l (pyrolysis)
Al whgow XagHnt, v Al 7HA
F8 WA E = ZE(charcoal), E}lZ(tar), 7}2=(gas)e] AAHE L Ao &
SANESY F&o IFS VA= WegxAoR 7Y & (heating
rate), SHEAAA =] HFRAZL G Hu 25 9 SfEo] k. 728t FA oA v}

ojeujxe] AFa &2 vhEd 2 39A A A

oln

—

i‘li‘
¢

194 @ 3rd 43 Eeo] AAEE dR3)
2ctA ¢ 3w B A
39t ¢ ERke] A Wk

ol Quj o] A2 Fd EdI Seke] AAdHT, g =48 Hy CO.
CHy CoHy % CiHeol TFEZ FAFANY 1 2 10~20%dEo AUA] g+
th webA mlo] o] ThastE T0%0]d e DE8HS A e HEe 7hAs
o eate] F&o] AFH

ZhEH &, SFFAIZE, RESZ e digh e thEd Zo] EEh B2 49 7ps9
AE g BEdoz AW 4 9lth(Diebold, 1980). 500C 2] 7} &wo A 7p229] A
A 10°W/m® ool &=7h7kd 3t 001%9 AFAIZA 11%, 10°W/m® °]749]
7t 129 ZFAITFANA 16%, 10'W/m® o] 9] F&7bdu &3 10029 FHF
A ZFAA 24%, 2 10°W/m® olate] A& FAn o] 2RO 10%2 F57MEN &
ol A= RFAZr] FAARSE spme] AAwe] FrhsE o Uehy,

1000C 9] 7td2mel A= 7ho] AL 10°W/m’ o149 =27t n &3 0012

Jl-}

O:

- 103 -



o] ZHFAIZINA 85%, 10°W/m* ool m&7hdnl &3 129 FFAIZINA 71%,
10'W/m* o] F%7F4 3} 10022 JFAIZEAA 51%, 9 10°W/m® o]ate] A %7}
do] oA 26%= ZtaH|&o] FUMEFE Thao Ao FUkete Ao®E
btk 1000C 9] 7HEexdAes 54 & ‘(tar)i} Eeho] Fafjx o] 7pe] ek
o] F7Fstth 1000Ce] 7% &

15%<%1 ¥ ke A9 HEH@%W 24 Th 1000TC 2 WHg%o A 7Fdu]&o] 7}

5% shao] wAgel Frbshe Aoz vhehg,

=
AL AA dx, &, 2, 7t=sh e 32 231 A4A)
e}

g ARed] AN AF= 7FE 1] & (heating rate)
I owhEeR gk o HolA ZAE uiel o] m=& ARVIE APEI] B
< EBE SAES A7) g5t ditaet #d H vhast FAolA 1000C ] 7=
oA, 10°W/m® o] 4o =77t u &3 001% 9 FFAFOR k25 FAE Ao

=S Gre), B R sham FAL AAGDA S, o2 sl Ay

5 2
3 2% 9 shag gAd FREE 710 dES Aojs AT AL

o o ot

HdeEE AnggAdA BAR 10 dAnstnd NGS5 AYuy
AR NA AFgS st gA BHEE B0 29 G zdste] Aojs
na @k w@ sbesh Ao gMome dede Aid ¥ 5 U ©d 7=

2) 7kEnl&e =4
10°W/m* o]l &7k du &S A7) 9lste] vloleuse] wARAe] AdY
2dS st Algdelds Fske]

PN
L
m, vholorl s B 7] W HHE new ALulg A FAE AAD

3) "ol o uj o] spadlo) e Eujel A&
650°C ol Al vlo] em o] 7h2st FA ] Zm(KoCOs, CaCOs, NaxCOs - NaHCOs -

- 104 -



PHOE AHET ST Al Slshd SohE AEa G A Fae ks el

oF % Wl ZASgom, A20] FUI(Ni, SiADE AFEF A% CHy 7hse] Aol

14 Soje Abgs ASuch T ol o4 Frhshs AFANE B 1000CAA &
ZUAR 5 e b eg AA%nA d

2. 7V~ 2 e A7}

7 hzsh gA o) AARG

st e AANFE ARNY] st GA 2AE 24F shas P9 Fw
A theat 2ol Table 3-2091 ¥l A sl 7h2s FA9 /2 FejE A9
$71 A% 2910 shnst g AMuEH YAE ARsbie FAUE, &4

W fA W g, hnsh GRS AnA, 7has) vtolovjae] AR FARE, B
4, %2 59 Bey Fol Atk olsh 2o shxs A A 29% wsd §

o
T has AAE O e BAReR ugd Thast AA e vlste] wE A
A e o A
D 5% 7kt AA e dAle Ao H3tettt

2) 7h2sh Aol FE = vte]l A= 22 AV]e] AR EHEHoF drt
3) AVAA A EHE dA= FEE EEE A S A d

4) F5A 7F=E g oA AAE ARVIAE B BlEY o g FUt AR

Aol AFH ol A B ATANAE FEY 7h2sk FA wste] Txsh A

a5 1wy 7has 3AE Austgov, g s 34 F gee @
Fgol Hm Fash Qus@isl BE haE A6l e wol 4RI HAF
A8 7asa)el A%e 884 downdraf) DAA FAHEAE ol )20
s Az Awese Agskarh

&..

- 105 -



: TR R 23 s
B e By i . ®
bt w2y R E w S
R - T - ¥
T L WS D [CLae™: s No
n m T LS = 2 ER gz
o o ° =29 ST S °F = B u.ulow
ol = T 2 g o_m woar | o x ~ o
- 5 Tag¥rs 9 T R =00
T S = = = B o Mo
o L CI < R - o 5 o
< N M o= a B o o w
xe ~ g TR 5o = T " o
W N s o = e )
Mpr =0 bl ol T E = a o i
S = do T T o H T =] . 4R w
3 % EZRCT T o T S ) oy = o v
o Ho = oy © S by ) ® o
o+ ®o 5 T o oy = 4 o o O RIS M
do % ST A= = B BT P om &
= o w & = A B )
o o [Ei R T T A c w o m_#.o "
oA o B M_; 5 = %o - — = Wﬂa n7nm = Q) ol N Gl _#oﬂﬂ
NS - ~3 \r rval X
g T w@gzsex * © = Sy EE MR
N o W WP o N AT o0 W W goF P ™ ° N
T T . Mo a oo & = - N < = = o Tr = o}J
T o T o P S T W S S N
s 9w PO H oM - o B M wm%ﬂﬂma m P
= to o3 @w_wmlviﬂ%f % H%MW z.ﬂmﬂ%ﬂ v X
— 1o —_ T —_ m! Lo - q
Wﬁ E]E I e Moo X I+ nM 5 % = o MM Wo i S
o | = o oy T O o roK SR o <
" - M m_a MR £ do 5 I T %o o =
el x]ﬁ = NE oo ~ & = 2 o = ® Mo ™ ™ o o oy
T T g% Tz = T T
] — - ol | w % o ™ ® 3 . ~
g MW o o= o XN — = Nos X ¢ 9 S © d el
dr £ Zoerxgy T xp b K
~ o T S AT ™ ~ Z o) oo
i W R B B oHp S %° ol ) ww ME ~ 2
0

L.
.

CER

171

S

]

3} o] ¢ ) 29}

1o

. olE

- 106 -

omg, a% co ¥

= A



}_

S

ArE FYaEA oF 700~1000C BE=7kA] 7F=

kel

)

o

al

TGA(Thermo Gravimetric Analysis) 28 & %3}

ojp

——
o

Br

jgase]

B
N

o

4
JJ

N

equivalent radius®A %7]

.

Ag e AFANTE] BAE e 2

HAl
o171 A R,

Els

S

7
r

a-

T

=
T

o]
H

of osir 2" F

SRR

o}J

o

- 107 -



of 7]el A n < T/t o]t

ajue Aujekg GAE &

ko
rE
oo
~N
1o
iy
o
rr
i
oo
_‘:L_Il
i
o
i
uj
e
+
%2
O,

n *
Lip=2R,3} (1- L) WS ] Shake] AuiA el B
_ . i*t = .
Lip=2R,Y) (1—L1) A ER T Fehkgo] A Ag
1=1

Zto] Aujnkg @AE aesto] dAl 7hasr whgT)e) Hol= vEd o] A

L, — Lypp X Wpp+ Log X Wep
ot Wip+ Weg

Lrp = E4to] A ufAd A9 sidsts w5712 dol(m)
Leg = EHA] stentgo] xujdl Ao sidsE< ws7] Aol(m)
Wip Wer 4Z+9] A9 sidstes 7FeX24 &2 19|t}

Jayah et al. (2003)2 80kWy Tr%.9 &taka 7t~z & AlFste] 7hxshdx o A
Al QQAtell Biste] nsta, spaspgA el AAll gloid T Wl He Al

AlgE bl gl olg2 WETIE oleH e shal, 12709 6mm H4 =ES S3A

ol AAstglen, 100mm 279 8= WitezA dFvy AEHES o8
o

5 T
st UstHE= St gdAs dxs AXeA Zgkont

- 108 -



&=

220 2A ANPE ABAS ANsn Yok B AgEE bas g9
dolz #471% 61°% Hulsh WA o ATk BURER

B m
go 3 = BHgE AR S 50mm 279 galvanized steel ¥}o]

Lo

I

219 A7)= £ 7hast M-S JAdE MA = T wd St =
A Axm WM Zeol AR dAE vk R AV]e e 51]76‘01] ojaf AA
ol 75cm A PR A 06cme HHES, 60cm # e JtaEA 47cm 9
20E o] &3 At qdTh

Jayah 5ol A& ZAio] ofstH SkellA Aud 7t=mo] A HFHe] A7)
£ 1, 3, 5ecm& 3RS W 7238 282 7P 42 lem 2AAA M E=gkoH
S5cm FZAoA 71 gkl 5H 9 ?
ot RSO A Aol AL g FEe] AL Ao HHo] ygEHolor e & F
ATh 2y AAe] AL Hye dubd oz vhFd|gol ¥ AQHEuE S 1Y
afjoF &,

vpol e Az e ghH] I FAVFE A A3 MAE F8 W
stvoltt. g T FES FHHE
HA et dol 28 FHER
Hl= 7hsgh gk 3= Zlo] Fasit 67% o]de rulE 7= 49 34
v ASAATE &gk FEolth 7hAA

2

o
olstz oo} gk FuIZE 0% <l Aol wlsl 30% < AS Axd mEe o

¥
flo ofN
1o,

TH F7e & mI JFS nAE QJQogAN, FFEHE TV 2RV S
TE 7h2st &2 VAR e alEd HlEiA Thast &6 MAE g
R R XJrE}

b8t kgl 7 T2 29 4 & EoY. dubyom A8 Jhagt A
NA = 0—2—’5@01 Ha oF 10% B% FFold Adeirt. d&do] AW vhgRo] 2
Z7F rolxla A= 7pxdt B33 882 goix A Huh A7E VAR E A
A TH EE A A 2bA 8= vl & o] =7] ol w9 XAl ajle] H
Atk

- 109 -



[Table 3-20] Properties of gasification reactor types

Advantages

Disadvantages

Fixed/moving bed, updraft
Simple, inexpensive process
Exit gas temperature about 250 C
Operates satisfactorily under pressure
High carbon conversion efficiency
Low dust levels in gas
High thermal efficiency

Fixed/moving bed, updraft

Large tar production
Potential channeling
Potential bridging
Small feed size
Potential clinkering

Fixed/moving bed, downdraft

Simple process
Only traces of tar in product gas

Fixed/moving bed, downdraft

Minimum feed size
Limited ash content allowable in feed
Limits to scale up capacity
Potential for bridging and clinkering

Fluidised bed
Flexible feed rate and composition

High ash fuels acceptable
Able to pressurize
High CH4 in product gas
High volumetric capacity
Easy temperature control

Fluidised bed

Operating temperature limited by ash
clinkering

High product gas temperature
High tar and fines content in gas

Possibility of high C content in fly ash

Circulating fluidised bed
Flexible process
Up to 850 C operating temperature
Double fluidised bed
Oxygen not required
High CH4 due to low bed
Temperature

Temperature limit in the oxidiser

Circulating fluidised bed
Corrosion and attrition problems
Poor operational control using biomass

More tar due to lower bed temperature

Difficult to operate under pressure

Entrained bed
Very low in tar and CO2
Flexible to feedstock

Exit gas temperature

Entrained bed
Low in CH4
Extreme feedstock size reduction required
Complex operational control
Carbon loss with ash
Ash slagging

(Rampling, 1993)
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[Photo 3-18] Picture of Down-draft Gasifier Version.2
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[Photo 3-19] Picture of Down-draft Gasifier Version.3
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[Table 3-21] 7}=2 -5 FH¥= daxxd

A& A= 3 &2=)

%1 2~3cm ©] 3} 13.925 6.98

=2 2~3cm °]’ 10.64 7.52

= 3cm 17.2 14.75
=+5H

(B 1) 5~7mm 25.35 32.16

. 7taR2e
1) £(d% 2~3cm ©|3}) A5x4

Table 3-22% £(Y% 2~3cm °]3h)< o] &3t 3434 7t~2 F-5 Afo|th

[Table 3-22] Temperature and flammability changes(charcoal size < 2~3cm)

Air Flow Temp.(TC)

Time
. rate Flammability Reference
(min) i 1 2 3
(L/min)
0 500 41 | 42 | 120 0] B2 do A

10 1000 112 | 282 | 396 00 2 XA

15 1000 | 372 | 565 | 462 00 B3 A3 A4

30 1000 | 603 | 686 | 606 000 =350l

37 834 589 | 656 | 599 O =

39 | 250°]3} | 569 | 625 | 535 X 5ol
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[Table 3-23] Temperature and flammability changes(charcoal size > 2~3cm)

- Air Flow Temp.(C)
. N rate Flammability Reference
(min) . 1 2
(L/min)
0 500 365 | 410 O 2 do A
4 500 | 451 | 402 O =2 AA
10 | 1000 | 617 | 562 00 SEEmEo] Alsti 7] 49
15 | 1000 | 680 | 640 00 B2 1% A
20 | 1000 | 693 | 681 00 A7l S7
26 250 726 | 706 O A7 A
713 | 700 A7) U FEHE A
27 500 0 ]
(320) | (332) 0722 24d @ 150,805 @ 225°C
33 | 1000 | 696 | 664 0 22 o A
37 500 736 | 703 O A7) AetA wHAl, Eo] okt
51 250 623 | 639 X A7) AsA LA, FAHE ==

() Outside temperature(C)
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[Photo 3-21] Large charcoal
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[Table 3-25] Temperature and flammability changes(Charcoal+Woodchip)
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[Photo 3-23] wood chip+charcoal
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[Table 3-26] CO and COs Concentration(charcoal < 2~3cm)

Time(min) CO(%) CO,(%)
10 10 3.8
15 245 1.6
30 30 1.1
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[Table 3-28] CO and CO- Concentration (Woodchip)

CO4(%)

7.8
8.2
9.6

CO(%)
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21.0

Time(min)
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[Table 3-31] vleo]Qmjx Br2o] F8 AH&

23 (450-500C o 23 (600650 C Conventional steam |High-temp. steam
(?onvgr(ltional ﬂasil I—?igh—ﬁt(emp. ﬂash) %%%flg(%lgl; %%%lflfgébqg)
Acids Benzens Naphthalenes Naphthalenes
Aldehydes Phenols Acenaphthylenes Acenaphthylenes
Ketones Catechols Fluorenes Phenanthrenes
Furans Naphthalenes Phenanthrenes Fluoranthene
Alcohols Biphenyls Phenols Pyrene
Complex— Phenanthrenes Naphthofurans Acephenanthrylene

Oxygenates |Benzofurans Benzanthracenes Benzanthracenes
Phenols Benzaldehydes Benzopyrenes
Guaiacols 226 MW PAHs
Syringols 276 MW PAHs
Complex Phenols
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[Table 3-38] Input parameters for BIOH2000

9%

W Q- (heating load)S Hit 7]
BIOH20002] A}F-&#F <k A o
42~118W/m?°]| tHRETScreen, 2004). <¢17F

A

Parameters Input Values Range
Heating design temperature(C) -4.1 -40.0~15.0
Annual heating degree days below 18T
. 3,007 (Table 2)
(C-days)
Domestic hot water heating base
22 0~25
demand (%)
Heating load for building (W/m? 52 42~118
Biomass fuel moisture content(%) 30
Calorific value (MJ/t) 11,670
120
110 .
100 = \\
]
Wi/m? 80 \ "\\\
70 H\R
G0
=
50
40
-50 -5 -4 35 -30 25 220 15 -0 -5 ]
Design tempersture, i
| Good Insulation == Medium Irsulation —#— Poor Irsulation |

[Figure 3-20] Building heating load chart (RETScreen, 2004)
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[Table 3-39] Monthly heating degree-days

Month 1 2 & 4 5 6 7 3 9 10 | 11 | 12
Mean

Temperature|-3.9|-1.2| 4.6 |11.6]16.9(21.5|24.5|24.8/19.4|12.6| 5.2 |-1.3
(C)

Degree-days| 679 | 538 415192 | 34 | O 0 0 0O | 167|384 |598

vpol o mj 2 o] g AH] wWrbE AdwkAQl oA A Au|e} wpRIEA R &
webA AREHW, FR7F 255 Zopxith & Aol A= BIOH200000 4 A& 5 =
7184 A5 E o]&trh. AR wholowjs Auld dig kW 742 Table
3-407 2th

[Table 3-40] Typical range of costs for small scale biomass systems

Power capacity Total cost Cost per capacity Fuel bin size
(kW) ® ($/kW) (m’)
75 18,500 247 2.5
100 23,000 230 3.0
150 31,700 211 3.0
180 34,600 192 4.0
250 37,400 150 4.0

(RETScreen, 2004)

Z7] A gol= 4 wid AJAEHE, vlol el B AR Bdd ASHE, &
H &k 5 A AR S5 e A3 FAdH el R R, FEnE, o
Rty R, who] v s AR, HF FEdlS AR(Em)H, 2Ela Advbsel e
g drles sol xFEY. 27 R A FARHE AR AES AT 9rbe

- 159 -



[Table 3-41] Initial and annual costs for input data

Cost type Unit cost
Biomass equipment $150~247/kW
Biomass equipment installation $41~50/kW
. Distribution pipe internal formula
Initial : 2
Building construction $170~350/m
costs
Peak load boiler $75~100/kW
. depends on distance and
Transportation . .
equipment weight
. 10% of costs for operation
Tax and insurance .
and maintenance
Annual Spare parts $200~600/burner
costs | Biomass $40/ton
Diesel oil $0.355/¢
Electricity for equipment operation | $0.15/kWh
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24 ol v ge AL
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o] 2ol F FHET/MAE 007 TEE ISR B F Qlvh & ATolAE vie]
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Batake 260kW= 24 =l vlo]omj~ wde] 250kWet HFH-ate] o) &3]
A3 AH Hdy §FS 15kWR AAS Z3E= Aoz diAgS Fye b
olomj~ o] & AHule] u Fog o] By W o] gt WS AH B
2]E 200kW PR = 7tAst g dF
7h= BIOH20009] #| el wheps 24z}
Folzl 48 Amel oste] AbgE z7 AléjiEZP H&2 F $268,629°1D4, o] 7}t
S BdEe 2 £4u 23 vlolevx du 2@ AXH|= $78500(29.2%), B
2 AFREE de BdHe 4% AuEs 93 AAHE2 $161,890(60.3%), 7]E}
182 $28239(10.5%) & AHFE Atk Al & 7hedl S5l hg sho] . AlAdu] =
$72,6602. 2 A Z7|FA vE Zbed 7HE 2 Hl%% AA et Ao vERyTh A
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[Table 3-42] Summary for initial and annual costs for biomass heating system

Type of costs Amount($)
Biomass equipments 40,000
Biomass equipment installation 37,500
Transportation 1,000
Peak load heating system 1,500
Initial costs Backup heating system 16,000
Distribution line pipe 72,660
Facilities and installation 71,730
Miscellaneous 28,239
Sub-total 268,629
Operation and maintenance 4,795
Annual costs
Fuel and electricity 18,673
o Biomass equipment replacement
Periodic costs 77,500
(every 10 years)
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[Table 3-43] Results of financial analysis for the biomass heating

Initial investment $268,629
NPV(Net Present Value) $245,698
IRR(Internal Rate of Return) 19.7%
Year to positive cash flow 5.1 years
Simple payback 5.6 years
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[Figure 3-21] Cumulative cash flow for the biomass heating project
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[Table 3-44] Effects of heating demand on economic feasibility

Number of household 50 100 200
. . . Main (KW) 250 500 1,000
Biomass boiler size -

Peak loading (kW) 15 25 50

Backup boiler Diesel (kW) 200 500 1,000

Biomass fuel (ton) 419 839 1,678
Year—to-positive cash flow (years) 5.1 4.0 3.4
IRR (%) 19.7 26.7 30.2

NPV %) 245,698 | 759,424 11,509,683
GHG reduction (toncoz) 244.1 493.1 991.0

507HFE TAEE 1R AGeH 27 AMEA bed dig 7hd wae 9
gk A7 $726600. % oF 27%5E Ak gtk wEka] dkg 7hAul e AbY

of AAgel AA dFE vHe & 7 Utk ol AFHoR dofsty] ffste] o
18 FdstA Fa v ZolvhE 200mell Al 400, 600, 800m=E F7HA|A o]
2710185 WA A AAAR 242435 vatsl] BttH(Table 3-45).
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[Table 3-45] Effects of initial cost for distribution pipe on economic feasibility

Length of pipe (m) 200 400 600 800
Total initial cost ($) 268,629 348,555 428,481 508,407
Distribution pipe cost over
total initial cost (%) 27.0 41.7 50.8 57.2
Year-to—-positive cash flow
(yoars) 5.1 6.5 7.9 10.6
IRR(%) 19.7 15.2 12.3 10.1
NPV ($) 245,698 165,772 85,846 5,920
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[Table 4-1] Accomplishment and major contribution
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[Table 4-2] Indicator of evaluation
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