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Strategies for Increasing Biomass Energy Utilization in Rural Areas

- Focusing on heating for greenhouse cultivation -

4T

Hong, Seong Gu

Abstract

The demand of renewable energy is expected to grow in the long run in spite of current stable lower oil prices. Energy consumption for heating in
horticulture greenhouse is large and affects the profits of the farms. This study analyzed the availability of biomass in rural area and proposed the
strategies for utilizing the biomass for greenhouse heating. Data reveal the annual average fuel consumption in greenhouses is about 78 TOE/ha.
Considering biomass resource in rural areas, agricultural residues are not sufficient to meet the biomass demand from greenhouses. Therefore it is
recommended to secure further biomass including wild herbaceous biomass and woody biomass from forest. Based on the conditions of biomass
gasification equipment investment and fuel prices, maximum allowable price of biomass turned out about 100,000 KRW/t to be competitive to kerosine.
Biomass supply chain should be established for facilitating biomass trading between biomass consumers and biomass producers such as farmers who
provide crop residues. An online trading system is an example of the system where consumers who utilize biomass make payments to suppliers and get
the information about the biomass. Intermediate collection storages are required to store biomass from distributed sources. Operation of biomass heating
systems in demonstration greenhouses is necessary to get information to refine and further develop commercial biomass heating systems. Relatively
large greenhouses are desirable to have biomass heating systems for economic viability. The location of the greenhouse farms should be selected within
the area where enough biomass resources are available for feeding the biomass facility.
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Photo 1 Syngas production using tube furnace
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Table 1 Heating energy requirements from greenhouses by major

Table 2 Number of farms and cultivation area of greenhouses in

provinces Anseong—City
% of Energy Biomass Crop types No. of farms Area (ha)
Provinces Area (ha) | National |Requirement|Requirement Chinese cabbage 36 23
Total area| (TOE)” ®y?

- Radish 9 1

Gyeonggi 6,511 13 143,620 410,343
Pepper 44 4

Gangwon 2,834 6 62,512 178,607
Spinach 15 17

Chungbuk 2,331 5 51,417 146,907
Lettuce 29 18

Chungnam 7,226 14 159,391 455,404
Zucchini 17 5

Chonbuk 5,275 10 116,356 332,446
Cucumber 156 75

Chonnam 4,621 9 101,930 291,229
Water meolon 2 1

Gyeongbuk 9,289 18 204,897 585,420
Tomato 18 6

Gyeongnam 9,439 18 208,206 594,874
- Strawberry 1 0

National Total | 51,058 100 1,126,239 | 3,217,827
1) - — - Yellow mellon 1 0

Assumed that 28,2 % of greenhouse facilities utilizes diesel fuel -

for heating of 78 TOE/ha Misc. vegetables 9 16
Yassumed that heating value of biomass is 3,500 kcal/kg Flower 30 11
Others 61 46
2) SFAA Total 428 223

20109 #A] 71 QAN AN IS A ol A
A A] 2L 2223 hao|th(KOSIS, 2015). ©.0|7} 7F4
wo] AefE| 5L Qlom, uj%, AT, A% B0l 1S olu
okt 25t Tk A A ) b w8 28.2 %2} g w A
o Al 40278 TOE/ha S o] 85, QHA Aol A Al Ak
ol LAk of L] A= % 4,920 TOERA, vho] ouj 22 th3|
3l OF 147 o] 2wl 02 A4k S x| 2ol A
B 75T 5 AR ulol Qul 2 Hiako] BT A4S
ol WA elolA] e SO B Aol 43 2t
QAT TR A1 0] S Yeo]7] $J5to] A4 7} 2 v}
ol 22 X9lo] a0l QlolA frelEt 57hE A
aho] 283k Ao] utAlstek. o2 Sol, Al Lol Al
AV57} S A R 12 ha T0] 5717} 83, 2 ha o]
Ao 2 17} 2 57} EEF230] Itk (Table 2). 0|9} 2o
FEIH A G M0 2 AES L, o] 74 Q14 A
ofofl A 15 QAR Ho] @l 2:0] 473} 8 of o]
5718 AAsko] B3sHe Alo] uhgAlsle.

5o EANE Hho| QA S Fa) B 4 s ou A &
Zape AV ol A o)X tju] RS, S
ol Wl Sof B uo] Qul A T o] S5k WA
o] AZlo] 7€k © Uopr} ho] 2l ko @i A
A o] a7 EE oA 255 Bk A glo.
D2, )20 §7 v Aluloh M 8k AE e ek

it
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(KOSIS, 2015)

Table 3 Crop residue production ratios

G Pr.o(?uction Energy Contents™

coefficients (t/t) (GJ/1)

Cereals” 1.3 12

Vegetables and melons” 1.0 6

Roots and tubers” 0.4 6

Rice straw’ 1,02 16.3

Apple” 1316 185

Grape® 1.562 17.4

Bean’ 17 19,0

*Higher heating values at air dried condition
**Ontario MAFRA

"Rosillo—-Calle et al., 2007

IKim 2014

3)\Jiang et al,, 2012
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Table 4 Biomass and energy production in different crop fields
(Hong, 2004)

Table 5 Estimation of available energy from agricultural residue
biomass in Korea

e e Biomaiigsszc)iuction Moisturt(e%jontents
Pear 0.21 ~ 134 54.5
Grape 0.34 ~ 510 37.3
Apple 0.05 ~ 0.59 481
Peach 0.09 ~ 0,96 414
Pepper 02 ~05 15.5
Sesame 01~10 16.7

5 AR F45H= Zlolth (Table 4). ASAE 174;
= HollA Bep AR 7HE 4= Qlou Al 220 EF

off whebA] thas Aol e 4= Qlom, 53] T4 A 59 %%#
ol whef A A Ab ol ofal] A e kg o] g2 =LA o
2 A7t 9)o] o2 1EE H a v} Qi) E Aol A= 7|2
O] FHFARE Blo| Qv WA Ak 7S o]-85tal, 7]
FAIE o= .0 A58 A ulfHAE o]-g-5fo] Hio] &
2 REES S5

1) =W
71& A el Z ol A FEE A kot AfulH A o]
H|n A 2 Fut S BAME-S 2712 3E5}F51o] Table 33} 4
©) A5 EA S 013101 T 5 241 vfol 2.0
_,4_ -2 o R &2 AFY3}AT) (Table 5). 2 2HE FANE
= 54.6‘%%2&1\1 AT 2 gHbst 20.79F TOE
ofet. W2 Sk A= o] Al 571 o g A] AxH|5Fe] oF 48
%0l 3llFSh= oItk Table SO A = nle} o] 5 87) 2}
=0l tiet fhkes o2 skl ey, EEAYollA 7He-
3 o] 2]e] A8 HARRo| L opy 2 ulo] o 5L 57
Tgol A maraich B ghe oke] oA Fgo] 7hs
o]k,
Hfo] a2 HEeEL Noh (2010)0f4] 13t Hhe} o]
S 78 A 1 R st e
o] HIFHBI), B2 vfo] Quf 2 Q17 A} L uh
& st 7h AReHe ol A olu] THE § % of
LE| 11 Q)= kS A 9l3t ZHS olu|git) npr|uko & 74
AE 71 A Thed] @A) 57, Wk 5o 7147
A ol A BHgo] 7Hsgt oS Witk AEAA|
TR M= ] BALE vho] o) Bk 2007 W
A A7E 2335 TOER 272k v} glek. 5] HARE vlo] Qv
/\_4 7]59_ xLxHakg }x} oo ol;_ 1}7\]0 a1 Q) 1= tﬂ;ﬂo] /\}
RGOR o]§E Qong oS AeJshH Azt of 574

Gras Area plracl)(c)ir::t?zn Biomass |Total Energy
(ha) rate (kg/md) amount (t) (TOE)
Apple 31,620* 0.100 31,620 9,274
Pear 12,664* 0.213 26,974 7,288
Grape 12,690* 0.337 42,765 13,582
Peach 16,704* 0.105 17,539 6,312
Sesame 23,184** 0.108 25,039 9,908
Beans 80,031** 0.327 261,701 103,555
Pepper 50,211** 0.215 107,954 44142
Perilla 30,130** 0.108 32,540 12,876
Total 257,234 546,133 206,939

*KOSIS (2015)
**MAFRA (2014)

Table 6 Major agricultural biomass residue and available energy
in Anseong—City

Biomass Biomass
Area . Total Energy
Crops (ha) production amount (TOE)
rate (kg/m?) (t)
Apple 1 0.051 1" 3
Pear 1193 0.213 2,541 687
Grape 543 0.337 1,830 581
Peach 78 0.085 82 29
Sesame 61 0.088 66 26
Beans 500 0.327 1,635 647
Pepper 193 0.215 415 170
Total 2,579 6,580 2,143

TOE =30 2 2435}9=1||, Table 504 A3
3 Bt o Folf+=
LA Ea

o] v]
L 10} 27] 5 RS AN Hlol
£ 3712 EY) ol

2) QH3A

20149 FA AR A= AufHAS 7|EC =, Hong
(2004)9] EHIRA F4HE S 125 o] §519] 7]
OFAA] T e HANE ulo| QufjA HEEEo Table 63t ¢
0] 6.5 0] & =70 & YEMST} Table 69] F-23F2 Hong
(2004)01] AT 2HE RAE) Tkl o AT s
ol 242l gh F/sto] AP ATjoleh. QA 5l
A4 o] 2ol RS HA) A o] B4 ol Qe
o x| olrt. =2 FA o) W2 Fo] FARES FA|oA &

ZE AL Qe Ao HSEY, A 5L 77722 37

0_1
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Table 7 Biomass boiler unit cost for heating in England (Carbon Trust, 2011)

Porject description School Building Village Buildings College Building Apartment
Biomass fuel chip/pellet woochip woochip pellet woochip
Boiler only cost (£) 300,000 606,700 310,596 88,400 165,000
floor area (m?) 1,500 34,200 7,200 1,566 11,352
Boiler capacity (kW) 500 2,000 1,200 300 500
cost/area (£/mf) 200.00 17.74 4314 56.45 14,53
cost/capacity (£ /kW) 600.00 303.35 258.83 294.67 330.00
community heating No Yes No Yes
Auxillary heating Gas None Gas Gas Gas

= ko] Eoel) S| 1L, F& 7HX]0] ARybo] Wgro.
2 FEum el 2w e Fof sl gk )
sbgo] digh gl s Ea) 27he] olo] THs sty o]5
ulghg uto] o) 0] Apgure 451Elo] o o8 o}
2 4= 912 Alolth o Lobrh 7] o A & Slat sl

=

B 27} 34 5O AEE uks}L, Aol £AHE A7} of
Fol2 4 IS ATk 71§ vho] Qo2 S TS Z7Fat
Zolek

2. SULAZ HO|20|A BES 93t 7|

Qo] ofak ol el FG-L o} 25| olape] 24
71 Foke] SHALE FEsle] Aol XS 0] 85
= Zloltk. oln] QPgAo] 3L 483}l AdAn|7} Bielo]
glon] seluolut 7] 4zto] o §3 gck. ks

]

7} I

71 v o) Aagrg ol A= a7 7 gol A B
I AR E fl8l stk AAl 7] 71A| AR B
A o ol 4 7k e TS 7T Aag Aol A
Hj7] 72 Fof] e dEH o] e o] Sl Aol A H
o] 2A| g5k A E3F aLefE|ofof gitt.

Hpo] @ ufj A ¢laof o3 M M= gkl 24 FFE
HE=t)] 10 MW o]3}e] A2 MW SElint &, 7)o 2
ZB-olli= MWH 1L5EH9E 50] dH]H]-g-o] 2= @ ¥tk (World
Energy Council, 2013). 27 ¥]-§-2 $§125/MWh =20t} =
A Ao X 7| (International Renewable Energy Agency)
ol A= 3HAA}F A4 B e] o] AldH]= $1,880~4,260/kW
ol 55 AZFE HHA o] 1 AP $2,170~4,500/kW 2 A A|
Skl ICH(IRENA, 2012). 7] <ol = 7HE AEH|8-2
A Aol7t U, @ AR 7HE A HH Hok St
3HA| H} o) A= Suh and Kim (2012)0] S =3 G35}
T mlof thgt A A A=A 3 MW I S EL0] A/ H]
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£0]25.39] o FAYES gHal| Yslire B ¢
EA 7HE 64,000 9 o]8k= AASRL Qlrk.

Tt A= 800 m® W4 2] Z1Eo] 150 kW H}o] @ m A
ABE o] 8al= -9- Adu[H| 7} 2F $80,000 24 75
o]83k= | thv] Z7] Fxpu| 7} Wo] A Q Eu F8e 7
Ae 7k= o2 ¥y vl 9t (RETSCREEN, 2004).
Q=12 Carbon TrustAke] AFAAA S thAF O & vlo] QujA
Holg|o] u]8-2 22 258 £ /kW of| A H 31600 £/kW ¥
£ 711tk (Table 7). Hfo] @ulj A A7 0] Fipof] 24| thE 4]
U= Ao R Holu, W) WA 5ol AdH|8-2 W 2
Aot Folg 2o mat 2po] 7} glct.

ghH A47)eE o] 85k Hho| Lu A B e THRPA| AR
< EYohs A5 AHHIE 8 AR AlEsto] ARy B
] 2}A19] B8-S 50 % u|qte] xUpR] 9=t} (Carbon
Trust, 2011). A12.2] A3} 35S 915 B %7}
o] Quj A A BE 215 H|-g-o] KA Au] u]-8-2] ¢F40 %
£ A3l vlo] Qufj A HUHE EQlek= - 7= 1L
gafjof & Al Bde] A dof|A] D= A 7EA] 9] vlj 2
o] WA oA o] FiAlolth B AHZEE A7t ES
5 vl-go] F7lsh daeR Atk

2) 7}A38k
&Y o] eulj s ThAtete] AR FHITIAE A
T o] ot W} nR7 A 2 o] 0]-85

7 QIR E FEote] At A71E FAlO) ik ole
o k. FA7IAE daste] Eshe A9 719 B
2y S5 T o R st o] g o glont, A
Ao D& ol 8shs 74-F- AL v E Bla=dn
£ 712 Fsljop st g 7o) ulgo] st Hrt. &
A vl Quj A o]-§-5te] YAHE= A7 of HisfAl= At
LAYl A g e 5] Aol et A3 ol Sf5tod
o7} 7R Aol ofgh 27F ol 7
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@it 124 World Energy Council (2013)9]] 2]61H Hf-0] 2
w2 7h2shE QAlsko] WHAsH 49 e ke o
$150MWh2A] 9o ofat whale] ulaf o7k ek, S
A7 o] Qa2 7RAskulA Adu|e] Eajole
$2,140~5,700/kWou, B AZAAF T7H= §0.07~0.24
/KWhE 211 9Jth (IRENA, 2012).

S AT WL A3t ol o)A 725} 1] 18 AL

ol 7o) QL W wHol L} A TS glek AezA ol
ouj molelol g Hel vl Zekshict, 1elf ufol
Qa2 72sshE o] g8 W] A9 712 Aol WA
£ 915 40] A 9] ulF0] B 58 A RIS, s

7)20f 93} vfo| QA Hel#ol & 2o gl Ao 1t
St

7}28l719] Fie ol ISR R 4 3l
o 7ol A It shaFA] o] thae o]t o] 7R 4
A 7EAS )= FhgeU A Rk A7) 5 dEzzol
slaFAlof| Blsi A 7IthEA] o B & thefgt s AR Hlo|

QUIAZE 83} 4= Q)= A o] Qi AFA] 71ABH S o]
gabl 0] 71 ol Bl gapo] ot Aol Fgs
7] Q8 71 HAE 91t imejo] wol RFE, wof
A Aa-ato] g oot 7S Aol gt e FolE
o} whebA 7hast 3G oot A ARG 7HAS
AR Fastal A Aol 71Ee] ARl 285t
AR 7IAE ANEShe A0] 7Rs st Hieoleuljs HdE
o]t T Al oA P-2lEs AEAof dik A7 9
the o] o, Wl gl Ald o] AbAel Q= 79 el

Qo wolejo] e o f2jai.

2 HIO|QOA SHATIA
Zz=29

2% o] g8to] Foliabge] £5
A= Fig. 17} 2tk 27] 29 £
M Co) 52 2O 50| SR}
G1o] 428 51z0] A|1o] e Wk A1 S AF
2 Mglon], 1558 4} FC02 FErt HhS e gl
T Hyo] et 71 o] 5ol HThS L9l ob4sE Aat
Folli= COHCO,7} 5 WAIEI I CO9| vt Hng
LFeh o] - 7HsstaL, o] ol tha] Z7}5hs 52 A%
& Holn], 1 0] Hy0] 5= 571510] At 4| Relck Hy
7} ARSI Lt o X7} A fElo] CORO) Bhlde
7} 3251907] Wb 2 PEFET. Hy 27k Aol 2
2 7ha5He Aol COO) 5w T B71517] Al
248 BH13E 42 9l HAHE 7hed) mErholl A AR 3
K7k20) 2A0] AR 71 94519 COO) S5 w0k Hy
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Fig. 1 Gas composition change over the time for different

agricultural residues in tube furnace.

o] 57} 714 ko, HThA] T3t 36 %, 27 %2 27 1t
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o= glie] 4l glo] FEIHE 7ps| e YA
T7heae) At u]3 Wele] goRA, vy GAE 9
3t Gl Wak oek ey 2l A A S AX e
712e] AR A o} §3 5= Ik (Hong, 2011),

3. SYURAS Ho|RujAL| XY 7}
ot b 2 &% 2

sfo 0] Z4X| 7]20] ARl w9 Ak 7
ejsto] thE ARt ulwek 4= ik vol ol AE AR
B9, U H2e G IR0 TR Aol v
3 b o= Astor gk Fgo] Bt oA ek
of 40 5= Z7be] Aut ulg-So] k]| ol 7}
2817142 EQ5to] ARIIAE AR BE5Hd ufE
L 37h 182 ufo] @) 0] 9] A 2o urgshol
FIeh. A7 AAR APEL Il 7hgt| o) sk 2
$2 912 Aululo] et HR7t 87y obarbAlE
§ohEIA) ot Ffe] /AN o uR J1E ATE
3 ol §EIUH An| 9| Az §-S 71EO R Y WS
Aahgick vhol ool B8-S SIat vl -2 A St
o5 Aule] U iis npdo sHo Agsieon),
OIRHEE 2 % AT BF/It Bde g2 SIat
B 7% g S ol 88 4 glom, 1 7h2 e kst
7t QA o] W) FAIS AR Hong deEe] A
] v ol £ sk 714 AAN AES 71 243}
71:© Table 83} ek, 712 3RS AR F yzkel 7k
o AP 7 EOE 7B AR FTT0% FEOR LA
RO, Ao A Wk HAH 0 7 60 % 1

AR S50k T, vlol v AR 4 e A
5 A4 1) 742 Bk o ek wpo] G622 Al o] e

m o o.|>:

Table 8 Specification and conditions for equipment for syngas
production

Investment Conditions Capacity or conditions

Gasification facilities 60 kg/h”
Facility investment 20 million KRW
Project years, n 5 years
Interest rate, i 2%

Maintenance costs, C, 10 % of facility investment

Yearly operation rate 25 %

Biomass heating values, Hp 3500 keal/kg?

Gasification efficiency, 7 60 %

”Approximately 210,000 kcal/h
245 % of moisture condition dry basis
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AR 0] B40)o] 7belofof hHE 4] (1)7h o] Lt
epd 4= gk

By =B+ F, (1)

A7]01A Bz vhol @i A7 7} 71 (S/kg), B, = vt
ol Quj i AP ol 7HA T Al W2 O] W] 714 (kg),
12|31 Fz Aol thiet Sk el digh A7t Slegel
Hfo] Ll A F AH]FFO R Use 2 0 R A] Ho| Sl A thelS:
TG AVLRA gl (Pkg)olT). Fr2 E7Hd5Ea 12
1A Q3L o AHeri, po] i g AL O] Wit i n, Al
9] # 2 F FANE Petal & ), AL 3|5AlRE o]-851]

Chaath o] ALkt

i(1+4)"

__ (+i)—1 )
Fo= i
71014 My= AZF Bl Lufj 2~ - 4]eF (kg) ol ot Bl
Lol Aol gt FARES okt REYEl= )
22 vio] Quj s ARGEF E-2, Al 7Hg-Eo] W e o
ek =, vholeuli2 fwo] A7 ol w2 A7 AR
& 57 whebA ek & = Qlok FHR Alde
D7 HeliAl= = A fAl o] whE wlgo] &

S5 ol CBhal 3kl o] & REgst,

o ot 4y

i(1+4)" el
(14 -1 3)
T M,

Hlol @ul 2 $ A2 o] GeIAE 71E Amete)] 4
A H|wsly| ojg 9B R, o) 9y 7H4 o= ghils)
o] B gt 4= Qe vho| QU A AR S 7L AdH]of| A 714
HEE AASHA =W, o|A] Agtasof wets 28 7hs
S @k T Sol57] HiTk o] 2 Wgsi] Slsto] vl
0] o q 2] Aeka &S nefal 51, Hio| @uf X Tl 5
S RS HyehaL ap, ol et A k) ek 712
Cr=

Bf

G=ir (4)

Lt SRS Hio|OiA9] MY 7t
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131 EO.2 AT Table 89] 200} /402 @itk 815 Wk 2his] wYEIL, tha 28 7402 volonj g 7
Solof T ] §-2 k6B UORAM, oS T FFF ulG Y 7RseHA Bk
o2 AN 4750kg, el Y GG HAOR B AN B S 18] AR Wizl

AFshHE 0.0226 Ykeal otk 20154 69 7|2 S5-8-0] tho] &
o o 7122 0.09 W kealo| k. 552 tHAI5H] $15to] o]
orls AR S TRtk o] Xjojo] AAstctar ek
50 AGAL WAZEAL oF 19 %9] AlFo] Eitelng
(Petronet, 2015), ©| S ¥rgato] T9] o o 7420 A4t
SH1 103,69 Wkgolth. 3, Hlo] o2 7123} A 42 0] §5
592 AIsHe 2L AR B o, vlo] 22 A o)
5 Uk A1 M B o 109 Y 4 E 0.8 B 4 ek
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Payment for biomass purchase

Biomass
Farmers Online biomass Consumer
(Crop residue) Trading system (Greenhouse

farms)

Biomass transport

e

Fig. 2 Biomass purchase and transport by online trading system

F7hulgo] £ En], EAFSo] ZHW B9 S 1
o) 217 ghaah7] ijoleh. Al 7hzjel e vl A 5
o 27 Avlo] )3t AlZ o] o Zestu e A2 v
W B4 Y 58 BES BAsH gtk HUTAE Ho]
ol20) A S B3 FRAAL Fig. 20 ebiic.

Ch =8 & 28 A

o] Qo A= B Aol A o dojx]7] Hrk= 4§
2 Aol AAEl s B8-S 7 B, SREAIAE7ER] BAIA
0|31 H-E%| 0 2 423 2uIS 4= QI Al 2| E|ofoF gith A}
ZpHl8-S e o] A EY = oy Eo] {8t
13] 291 A] Z|ofet B2 kS 2R h= Zlo| vlghz|sich ulet
A Hto] Quil A= e Egfo] 341eh 4= Q= ol fEfshaL, 1
SIA] ok 739 Fslgolu m e kA HhEE|ojop sick 7 vl
o] QA SREALS FHOR A gl 7|23t Hio] LA
a5 A Aol =341 25 AA7E 2ol Aok git

WS FAkE o] A48 53] A4 %157} |- Ko} FApo]
A o 5] Z¢Jo] Qe E R, 3] Wl Q< H| A of A )2
7|e} B2 H o) ul & &-g3h 4 ‘210101:6PE} ol& %H| 2]
aEF -go] vfo| QA AR 7hAef| Jfg xR %
7|08 o] 50 A= HEE oo} gt 255 A3t E
of| gzhe]o] FApolla] mpaf B AR o] A4¢)2- Ao
4= = A7 EQH ok =8-S A WE 4 9l
2l B oZiE et AdsTtel Myn 2F

1) AlHARI 9 A1)

AF7HA] A g7 ol A vlo] LufAE o U 2] &= 283 A}
= sholuh Wl o] 83k B w Fo] ik BlaLd Ay
Of L7} 2FaL, B 23} o] o) 2] 2] Far Qlrt. whetA]
FEA Aol A vlo] Quf A ARE 2HBHIL o] 5 O]-EFh= Al
Aol digh 29 A7t flom g Ago] AIARY] Al
< *doéﬂ?ﬂ} Jéﬁﬂ Atk Al ALY-E B8l Hho] 2 2h o]
STt -8 Aol AR oA A== ZAIR T} ol 2

18 « Journal of the Korean Society of Agricultural Engineers, 57(6), 2015, 11

Policies and Programs ‘\ >

- Incineration ban for Frameworks for Biomass market \\/
agricultural residues

- Online biomass trading Pilot Project & Expansion

- Determination of marginal

system
price of biomass

- Field and intermediate - Demonstration projects

- Financial assistance and tax
exemption for biomass
facilities - Field equipment for chipping

and loading

storages - Initiation of viable biomass
utilization facilities

- Expanding more biomass
utilization facilities

Fig. 3 Strategic steps for increasing biomass energy utilization in
rural areas
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