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SUMMARY

Chapter 1. Development of a drying-system for agricultural
residues 1n the manufacturing process of

agropellets

In general, agricultural residues, such as rice straw, barley straw, wheat straw, corn
stalk and pepper stalk, have been used as a manure or feed. In addition, utilization of the
agricultural residues as a fuel material also has been increased steadily.

Drying system developed in this study largely consisted of six parts. First part was a
injection equipment that agricultural residues collected from the cultivating areas of each
agricultural product were fragmented into small size which are able to produce pellets,
stored in this equipment, and discharged to next process. Second part was a rotating drum
that the fragmented agricultural residues provided from the injection equipment were
carried to a 3-way drying equipment, dried in the equipment, and discharged to next
process. Third part was a combustion furnace which provides heat to pelletizable materials
with the connection of a cyclic-combustion equipment. Fourth part was a cyclone, which
separates pelletizing materials, connecting to the outlet of rotating drum. Fifth part was a
secondary combustion fan, which transfers pelletizable materials by strong air, connecting
to the cyclone. Sixth part was a outlet controller, which discharges only pelletizable
materials with less than 122 moisture content, connecting to bottom section of cyclone. In
addition, moisture sensor and level sensor were attached to the outlet controller. According
to the sensors, the dried pelletizable materials were discharged normally or unusually by
two-way motor.

From this system, agricultural residues might be dried to a proper moisture content,
which can be used as a pelletizable material. This system might also be applicable to a

drying system for wooden materials as well as for the manufacture scale.



Chapter 2. Development of high—efficiency boilers for the

combustion of agropellets

This study was conducted to develop a high-efficiency boiler for the combustion of
agropellets. This boiler consisted of six parts. First one was a storage part, which stores
agropellets. Second one was a combustion part, which burns agropellets transferred from
storage part. The storage and combustion parts were connected mutually. Third one was a
fuel-transferring part, which is installed between the storage and combustion parts. In this
part, agropellets are transferred from storage part to combustion part by the mass weight
of the agropellets itself. Fourth one was a heat exchanging part, which heats water by
steam provided from a combustion part. Fifth one was a combustion fan, which provides
outside air to combust agropellets in the combustion part. Sixth one was a secondary
combustion fan, which discharges inside air in the heat exchanging part. In particular, this
boiler was designed to increase the combustion efficiency of agropellets produced with rice
straw and husks.

Although wood pellets can be used by various combustion equipments, use of
combustion equipments for agropellets or waste solid-fuels has been restricted owing to its
intricateness of combustion. Interestingly, agricultural residues such as rice straw and
husks can easily obtain in large quantities from rice paddy, resulting in its low cost of
securing raw materials. However, utilization rate of the agricultural residues as a raw
material of solid fuels has been extremely low, and most of the agricultural residues are
used as a raw material for the production of compost. Little amount of the agricultural
residues torrefied has been used as a fuel and ridging.

Agricultural residues have hardly been used as a raw material of solid fuel so far. The
reasons are as follows. At first, agricultural residues, such as rice straw and husks, have a
higher combustion temperature than solid log or sawdust because of their chemical
composition comparing to wood. Secondly, when agricultural residues are used as a fuel,
much clinker in the burning furnace is produced due to their incomplete combustion and
high contents of carbonization gas and ash. Thirty—five percentage of the carbonization
gas, which is formed during the pyrolysis of agricultural residues, consisted of pyroligneous

liquor and tar. During the combusting process, the pyroligneous liquor and tar are attached
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on the funnel of fuel-transferring part, resulting in reducing the fuel supply.
Non-condensation gas consisting 20% of the carbonization gas had high quantity of heat.
but noxious gas such as carbon monoxide is emitted from the incomplete combustion of
agricultural residues. Therefore, it is required to prepare the safety way against harmful
gases when the agricultural residues are used as a fuel in the closed space like a green
house.

Therefore, in this study, it was confirmed that combustion equipments for agropellets
was needed improving the combustion characteristics of agricultural residues and removing

ash efficiently.

Chapter 3. Development of mid-size pelletizer for the

production of agropellets

In present, utilization of renewable energy has been increased steadily with surging the
interest and application of biomass over the world. Particularly, pelletizer for wooden
materials was successfully deployved on a commercial scale. However, pelletizer for
agricultural residues is still in the beginning stages because agricultural residues have
several problems, such as the unique characteristics, high collection cost and other
utilization, to be used as a raw material of solid bio—fuels. Additionally, agricultural
residues, such as rice straw, barley straw and wheat straw, are necessary to be densified
for using efficiently as a raw material of solid bio—fuels, although be different depending
upon its collection and transportation type and characteristics.

This study was conducted to investigate the variables affecting on the fuel
characteristics of agropellets, which were made with rice straw. Based on the results,
pelletizing process for rice straw were determined, and the processes are as follows. First
one was a chipping process that rice straw of circular-bailed or square-bundle type was
smashed into chip. Second one was a grinding process that the chip-size rice straw was
ground into particles, which have a proper size for the production of pellets. Third one was
a collecting process that the ground rice straw was transferred by strong wind, screened

to remove fine dust, and collected in a large room. Fourth one was a conditioning process
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that the collected particles were adjusted to proper moisture content for pelletizing. Fifth
one was a density-increasing process that agricultural residues, which have a low specific
gravity, were densified to a proper level resulting in improving the formability of the
pellets. Sixth one was a pelletizing process that the particles of agricultural residues were
densified by the pressure of at least 600kg/m’ with the mutual interaction of roller and
dice. Seventh one was a cooling process that the pellets produced from the pelletizing
process were cooled to the level of room temperature. Eight one was a screening process
that dust or fine produced during the processes of pelletizing, cooling and transferring was
removed. Ninth one was a measuring process that the screened pellets were measured by
the unit of 20kg. Final one was a vinyl-sealing process that the pellets of 20kg were
packaged to prevent them moisture absorption.

From this study, it was confirmed that agropellets fabricated with agricultural residues
can be used commercially. Additionally, herbaceous plant, such as reed and silver grass,

might be used as a raw material of agropellets.

Chapter 4. Development of pretreatment technique for
improving the formability and combustion

cfficiency of agricultural residues

For the production of solid biofuel, new alternatives are needed to reduce reliance on
wood, which is currently the predominant biomass combustion fuel. This study was
conducted to identify the potential of rice straw (RS) and husk (RH) as a raw material for
pellet productions. RS and RH could be easily dried compared to woody biomass, but
contained significant levels of ash. Higher heating values of the air—- or oven-dried RS and
RH were slightly lower than commercial wood pellets. RS and RH contained quite more Ca
and K than larch sawdust. The outdoor exposure of RS for a certain period reduced its
ash and moisture contents effectively. The durability of RS and RH pellets improved
steadily with increasing pelletizing temperature and time. These results suggested that RS

and RH present a suitable alternative due to its availability, relatively high calorific value



and low moisture content. Pelletization under appropriate conditions also enabled the
durability and bulk density of RS and RH to be improved, enhancing its potential as an
alternative combustion fuel. In particular, significant reduction occurred in ash and moisture

contents of RS during 15-week exposure on-rice paddy.
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A4 AE D WA 800, 8- 300,000keal/h (2010 74 715E)
T F AT FH 7] Sd4ds8 | PKS(H) H] 51
Amdek 8700k ¢ 9550k ¢ | 860ka/kw | 4,000ki/kg | 4800kal/kg | AR ELE 7FE

30041/Kg
dgrs4 10804/ 7109/ ¢ | 409/k 3509 /k 2759 /k
A g5 74 ’ - /KW el =
(10.12.20) ¢ ¢
25091 /kg
g | 86% 86% 9096 ©] 4+ 8% 74.3% AR 7+

1¢ 10A1%F

Gl7bau|® | 601447 | 54791 ¢ | 581.39%5kw | 123119kg | 126,178k
© . & I5Aaas0 273

AA N | 41,081 ¢ | 375554 | 417200kw = | 84,090kg 86,180kg | FE=AAA T4

25,3547

ArdEy] 42,3134 9 26,66449 | 16,6839 | 2943239 | 23,700%1 ¢

21,545%1 ¢

7,6927% ¢ W¥1,030% ¢

Q
N
N
>,
N
N,
2
Ay
N

6612704 | 165889 |«x12,8314¢ | 9576% ¢ W2,965% ¢

11,7315 9 W5,119%1 ¢

77.7% ¥3.0%
Zfdul | 100% | 80.1% 50.2% 69.5% 71.2% V11.1%

64.7% ¥19.2%
o Al A8 AR(AAR) ] oF 31.0% Azt 12,8813 91/93F 25t

(4) A7t
b A el e 2] At
- Al e ¥ |A F 52,000ha T AR A A oF 25%91 12,900ha
 200812.30¢ 7E(Ed 93

Aer | EAWE) | 7] B M3

v & 94% 3% 0.2% 2.8%

bt 5
b Ad, s, 207 F7F B A A0 A o] soh
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o F A 45009 o8t 1%m] R, 50071,000% 426, 1,000% 7200058 90%)
b AR 54
o Apdle] W TR (ha) < 5 7] ARS (9429) x B00% o942 x e EH(2500)
= 13,000 x 0.94 x 0.94 x 0.25
= 2,80073,500t (7009} ~ 875%) : 200,000kcal/h-& 7|
o iy HAe] 20% ¢ 2,500ha o B A (A AL

HN

e 2010 #H3gl Wlr] 1209 9 (160ha) A9 A (2% 5)
o thA g8 Wy w Azl 3000400t Al ol A
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CE M2 EE et A E2 1 SET
o7 EED| HE THF 1 SET
[ml=) HE 1 SET
F1 Hw=0old: Fan O FEEW i SET
FZ #Ha Fan C.75kW 1 SET
F3 I.L» Fan 34t Srin, 1.5k 1 SET
T1 Hiz 25 Chgl A EA
TZ YD | e Tl A EA
T3 =7 inleteEx CadlAo EA,
T4 xR cutlstE2= Al A E
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T T SBRD-500A ERARE-A] H] il
8 A= (kcal/h) 168,000 1,260,000
ALZA A (m') 1.55 116
WY 7 (mm) 838 1,636
9] 7 (mm) 1,260 2,008 e W =57 =422mm(211%2)
= o (mm) 2,805 5,522
&% ol (mm) 3,700 - o AsAA ] o] =8%5mniE 3
(1) Azx7] A%
(7h) ARFEA
@O BAFEA
A= AR ) BAHS ) CAH @)
Ab ¥
=y 34 3 PASS 1 PASS 1 PASS
o i
Xl
s
&
A
ul 5
Ax7] 27 21.83mx4 o] 7.32m Z1.3mxZ2 o] 81lm Z1.0mxZ o] 13m
nx & 2,000kg/hr 800kg/hr 1,000kg/hr
o 5oA A 19.3m’ 10.8m’ 10.2m’
AA /=2 427°C/83C 429°C/59°C -
s % 22.5kw, 114m’/min, 15kw, 100m’/min, 7.5kw,120m’ /min,
387mmAq 387mmAq 200mmAq
7 (0.675.8rpm)
=% 4% | 3 &A@ 12pm) }OJH%E% Xﬂ;p) w4
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an
(30
. o) D
N &
(3) Duct Alo]= 4
(7}) Duct A
S Cool Gas Duct Hot Gas Duct(inm_), Stack Gas Duct
(1) AeHE FAET (mm)
SBRD-500A 200 430 270
ERAFEA 432 762 610
(1}) Cool Gas Duct AFo]= £
@ Factor
T SBRD-500A ERALE-A v AL
48 A= (lal/h) 168,000 1,260,000
% % #(m'/min) 28.8 184
A7 P ke) 137 883
o Ax7] A L AARPAE FHeske] 200mm
(t}) Hot Gas Duct A}o] = £
@ Factor
T SBRD-500A ERALE-A v 3
2 = (kd/h) 168,000 1,260,000
% ¥ ZF(m'/min) 28.8 184
AA Fiw(kg) 137 883

Fod (105%1A)) = 267mm (250A)

@ Stack A7 @424 # KStAE 11#3s

(4) AtolFE AAM

o
-1
(7F) A AGE-oll & Duct 4

D Factor
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A AFEF E&474
TR M
A A = (kg) H| & 2 74 (mm) H| &
SBRD-500A 137 15.5% 325 45.6%%
EfALE-2A 833 21.6% 711 63.6%%
@ e A - 63.6% < 15.5% — 45.6%

21.6%
Q@ A (A) AF= = 456% x 711 = 325

D Ael2E AR GF

T \
TE G

i
284

Il
l
-
p

| T
| 0848 ]

T
10438 '_T_

S S | N

atop.. ]|

[< |

==
e O——fTh

D—

A 7 (mm) | 325 | 245 | 455 | 160 | 425 | 750 | 1,170 | 1,920 | 270 | 140 | 235

(5) YxolFakel AW

h H95da
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1EG4.0 1036.0

jl-w EE®®| -

T i A F-ALF H] al
ALZAA (m') 1.6 AR T 210ke/m
7t2 x Al Z(mm) 900 x 1,500 23 % 4EA
¥ ol(mm) 1,214 -

% o] (mm) 2,100 AA} QRESY o] 7
[EA= AR 1.5kW, 1/120(7+ 4 1)) WE £EA o]
(b ABolF ~2F
2 2359800 B ZAR(G | 22FIA () | FHAS0m) | BEY] |04 Hkgh)
60L2 110.0 34.0 120.0 57.6 1/30 748

6) dBolFed AAHY
oh duda

S60.0

500.4

§30.0

1198.0

350.0 ‘

230.0 | 400.0 | 230.0
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7 2 M F-AFE H] ar
ALZA A () 0.6 AEEE 210ke/m’
7t2 x Al Z(mm) 853x 853 A3 E ARA
¥ ol(mm) 836
%% 0] (mm) 1,385 AAR} QuE o] 7ol
TE A} 0.4kW, 1/36(7<:1]) QI E] & %A o]
() A AIA
T 8 2AFYAE(G | Fo| A (G | AZFH A (m | F A5 0pm) | ZFEH] | olF F(kg/h)
60Hz 102.0 34.0 51.0 57.6 1/30 269
(7) FAN AAv 4
(7}) ID Fan
1 Factor
TR SBRD-500A ]
I~ 3T
& 3 F(m'/min) 8.8 lkg =547 4% - 0.21CMM/kg
g ool A ~
;(ﬂﬂ ,ﬁ’:%%}:(kg) 137 (Zﬂ}—}‘]% X]—L =AY 02 0.24)
® "BagsE 0.21 x 137(A7 FE=Z) = 288CMM
3 Pre 4,500 X Fan E5(0.6) x 2.E]-2-%(Hp)
%% (m’/min) < FA&(1.5)
(Hd& 15 Axwgl ofaz Fel ubE MY 7pHiAol§)

@ A 0 2.0Hp A8 (P AAHD)

4,500<0.6 <2

O P= =

= 120mmAq

® 120mmAq, 30.0m’/min, 2.0HpE A (21 E 71¥ A o)
(}) Fuel Feed, Combustion Air Fan
@ Factor
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T T SBRD-500A v 3
E9E % (m/s) 25.4 o 5o, 8 AxE o]k APEE
HE A7 () @56
% % (m'/min) 3.8

@ Zo$FH(Q) = A xV = 38NMM
F 2

©) 05mmAq(H t =)
gy S X WHES5) X AU (mmAg) 38X1.5X200
P 4,500 X fana 4 (0.6) 4,500 % 0.6 '

(dg 15 AXxEQ] o= T/ & oAJF& =9
® Fuel Feed Fan< d@o|&go 7 9 A Combustion Air Fan< 39 3 7]
xdgo2 AWE 7 A o
® 200mmAq, 3.8m'/min, 1.0Hp= A A (21 E 7} A o))
(8) ¥ AAW
(7} Factor

-
2

SBRD-500A

2 2 d #F(l/ke)

168,000

(th MU Ao] W

T == (G H 2z (kg/crl) EE7(L/h) =SS EH(T)
1< 45 9 21.3 337
off 0 0 0 0

vl Az g T

(1) F87 A 5Ab
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TR Bl = A} % 5 A
D Fan(eluje)) | LOKW, 100mmAg, ArAxg FQMY Aol
30m'/min
FAN ' oizo)2 Fan | 075kW. 205mAq, min | & Amol% 2 13 odxFa
A Fan( 1) | 1Hp, 206mAg, 27m'/min 22F AAFTEH(JAHE Alo])
Drive(S1HH) 3.7kW, 1/30, 58rpm 27 T QIHE Ao
A=Y A(JAME) | 1.5kW, 1/120, 15rpm Q7Y o) AAF(AME A o)
dHolF 0.75kW, 1/30, 58rpm A7 oA olAraAF
L =
Az ol F(AME) | 0.4kW, 1/90, 19rpm AZold ~3F (IWE Ao])
b A = 2 0.4kW, 1/30, 58rpm Axr® A olE
ZEH 0.4kW dE =S
153 I I =1 0.25kW, G30, 4.5gal A4 2 23 on / offAl ]
T1 A4 % (FHFYH Display£)
AL T2 A2 2= (PLC)
T3 v 7] 7}~ 2% (A FH, Display 8
L T4 A%7] Y25 (3 F7E, Display 9
Dry inlet
T5 Azx7] 9% (PLC)
T6 Az7] W& 5% (757, Display 9
Dry outlet
T7 Azx7] WELE(PLC)
AWAA | Apo] FEE .9 1A A5 A Zere] WH Ao
T/ AA | Vertex TFEZA AAZE A, AA, Ha gk EA

(2) F85 A

7h AA 2AHA
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© & A daE dF AzeE AXREGEVAA), w4 dxA AR A
@ ® " 100TCAARE — 200CAARE — 1A @9 2245

1,L100°Col A 2A13F 2], WY on, off2 Ao

— L100C7H+] —

) 7FEs 724

@ ID FAN
o dPxY  Fupg WA wE V24
e A} ok
A9 1A 8&w) | dFA) | B &0 B YmmAg | F FHCMM)
32 220V 15 6.3 84 100 30
o A
Faez) | W A (THTEMs) (A SmmAg | T FHICMM) | A FH(A)
60 200 6 128 27.5 43
70 200 16.6 156 31.3 55
75 200 178 217 33.6 6.6

¥ M goly 7H4 ¢ 34m
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o APz Fa WA BE V2AY
« X} 9
a4 A HE&W) A F(A) |8 SHmmAg) | F FHCMM) v 4L
32 220V 3.7 14.2 100 30
o H3A
— 60Hz¥Y 4% 7.3rpm
— FAGFE 10%) 1x27] BHAZ D 68(7]1F 58 A 8lEA7F 15725%)
@ 2W(CAF)
o APz Fa WA BE V2AY
« X} 9
a4 4 Ao HE&W) | A FA) | A mmAg) | F FHCMM) v AL
32 220V 0.75 3.0 205 27
o H3A
A
T 3k (Hz) FRTE/s) | AYmAg) | FHCMM) | A FA)
ZF2(mw | = (mm)
20 95.4 45.4 11.0 14 2.9 0.8
30 95.4 45.4 17.0 29 4.4 09
40 95.4 45.4 23.0 ol 6.0 1.2
30 95.4 45.4 29.0 8 75 1.6
60 95.4 45.4 34.0 110 8.8 2.2
70 95.4 45.4 40.0 141 10.4 3.1
@ A5 olFAM(FFF)
o APz Fa WA BE V2AY
« X} 9
4 04 A HE&W) A F(A) | A mmAg | S FHCMM) Hal
32 220V 0.75 3.0 205 27
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(th) Ao AH=adn

O A==

hh 5 T A (kg) A (m') | AHEREE(kg/m) | W] AL
4710mn 10.8% 1.906 0.02200 87 das
wEl
Amm ©] & 10.5% 3.4 0.02200 155 ATng
4710mn 24.2% 2.828 0.02200 129 das
S35
Amm ©] & 29.3% 4012 0.02200 182 ATng
4 7 | 6577.0m 10.29% 2.54 0.022 115 “
E v | 6710mn 33.0% 15 0.00547 274 “

Arolgal oA
1D FAN
R A (75H2)
=t 9t A 30Hz 60Hz
=% 2(m'/min) 4.2 3.8 5.8 14 8.8 33.6
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ES gEss Aoz dEA

oln2 APy PP FAVES AHuy, exEg ot hEoNo] AHWH FAHo] 9on,

—~

Lo A= Table 4-1-13 Zo] FCBAdA ofaz2Hgle] £ 7|58 A
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Table 4-1-1. Specifications for French agropellet quality standards.
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Specifications Agro+ Agro
Dimensions D=6 to Smmz=lmm D=6 to 16mm*Imm
L= 10 to 30mm L= 10 to 30mm
Moisture content (%) <11 <15
Net caloric value (MJ/kg) >155 >14.7
Net caloric value (kWh/kg) >43 >4.1
Bulk density (kg/m*) 2650 2650
Mechanical durability (%) 295 >92
Amount of. fines afetr <9 <3
production (%)
Ash content (%) <5 <7
Cl (%) <0.2 <0.3
N (%) <15 <20
S (%) <0.2 <02
Ash melt temperature (C) >1,000 > 800
As (mg/kg) <1
Cu (mg/kg) <40
Cr (mg/kg) <10
Cd (mg/kg) <05
Hg (mg/keg) <01
Ni (mg/kg) <15
Pb (mg/kg) <10
Zn (mg/kg) <60
A, Felvetel= Table 4-1-29F 22 SA4AE Fd5r40] 9loy, fFHolA= 1s
o DINplus t740] §919) ZAAY #Ae BEZ o] §uo] o} Fol Table 4-1-3%
e BAEE F4512 0] (ENplus)o] »HaF 5L 9lE Aot




Table 4-1-2. Specifications for Korean wood pellet quality standards.

Specifications 1st grade 2nd grade 3rd grade 4th grade
Dimensions Loomm | lemmm | Lewmm | Lesmm
Moisture content (%) <10 <10 <15 <15
Net caloric value (M]/kg) >18.0 >18.0 >169 >169
Bulk density (kg/m’) >640 >600 >550 >500
Mechanical durability (%) >975 >975 >% >%
Ash content (%) <07 <15 <30 <6.0
Amount of fines afetr production (26) <1.0 <1.0 <20 <20
Cl (%) <0.05 <0.05 <0.05 <0.05
N (%) <0.3 <0.3 <0.3 <0.3
S (%) <0.05 <0.05 <0.05 <0.05

B4 gAY oz AN FEa HdelA 2 AolE Holal Qv ofi®
Hele d5o B A o] Hol A8l E Agro+i= 5% ©|3), Agro 7% ©|3tE
A At g IFEY] Fe TR FTFE vAA HERE oLl Wi VEk
Agro+7} 155M]J/kg ©]%, AgroZ} 14.7TM]J/kgo. & BA FA4 5o lt}.

iAo dajys Sadee] A3 2 ZolE Holal g, Agro+7t AiE 0.2%
o3, dA¥= 1.5% ol3f, F32 0.2% °©]3tZA4], ENplus-B7} 94 0.03% °©]3s), d4+= 1.0%
ol3}, & 0.04% olst® At Aol vlal wA A vk
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Tabled-1-3. Specifications for European wood pellet quality standards.

Type and amount
to be stated

Type and amount
to be stated

Property class /Analysis method Unit Al A2 B
Diameter, D* and Length L’b, prEN16127 mm D06, 6 = 1; D06, 6 = 1; D06 6 = 1;
3,15<L<40 3,15 <L<40 3,15 <L<40
DO8, 8+ 1 D08, 8 + 1, DO 8 £ 1;
3,15<L<40 3,15 <L<40 3,15 <L<40
Moisture, M, as received, | M10 <10 MI10 <10 M10 <10
EN14774-1, EN14774-2 w=%
wet basis
Ash, A, EN14775 w-% dry A0.7 <07 Al5 <15 A3.0 <30
Mechanical durability, DU, as received, | DU975 >975 DU975 >975 DU9%.5 >965
ENI15210-1 w-%
Fines at factory gate in bulk  transport (at w-% as F1.0 <10 F1.0 <1,0 F1.0 <1,0
the time of loading) and in small (up to 20 received
kg)and large sacks (at time of packing or
when delivering to end-user), F, prEN15210-1
Additives® w-% dry < 2w% < 2w% < 2w%

Type and amount
to be stated

Net calorific value, Q, as received, | Q16.5, Q16.3, Q16.0,

EN14918 MJ/kg or | 165<Q=<1%r 16,3<Q<1%r 16,0<Q<1%0r
kWhkg | Q4646<Q<53 | Q4545<Q<53 | Q4444<Q<53

Bulk density, BD, EN 15103 kg/m’ BD600  >600 BD600  >600 BD600  >600

Nitrogen, N, prEN 15104 w-% dry N0.3 <03 NO5 <05 N1.O  <1,0

Sulphur,S,prEN15289 w-% dry | S0.03  <0,03 S0.03 <0,03 S0.04 <004

Chlorine, Cl, prEN 15289 w-% dry | Cl0.02 <0,02 Cl0.02  <0,02 C10.03 <003

Arsenic, As, prEN 15297 mg/kg dry | < 1 <1 <1

Cadmium, Cd, prEN 15297 mg/kg dry | < 05 < 05 < 05

Chromium, Cr, prEN 15297 mg/kg dry | < 10 < 10 < 10

Copper, Cu, prEN 15297 mg/kg dry | < 10 < 10 < 10

Lead, Pb, prEN 15297 mg/kg dry | < 10 < 10 < 10

Mercury, Hg, prEN 15297 mg/kg dry | < Q1 <01 < 01

Nickel, Ni, prEN 15297 mg/kg dry | < 10 < 10 < 10

Zine, Zn, prEN 15297 mg/kg dry | < 100 < 100 < 100

Ash melting behaviour d, prEN15370 °C Should be stated Should be stated Should be stated

Z Selected size of pellets to be stated.
Amount

° Type

4 All characteristic temperatures (shrinkage

temperature (HT) and flow temperature (FT) in oxidized conditions should be

of pellets longer than 40 mm can be 1 w-%. Maximum length shall be < 45
(e.g. starch, comn flour, potato flour, vegetable oil)

min.

starting temperature (SST), deformation temperature (DT), hemisphere
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AW Tis7 B ddEs 2 wes HUEe 550510 T FstEolA 308 o dAd &
FAE SASAT 2819 FA S AAstlod, otgf ALAE o]t A EA e A
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AloFS A ZBUT 9F oA o AlFE P& t}g Soxhlet extraction tubeo] Y% o 3%
Yt} Soxhlet extraction flaskol] 150ml1e] LZ-wlAlAleFS- ¥ il 3A 7 ¥HSA T}

Soxhlet extraction flaskel] Y2 AS Aol Y 242 279 3]

(ld

A5 wlE FHHAA @AY 70-80CTE AT F2Fd A 1AL 7S & a4y
EH lg, WEAF 02mle €3 33| & vH53le] X, TAS A3 glass filterel] =3,

500mle] Sz A & AFe E£3 olMlE S0mlE 3] FUAIHT. A I glass

7y FAAFES] A ¥4 (Elementary Analysis)S {13t A|EE 1014TC 9 &ZoA] o4
AA g FEles FHA7IEA 2 daEE F4o &0 7|AEA (CO:, Ni, H:0,
SO% A3 HY. o] 37255 gas chromatography columnell 5 3A] 7| WHA 24248 &

?3k 3 A-AE7Z7] (Thermal Conductivity Detector)ol]l ¢J3le] A7|Alsz AHF oz W
W

al
AAR o, A WHE eI 2Y (FEAME A, 2009). A EE 65%9] HAhgel
(INO3)& o]&3t 3|i& AQs & ALS AAT &, 772 43 895 A 4
A4 HEF A9 wgl Inductively coupled plasma (ICP) emission spectrometer
(Perkin—Elmer Optima 4300 DV)Z o]&3}o] =33}l o & &9 789 e 324.8nm2)
o] HAHE s AR ATt

4) FaF
7y Azel wdzEe 1g9 AlEE EHEHA6400 Automatic Isoperibol calorimeter, Parr
Instrument Inc., Moline, Illinois)el Y3l = HAbFH e oA LA gE “H A8 gl &2 524 7ol 7]

=¥ Wl Aste S48 (5rEAbd sk, 2009).
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(5) A9 A=x
7170 el e Y FANE EHE 92FE EFYle "HElEo]A R 180T 9 =+ ¥ 150MPas] ¢
How 383 Eete] Aoz A X3 oW (Fig. 3-2), Alxd HAZ e A= 6.5mme A&

Qil pssure unit

Fig. 4-1-2 Images of piston-type pelletizer used in our study.

6) 21d
100ml Hle] Aol EAAIZl AR 1g& Wil 72% FAF 20mloZ 20TelA] 2412 &<t frel %

o2 F8 unkEgivh 2A13F § 2000ml At EEkaAel ¥Wal SR 76omlE ¥o] 3% 3
2
=

iy

2to2 whEar 100ml BlolAe i T ES 766ml SHTE A €. o] MeES
autoclaveel] %3l 120C 9 = A WEE AT AL AN B AL EE A3 E AUYA oF BF B
b oz L£YEE H|AFs A9 Fal, 1G3 glass filterg o3 FS) 7]l 71-%a o3AIZ]
T AL T 00mlE AlFET oA R AFAZ] ARE Al ¥wal 1643F A%

A7 1A WA G FAE SAde] P §2E Tara

(1) o]-3tetA A
Table 4-1-48 2 AFolA FAANTE ALEH FHFAE AREY o -s514 A& 24

3l Aatoltt, WA g AG WAZOZ 559-1356% W EAsd o, E3 4A
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Table 4-1-4. Chemical composition of the agricultural residues

Dry-based chemical composition (%)
Bi Moisture Solid
omass (%) (%)
Holocellulose Lignin Ash Others
Pepper 8.06 61.08 1921 701
stalk (0.15) 91.94 0.9) (0.36) (0.18) 12.70
6.29 70.78 11,67 167
Corn cob (0.52) 93,71 (1.13) (0.84) (0.06) 15.88
- 10,83 62.63 14,87 751
Com stalk | (0.46) 8017 (L53) 0.25) (0.16) 1499
Tobacco 11.02 62.31 13.66 9.02
stalk 0.14) 88.98 (1.04) 0.92) 0.07) 1501
. 559 6521 92.00 10.87
Rice husk | () 9441 0.09) (1.44) (0.16) 192
. 6.72 65.47 12.83 9.44
Rice straw | (7 93.28 (0.50) (1.04) 0.12) 12.26
Barley 12,67 70.07 17.80 757
straw (0.43) 87.33 0.27) (0.44) 0.17) 456
Wheat 1356 67.19 2131 7.13
straw 0.21) 86.44 (1.01) (0.33) 018) 437
. 1055 68.80 98,62 034
Larch (1.68) 89.45 (2.02) ©@21) 0.02) 2.24

arix kaempferi C.

shelal i A A3E B (Table 4-1-4), AA5A 7|22 61.08-70.78%<] A4
A, 11.67-22.00%9 & 14, 1.67-10.87%9] 302 FAdHo & Aoz eyt dA
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Table 4-1-5. Elemental composition of the agricultural residues

Elemental composition(%)

Biomass
Carbon Hydrogen Nitrogen Sulfur® Chlorine®

Pepper stalk 45.28 578 1.15 - X

Cormn cob 47.32 6.15 0.43 - X

Corn stalk 43.11 570 051 - X

Tobacco stalk 45.58 576 1.17 - X

Rice husk 46.01 5.87 0.66 - X

Rice straw 43.02 564 0.70 - X
Barley straw 45.17 594 0.40 - 0.886
Wheat straw 4658 5.84 068 - 0.047
Larch' 46.87 599 0.08 - 0.003
1st-grade pellet” - - <0.30 <0.05 <0.05
2nd-grade pellet” - - <0.30 <0.05 <0.05
3rd-grade pellet” - - <0.30 <0.05 <0.05
4th grade pellet” - - <0.30 <0.05 <0.05
ENplus-A1° - - <0.3 <0.05 <0.02
ENplus-A2° - - <0.5 <0.05 <0.03
ENplus-B® - - <1.0 <0.05 <0.03
Agro+' - - <1.5 <0.2 <0.2
Agro* - - <2.0 <0.2 <0.3

Y Larix kaempferi C.
? Korean wood pellet standards.
3 European wood pellet standards.

1 French agropellet standards.

® — means that sulfur was not detected.

® X means that the elemental composition of other elements was not determined.
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Table 4-1-6. Contents of metals in the agricultural residues

Biomass (mgke) | (mpkw) | (kg | (k)
Pepper stalk 18525.8 78.9 238482 1530.7
Corn cob 5166.4 - 586.62 1117
Comn stalk 13091.7 - 15506.6 1334.5
Tobacco stalk 182854 - 34885.8 2179.9
Rice husk 4023.4 - 3265.6 4241
Rice straw 127453 107.9 10643.6 1316.9
Barley straw 13511.9 167.3 6433.7 494.9
Wheat straw 7865.9 - 10307.2 724.3
Average of agricultural residues 11,652.0 443 13,184.7 1,014.6
Larch 1164 66.3 470.9 84.3
Typical average vaue of sfaw 10000 500 4000 700
' Reference 17.
Table 4-1-7. Contents of heavy metals in the agricultural residues
Biomass Pb As Cd Cu Zn Cr Hg
(mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg)
Pepper stalk - - 0.41 12.71 24.48 - -
Corn cob - - - 14.79 9.47 2.70 -
Corn stalk 572 - - 25.58 129.97 8.10 -
Tobacco stalk - 0.12 0.45 37.61 55.45 - -
Rice husk - - - 15.50 26.82 - -
Rice straw - 0.25 - 17.49 47.95 - -
Barley straw - - - 711 2.40 1.90 -
Wheat straw - - 0.07 471 8.59 4.02 -
Larch - 0.19 - 153 1.59 0.20 -
ENplus Al, A2, B <10 <1 <05 <10 <100 <10 <0.05
Agro, Agro+ <10 <1 <05 <40 <60 <10 <01
Typical average
o i?ewfejttri‘;’e 05 <01 01 2 10 10 002
barley1

! Reference 17.
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2

70
1000
80
150
15

Germany

Finland®
600/700
4500
100/150
300
100/150
1.5/175

2

Sweden
400
7000
70
100
300
30

250
1500
100
250
100

Austria®

1000
4000
30
100
120
0.8

Denmark!

Heavy metals

Cu

Zn

Ni

Cr

Pb

Cd
Reference 15.
Reference 16.

1
2

Table 4-1-8. Limit values for heavy metals in ash for agricultural applications
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Table 4-1-9. Comparison of heating values of the agricultural residues

Heating value-11* (M]/kg)

1859 B

1728 D

1801 C

1764 D

1783 D

1727 D

1738 D

1743 D

20.09 A

Heating value-1' (MJ/kg)

1718 C

1756 B

1591 F

1572 F

16,67 D

1621 E

1622 E

1603 F

1896 A

Biomass

Pepper stalk

Corn cob

Corn stalk

Tobacco stalk

Rice husks

Rice straw

Barley straw

Wheat straw

Larch

Higher heating value of air-dried specimen.

Heating value of oven-dried specimen
Means with the same capital letter in column are not significantly different from each

other at the 5% level.
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Table 4-1-10. Ash contents of the mixed biomass

Mixing Pepper Corn Corn Tobacco Rice Rice Barley Wheat
ratio stalk cob stalk stalk husk straw straw straw
Ash 100
%) 7.01 167 751 9.02 10.87 9.44 757 713
/0
Ash 70
%) 501 1.27 5.36 6.42 771 6.71 540 5.09
/0
Ash 50
%) 3.68 1.01 393 4.68 561 4.89 3.96 374
/0

of e 38 F ZF #AFHNE Table 4-1-110] AA3FATE B2 ZF ghako] w$ =
ol &l o3k FEs a4 EHE A4S F odE Adoe® dudr | 2 Ay 3
ol A Azl W=, wpo]lwj o] F Al Ao AT FRITFoRMN FE
59 s =9 F e Aoz dHH DG (Wach and Bastian, 2009). webA] o9} & 3k
ATE F5 AP o Holr)

Table 4-1-11. Potassium contents of mixed biomass

Mixing Pepper Corn Corn Tobacco Rice Rice Barley Wheat
ratio stalk cob stalk stalk husk straw straw straw
K 100 18525.8 5166.4 13091.7 18285.4 4023.4 12745.3 13511.9 7865.9

(mg/kg)

K70 13002.7 3651.1 9198.8 12834.4 2851.0 8956.3 9493.0 5540.8

(mg/kg)

K50 9320.6 2640.9 6603.6 9200.4 2069.4 6430.4 6813.7 3990.7

(mg/kg)
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A wdge qAAeE 185MIkelHl Wel HTAEE 16-1TMI/kg SR Tha U
SYPAER WEol WL /1E9] BAWUE] AN BEHI) AL 20
9 FA AN iAsE Axdel A% FEe] sofol @k Table 3-12014% 2ol %A

w (169 MJ/kg)e d3sh=s Aoz v

Table 4-1-12. Heating values of mixed biomass

Mixing Pepper Corn Corn Tobacco Rice Rice Barley Wheat
ratio stalk cob stalk stalk husk straw straw straw
100 17.18 17.56 15.91 15.72 16.67 16.21 16.22 16.03
70 17.59 17.86 16.71 16.57 17.24 16.92 16.92 16.79
50 17.87 18.06 17.24 17.14 17.62 17.39 17.39 17.30
6) AR Ax 9 EA B
gA, veld % dds 985 daEl dyEtelAr e A Az A, o dA
AAE 3 FAS FHE Aol o] FojA e A & F AT AEe AP AEd wvo
Aeh el Alx #2232 2dx A7 WEe Edte] WEE Aoty -, Table
4-1-132 A, B8d, s Azt dele s, 2 % Bd@Fds A4 Az, &
TES 886-11.49%, 32 6.74-12.77%, T ZFS 15699-16.56MJ/kg®E AE7F 7FA &= Fa
7] FAFek v
Table 4-1-13. Characteristic of pellets fabricated with agricultural residues
Biomass Moisture (%) Ash(%) Heating value
(MJ/kg)
Rice husk 8.86 12.77 15.99
Barley straw 10.13 7.66 16.54
Wheat straw 11.49 6.74 16.55
uh 4§
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Fig. 4-2-1. Global pellet production and consumption.



Hglo] Algwke] Fj¢} tlEo] Hule F2 AR AN E 7] AlZFEle] oAl Table
4-2-1 & Table 4-2-2¢9} Zro] L Ajdgle] £ Ao AHu|xar gl
*

2011. 6. 15 EN14961-2 Solid biofuels - Fuel specifications and classes Part 2: Wood

pellets for non-industrial use < <!

¢ 2011. 9. 30 EN14961-2 =+ 3t
¢ 2011. 12. 31 EN14961-2 =3
g, 20109 7¥ =W FHHHY 93] (European Pellet Counci)e 2011d 39574

EN14961-2¢] A% g SA4AY F4 15& A& Tolrh

Table 4-2-1. Demands on raw material according to the ENplus (non-industrial) classifications.

ENplus-Al ENplus-A2 EN-B
® Forest, plantation and other
® Whole trees without roots
virgin wood
® Stem wood ® Stem wood
® (Chemically untreated wood
® (Chemically untreated wood | ® Logging residues
residues
residues o

Chemically untreated wood

® Chemically untreated used
residues

wood*

* no demolition wood
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Table 4-2-2. Specifications for European non-industrial wood pellet

guality standards.

Property class / Analysis method Unit ENplus-Al | ENplus-A2 EN-B
Origin, EN14961-2 1.13, 1.21 1.1.1, 1.1.3, .14, |11, 1.2, 1.3
1.15, 121

Diameter, D* and Length L”, mm D06, <6 *+ ; D06, <6 + I; D06, <6 * I;

EN16127 3.15<L <40 3.15<1. <40 3.15<L.<40
D08, <8 +£1 D08, <8 +1 D08, <8 +1
3.15<L <40 3.15<1. <40 3.15<L <40

Moisture, M, as received, |M10 <10 MI10 <10 MI10 <10

EN14774-1, EN14774-2 w-%

wet basis

Ash, A, EN14775 w-% dry |[A0.7 <0.7 Al5 <15 A30 <30

Mechanical durability, DU, as received, |DU975 =975 DU975 =975 DU9%%.5 =965

EN15210-1 w-%

Fines at factory gate in bulk transport (at the w-% as F1.0 <1.0 F1.0 <1.0 F1.0 <1.0

time of loading) and in small (up to 20 kg) and received

large sacks (at time of packing or when

delivering to end-user), F,

EN15210-1

Additives® w-% dry | <2 w-% <2 w-% <2 w-%
Type and Type and Type and
amount to be |amount to be |amount to be
stated stated stated

Net calorific value, Q, as received, [Q16.5, Q16.3, Q16.0,

EN14918 Ml/kg or |165<Q=<19 or 16.3<Q<19 or 16.0<Q<19 or
kWhikg  1Q46, 46<Q<53 |Q45, 45<Q=53 |Q44, 44<Q<53

Bulk density, BD, EN15103 ke/m’ BD600 =600 |BD600 =600 |BD600 =600

Nitrogen®, N, EN15104 w-% dry [N0.3 <03 NO5 <05 NL.O <10

Sulphur?, S, EN15289 w-% dry [S0.05 <0.05 S0.05 <005 S0.05  <0.05

Chlorine’, Cl, EN15289 w-% dry [Cl0.02 <002 |Cl003 <003 |Cl003 <003

Arsenic, As, EN15297 mg/kg dry [ < 1 <1 <1

Cadmium, Cd, EN15297 mg/kg dry | < 05 < 05 < 05

Chromium, Cr, EN15297 mg/kg dry | < 10 < 10 < 10

Copper, Cu, EN13297 mg/kg dry | < 10 < 10 < 10

Lead, Pb, EN15297 mg/kg dry | < 10 < 10 < 10

Mercury, Hg, EN15297 mg/kg dry | < 0.05 < 0.05 < 0.05

Nickel, Ni, EN15297 mg/kg dry | < 10 < 10 < 10

Zine, Zn, EN15297 mg/kg dry | < 100 < 100 < 100

Ash melting behaviour®, EN15370-1 °C Should be stated |Should be stated | Should be stated

* Selected size of pellets to be stated.

® Amount of pellets longer than 40 mm can be 1 w-%. Maximum length shall be <45 mm.

¢ Type (e.g. starch, corn flour, potato flour, vegetable oil)

4 These are normative only for chemically treated biomass.

e

temperature (HT) and flow temperature (FT) in oxidized conditions should be stated.
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WAe ¥3eE A e Hele] F4 Vel did =oE fdske] 2011d dAA FH el 8l
npo] @ 2~ A7) A1 E A H 2l np o] 0 3 2] & (Initiative Wood Pellets Buyers, IWPB)E 24
9105, Table 4-2-3% & g0 21914 ABle) o] da] =9] Folr},

Table 4-2-3. Specifications for European industrial wood pellet quality standards.

Property class / Analysis method Unit 11 12

Origin, EN14961-1 1.1 Forest, plantation 1.1 Forest, plantation
and other virgin wood and other virgin wood
1.2 By-products and 1.2 By-products and
residues residues

Chemically treated biomass, EN14961-1 Forbidden Forbidden

Additives, EN14961 w-% dry Forbidden Forbidden

Diameter, D, EN16127 mm 6 to 8 6 to 8

Moisture, M, EN14774 w-%, wet <10 <10

Ash, A, EN14775 w-%, dry <1.0 <20

Mechanical durability, DU, EN15210-1 w-% 97.5-99 97.5-99

Fines, F, EN15210-1 w-% <4 <4

Net calorific value, Q, EN14918 M]J/kg >16.5 >16.5

Bulk density, BD, EN15103 kg/m’ =600 =600

Nitrogen, N, EN15104 w-% dry <05 <15

Sulphur, S, EN15289 w-% dry <005 <04

Chlorine, Cl, EN15289 w-% dry <003 <0.1

Ash deformation temperature, EN15370-1 °C >1200 >1100

@) ohizAg 49 TP
bazAB e AU Aol glolA] pholorae) o2 Hujss Hl 2 gAMYL A

= N

il glot opmeaAsle da Ao WAEE LAH R e TPAE Al e o]l Ald
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il oglown, ek mul gy ozl Be Aol Auw i Yrt
59, dvpa, Zgs 5 137059 5671 ofEE el FAH(809,000 E/A9 AJARAIA ) A
Y Aoz LAl Y

olnzHel PHF FAV)ES AHu, o aEgold gEAANd #HER FAo| 9o,
s ~o Al Table 4-2-49F 7Fo] FCBAOIA ofz=slele] #4 7|28 FA43t3 gt

BAEE A% ofnzHel A= HEY BdFA & Aol Ho|al it ofE
Azl Ane] EA A 3 Fo] wo] &2 E Agro+= 5% ©|3}, Agrox 7% °|3=E F=A
AR vk me FEo] dE LdFdRE JTFE HAA HEZ o)Ed g VEE,
Agro+7} 155M]J/kg ©]%, AgroZ} 14.7TM]J/kgo. & BA FA4 5o lt}.

A A e FAdE el AR & ZolE Holal 3=, Agrot7t dAaE 0.2%
o]}, AaE 15% old), 3o 0.2% o|stZ A, ENplus-B7F 14 0.03% ©]3}, daE 1
o3}, 32 0.04% olst= A3k Aol vls] =A A= itk
A, FH7 A3l -E Table 4-2-5, Table 4-2-63} #Zo] HH4ts: 2 ZRFE ¥

Feb Aol wa FAS o) Fol gk,
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Table 4-2-4. Specifications for French agropellet quality standards.

Specifications Agrot Agro
Dimensions D=6 to 8mm*Ilmm D=6 to 16mm*Imm
L= 10 to 30mm L= 10 to 30mm
Moisture content (%) <11 <15
Net caloric value (MJ/kg) >155 >14.7
Net caloric value (kWh/kg) >43 >4.1
Bulk density (kg/m*) 2650 2650
Mechanical durability (%) 29 >92
Amount of fines afetr production <9 <3
(%)
Ash content (%) <5 <7
Cl (%) <0.2 <0.3
N (%) <15 <20
S (%) <0.2 <02
Ash melt temperature (C) >1,000 > 800
As (mg/kg) <1
Cu (mg/kg) <40
Cr (mg/kg) <10
Cd (mg/kg) <05
Hg (mg/keg) <0.1
Ni (mg/kg) <15
Pb (mg/kg) <10
Zn (mg/kg) <60
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Table 4-2-5. Specifications of pellets produced from cereal straw,

grass(final draft FprEN 14961-6).

miscanthus and reed canary

_ _ Cereal straw | Miscanthus | Reed canary
Property class / Analysis method Unit
pellets pellets grass pellets
Origin, EN14961-2 2.1.1.2 Straw 2.1.2.1 Grasses, 2.1.2.1 Grasses,
parts ‘Whole plant ‘Whole plant
Diameter, D* and Length L’b, mm D06 to D25, D+1; | D06 to D25, D*1; [ DO6 to D25, D*1;
EN16127 3.15<L <40 3.15<L <40 3.15<L.<40
(from D06 to (from D06 to (from D06 to
D10) DI10) DI10)
3.15<L<50 3.15=<L<50 3.15<L <50
(from DI2 to (from D12 to (from DI2 to
D25) D25) D25)
Moisture, M, as received, [M10 <10 M10 <10 M12 <12
EN14774-1, EN14774-2 w-%
wet basis
Ash, A, EN14775 w-% dry |A6.0 <6 A40 <4 AB0 =8
AB.0+ >6 AB0 <6 AB0+ >8
Mechanical durability, DU, as received, |DU975 =975 DU975 =975 DU9%%.5 =965
EN15210-1 w-%
Fines at factory gate in bulk transport (at the w-% as F1.0 <1.0 F1.0 <1.0 F1.0 <1.0
time of loading) and in small (up to 20 kg) and received
large sacks (at time of packing or when
delivering to end-user), F, EN15210-1
Additives® w-% dry |Type and Type and Type and
amount to be |amount to be |amount to be
stated stated stated
Net calorific value, Q, M]/kg or |Minimum value |Minimum value Ql45 =145
EN14918 kWh/kg |to be stated to be stated Q40 =40
Bulk density, BD, EN15103 keg/m” BD600 =600 BD580 =580 BD550 =550
Nitrogen, N, EN15104 w-% dry |NO.7 <07 NO5 =05 N20 =20
Sulphur, S, EN15289 w-% dry [S0.10 <010 S0.05 <005 S0.20 <020
Chlorine, Cl, EN15289 w-% dry |Cl0.10 =010 C10.08 <0.08 Cl0.10 <010
Arsenic, As, EN15297 mg/kg dry [ < 1 <1 <1
Cadmium, Cd, EN15297 mg/kg dry | < 05 < 05 < 05
Chromium, Cr, EN15297 mg/kg dry | < 50 < 50 < 50
Copper, Cu, EN15297 mg/kg dry | < 20 < 20 < 20
Lead, Pb, EN15297 mg/kg dry | < 10 < 10 < 10
Mercury, Hg, EN15297 mg/kg dry | < 0.1 < 01 < 01
Nickel, Ni, EN15297 mg/kg dry | < 10 < 10 < 10
Zine, Zn, EN15297 mg/kg dry | < 100 < 100 < 100
Ash melting behaviourd, EN15370-1 °C Should be stated |Should be stated | Should be stated

* Selected size(D06, D08, D10, D12 or D25) of pellets to be stated.
® Pellets longer than 40mm can be 1 w—-%. Maximum length shall be <45 mm for pellets from. D06 to DI10.

¢ Type of additives to aid production, delivery of combustion(e.g. pressing aids, slagging inhibitors or any other

additives like starch, corn flour, potato flour, vegetable oil..). Also additives which are used after production, before

unloading to end-user storages, shall be stated similarly (type and amount).

d

temperature (HT) and flow temperature (FT) in oxidizing conditions should be stated.
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Table 4-2-6. Specifications of pellets produced from herbaceous biomass, fruit biomass and blends

and mixtures(final draft FprEN 14961-6).

Property class / Analysis method Unit A B
Origin, EN14961-2 2 Herbaceous biomass 2 Herbaceous biomass
3 Fruit biomass 3 Fruit biomass
4. Blends and mixtures 4. Blends and mixtures
Diameter, D* and Length L”, mm D06 to D25, D+1; D06 to D25, D*1;
EN16127 3.15<L <40 3.15<L.<40
(from D06 to DI0) (from D06 to DI10)
3.15<1L <50 3.15<L.<50
(from D12 to D25) (from D12 to D25)
Moisture, M, as received, |MI10 <12 MI12 <15
EN14774-1, EN14774-2 W%
wet basis
Ash, A, EN14775 w-% dry |[A50 <5 Al0 <10
Mechanical durability, DU, as received, |DU975 =975 DU9%%.0 =96.0
EN15210-1 w-%
Fines at factory gate in bulk transport (at the w-% as F2.0 <20 F2.0 <20
time of loading) and in small (up to 20 kg) and received
large sacks (at time of packing or when
delivering to end-user), F,
EN15210-1
Additives® w-% dry |Type and amount to be Type and amount to be
stated stated
Net calorific value, Q, M]/kg or |Ql4.1 >14.1 Q132 =132
EN14918 kWh'kg |Q39 >39 Q3.7 =37
Bulk density, BD, EN15103 kg/m3 BD600 =600 BD600 =600
Nitrogen, N, EN15104 w-% dry [Nlo <15 N2.0 <20
Sulphur, S, EN15289 w-% dry [S0.20 <020 S020 <020
Chlorine, Cl, EN15289 w-% dry [Cl0.20 <0.20 Cl0.30 <030
Arsenic, As, EN15297 mg/kg dry [ < 1 <1
Cadmium, Cd, EN15297 mg/kg dry | < 05 < 05
Chromium, Cr, EN15297 mg/kg dry | < 50 < 50
Copper, Cu, EN13297 mg/kg dry | < 20 < 20
Lead, Pb, EN15297 mg/kg dry | < 10 < 10
Mercury, Hg, EN15297 mg/kg dry | < 0.1 < 01
Nickel, Ni, EN15297 mg/kg dry | < 10 < 10
Zinc, Zn, EN15297 mg/kg dry | < 100 < 100
Ash melting behaviourd, EN15370-1 °’C Should be stated Should be stated

* Selected size(D06, D08, D10, D12 or D25) of pellets to be stated.
® Pellets longer than 40mm can be 1 w—-%. Maximum length shall be <45 mm for pellets from. D06 to DI10.

¢ Type of additives to aid production, delivery of combustion(e.g. pressing aids, slagging inhibitors or any other additives
like starch, corn flour, potato flour, vegetable oil...). Also additives which are used after production, before unloading to
end-user storages, shall be stated similarly (type and amount).
d

All

temperature (HT) and flow temperature (FT) in oxidizing conditions should be stated.

characteristic temperatures (shrinkage starting temperature (SST), deformation temperature (DT), hemisphere
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Fig. 4-2-2. Rice husk and rice straw particles.

Table 4-2-7. Particle distribution of rice husk and rice straw.

Particle size Rice husk Rice straw
18 mesh over 21.91 0.70
18-40 mesh 59.81 47.10
40-60 mesh 11.14 28.35
60 mesh pass 7.15 23.84
Total 100.00 100.00
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Pellet Out :

Fig. 4-2-4. Flat-die type pelletizer used in our study.
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Table 4-2-8. Chemical composition of the agricultural residues

I Mo(i;ot)ure S( Oo/ii )d Dry-based chemical composition (%)
Holocellulose Lignin Ash Others
Rice husk 0.099 9441 60.21 22.00 10.87 192
Rice straw 6.72 93.28 60.47 12.83 9.44 12.26
Larch' 10.55 89.45 68.80 28.62 0.34 2.24

Y arix kaempferi C.

3}ora A Eol Al A= ®WH (Table 4-2-8), AAF-A 7|52 65.21-65.47%2] AA
4, 12.83-22.00%9] 2714, 9.44-10.87%2 FFo2 FAH Y= Aoz vEyT AAFA
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Table 4-2-9. Elemental composition of the agricultural residues

Elemental composition(%)
Biomass
Carbon Hydrogen Nitrogen Sulfur® Chlorine’

Rice husk 46.01 5.87 0.66 - X

Rice straw 43.02 5.64 0.70 - X
Larch' 46.87 5.99 0.08 - 0.003
3rd-grade peﬂet2 <0.30 <0.05 <0.05
ENplus-B’ <1.0 <0.05 <0.03
Agro+* <1.5 <0.2 <0.2
Cereal straw peﬂet5 <0.7 <0.1 <0.1

Y Larix kaempferi C.

? Korean wood pellet standards.

3 European wood pellet standards(EN 14961-2).

1 French agropellet standards.

° European biomass pellet standards(prEN 14961-6).

% - means that sulfur was not detected.

* X means that the elemental composition of other elements was not determined.
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Table 4-2-112 @A Bl 78 T55 AEe €4 2944, 2e AEAM 4
o] A5 Ao VEe UFIAY. Ad e Uit FFAtEdd= e FEel w4 29

g
W Aoz yerst=d, ofdd el = 5 949l qrHEe] B3t

Table 4-2-10. Contents of metals in the agricultural residues

Biomass K Na Ca Mg
(mg/kg) (mg/kg) (mg/kg) (mg/kg)
Rice husk 4023.4 - 3265.6 4241
Rice straw 127453 107.9 10643.6 1316.9
Average of agricultural residues 8,384.35 53.95 6,954.60 870.50
Larch 1154 66.3 470.9 4.3
Typical average value of SEraW 10000 500 4000 700
from wheat, rye, barley

Table 4-2-11. Contents of heavy metals in the agricultural residues

Biomass Pb As Cd Cu Zn Cr Hg
(mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg) | (mg/kg)
Rice husk - - - 15.50 25.82 - -
Rice straw - 0.25 - 17.49 47.95 - -
Larch - 0.19 - 1.53 1.59 0.20 -
ENplus B <10 <1 <05 <10 <100 <10 <01
Agro, Agro+ <10 <1 <05 <40 <60 <10 <01
Cereal straw pellet <10 <1 <05 <20 <100 <50 <01

B oAFoa SAHE A el wdAge 27t 16.67M]J/kg, 16.21MJ/kge] ®H 9o X3}
Aow, Uigel welgu wwste] W& Ao et on (Table 4-2-12), Wl er A3

©.Z3 ENplus-B 74 & WHA7l= AR e

(e,
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Table 4-2-12. Comparison of heating values of the agricultural residues

Heating value-1I* (M]/kg)
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Fig. 4-2-6. Moisture content of rice straw according to exposure time.
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Fig. 4-2-7. Ash content of rice straw according to exposure time.
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Wy g7 A9l g2l Fig. 3-99F #Zo] 90C9 @& &5 JdoMm 98% o]4e] vl
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Fig. 4-2-8. Durability of rice husk pellet.
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Fig. 4-2-9. Durability of rice straw pellet.
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Fig. 4-2-333. Rice husk pellets before and after durability test.
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Table 4-2-14. Long-term exposure test results.
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el A A=A 7HE FolH
Hegoz o 85 & A

o, 2012:dell= oF 51.3H ES A tHTable 4-3-1).

B89
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ol gAY & AATEE oF 220 Eo| o]&tr}. 20099
AlZFoz 2010 ol= oF 18.7H B, 2011l = of

Table 4-3-1. Korea pellet production.

27631

T =

Year Production capacity (t) Production (t)
2009 30,000 8,470
2010 120,000 18,665
2011 200,000 217,954
2012 220,000 51,343

39

et

slelzFH e HA4
2011 29734 =l &3ksiv). 2012
of &3kl

]

B

(Table 4-3-2).

iRy

T

AA &0, 2009 °F
319

=

BN
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1.

A

g B

Table 4-3-2. Imported wood pellets.

127 &, 2010 °F 2093 &,
Aol AlFsof F 122434 &

Imported pellets (t)
Year

Total Vietnam | Malaysia | China | Indonesia | Canada | Russia Japan

2009 12,043 638 49 8,774 723 1,118 - 4

2010 20,893 4,399 3,264 8,084 797 1,440 - 285

2011 29,678 7,237 7,626 5,582 225 2,021 3,301 2,186

2012 122,447 30,296 30,698 3,648 8,933 2,646 41,731 3,546
FEuhetel A= 2011 el of 453 Eo] HAjAElo] AnHUS Ao w F4kH W, 20129l =
oF 1747 Eo] Anle Aoz Fikdcnh 201299 A¢, 7HAE o2 457 E(26%), &=
158 B(9%), s9822 453 =(26%), dH&o = 553 =@1%) 9 H&&E AvHS AL

2= oA (Fig. 4-3-3)
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Fig. 4-3-5. Cost effectiveness of Korean wood pellets(Dec. 2012).

g, <2t

-
1.

=

Nd
-
ey

ot
rvze)

X

6T

At

gaes T3 B AFol AAH

s

s} o1y

g

b

A= 2009959 A

Fo] 20124

Zs

317] A

(=

=

=
=

13,277

4
2011959 Ba-s AlE

RA]

=
=

2 374
2009 5-5 X

Fol 20129 71%)

S

79

Fol 2012714 Z42f

Z+s

371 A

_
H

=
=

uelsh BAABYE

—

O

ot
=

}ltH(Table 4-3-3).

g WS

o o} 4841

o], 2012 7bA] =4 428 hacll ©] &

-
1.

AL

1

A

=

o

-~

B

P
&

|

BE 30%, AAA Bz

A @

39
]

7]

S

o

alo

o}
oy

Mz

o}
ujo

_—

—

O

ot
=

Ao I3 B 50%S AHE-

REEE

b

]

A
 ©

B2 K

409, AH-F 30%2] 3
50%9] FEjE MK oL

o}

Ho
Ho

=25
=]

- 198 -



Table 4-3-3. Promotion of dissemination of pellet burning appliances.

Use Responsible department 2009 2010 2011 2012 Total

Korea Forest Service 2,999 3,883 3,951 2,444 13,277

ReSidential boﬂer (unlt) Korea Energy
) 348 - - - 348
Management Corporation
Stove (unit) Korea Forest Service 5 5 394 80 484
Public boiler (unit) Korea Forest Service 32 16 31 - 79
Industrial blioler (unit) Korea Forest Service - - 9 28 37

) . Ministry of Agriculture,
Agricultural boiler (ha) . - 138 140 150 428
Food, and Rural Affairs

(3) AR F4A A W3}

b ¥ 2 v=e 4

9 2 e By A4S vhed 28 AR AAHA

- 2010 1€¥ EN 14961-1 Solid biofuels - Fuel specifications and classes Part 1: General
requirements =3

- 2010d 5 M= A AEHI S VMAE # AEE 2 4 A

- 2010 7¢ EN 14961-2 Solid biofuels — Fuel specifications and classes Part 2: Wood
pellets for non-industrial use %<+ %9 % 20113 6¢€ A2 Ao = &%

- 2010 7¥ &=W3 F998¥ 93] (European Pellet Council)® EN 14961-2¢f 2} glsk
Wikg 29 gl (ENplus-Al, ENplus-A2, EN-B)ol| tha] 215

- 2011 @A FEe 8t mpolemfjaddAvy Hajdiuto] o] Y €] 3] (Initiative  Wood
Pellets Buyers, IWPB)E Zd3lo] 418 HAg(A4AE 9 E48)9 49 & =9
% (Ryckman, 2011)

- 201249 7¥€ EN 14961-6 Solid biofuels - Fuel specifications and classes Part 6:

Non-woody pellets for non-industrial use =%
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Table 4-3-4. Specificatio
n of wood pellets for non-industrial use(EN 14961-2).

el o AU,

Parameter Unit ENplus-Al | ENplus-A2 EN-B Anrlleatlzs(lls
Diameter class, D mm 6(+1),8(+1)? | 6(xD8=+D? | 6(xD,8(xD? | prEN 16127
Length, L mm 3.15<L<40” | 3.15<L.<40” | 315<L.<40” | prEN 16127
Bulk density, BD kg/m’ > 600 > 600 > 600 EN 15103
Net calorific value, @ | MJ/kg, ar’ | 165<Q<19" | 163<Q<19" | 160<Q<19° | EN 14918
Moisture, M w-2%, ar’ < 10 < 10 < 10 EN 14774-1
Fines, F(< 3.15mm) w-2%, ar’ <1 <1 <1 EN 15210-1
II\DASChamcaI durability, | o0 b | > g7 > 975 > 965 | EN 15210-1
Ash, A w-%, dry” < 07 <15 < 30 EN 14775
Ash melting should be should be should be CEN/TS
behaviour” (DT), *C stated stated stated 15370-1
Chlorine, Cl w-%, dry” < 002 < 002 < 003 EN 15289
Sulphur, S w-%, dry” < 003 < 003 < 004 | EN 15289
Nitrogen, N w-%, dry” <03 < 05 < 10 EN 15104
Copper, Cu mg/kg"” < 10 < 10 <10 EN 15297
Chromium, Cr mg/kg” < 10 < 10 < 10 EN 15297
Arsenic, As mg/kg"” <1 <1 <1 EN 15297
Cadmium, Cd mg/kgl) < 05 < 05 < 05 EN 15297
Mercury, Hg mg/kg” <0l <0l <0l EN 15297
Lead, Pb mg/kg” < 10 < 10 <10 EN 15297
Nickel, Ni mg/kg” < 10 < 10 < 10 EN 15297
Zinc, Zn mg/kg” < 100 < 100 < 100 EN 15297

I

dry = on dry basis (in water—free condition).

Diameter class must be indicated.

ar = as received, on wet basis (determinations from moist fuel (max. 10 w-2%),

Maximum 1% of the pellets longer than 40 mm, max. length 45 mm.
If measured by the Lignotester, the threshold value is 2 97.7 Max.-%.

Ash melting behaviour is informative (voluntary) in EN 14961-2. For the certification of

ENplus the limits are obligatory and must be observed and detected. In EN 14961-2 all

characteristic temperatures (shrinkage starting temperature (SST), deformation temperature

(DT), hemisphere temperature (HT) and flow temperature (FT) in oxidized conditions

should be stated.

net calorific value as received maximum 19 MJ/kg.

Torrefied pellets are not included in ENplus and EN 14961-2. This is limited by setting
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Table 4-3-5. Specification of wood pellets for industrial use.

Az F4%

AAG e F4 4
Hlo] o g 2] ] (Initiative Wood Pellet Buyers, IWPB):=

S 8(12)8] Y& >

4-3-5).

A3t7] 93hed,

1009 wio] 2mf2~
A YAk D AP 7%

Parameter Unit I1 12 Analysis
method
Origin and source 1.1 Forest, plantation |1.1 Forest, plantation |EN
and other virgin and other virgin |14961-1
wood wood
1.2 By-products and |1.2 By-products and
residues residues
Chemically treated . . EN
biomass Forbidden Forbidden 149611
Additives =%, dry Forbidden Forbidden EN 14961
. prEN
Diameter, D mm 6 to 8 6 to 8 16127
Moisture, M W—%, ar <10 <10 EN 14774
Ash, A =%, dry <10 <20 EN 14775
. - EN
Mechanical durability, DU | w-2%, ar 97.5-99 97.5-99 15210-1
. EN
Fines, F W-%, ar <4 <4 15210-1
Net calorific value, Q M]J/kg, ar 2165 2165 EN 14918
Bulk density, BD kg/m® 2600 2600 EN 15103
. CEN/TS
Ash deformation ocs > 1200 > 1100 /
temperature 15370-1
Nitrogen, N =%, dry <05 <15 EN 15104
Sulphur, S =%, dry <0.05 <04 EN 15289
Chlorine, Cl =%, dry <0.03 <0.1 EN 15289
Arsenic, As mgﬁg’ <2 <6 EN 15297
Cadmium, Cd mgﬁg’ <1 <10 EN 15297
Chromium, Cr mglfl;g’ <15 <50 EN 15297
Copper, Cu mglfl;g’ <20 <20 EN 15297
Lead, Pb mglfl;g’ <20 <20 EN 15297
Mercury, Hg mglfl;g’ <01 <01 EN 15297
Zine, 7n mglfl;g’ <200 <200 EN 15297
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Table 4-3-6. Specification of pellets produced from cereal straw,

12
)
u
e,
)
=5

miscanthus and reed canary grass.

Property class, . Cereal Straw Miscandthus Reed canary
. Units
Analysis method Pellets pellets grass pellets
Origin and source, 2.1.1.2 Straw parts 2.1.2.1 Grasses, 2.1.2.1 Grasses,
EN 14961-1:2010, Table 1 ‘Whole plant ‘Whole plant
Diameter, D* and length Lb D06 to D25, D+1; D06 to D25, D+1; D06 to D25, D+1;
EN 16127 315 < L =< 40 3,156 < L <40 315 < L < 40
mm (from D06 to D10) (from D06 to D10) (from D06 to D10)
According to Figure 1 314 < L < 50 314 <L <50 314 <L < 50
(from D12 to D25) (from D12 to D25) (from D12 to D25)
moisture, M, as
7 i < < <
EN 14774-1, EN 14774-2 recel\ofed, MI10 < 10 MI10 < 10 Ml12 < 12
w-2%
Ash, A°, EN 14775 Lo g ABD < 6 Ad40=<4 A0.8<=8
Wre dw ABO+ >6° ABO=6 A80+>8°
. L as
, | Mechanical durability, DU, received, DUY7.5>975 DUY7.5>975 DUY.5>965
& | EN 15210-1 o
5 w-2%
& | Fines at factory gate in bulk transport
3 | (at the time of loading) and in small as
bags, up to 20 kg and large sacks (at received, F1.0<10 F1.0<10 F1.0<10
time of packing or delivery to end- w-%
user), F, EN 15210-1 (hand sieving)
. . 5 Type and amount to Type and amount to Type and amount to
Additives W so,dry be stated be stated be stated
Net calorific value as received, Q, M]/kg or Minimum value to be | Minimum value to be Q145=145
En 14918 kWh/kg stated stated Q4.0=40
as
Bulk density, BD, EN 15103 received, BD/00 =600 BD580 =580 BD550 =550
kg/m*
Nitrogen, N, EN 15104 w-% dry N0.7<0,7 NO5=<05 N2.0<2.0
Sulphur, S, EN 15289 w-% dry 50.10=<0,10 50.05<0,05 50.20<0,20
Chlorine, Cl, EN 15289 w-% dry Cl0.10=0,10 Cl10.08<0,08 Cl0.10=0,10
Arsenic, As, EN 15297 mg/kg dry <1 <1 <1
Cadmium, Cd, EN 15297 mg/kg dry <05 <05 <05
Chromium, Cr, EN 15297 mg/kg dry <50 <50 <50
5 Copper, Cu, EN 15297 mg/kg dry <20 <20 <20
g
% Lead, Pb, EN 15297 mg/kg dry <10 <10 <10
=
<
@ Mercury, Hg, EN 15297 mg/kg dry =0.1 =01 =01
Nickel, Ni, EN 15297 mg/kg dry <10 <10 <10
Zine, Zn, EN 15297 mg/kg dry <100 <100 <100
Ash melting behaviour‘, .
CEN/TS 15370-1 C should be stated should be stated should be stated
* Selected size (D006, D08, D10, D12 or D25) of pellets to be stated
b Pellets longer than 40 mm can be 1 w-%(from D06 to D10). Maximum length shall be<45 mm for pellets from D06 to D10.
© Actual ash property class shall be stated.
¢ Value to be stated.
® Type of additives to aid production, delivery or combustion (e.g. pressing aids, slagging inhibitors or any other additives like starch, corn
flour, potato flour, vegetable oil,..). Also, additives which are used after production, before unloading to end-user storages, shall be stated
similarly (type and amount).
* Al characteristic temperatures (shrinkage starting temperature (SST), deformation temperature (DT), hemisphere temperature (HT) and
flow temperature (FT) in oxidizing conditions should be stated.
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Table 4-3-7. Specification of pellets produced from herbaceous biomass, fruit biomass and blends

and mixtures

Property class, .
Analysis method Units A B
. a 2 Herbaceous biomass 2 Herbaceous biomass
gﬁgﬁgg?i-sggfgef ble 1 3 Fruit biomass 3 Fruit biomass
' , Lable 4 Blends and mixtures 4 Blends and mixtures
Diameter, D* and length L° D06 to D25, D+1; D06 to D25, D*1;
EN 16127 3,156 <L.< 40 3,15 <L.< 40
mm (from D06 to DI10) (from D06 to D10)
According to Figure 1 3,14 <L.< 50 3,14 <L.< 50
(from D12 to D25) (from D12 to D25)
moisture, M, as received,
EN 14774-1, EN 14774-2 W-2% M2 =< 12 MI5 = 15
Ash, A |, EN 14775 w-9% dry AB0<5 Al10<10
Mechanical durability, DU, as received,
g EN 152101 W9 DU9Y7.5>975 DU%.5>96,5
5 Fines at factory gate in bulk transport
& | (at the time of loading) and in small as received
s bags, up to 20 kg and large sacks (at o ’ F2.0<20 F3.0<30
. ; . w-%
time of packing or delivery to end-
user), F, EN 15210-1 (hand sieving)
. d 5 Type and amount to be | Type and amount to be
Additives w-%,dry stated stated
Net calorific value as received, Q, MJ/kg or Ql41>14,1 or Q132=>132 or
En 14918 kWh/kg Q39=>39 Q3.7=37
Bulk density, BD, EN 15103 as IZZ‘jfrllXed’ BD600 > 600 BD500 >600
Nitrogen, N, EN 15104 w-% dry NL5<15 N2.0<2.0
Sulphur, S, EN 15289 w-% dry S50.20<0,20 S0.20<0,20
Chlorine, Cl, EN 15289 w-% dry Cl0.20<0,20 Cl0.30<0,30
Arsenic, As, EN 15297 mg/kg dry <1 <1
Cadmium, Cd, EN 15297 mg/kg dry <05 <0.5
Chromium, Cr, EN 15297 mg/kg dry <50 <50
= Copper, Cu, EN 15297 mg/kg dry <20 <20
g
8 | Lead, Pb, EN 15297 mg/kg dry <10 <10
I
ﬁ.
s Mercury, Hg, EN 15297 mg/kg dry <0.1 <0.1
Nickel, Ni, EN 15297 mg/kg dry <10 <10
Zine, Zn, EN 15297 mg/kg dry <100 <100
Ash melting behaviour®, .
CEN/TS 153701 C should be stated should be stated

* To be stated the 4-digit classification number of the source for 1 woody biomass , 2 Herbaceous and 3 Fruit biomass
(Table 1, EN14961-1:2010). If composition of blend is known, the w-% can be used to specifying blends.

Example 1:80 w-% 2.1.1.2 Straw,20 w-% 2.1.2.2 Grasses, straw plant. in the case of mixture, the main component should
be stated first. Example 2:2.1.1.2 Straw, 2.1.2.2 Grasses, straw plant

® Selected size (D06, DO8, D10, D12 or D25) of pellets to be stated.

¢ Pellets longer than 40 mm can be 1 w-%(from D06 to D10). Maximum length shall be <45 mm for pellets from ,D60 to
D10.

d Type of additives to aid production, delivery or combustion (e.g. pressing aids, slagging inhibitors or any other additives
like starch, corn flour, potato flour, vegetable oil,...). Also, additives which are used after production, before unloading to
end-user storages, shall be stated similarly (type and amount).

® All characteristic temperatures (shrinkage starting temperature (SST), deformation temperature (DT), hemisphere
temperature (HT) and flow temperature (FT) in oxidizing conditions should be stated.
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Table 4-3-8. Korea wood pellets standard.

Parameter Unit 1st Grade 2nd Grade 3rd Grade 4th Grade
Diameter mn 6-8 6-8 6-8 6-25
Length I <32 <32 <32 <32
Bulk density kg/m’ 2640 2600 2550 2500
Moisture % <10 <10 <15 <15
Ash % <0.7 <15 <3.0 <6.0
Fines % <1.0 <1.0 <20 <2.0
Durability % 2975 2975 295 2%
Net calorific kel kg >4300 >4.300 >4,040 >4040
value (MJ/ke) (218.0) (218.0) (216.9) (216.9)
Sulfur % <0.05 <0.05 <0.05 <0.05
Chlorine % <0.05 <0.05 <0.05 <0.05
Nitrogen % <0.3 <05 <0.7 <1.0
Arsenic mg/kg <1.0 <1.0 <1.0 <1.0
Cadmium mg/kg <05 <05 <05 <05
Chromium mg/kg <10 <10 <10 <10
Copper mg/kg <10 <10 <10 <10
Lead mg/kg <10 <10 <10 <10
Mercury mg/kg <0.05 <0.05 <0.05 <0.05
Nickel mg/kg <10 <10 <10 <10
Zinc mg/kg <100 <100 <100 <100
Ash melting
behaviour ¢ Recommend to state
Additives % <2.0 <2.0 <2.0 <2.0
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Table 4-3-9. Pellet quality used for test.

Parameter Ago]ly
Grade 1
Diameter (mm) 6
Length (mm) 32
Bulk density (kg/m*) 671
Moisture content (%) 7
Ash (%) 0.2
Net calorific value
! (kcal/kg) 4640
Durability (%) 985
Fig. 4-3-6. Wood pellets used Fines (%) 0.2
for test. Nitrogen (%) 0.2
Sulfur (%) 0.02
Chlorine (%) 0.01
Arsenic -
Cadmium -
Chromium -
Copper 7.4
Lead 3.1
Mercury -
Nickel 0.5
Zinc 6.6

2 AdeREE UTR ARAI, WHFLEE 0T2 A3stdom, 34 7% A
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Fig. 4-3-9. Pellet consumption and integrating AT (Model 1).
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Fig. 4-3-10. Pellet consumption and integrating AT (Model 2).
23 QoF
Model S R*(%) Adjusted R*(%) Regression
1 103.657 69.80 69.30 y=-04.6+1.43x
2 104.419 69.30 68.90 v=95.2+1.29x
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Table 4-3-10. Prices of domestic wood pellets(Dec. 2012)

TAE
A (/3E)

A=A TAL ME7E AAE WEE
| w9 FAE | A9e
A EFEEE | 300000 320000 : : : :
FgaaAdRT | 300000 | 320000 | LTE7 HO0LE : : -
ggzadzg | 200000 | 310000 | TEEEEEE L 280000 | 200000 200002/
AFAFRET [ 320000 | 320000 350,000 4 - - -
ZYAE T 300,000 | 320,000 350,0007390,000 ¢ 240,000 | 240,000 -
AATAPET | 300000 300000 : - - -
M A 2
(F) 39 300000 | 320,000 S o | 280000 | 280,000 o
Qi wpole | 290000 | 200000 | A RS : - AR e g
o= 22k 290,000 - 40,0002 /= - -
() %9 280000 | 300000 | £ MEAE - -
44,0004
: D000s 100km o] 17+
SEERE 300000 | 300000 | oot 000 | 300,000 | 300000 | 150km °lvi 15w
g 80,000€ 150km, <] 2%t 4
SKY 4
o= skl 300,000 | 320,000 2% 7% 50,0008 280,000 | 320,000 10% 715 4000004
A=A | 300000 | 310,000 | 290000 | 290,000 :
712 280000 | 280000 | 13T 10T | 280,000 : -
E3% 2350004
o= - - - 215000 - AeAF A
Ro® 474 oy
FEE 200000 | 320,000 : : : :
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Fig. 4-3-11. Price trend of fuels.
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Fig. 4-3-12. Cost effectiveness of Korean wood pellets(Dec. 2012).
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Table 4-3-11. Current state of facilities of domestic pellet plants
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Table 4-3-12. Recommended facilities of agropellet plants

Facility Recommended type
Pelletizer Flat or ring
Dryer Drum
Combustor Cyclonic combustor or moving grate combustor

Drying fuel

Agricultural residue or agropellet

Raw material

Agricultural residue

Production capacity (t/h)

2-4

Operating hours

24 hr/d or seasonal

i FLOW CHART Z

WO AR
vlen  Hmer

Mirak  TaN

Lo
o I SHLGT DRTHG

Hies
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W] (LT STORNE S0 | (UK DCHIRGE |

Fig. 4-3-13. A9 24 flow chart
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Al=1 | AIRKNOCKER | =2 - VK 40P A
A2 | HOG welEW Dws| 1| | 55 kw ]
A3 |HoG wEEH W@sam | 2 @30k 42m | 37 kw
A4 | HOG H@2aR R @350 x 1.9m 2.2 kw
A5 | OPTIMILL FRI&27] 1| SHWBE12'x13.235m | 3.7 kw =
A6 | CPTMILL % ~3® |IE @350 x_5.56m 2.2 kw
A7 | DRUM MAGNET 1| 0,685 x 0.662 x 1.030 /6500guss 0.4 kow T
A8 | PREBIN i e | 15x 0.66x 1.8 ) -
AB-1 | PRE GRINDER I OPTIMILL 500 132 kw
 AB-2 | SCREW FEEDER | 1 _L  22kw
as  |mzm ) | 67wimin400mmaa | 7.5 kw
h9—1 DlSCHﬂ:HGE HOFPER 1 3.8 !{:I-'if_r . B :
A1 AlR KNOCKER 2 VE 40P -
AN | DlSEI"AFtGE__?:I_DF'PEFT El'ﬁ"’—.‘ﬂ? 2_ I?EED X 4.3\_-“’1 3.7 kw
A12 | OPTIMILL 8 A3 % 1 B400 x 2.046m 2.2 kw
ERREEEET 1 SHWBE-12" x 11.097m AT kw =
LT 1| B350 %_4.455m 2.2 kw ==
L .E'.I ‘_'F._.i_ﬁ _-_‘ﬂﬁ?i — 1 TM-B0O0BM ___2:9_3_'.5 k_'.l'-'
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Ba-1  AIR KNOCKER 4 ' VK 40P T 1
BS |Bwwelsmamsr] | 1 7.5 kw
B6 | By welsmwsawol | FFR-600 x 13.180m  75kw
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[ D01 | WET FEED HOPPER K 1,53 % 4.3 x 4.01 4.5 k.
D02 DRYER INCLINED ZHiof 1 2.5 kw

D03 DRYER DRUM DRVE 1 $2.108 x 8.487m 3.75 kw
D04 DRYER CYCLONE 2 ©1.502 x 5.524m , 531m |

D05 | DIRECT 1.D. FAN I ) 30 kw

D06 | DRYER STACK _ : PEO0 % 15.20m

D07 | DRYERCYCLONE ARLOCK | | = : 0.75 kw

D08 | REVERSING SCREW @#I0{ 1 ~2.25 kw
DDS | MOISTURE SAMPLING SYSTEM 1 i i 1 askw
= D1_E|_ _H‘_EEEI w.!d(mausq 24| £ | gese | 22 kw |
DIt | H@ol#(RODTSIBLOWER | 1 |  15a/min,1000mmAg 7.5 kw
D12 | LNE SWITCH{ztal Fm7l) | 1 HYLS-20
| D13 wEwawmwy | 4 HYPF-10/188 15w
D131 ©=an 1 - HB2-339 3 kw
D14 | o= 9o uEH moy 1 15m /min,200mmAq 1.5 kw

D5 FUELFEEDHOPPER | 1 | 1.63x4.08x3.302 o

D15-1  FUEL FEED HOPPER A3 & . 3.75 kw
_pig. | FUELSCREW 1 3.75 kw

D17 | MAGNET -_ 1 A

D18 | ROTARY AIRLOCK 1 - | o7skw

D12 | FUEL HAMMERMILL | 11,25 kw

D20 | FUEL FEED FAN | ) | 75w

D21 |SOUDFUELBURNER | 1  ©2184x5578m | 0.75 kw

D2z | = H3 Wil i HYPF-10/188 16w |
D2a-1 | & 22 " 1| HB2-339 ] 3 kw

| D23 |8 wS wae yus 1 150 /min, 200mmAg 2.5 kw
<4 o 5>

FO1 (w293 1 @3.0x7.5m(53m) | T.5kw

POz HE QI eld 23/ 1 @350 x 2.1m 2.2 kw
PO2-1  ME WA wE Aaf2 E @350 x 2.1m 2.2 kw

| P03 | HEWI & A 23R 1 2350 x 3.3m 2.2 kw
P04 | MULTMILL 5@ 825] 1  SHWBE-12" x9.259m | 2.2 kw
POS | MULTIMILLF2 SCREW 20| 1 @350 % 4.310m | 22kw
 POB | PREBIN. ) 1 | 15x066x18
P07 | FINE - GRINDER N MULTIMILL 650/530B | 75 kw
PO7-1 | SGREW FEEDER 3 ) [ 22w
FO7-2 @A 1 67 m'/min,1000mmAg 18.5 kw

P08 | DISCHARGE HOPPER ke  3.8x0.75

PO8 | DISCHARGE HOPPER i@ 23%| 2  @200x 4.3m 3.7 kw

P10 | PELLETMILL T2 27| 1 SHWBE-12" % 13.185m 3.7 kw

PI1 | PELLETMILLRRISCREW 2#iol| 1 @350 x_4.35m 2.2 kw
P11-1 | MAGNET E 0.5 x 0.5 x 0.3(10000G)

P12 | PRE BIN 1 1.5X0.86%1.8 )

P13 | PELLET MILL 1 PM 615W L 180 kw
P13-1 | SCREW FEEDER | 2.2 kw
F13-2  CONDITIONER E _ B 15 kw
P14 | COOLER 1 _ PCF 005 0.75 kw

P15 "'-E“Fg?l 5ol 2uof ko FFR-220 x 4.32m 2.2 kw

P16 HEMET e S247| 1 SHSWBE-7" x 11.684m 3.7 kw
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i (=]

so1 | EssgEz 1 0.75 kw
S01-1 | o-way Mols K o200 )
S02 | 4EF7 BEUa 1 1.2m x 1.2m x 1.2m
s03 | 2mas 1 SW-20G2 1 kw il
S04 BEND SEALER 1 DHTS-250V 1 kw
S05 | WRAPPING MACHINE 1 HUIDORI-51500-24-2N 2 kw
S06 A}ﬂg's.f>r s27| 1 SHSWBE-7" x 12.784m 3.7 kw
S06-1.2_| 2-WAY H0|E 2 0200
507 | AlEE 2ol Awe| N FFR-220 x 10.72m 2.2 kw
_50_?—1 ' t::-a|<:;-| -:'";:|¢,| - 1 22-:} ® 00
| S0 |wwommoauE 1 CHS-50 (50%) il
[ soe-1 | 223 o [E 70m frnin, E0MmMAQ i W
5082 | Salo|E Mol E 1 Z.3|3C|' % ?DIEI - i
509 |mI M@ Aol 1 CHS-50 (50£) :
S09-1 | 5E7) 1 70m fmin,60mmAQ 1.5 kw
_50!?—::' ' é-:'.}»::qr- Hole 1 300 x 300 R
S10 | Al B E 20 1 FFR=-220 x 10.63m 2.2 kw
511 | dguwr e 2uof 1 FFR-220 x 4,43m 1.5 kw
s1z_ | sz 1 VR71(0.75kw=2) | 15kw |
S13 | 490|s A3/ 2uo) 1 @200 x 2.0m | 075 kw
S14 | wm@s®a | 1 | zamx2.4mx1.5m =1
S1a-1 | @20l Alo|= 1 300 x 300
S1a—2 | atg Hg 1 | 0.003 kw
s15 | Ang f 1  500KG/B |
$15-1 | @2l0l= Jloj= K 300 x 300 I i
S15-2 | BaAw Mgy 1T [ B N
- EEp4g|
E1 =2k ol g 1 ’ | 1 hw
E2 | MCCHElolgr 1 [ | 1 kW
B3 z=7 Mo 1 ! 1 kw
" Ea mErH| =] M ofRt 1 I - 1hw
B4 Emowmon oww 14
- 4|
Fi1 ETE- 1] 1 HYPF=18/24 E':lrn'."l'l'lin
| Foi-1  m==s - 1 HB2-333 T
FO2 2Ef2| e T B @300 I Bkw
| foz | maw 1 B0 fmin, 300mmAD TEWN |
Foa | W@ . B0mimin —
Foi—1 | & =24 1 HB2-33s 3 kw
 FOs | =ofe|we ' @300 1.5 kw SEE
. F-u-ﬁ E_‘-EI_FI - -"1. . Hﬂm'_f’min,ﬁﬁt‘,lmrn;q 7.5 kw =
_ FO7 | mzolE A3 awol 1 @200 x 5.0m T 2.2 kw
FOB BEEE Wy 14 =
« @ adn
B - | 1 ) R34 15/ kw )
o EELTE ! 1 0.5m |
w & glg] 4wl
H1 2aly 1 150kg/hri96, 000K eal/hr) | 1[1&_1;:.-'.5;-_ ;E. lea _ [
H2 24| 14 | B |
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Table 4-3-13. Estimation of pellet consumption.

Pellet consumption (ton/ha/yr)
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TAROE Qe JHdE A= A AHEHA doenE S

ZPA AL vk of sl Aol MAEy] fsiM e oAl aEAoR A F 9l

Tl ML ofzdsl Aol FAE X2 Hd, dvt
A, 2 T 13705 AR XAl Tk o] E 1375l 56719 ot =l o] glon
% 809,000 £/ AAA Ao A 183,700 E-& AAE Aoz G A1 rt AieE e s
27F 400,000 /38 HE s A2 Yebg AR, AA Ak dvtart 7R gol 100,000

ca s Aos dEA v

Table 6-1-1. Specifications for French agropellet quality standards.

Specifications Agro+ Agro
Dimensions D=6 to 8mm#*Ilmm D=6 to 16mm=*Ilmm
L= 10 to 30mm L= 10 to 30mm
Moisture content (%) <11 <15
Net caloric value (M]J/kg) >155 >14.7
Net caloric value (kWh/kg) >43 >4.1
Bulk density (kg/m*) > 650 > 650
Mechanical durability (%) 295 >92
Amount of fines afetr production (%) <2 <3
Ash content (%) <5 <7
Cl (%) <02 <0.3
N (%) <15 <20
S (%) <02 <02
Ash melt temperature (C) >1,000 > 800
As (mg/kg) <1
Cu (mg/kg) <40
Cr (mg/kg) <10
Cd (mg/kg) <05
Hg (mg/kg) £0.1
Ni (mg/kg) <15
Pb (mg/kg) <10
Zn (mg/kg) <60
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Table 6-1-2. Specifications for Korean wood pellet quality standards.

Specifications 1st grade 2nd grade 3rd grade 4th grade
Dimensions L<omm | Lesmm | Lewmm | Lesomm
Moisture content (%) <10 <10 <15 <15
Net caloric value (M]/kg) >18.0 >18.0 >169 >169
Bulk density (kg/m’) >640 >600 >550 >500
Mechanical durability (%) >975 >975 >% >%
Ash content (%) <07 <15 <30 <6.0
Amount of fines afetr production (26) <1.0 <1.0 <20 <20
Cl (%) <0.05 <0.05 <0.05 <0.05
N (%) <0.3 <0.3 <0.3 <0.3
S (%) <0.05 <0.05 <0.05 <0.05

1

AAB A ohizAE A AR wAwelA] 2 AolE mola gk, o}

ARe] B4 A f%o] Wol FAREE AgrorE 5% oI5k, Agrot 7% olsz ¥

e,
M
rlo

ALY Tk HESE FEe e WHdHAE FIFES vAA HEZ o]l W VEE
Agro+7} 155M]J/kg ©1%, Agro7} 14.7TMJ/kgo. & S A A5 o] ).
iAo e s EAdE e 43 2 xo]lE Holal =d, Agro+7l F4+ 0.2%

5 g Dy
b A

ol &}, i
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°f

O
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Table 6-1-3. Specifications for European wood pellet quality standards.

Type and amount
to be stated

Type and amount
to be stated

Property class /Analysis method Unit Al A2 B
Diameter, D* and Length L’b, prEN16127 mm D06, 6 = 1; D06, 6 = 1; D06 6 = 1;
3,15<L<40 3,15 <L<40 3,15 <L<40
DO8, 8+ 1 D08, 8 + 1, DO 8 £ 1;
3,15<L<40 3,15 <L<40 3,15 <L<40
Moisture, M, as received, | M10 <10 MI10 <10 M10 <10
EN14774-1, EN14774-2 w=%
wet basis
Ash, A, EN14775 w-% dry A0.7 <07 Al5 <15 A3.0 <30
Mechanical durability, DU, as received, | DU975 >975 DU975 >975 DU9%.5 >965
ENI15210-1 W%
Fines at factory gate in bulk  transport (at w-% as F1.0 <10 F1.0 <1,0 F1.0 <1,0
the time of loading) and in small (up to 20 received
kg)and large sacks (at time of packing or
when delivering to end-user), F, prEN15210-1
Additives® w-% dry < 2w% < 2w% < 2w%

Type and amount
to be stated

Net calorific value, Q, as received, | Q16.5, Q16.3, Q16.0,

EN14918 MJ/kg or | 165<Q=<1%r 16,3<Q<1%r 16,0<Q<1%0r
kWhkg | Q4646<Q<53 | Q4545<Q<53 | Q4444<Q<53

Bulk density, BD, EN 15103 kg/m’ BD600  >600 BD600  >600 BD600  >600

Nitrogen, N, prEN 15104 w-% dry N0.3 <03 NO5 <05 N1.O  <1,0

Sulphur,S,prEN15289 w-% dry | S0.03  <0,03 S0.03 <0,03 S0.04 <004

Chlorine, Cl, prEN 15289 w-% dry | Cl0.02 <0,02 Cl0.02  <0,02 C10.03 <003

Arsenic, As, prEN 15297 mg/kg dry | < 1 <1 <1

Cadmium, Cd, prEN 15297 mg/kg dry | < 05 < 05 < 05

Chromium, Cr, prEN 15297 mg/kg dry | < 10 < 10 < 10

Copper, Cu, prEN 15297 mg/kg dry | < 10 < 10 < 10

Lead, Pb, prEN 15297 mg/kg dry | < 10 < 10 < 10

Mercury, Hg, prEN 15297 mg/kg dry | < Q1 <01 < 01

Nickel, Ni, prEN 15297 mg/kg dry | < 10 < 10 < 10

Zine, Zn, prEN 15297 mg/kg dry | < 100 < 100 < 100

Ash melting behaviour d, prEN15370 °C Should be stated Should be stated Should be stated

Z Selected size of pellets to be stated.
Amount

° Type

4 All characteristic temperatures (shrinkage

temperature (HT) and flow temperature (FT) in oxidized conditions should be

of pellets longer than 40 mm can be 1 w-%. Maximum length shall be < 45
(e.g. starch, comn flour, potato flour, vegetable oil)

min.

starting temperature (SST), deformation temperature (DT), hemisphere

- 229 -

stated.




sl FdFA= Ayl Bl Aol tid Ao J¥i= gloy, EUS 5671 sl el
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