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Thesis Title Manufacture and properties of mixed pellets from rubberwood
Sawdust and refuse-derived fuel (RDF3) for using in the power plant
industrial of Thailand

Author Miss.Rattikal Laosena

Major Program  Energy Technology

Academic Year 2021

ABSTRACT

The study of manufacture and properties of mixed pellets from rubberwood
(Hevea brasiliensis) sawdust and refuse-derived fuel (RDF3) for using in the power plant
industrial of Thailand was objected 1) to produce mixed pellets from a mixture of
rubberwood sawdust and RDF3 at ratios of 100/0,70/30,60/40 and 50/50, 2) to study
some properties of mixed pellets, and 3) to study the efficiency and economics of
mixed pellets. This research was focused to produce fuel pellets from rubberwood
sawdust and refuse-derived fuel (RDF) which is a by-product of municipal solid waste
(MSW) using non adhesive. There are four conditions of ratio by weight of sawdust and
RDF3 at 100/0 ,70/30, 60/40, and 50/50 respectively. The samples were analyzed for
quantitative composition, proportion, and properties of biomass pellets, such as
density, diameter, length, moisture content, ash content, fixed carbon, volatile matter,
heating value, thermal efficiency, and chemical analysis. The results demonstrated the
samples had 1,175 - 1,286 I<g/m3 of density, >98% of mechanical durability, 36 - 42
mm of length, 6.122 - 6.188 mm of diameter, 5.38 - 11.27 % of moisture content,
12.484 - 15.78 % of fixed carbon, 65.17 - 72.11 % of ash content, and 19.40-22.09
MJ/kg of heating value. The value of heating value and ash content were diverse in
the ratio of increasing RDF3. Thermal efficiency test using water boiling test (WBT)
resulted that 50/50 mixed pellet of samples had highest value in 31.57%. Chemical
analysis showed mixed pellets having RDF3 raised the content of Sulfur, Lead,
Hydrogen, Sodium, Nitrogen, Chromium, Chlorine, Zinc, Copper, Cadmium, and Arsenic.
On the other hand, Mercury had slightly same content. Finally, the economic analysis
of mixed pellet production cost from rubberwood sawdust and RDF3 was 1.402
baht/ks.

Keywords : Mixed pellets, Rubberwood sawdustand, Refuse-derived fuel (RDF3),
Power plant industrial.
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MnYanuidelimeninnumsuiduyamldlulssmmnntu (wumstanisidamauanlii
vossznalng wa. 2561-2580 atuusuusenssil 1, PDP 2018 Revision1)

Fomdsdunadadundanunawnuiivssnalneannsondaldlaedie ilesan
Fowdsdunamunsondaldannismizgn mnewvdonisnisinuns vlissmalneds
fundsridadowdsdnaitudwaunn

lfenamsduduingfvddylugnamnssldyfiuluy ssmdlne sldainnisda
ndsmsvaugenTiitongiads 25-30 YiarUssann 69% vesitufiaiusisianuniseg
NaAASvaIUsEIAlNg (Musikavong and Gheewala, 2017; Balsiger et al., 2000)

msulsgulienmnslulszmalneidadulnogusnsidosainan udadud
Auwandon 1nn1suUssUlioransiliididesdudwiuwnndamsadutagindniu

a 2 & a a v A o v a o ) =
AMTINAALUALTDLNAN ﬂ@LUuﬂqﬁisﬂNLW@WﬁQQWUIV@JUi%ﬁV]ﬁﬂWW LUua'JUﬂUQGUEJQUIEJU']EJ

'
=3

UIMsdansmingnssssumAnardwndouuazidunislugnsmandnmswauindany
NALNUYBINTENTIING 1Y Laga1vuad munslusiudmuing sunawny 15 Y
(w.e1. 2551-2565) Tumsiiudndrunslindanunaunmilidudesas 20 Fannafzaslving
atvayy nsuUllaianudAgdvanuidewas udeasulvinislandsanuainliognd
UszAvsanmunmaustidinganiseiinduriaaadludsemalng O we. 2525 Taefllasenis
simunhlullunssdudanaiddmsldnnafutiuegunnluiuiivuunsesusanalne
Tassnmsmavhidamdssnuiuasnsinidomastnme swiinmsduaialiinsgnliiag
Juaudui onsldusslovddundanuluvszna (@1inisouaziauinisuale
nsuUlel,2560)

nsldndsnumaunuuenainazdisannislindinuanidemiaveada duawan
NANTENUADAILINF DULALTLAATUAMINEI BN TRAUINEIUNALIULAE NS 197
madon finsdnvunul foR ieduindouunuiammdanunaunuuazndanumaden
WA 2558 — 2579 (AEDP2015) lafinnsdaaSulvily wasumawnuwasnudann wu 3ua
8y waziedinm dondalwihuagaudouifiuinndy eanUdinmfedeunszani



Annmisunindvesdemdmeata dwiunislitunafundinunaunuiudsamdlned
Tunavangsdiafifdnenin wu lforemns dos Uiduif uasdudwends deimnaan
lsfensmsuaztrduthiiy nudr daulngjedmanialdvesussmelng Soiliianiadla
Tunsiulddundsnumauny
usnaInTnnasinanudverymuiiulgminglianfidusamdundmdsnud
Aot lfUsslorddundanuld andeyaaaunsainisifiuduresuseyadosly
Uszndlnefinusnnuihiuudifsdulugnd $ul we2561 wuihussmdlneduiana
Yzyaney 27.82 ausu Andudnsnisiiavesyass 1.15 Alanfuseruseiy (nsuaiugu
wafiy, 2561) heuTinavsryadesiiintuinnyilifesiiinsiiniignieuasldunsgiu
Tunsdvesszmelnediulng 1935 nsmdadionistsnavdsazihlfiAanansenuse
Awandou faufienduegluviialndifeatuveilinay dufunshuszyadosguyuinld
Usglonflushundsndadudnuunmmildfitiomidavezuazannansznusedsuandouls
miLUﬁaugU%amaLLazﬁuEJwJat:Jaasqmmﬁuwé’wmﬁﬂﬁwma?% W (1) Msiasy
3UA8NTEUIUNIITNIWATAIUT 01 (Thermochemical conversion) bW N15LW1 bndl
(Combustion) nslnlsla@a (Pyrolysis) wasLiadndu (Gasification) (2) ﬂmﬂ?{sugﬂmq
na (Mechanical conversion) 1y n139aduusie waz (3) Msldnszuaunisnisduad wwu
nsvdniedinim madenldisasnarililandsnuguuusieiy wu auseu (Heat)
A ainas (Syngas and biogas) Fomawda (Solid fuel) uazidoundwnan (Liquid fuel)
FrfunadenldiBnaasusundsnuiafesiilaieamumnzanlufusg q wu e
nslden fumada msdafvuazauds puduAaATYEMEanS NansENUReAILIAADN
wazUTinumslindsan Tuthgiunsudsusuinnauasvssguru Sadudomaeimmed
maﬂmiumsaamuaﬂaﬂmﬂﬂauiiqmuammmm I@&JLawwﬂsmmlw%mi%mmaLU‘u
Fouds Wudnninadenveatemasiung Sanuazmnaviglunisouds Sniedad
ALY ndsuRpuitegs WeimAdauisdiansalfludemadilnensdunsion
(Boiler) w3 prhunHunszUILNsUS VUit elHd wd enAdlunisudalui1ves
Tsslwihgaanmnssu uanisimuifisyasdmiuTagmielinienisineas
wealuladmsdsuudammaaiilinAandanuanudeu 1eun mswnlnl msuus
anduufauarinlslada deansuenlvivesiunadunssuiunmaudsuilas§izen
\nfifinssfianuas ieiiansemaiaiiannsnvilissansamineisdausaaiiondan
amdoudanaaeylussdusi egnalsAniunisingdad eudedamnaduingduiis
UsrAnsnnlunssdendsnuanufeuiigaiuldimngdniunsldnudugnamnssuuasdi
agodesandniswnbnduaznsudsanimduuiia
Fadumsfinwedsilasjuduluiinmdnuassaiuauanifvondadamdsaind
Begliframnsmwanverilanau (ROF3) daduianiivanzandmivgaamnssailsslniily
Uszmelng



1.2 Inguszea
A4 a o & a =~ ' & A o ) o |
1.2.1 Wendndad oimdmandininandiunantiesldensmisiiu RDF3 Ngnsiau
100/0,70/30, 60/40 waz 50/50
1.2.2 Wiefnwnuautivissznisveudafiomdmaudinminanale
1.2.3 WiednwUszd@nsnmuasiasegaransvesdad andswaudanm(vezisnav)
dnsugnamnssulsslih

1.3 naninninaglasu
a & & a o = A o a 4 @
1.3.1 anansaxdnidadeindsdunanandinin wethluldlunsudanseualilmsendu
Wendsianunsaldnusauiu Boiler luazidundndusimadonunanavnssumnignle

1.4 YBUWWANISIY

n1sAnwesiiazyaiulunnislddidesldenanig (Hevea brasiliensis) wagvaadeain
wauilanauvey (RDF3) Wiondndlaiiomawandinim (vezilinau) Nsnsdunise lag
Uwmiinvesiidesliisrawsiiu RDF3 100:0 / 70:30 / 60:40 uay 50:50

1.5 @nufniin1siae

1.5.1 auduiinismaluladld uvninerduaswaiuasuns Inenungsugssiil
1.5.2 guduf RN TInemansuazinTodlianans unINeIauavaIuAIUNS I
431445571

1.6 5z8ZLAINIUNIT
23



unil 2
nqufuazanAdeiiieades
2.1 9w
fenmsnduliiasvsAavssannisiifienud dysousemalne Jagouiided
Uanldfnsmnslutssmalnedszann 18.46 41uls venanUmamhensudiidnisuanld
sioufietoudnglasnugnamnssundmindusnud Iiuandniasfodauiefivgnyaum
tay 230,000 15 9ndugsiignialauiannsiulivsslenildussanalios 22 gnuaard
wns Wedenududolismnidalauiedsulniasduiinaliifs 5.1 dugauiad
wnsied nansAnwImauitannsadadenlioamnildvunoenanldlad szana 7o-
75% vesUsunalivieuiindnlanels Tnodrulngvrandmdueddnes Fudiuuas
wAnSefliiEug Fafuasiuldindsilduiimievadldonamsndn 25- 30% Aldgnuunld
‘UiﬂmiﬁmsﬁmmmﬁmmﬂigmﬁuﬁaLwﬁa%’gmaiéf (WIS LaUseIRde ,2561)
msudnnazulssUldonansifetuainmsfinunsnsdeamslaldufugnsmnsuiie
Ugnnaunu fuszneunisuissuihlianauluiduingivvossdndamianeg denisleuls
granannsavildlaensdndusnsnsdudulagldidesldouduioldsounsn nesiusiu
gslvdunounslfidesldeuddnislioanandidudaisdvlildmnenamnsdumnaniuld
18 maasuldienanduendamumuailsseuussUldomnaiuieldud veurunn
ushugugnananiu 8 Sauay 5 - 8 dndmsuteulsades livieusuadusiugudnans
sewing 5 - 3 Tadmiuloulanundauiulelisuasuwdulisafimiodululiuasidliay
gnunenduldyfiuniendnd dusnvedldoranmamsaneinduiiundoneliiulss
nanlnidaana niewnideefiusinavesdiunieg wanadudesasinetmtnveslsd
gravnsuilednmadnlaulfosmisashlifiduresnuaridoslionamsanduiesas
7.9 dsluainnelinagsnlionamnmazgnundislumudosnnnunsnslianasoi Ul
Anusglovludandudls witagtuiimsihanuazaeliinmdaliihiimaiiodunisi
yarlifuingAumdold ognalsfnnilswdndemasdunaifudensliuagsnliiud
ﬁi’fa'«i’wﬁmﬂgﬁwuau‘iiﬂmuﬁ%’ugaﬁﬁ%u@zi’mqﬁuﬁauimjﬁmmnﬁjuﬁﬁau6] USadls99U

o
v v v I~

Frifugundenalfiuagsnlduaumniidosgnuniaioinlidualudaasvgmans
(FnnuATYERIAaINNTIY. 2556)
Tuthagiusinslivssleviandunafivdonnlifonmn @nlinels sinlsferamna
waridoslionene) ludsumdlneidunsdandanulwih venanddsdinmsldmelulad
nsuas wasauudug wu Inlsladauaznmsuusanmdunfaanansaldlunmsairondsa
nTauna e slulssmeniaiBonslifunaliomnslunmaamdnuduisis
Sowdsuifeutuianadug fwdoey 1wy Funaviduiitu aunennlnliunay uazeu

908 dmsudinaldonmnsdviinursudimiilussuzed Wesngnamnssuasieli



anunsanaununisaaulunsldusslesdiundsnuldedgndlsiauiionsununislddug
fmdsainnisiaruermsdndudesUssidununinuazUiuianamnsaiuiiedld
(Hytonen et al.,2019; Wongsapai et al., 2020)

2.2 audfvasliisnanis

enans Gulifanesiideddrnmvdemssiledelivinsasududvnag 1y
ilaifuiu Wusovasdlddnau dadulifeglunguliidoudeuunas eldiidnwasmeny
wardidsudunundounss MnnsveaouguaNTAlsn TN uaeiug 4 ae
g Wisuiieuiulifdn wuinamuifnmenienin (physical property) lud Aamuiuty
mmsuu TNz uaznuantALTana (strength property) laur AR USA RN
Fou aruudauss mmmuammmaau ArmdudouruAsY Modulus of elasticity
(MOE) wag Modulus of Rupture (MOR) i1 4 angug wuidalndufesiuliidn uduszeiu
voamsldnulsidnasinisganiemeauduanameldiniildosnadmalslidning

AegunRndfleluldanu (nquen dsddm, 2552)

2.3 aeAUsznaumaaiiluld

psfUszneumaaiivesliiduanifiiug vl fudazudadauifunnssiueentd
Tngosdusznoumaniivaniiinnnszuiumsdianeiuaiuasnsazanoimvosiidly
sUuuuse lioransidutaganlumaglaaifiesduszneumaniifid ey ldun lwaglas 1o
fiwaglaa Anfu uazdilosdusznausesie arsunsn Ssasunsnmarivhlinuautiung
Usznsvesls] 1wy Fuedlst nduvedls! sailuisnnuunudedmghanslsl (3301 anudng,
2560)

1. 1waglas (cellulose) 1Juarsusenauduniddlassasiadu (crystalline)
Usgnaudaeiimanglng (D-glucose) Fadutnandnillélugnamnssunisuanluleon
wea (Mood et al,. 2013) fimsidousefuseiusy B-1,4-glycosidic LazidourasEIneane
waglaameiusylslasauihliAndudulonuldluntieadfiniiogsiuiuieiiwaglaauay
unaiutelieuudusdagaglaoaaranetlition nsgesameidulowaglaaannnldds
maaillagldnsalunisdniusyrseldiisauisen (enzyme) sghaduigagiad (cellulase)
Tun1seanuse (Food Network Solution, 2015)

OH CHQOH OH  CH OH
OH H H H OH H H
CH OH CH,OH

U 2.1 Tassasamaeiiwaglaa (Machmudah et al., 2017)



2. wefiwaglaa (hemicellulose) (ulndudnnnlsd (polysaccharide) fiuszneuse
thana 5 asuauozmeulay 6 AUsuBsney WWeurerudunediuesmedunasuaniouaug
Tuogfuvinvosiina Idudurmamulag (pentose) dofudioWuss B-D-xylose o-L-
arabinose Unnausnlaa (hexose) Ao us18WUse B-D-mannose B-D-glucose a-D-
galactose dnwaurlATIATIUVBdgIU (amoephous) ﬁm’mu%nme"”m'iwuaaﬂamﬁa
Foudetuwaglaavinlilasadaianuudusd sty ldannsoazasiildudanuisades
angldlaglénen wa nieweulesd nmshihanalueiwagloaulddsylovdilunisudn
lulaevueaisios 1ideqauniditmmansalunsudneniuealaeiiinna 5 amueu

Juunasmsueulunisiasquivla (Mood et al,. 2013)

0oc
HaCO 9
HO HC O
OH \f
o) 0
-0 o % o o)
OH
0
0 OH
H4CO
N o OH
HO

sUil 2.2 Tassadamaeiiveasiiiwaglaa (Machmudah et al,, 2017)

3. Anfiu (lignin) iHuansUszneudsweueslsuAnithinntnluanags Ussnaunas
mueiiuguiiilassasasumuvesiialnginu (phenylpropane) ioumefuiuudnumy
3 dAfunquuaalnsiny (Propane) LAz 9kmIUUNTY (Benzene ring) lnedin139AL384A7
Wunuuadaygy (Higuchi, 1990) uunanduluiivwsonuluazluillassasiefiwuueudaioy
Luﬂﬁﬂﬁuwﬁimqaim’mmuwﬁyugwwﬁﬂ 3 aqume Aouleausanagea (coniferyl
alcohol) W151-AU1TauDANBERa (pcoumaryl alcohol) WasTurNausanagea (sinapyl
alcohol) Anfluagyimuniiiiuansdavievimunfiiunidenussarusemivaulouagiv
arnudsusstuiobovedly Suinwudniueyuuwaglaa tneviluaniuarluazate
Luflaudfinuanutanguunaziaudaiilumesiunaiadin (Thermoplastic) Apdziininugau
fusleregamniiiiegluis 120-200 °C



I
HC o
OCH ~ C — CH— CH,OH
OlH 2 o O OI CI) 2
H
HOH,C — CH — HC — ;— o
G —CH—HC CH,0
o o
CH,0 |
\© HOH,C — CH— CHO o g
o CH,O [
H,C~  CH cH
| CH,OH

|
HC — CH

! | oH G
HC— o CH, HOHZC—CH—HCQO—CH
@\ é OCH, CIHon
OCH, |

(o]
-~

sU 2.3 Tassaamaniivesisiiwaglaa (Machmudah et al,, 2017)

4. g15unsn (extractives) Wuaiudsznouluileluiiannsaazarelnludavhazans
dun3e (Organic solvents) L3 axdlau (Acetone) Loanadoa (Alcohol) Lagaaslsnasy
(Chloroform) wWuau taeialuarsunsnlufivnienuluazuseneuniearssiminnsmsdu
(Resin acid) nsaladud @sy (Free fatty acid) Yrtuszing (Volatile oil) @15U52nau
et uey (Turphenoid compounds) kasa@15UsenNauNUaan (Phenolic compounds)
A13uNINUUTEIINIEENasaNTTUIUNTHANKNEAS eI onTEUINIsUUSTURRamnT sl
(Smook, 1986)

2.4 Ao ldaranwisn
Yva9y (Sawdust or wood dust) tunanasslaainnisideslyl ddnwasidunsls
al < a A g a o Y a [ 1 ) v
azden Wuvendslulssnunduiy Inganizn1svinliineinisonay winaiuisavrluly
Usrlewilladnuanelsznis Aidesdarsdunididuesdusenaudiuiunin (wwaglaa 1ad
waglad wavdniu) Ay IndAuead saunsaduivlansminladenalnsinadu (
https://th.wikipedia.org/wiki/Udae )

s A o 1

Iidosioindumvianiivdsldanlsadeslivielsunosdnesdafisrounn wud
devannliforamna Iyaauda linssiumsed ldnssaumm linszaudng azniioy
ugwdn iudy meuiene Iddaadaliiinaedides e lusunaianedenuarselajidiy
wntu Bdesannsnandudomdmeunuuaziinuussuifutidessauislétndae e
duusyAvsnmnsldunndu didesasgniandauunelilduunetidos Saumumuilul

\Hoy WelrlaUaeNiAMNINAINNINTFIUEAEMNTTY (UTEN Lowued 789 911in,2017)


https://th.wikipedia.org/wiki/%E0%B9%80%E0%B8%8B%E0%B8%A5%E0%B8%A5%E0%B8%B9%E0%B9%82%E0%B8%A5%E0%B8%AA
https://th.wikipedia.org/w/index.php?title=%E0%B9%80%E0%B8%AE%E0%B8%A1%E0%B8%B4%E0%B9%80%E0%B8%8B%E0%B8%A5%E0%B8%A5%E0%B8%B9%E0%B9%82%E0%B8%A5%E0%B8%AA&action=edit&redlink=1
https://th.wikipedia.org/w/index.php?title=%E0%B9%80%E0%B8%AE%E0%B8%A1%E0%B8%B4%E0%B9%80%E0%B8%8B%E0%B8%A5%E0%B8%A5%E0%B8%B9%E0%B9%82%E0%B8%A5%E0%B8%AA&action=edit&redlink=1
https://th.wikipedia.org/w/index.php?title=%E0%B8%A5%E0%B8%B4%E0%B8%81%E0%B8%99%E0%B8%B4%E0%B8%99&action=edit&redlink=1
https://th.wikipedia.org/wiki/%E0%B9%82%E0%B8%A5%E0%B8%AB%E0%B8%B0%E0%B8%AB%E0%B8%99%E0%B8%B1%E0%B8%81

erusosnstidesldoranisgety Wuamelisaldormingsdu Weswintidesls
grennsasnsathlvldusslevilavanvaie laud

- ldmziiie

- Wudwusznevlunisvigy

- Hutagaosindslnsrudunauuazmsdudatugy 1wy 01a 91uses

- Unaufulasnsadieliaueini

- soaiunendmriviednideduliu wu nssie myasimn

- duTanusznaulumsneasns wu e By

- MduSanlumsufinnssuvinu devhussunmuda

- YYBAUAN

HatutideslionmnsnduifeslumshaldndndudomassadaviefiGontui
Wood pellet iflunsinasliindeldaingnamnssalifonsms ledun Addferamns Al
annsoiiaulszUld Qdeslsionsmng anlsadesuussull Invanlsanundautesiives
157wl funadng suus udnhandiedesdaussiugslianivludeliavaneviligls
inzAntuduuvaans aunsathnld I ud eund maunuisfusas fesssuily
megeawnssulfidudemdsdmiuniiolot (Boiler) luthudoulfiiudemdsdmiuimn
fisludloanumnlag Wood Pellet fnidudomasinnaiimatldsunseuivasmananngy
Tsanugaannnsaa lnsiomglsanulindlidanadudomas dusnvianadonves
FomdsTama faruazanavielunsvuds maldlduasnsdoufo Waauougs
AT 10 % Tasandurumandn antlymidomddenutugaas

M S S
/)l - = — =
- 5 \
1
~

aunaaulug gy

AIUYININ

Udey
UM 2.4 sUuansnszuIunsviliiiedidey

2.5 Wwawwasvey (RDF)
\WelndAswey (Refuse Derived Fuel: RDF) vianefis vegfiwlngdlalagnisiivezya

HO8YUYUNIHIUNTEUIUNTUITANINIEAIN WU NMITAAKEN NITAATUIA LaTNITANAITLTY
Jusiu iiielildTanninnnuiou vun waznudnvuzauingussasiveansldnu azain



ponsvuds wingaulunsihlldluigemdmdniademduasuluningnainnssuguyy
NI LTINAANTIIUIINVYLYUYU NI BLANNIVE LY ANDUYUYU(ANIANTVIT NN 901U
Wenemanswasinalulagnmruaazdniunsgiua.y.y)

ou:r‘ixmfnaﬂd.. Aeuurenazaanmudu -
35

sUfl 2.5 szuunanigaImasues (Refuse Derived Fuel, RDF)

wanmsviauveunalulad ROF 13uanmsaanenvesfiwnlnildly Gavs uia v
fiu) vrdunseuazesslafaseninnuezsiu Tnemsinuenyadesiiingn egiideady
diulseneveenanvezyaroy mmiguﬂausumgaﬂawﬂ’wLﬂ?aaﬁuﬂaaLﬁaammuWQ way
Houdumeuiieananuiu Tnensldanuteusinlotvieaufouiloouvesliuis Faavi
Tidminanauiou 50% (Auduwndeliifiu 15%) wazaaiisazdsldidiaiossnidin
(Pellet) 1t oy ¥ LA T oA svpe s fvunauarAunuILL U saus onsuud gLy
Swheduiemas Feluvrsnsdlaziimaifnyuan (Cao) Whld seminamsdmduidoniie
m*urquLLazamﬂ%mmﬁ”wﬁwﬁLﬁmﬁuaﬂﬂﬂWiLmﬂluﬁ

Femawey arunsoutsesnlaidu 7 BUANIUNINTFIU ASTM E-75 Faduoefu

Y

Y g v L (% (% L3 (%
ﬂi%‘U’JUﬂWif\]@ﬂ’ﬁ‘Vﬂ‘U (ﬂiuwwmwmmummem%yiﬂwwawm, 2560)

A15199 2.1 ANTIUAAINITTILUNUTLANYDUYDINGIVLEANUINTFIUYDI ASTM AITTIMUN
UTELNNVDAYDLNGIVHEMIUNINTFIUVBIASTM

L Aa a g a
Usgn ANUUZUAZITNITNANVYZITDINES szuunNs lud

RDF1 MSW AnuenvszauNN vl laeanuilasdadivug Stoker
ANUANINLAUVDIVEE

RDF2 Coarse | Anugnvezyarogdiuienlnilaiiua v3edn | Fluidized Bed Combustor,

RDF Ve AHauRE 19U Multi Fuel Combustor
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RDF3 Fluff RDF

Anusnvezyarogdu ndlaunun visedn
wiliseraz 95 voswzyarosiivuiadnnd
21

Stoker

RDF4 Dust RDF

AnuenvezyarogdIuE bt laun d
nszuun1siieglugunary

Fluidized Bed Combustor,

Pulverized fuel Combustion

RDF5 Densified

U dl ¥ 1
ﬂ@LL‘EJﬂsU?JBHQI}J@EJ‘VILNWIM&H@@JWN’]UﬂiSU’JUﬂ’W

Fluidized Bed Combustor,

RDF dauUuilaNwME 19U Wia Aaunay gnuien Multi Fuel Combustor
Pellets \Jusiu

RDF6 RDF | Anuenvezyanesdimuiienvslfunmiy Swirl Burner
Slurry nsgurumsaglusuoaaivinty
RDF7 RDF AnunvezyaHogd il lauEy Burner, Integrated
Syngas nSYUIMSHANR B ToINAS (Gasification) Wit | Gasification Combined Cycle
Wam Syngas Tianansalifudomdsingle (IGCQ)

et nsldustleninnidemdsesrannsaldldlusureanismdndundsnulii
wisuawdou Tnsnshluliselendluanuiindndomdmesies vievudsuldluiisy
Ifuena1ni dsarunsaldinnsaufuauiiu (Cofiing) vt oanusunanistdauiuly
gnANMNTINUUTEAY U geaminssuyuBiand Tnedsuuuumenildiudoudomanes
Tidundsnuanuou Usgnaudie mmikuungniu (Sotker) wkuuy Wadnaladiun
(Fluidized Bed Combustor) n3awmnumnufiadiladu (Gasification) w3elnlslada (Pyrolysis)
(@nasATBnmesuAnemansuasmaluladiidvuauas davianasg .. l.u)

2.6 WA

w91y el mmasnsalunisiaudaleglusivesdadionaliauls leun
nEuAuUdes wdsrumyuieu uarlimineausanieisionaldauld wu Womaa
ANuTaumarlnil (nsuWaINdIUNauNULaEaYSNENEIY, 2550) s?qua‘”qmmfuﬁagi
WaeFULUU 1 Wasuna wasnuedl ndwuaudou wasnuliih waaenuudwiantii
wazndanudindofnungmseusnendanunanliiwdanuaansadsusuls ulsl
anunsaaisvseshanelsigameldld wu (1) msdsugundsnuasdoudundsnuludi
(2) msm?{augﬂL%'”aLW%W\Iaa%aLﬁuwé’amumm%fau luguveaunamdsnulagunfiuvas
wasuwUseendu 3 Useian nane fe

(1) wiauleadaniewd ondseada (Fossil enerey or fossil fuels) 1 uunds
ndauanldfiuinm Baannisduauvesnfisuazeindninieldannefimnzaudy
AW LAY gudin (Coal) unfuiy (Crude oil) warfnasssuwnd (Natural gas) Fefwes
nasuneada fe dusunannuazdanuduandaasugmansuaddednin Ao ilundsnu
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Auvdefildudmunlvuarldannsatindualdnlldneluszosinaduduusldssey
naruunanedddmsunisiiatulvl venanimamnindnveadarilhiAauafivi
AMaRNDANTIZITIUNIZAN (Emsbo-Mattingly and Litman, 2016)

(2) WEUNALNU (Alternative energy) AUNYDY werenldunudemameada 1wy
nswAalnfdend a1 fing waalnfidnendsnuay uasnmsudnliindieda e
THunufesssumnindeduiiu Seansdifonaniifon ndsnusaierind wdwuay wasda
wraImasunauny uilunsdindalwimieauiousyudlaesldndsnunaseniing
niuAsunlindanuay widenimdnunuio

(3) wdssuvsuioy (Renewable energy) manefs wasuiiannsahnduuildln
I neluszoriiatdu Wy nduuaIing ndwuay NEIUT NEIAaY Ny
audoulafan ndinudauna uasndnuiinin Sadsnumaniddioldudranuisaiaty
Tmildneluszesnandulasssaumfnieuyud

anunsaitagtuierudesnmslumslindinuiugdu nednlvyfildogasdu
wdsuandemaleada deivsmaanudesnisfiinduiahlilifismedetagdy
Jaymminanisdwaliinnuiusmlugunnsldndmumadeniuwliuifiuuniy
donmaumilpendsnumadeniiunadlauas anansathuldmaunundsnuuuuiuliedig
Laidin Ao wasauduia

wdaudinaa Jundsnuiildnndunaviniie iWewheussmalnefiluuseme
nunanssa dslundasinuindievianumidef manisinuasuietngfviivasmdenin
nsTUIUNSHARLATIUTFUA1eY Tandeimgivdilianunsailuldus slevdlunisuslneues
uywd wazdniddiwauunn wu W1edna dednlng widudilends wnau uasyudey Ju
fu Fafudmiudsenalnedasianmvand sldlunsudadundanunaunuiaiy
madeniiirauls Snsdseidndgmiayianmdelimenninuasifinunsnsdndouay
fiddnyietieusendaalddesUsana mzasrliinsihdnesdemasiidesas (nw
371 $HREIY,2561)

a7 (Biomass) ansdum3gyngunvuilduunasdnifundsanuainsssuniuas
annsarldndndundsnuld lnglitunsnaedudomdmeadaluuds Tnsunuian
NINY3BLAYIANMADLTIINNITNYATUIBNINIINNITUIUNITNEANIQAGIMNTTY LU WNAY
st ¥udes Tuwazwendey wewld WulslaznzaiUray ninsiudUznas dstnalnn Ay
LaENEAINENIT dvan vezianee dudenlsse vidousinsesiayadnisne

2.7 Wiawasdinulasadin (Pellet)
v & a W I3 P & A Ao P ) a S a
Iadundnduaussnnuiauautamasnyinannly Falaeiluazndnainiaesnse
Ay TannnsRanliuussu vieimvldamaeldanlsinundamlesiines uagdesauald
nnstausulinldsndunsedusunie nsdanssnalsd Wudu Wondetniadawdn dn1s
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wAnlumainuatsgluvuuarsalauawaudiivainuated uey funinilule deiiu
FoumdAsdniulsslii, nslianudousuiiegendouaznislinulssamdug Wemded
wagain TANUNUIMUNEININAINNTLTUIUNTRER UaraInnszuIunITinusouaayinli
fanudfush (i 10%) Gedelidomasiunadadin aunsofiaznolfifnussansan
mawlvsifigann Womdsdadaagriilfianumuiuinnty azmndemsvuduaniu
Maifiuyar1TemMNgINToIIHR karSwansuslmidlindsnugs anselfidudomas
Tunegaamnssuddinsldlifuiedudomas Wudmidsmadenvesnmslindsnuainld
agailuszansan (@inddeuazimunisild nsudald,2560)

2.8 vinmssadiatfamasdana

medadindomdadumsldusnasooymeaidng vilviAanssauiunemang oy
udtuduieu lnsedendnnisldusfisgm (Attractive force) AU 33 (Strength)
dudndiuumdsansessserinsenineuniaresanuvesussidenseudsesmon
Tuiana wazansuviuaey Wumsifeudnfuuuveseynaiignandadidediu nszuiums
Sauffadamds Usznoudenisliussfuuiinaveseynia Tasenafidaussauniolufis
Ussanudielinaasmudiiunar Banigtuldd Ssseminenszuiunsdatusuidinidomas
ty ﬂﬁlﬂﬂ’li‘%ﬂiﬂLﬁ@]LS??@Lwaﬂﬂﬂﬁgwsﬁuﬁ’(]Sﬂﬂiﬁizwi’mau(ﬂ’mLﬂﬂ”@@ﬁuLLa”LLiﬂﬁﬂ’iBﬁ’l
melusunia Ao aummaqmmaaﬂ‘uuammaimamauammmm a5oni nalnamsiden
Uszauvoauds (Solids bridges) wﬂmumﬂaﬂiﬂaﬂummuuaummmwwmummmwnu
f\mmamaumﬂﬂasmt,uJaagiJimestqu (Elastic deformation) n1sideasiaUszaiuves
wduly (Fiber interlocking) LLazamazmiLﬂ?{smmmgﬂi’mwumﬁ (Plastic deformation)
wadvesdiu2ai Usznousieteainaniely (Vacuole) vunalna)fazgndudnyild
asrUsEneuvamtLgadfaeiivaglaauasiniugnudesesnuviliseniveuninseus
yaurineldannzanudeunazussiudngsaniuazseuinagvaidunalinisunsaiely
Twanadenifsuaranududeuvosaslelndwessenivdulefifatuidu usinsesh
sEminaeunATevaILds (Attractive forces between solid particles) Wo%aragnn1sdu
savilivesinaneluveseyniadnas usanssvhaneluluanadindhillunisuszanuiuves
oyn1a ussmeluluianaiinamieiléun usiligadidnnsougiauiusy (Valence attraction
or electron sharing) LSILIULABS 3162 (Van der waals force) hag Wuszlalasiau
(Hydrogen bonds) waznalnanisid euuszaiunisna (Mechanical interlocking) 1T
nszUIuNHARTIART uuneAidnsTusamvendulovhlvdamuuiusndnassafiss
woilagfumuswanifitanganmInduAuganmuuuBavguaunstuda (aus 3
MYIY,2561)
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2.9 Ussinnuazamunmvaadinifainaeiaume
Foidsdunautseondu 3 Ussinn sadaanaiildvi fil

2.9.1 Ussanyinanlyd

2.9.2 Ussanladlavianlyd

2.9.3 Yssinvlaildviannliemun
FeimAsdunausiarUsanutseondu 2 Suamam Aodunaniw 1 uasdunmnin 2
2.10 NsKAASIANEY

Gunmawdeuingiulasmsiingduildhlumnuaaliuiauiienutuaiiaue
fu (auduldshnindesay 4 vesimidnuie) mszgamaliiguasusasalunszUINTHER
arududuiuor A dymuiemutuisadunddumamafidandsnumuaiy 6a
Mntuhnedidosfiuiudldaduedesdnfondanulnensdaviotugulfuifiusifiey
L538Mgs (45,000 PSI) Leaanvinlsfansuseneululsl @nfiu) deusauazduiifududin
idesnnlunszuiumsdadaazlifimafunaflesaadathundmbusazihlufvlugaiie
Hosturududiluludiangaeny (www.pelletheat.org)

2.1 Tedeiifinadensnindndomasiouaa

mandndiadomasinaifaunmindudoshililadd dyiidnadensne
Fndomadnnaie wuingrzunssdmiudugesiaune nuidisasunsaivuindnasril
dadamasdunaiinmiunnumumiudang (Mechanical durability) innnindinidoinasd
wafitugUIngnzunseiifouelg Ssdwareruineyniavesdina ownuuineynn
vetnafiilvunalvgjavdsmalidadonddnaiamuunnwasinlddonidindemas
Funafifvuneyniaradnnsederunsruiunsdatusuudaiunaditvuagaalug)
wfnsfanedutiosnindunaifauineyniadndn fauSuuanuiuinadsenin
yunufousnauazauuureadiadomnds nandedudadomndsiunaiaiamiuiu
wnagdtlieusuuiuasaamumuvendindemdsiaaiiah gumniinistusuuns
Fowdadusanudouiifeuniouduiuieiesatamianounssn lngargueioaounis
Snfigampiiusvana 90 ¢ LLazﬁmL%aLwﬁqﬁ%iaﬂqmwgﬁ 75-85 ¢ insziurieianiiuvesdn
wasuinsavansuayseuiilrasenanidulentiugadumaniveyniadus vesnavy
yhmssadiademas fegrlidunadamuiuwdieenunundnfasflugudnsasuriinay
16 (w31 ShmeTu,2561)

s < & a o
2.12 AauandRlanIzvaLlaaLnEaiINIa
I =4 Y a & v s o 1% a v v a
Juntladadelunisiiansannniunisssgnddrluldauaswasaiunisiluis
wigdve Feladuinsgiuninuad ldRasuvatsuInsgiudeiu wiag19lsfiniy
AaudRRIzreulnaInasTIanidAyd Aweoluil
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< dy a [~ 1 d' 1 [ @

2.12.1. A2U81LasIUINYa R awWasTu9a WuATivIvendugiuuesiiia
Woamas  73nadea1unsannmIUS Ui alndstiuials uenaindvuiakazAny
gnvendadiomddunadiisleaiunsdeadeuussyaioudne

2.12.2 ard3anandn \udiuvesansetuvidnmiosgnendminnisiidndeinds
a <) 4’41 a v oA v 1 av v Yy o
Fru7a Tdudaindsluniswilvgl eaarnaiaui beainnisibniddiuusenauve g
Inuwnadey damleslaeenled (SO uaraasiu (CL) lnvansiaglufnegintdsvavieuasyies
wnlndvihiAsanudemeungunsaluasyilidaadnisungssnwdnee

2.12.3 ArUsunannudi Wudadeiddyivventnameniiunsnegludie
& a a = a & X ~ ° ) 3 2 & a a Y a
Wondednuna F9Usuaenudutaziinad nsuniswlrslvaadadioindsdnuia onusuna
ANTUNINAINTouvME M and sgadalunuseinetneanlyaini¥oinds

& E ' 2 o s & a P4 1 a a a
wenniANuIuddinadenisiiuinwilingomainianiusuua dudaelndunall

X a | va A = ' a A | ° v

AnuIniulUssdmaliniadosasmailesdsnwaziimsidenaninsanisinluldan

2.12.4 ATUAUIHUY L'UuﬂwwuwaﬂaqmmamLuuLLauUﬁmmwaqmu (Energy
content) $13lUAIAILLT S (Hardness) voauiad o1nd 981178 d1uviad aindeiinany
muwdusideralildiuiilunsfivannuarasiadgmilunsiluldanumsededdly
Usuraunii a1l A1Aus o Ui i eanem an15t99u asadud Ui ulinguianiAl1u
wuwiugs Wuiudtwmaunnveadademdadues iiasiuiilunsdnafiuuasnisuuds
FUsEANSANUINTU

2.12.5 Araufau Wua1veandsuiignndnduneviisauansdsuss@nsam
FIUNS I UTDAI AT DINAITINIE NANABTINIAAULUILABITAIAIUSDUAIAINATINITINA
Iniiduldagnasinga vinlvdesldusuiadiuiasiuiuuinluniswilyl weilefuiafunu
NszUIUNITEALULYBLATRITAIA LA TULARDMATILIa dwNalRlA1AILTURINTT 10 %

° v A a o a v A a X o Y

WALV IAIPLYBLNAITINIBTAIANUSTDUTMALUY (NS SPReiu,2561)

2.13 fuszany

Y o D ¢ = o a o & s & a o P2

fausraruagyiminlun1sdanizdinaniuindavindudiodaindsdnnalvd
[ 1< v v v o Y a 1 =
anvaiy Wulunuguuuundens waediusvaudwiminiussaiusenineeun1nvesdn
wadewlaignfni lieiiuAnautinIInIen e ulinidendadanTs Wy AURLIWIL
5EMI190UN1ANETUT UL M BLNEITINIE AIUAIUNIUADNITLAUSA ADIUATUNIURST
nszuvnifioannisuaninvealiadiowmdsiua Saufsandinissumiudiieaninnisdaia
sgmnivsalialamdsimadnaauifninienmiinanuiduaiunsavenlimsiui
Usgavsnmaealindoindstiuig

v o a Y va v 1 g a a =2 aa |

AUsEauia Asaslidnvasuazanaulinelul As dusedanieia lugn
audy lddnnseude ldneliAnndumiiunseasuafivaasinlvg s1a1gn mldde way
WlorunsLaAsaziivsnatidntesfige davduagynliranusouveudagomas
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Franaduwilduanas fuszanuaiunsanueents 2 Usyian Ae @runsawntudle wu wls,
M3, 4318, Yadnd, LITUMNSTINYA waztsBudunsie uazilbndlild laun Auwmillen,
Tray, wazdiud 1Wudu

nsvindademdsiama Tngldsusrauduansifuudadilvlunssuiunisen
Jdleflagvilvouniaveadeimasdnfintuldfdu Wefinisldmussau asviliaruduiasy
gamnRltlunissafiazanasiie Feiavszamaziminaiounnilidanizdanad
vl emassauisasifivaniinenenmeadndemdsiimg Wy audiuniu
L3INTEUNN ALALS AT sELT AR ud U ui Tnedulna faustay amnsauds
gonfu 2 Uszav Ao Winfinnansssuani wu Corn starch, Gelatin Wudiu wagwindivi
ASEUASITRT U 19U Methyl cellulose (MC), Carboxyl methyl cellulose (CMC) 1T uduy
(1N®31 TMRLIU,2561)

ad a & a A v <
NIFUITNIINEALYBLNAIYIUIGBALUA

a & a o v < ad o 1 &
ﬂ'ﬁNﬁWL‘U@LWﬁQGU?lI']aE]@Lllﬁllﬂiﬁll']ﬁ@\m@‘lﬂu

1.n55035N51 30T AU (Raw Material Preparation)

2.n5307BN150UANAINTY (Drying Process)

3.n55128n15UAaELYA (Grinding Process)

4.n55u35n59Adln (Pelletizing Process)

5.n155135M5v B (cooling Process)

6.N3515N1530ULBZAALEA (Sieve and Screen Process)
70350383 ULazUTIIHEANAIN (Storage and Bagginf Process)

2.14 Yupevlunisudntomasain

1. mawTeuingdv 1unneiouingavlidvuamunzaniazidngnszuiunig
daiamenssuiunsduneIULaTdUaiden NMsdurenudun1sin anvuindiialiivunng
dnasanidu tnenisdunenuriniidiulaiivwineglugi 1 - 5 wufiwes msduasidenduy
M5 TnafinunsduneuwdandusnafaielitvuafiEnas Tngaztndunateuld
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13 padUAzIB BALAL ANLENYLIALENMNYUIATBIFAZUATIT LT AauIA Teun 2, 5 way 9
ladluns

2. M3tugd M3t ugddadomdadunsidanafiiiunssuiunisduasBen
i ossauviadomas (pelletizer) Tnsdn1saruauanud uliiaussuia 10-15%
roudiedestugusauiademauvimsiou uwseandu 3 vdin Idun 1) indestugUaia
wiifiuiviyu (Rotary die) 2) Lﬂéaaﬁugﬂ%ﬁmqﬂné U (Rotary dum) uag 3) Lﬂ%'aasﬁyugﬂ
HALUNNNIMIIU (Ring die) Tne Rotary die ag Rotary dum ALNZEMSURNARLT BLNES
Sauftelu sedugan 1 ingAuduiamamamainens limmngfadldiuld douds 3ides
desniimdadntesniuuuildlugnaivnssy @ Rotary die nzdnsundnideimnas
dafinluszaugaamngsy (Augimnssumansiasimaluladanangsy, 2557)
2.15 iasgruidomassauin

Anumsnevasdiililusnsgundniusignamnsuiideialull

1. WewmdsTamaudadadia (solid biofuels — biomass pellet) muneis 1 oinasii
wUsan nanINNISadanailidnuasiduwianay sunsinszuen

2. Frnauszanyhannls! (woody biomass) muneds Funaildanidelsviowrwls!
fmdeltangravnssuudssuliivielimdeldainnsldaudug Adslimnsusvanin
RIGREER

3. Frunauszanldléviiannlsd (non — woody biomass) e Fauaadildléan
delivFowewlsl oradutaqwdelimanisinens 1wy wnau wetm mudes nzarerdy
neaU1dy

4. Fanavssavldldviannldanun (blends woody biomass) manefs Tasnafii
nsuaNszyinadaanlfifuiaaitlildls (elsl wasimlsl

5. ansdfudon (binden) manefls ansfidelflunstusiureadomasdang

6. aN5LALuAls (additive) maunefls ansfiiivadluingAuiielfiuvioanamandiuis
Usznsvendomdsinna wu duns wilndanleds vie vaelunszuiunindalid
UsgdnSnm (Wen. 2772-2560)

wnsgrugnadifinisléaulaeialu snmsfinvnessrudemdsdunadaiioves
ssUsenanunSnasguiiadey feldil

2.15.1 wmsgruiaiwdsdaunasaiavasylsy Usemeluglsudniug/laildfinng
fatumanasgunAnfusidomadnnadndavemuedty luthetunasgudemasima
sowiavesunssumdluglsursiineasduauansiuunssenslaedenmdndnilvg s
81989 vNINIgIUa1gAA D EN 14961-2:2011 Solid biofuels. Fuel specifications and
classes. Wood pellets for non-industrial use e EN 14961-1:2010 Solid biofuels. Fuel
specifications and classes.General S?qmmgmﬁyﬂ uN13UTUYUI991NUINSZI1W CEN/TS

14961 "Annex A" Examples of specifications for high quality classes of solid biofuels
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recommended for household usage 1Ag3193§11 EN 14961-1: 2010 9£3n13na12839AY
Foansihluveadaieimasdunaiifuveads uag EN 14961- 222011 aznanfadomas
Funasadedlldlflunegnamnssy venandiinisiusesnunmkansusidoinasts
wadaidin ENplus Befudnludunsdidandugvarstssmaldiinisiusesqunmiluly
funAnfurivesnues Tuandemnasguressunaeg Tuglsuisad

1. USeAnAansIvendng ﬁmummmsgmmaaL%yaLwﬁﬁ'gmaé’mﬁmmmmmgm
gl5U 1990 BS EN 14961-1:2010 lagidunnsuduusaainanasgiu DD CEN/TS 14961:2005
Fuel specifications and classes @3un1n3g1u EN 14961-1:2010 LARIFIAITI9T 2.2

M191991 2.2 uanauaspIuiiomdsiinadade EN 14961-1:2010 vosglsy

Master table

Origin: According Tables 1,2 or 3
Woody biomass (1):
Herbaceous biomass (2):
Fruit biomass (3):

Blends and mixtures (4).

Traded Form Pellets

L Length D Diameter
. . D
Dimensions (mm)

I

Dimensions (mm)

Diameter (D) and Length (L)

D 06 6 mm = 1.0 mm and 3.15 < L < 40 mm
D 08 8 mm + 1.0 mm and 3.15 < L < 40 mm
D 10 10 mm + 1.0 mm and 3.15 < L < 40 mm
D12 12 mm + 1.0 mm and 3.15 < L < 50 mm
D 25 25 mm + 1.0 mm and 10 < L < 50 mm
Moisture, M (w-% as received) prEN 14774-1. prEN14774-2
-f%) M 10 <10 %
g M 15 <15%
= Ash, A (w-% as dry basis) EN 14775
A 0.5 <05%
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A Q.7
A1.0
Al5

A 20
A3.0

A 5.0
AT.0

A 10.0
A 10.0+

<0.7%
<10%
<15%
<20%
<30%
<50%
<70%
10.0 %
10.0 %

N

A

Mechanical durability, DU (w-% of pellets after testing) prEn 15210-1

DU97.5 <975 %

DU9%6.5 <965 %

DU95.0 <95.0%

DU95.0- < 95.0 % (minimum value to be stated)
Amount of fines, F (w-%. <3.15 mm) after production when loaded or packed. prEN
15149-1

F1.0 <10%

F 2.0 <20%

F3.0 <30%

F50 <50%

F 5.0+ < 5.0 % (maximum value to be stated)

Additive (w-% of pressing mass)

Type and content of pressing aids.siagging

inhibitors or any other additives have to be

BD 550
BD 600
BD 650
BD 700

stated
Bulk density (BD) as received (kg/m?) EN 15103
> 550 kg/m’
> 600 kg/m’
> 650 kg/m’
> 700 kg/m’

BD 700+

> 700 kg/ (minimum value to be stated)

Net calorific value as recelved, Q
(MJ/kg or kWh/kg) EN 14981

minimum value to be stated

Sulphur,S (w-% of dry basis) prEN 15289

5 0.02

< 0.02 % Normative:
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Chmically treated biomass (1.2.2; 1.3.2;
2.2.2; 3.2.2) or If sulphur containing additives

have been used.

Informative:
Al fuels that are not chemically treated

(see the exceptions above)

to be stated)

S 0.05 < 0.05 %
S 0.08 < 0.08 %
S 0.10 < 0.10 %
$ 0.20 < 0.20 %
-:]2: S 0.20+ > 0.20 % (maximum
g value to be stated)
£
g Nitrogen,N (w-% of dry basis) prEN 15104
E |NO3 <03 %
2 |NO5 <0.5%
N 1.0 <1.0%
N 2.0 <20%
N 3.0 <30%
N 3.0+ > 3.0 % (maximum value

Normative:
Chmically treated biomass (1.2.2; 1.3.2;
2.2.2;3.2.2)

Informative:
All fuels that are not chemically treated

(see the exceptions above)

Chlorine,Cl (w-% of dry basis) prEN 15289

Cl 0.02 <0.02%
Cl0.03 < 0.03 %
Cclo.07 < 0.07 %
Cl0.10 <0.10 %
Cl0.10+ > 0.10 % (maximum

value to be stated)

Normative:
Chmicaiiy treated biomass (1.2.2; 1.3.2; 2.2.2;
3.2.2)

Informative:
All fuels that are not chemically treated

(see the exceptions above)

Informative : Ash meiting behavoiur (°C) prEN
15370-1

Deformtion temperature.DT should be
stated

classes D06,
D08 and D10 shall be < 45 mm.

amount is

greater.then raw material for pellet is blend.

¢ Amount of pellets longer than 40 mm (or 50 mm) can be 5 w-%. Maximum length for

® Fines shall be determinate by using method prEN 15149-1.

¢ The maximum amount of additive is 20 w-% of pressing mass.Type stated (e.g.starch). If

NOTE 5 Special attertion should be pain to the ash malting benaviour for some

biomass fueis,for example eucalyptus,poplar,short rotation coppice,straw,miscanthus

and olive stone.
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2. Ussinaatiau fvuauasguvendemdsdunasadadund a.e. 1999 fe
11A551U SS 18 71 20 wAsguidvhnmssnunauamresdemddunasadaly 3 nau
Ao ngu 1 1 JunsgIuAan NGl nqu 2 waznay 3 WuNInsgIuAMAINTBIRUINLEIAY
Fauans Tunaedl 3 Womdsdamadadangy 1 1ddmiuedestudalothwuadndls
ety a3aFou nau 2 uazndy 3 Wawihluilidesnisaunimgenn wansusidomad
wadaiin luusemaaiaudszana 3 lu 4 dunesgud fundedilngilulsenunin
yuadnudn Wemddunadadelulsunaatinuitldldnumnasguil

o o & a a [ < =
f1919N 2.3 LLﬁﬂQﬂWiﬂ’]VU@QﬂJﬂ’]WL“U’e]L‘V\lﬁfleﬁ')ll')ﬁ@fﬂLMW‘U@Q‘Ui%LWﬁﬂ?L@U

Property Test method  Unit Group1 Group2 Group3
Length Measure 10 Mm Max dxd Max 5xd Max 5xd
pellets
Bulk ss 187178 Kg/m? >600 >500 >500
density
Durability  ss 187180 Fines 08 % <3 15 % <3 15 % < 3
mm mm mm
Lower H, ss -ISO 1928 MJ/kg >16.9 >16.9 >15.1
Ash ss 187171 % w/w of <0.7 <15 <1.5
DM
Moisture ss 187170 % w/w <10 <10 <12
Sulphur ss 187177 % w/w of <0.08 <0.08 To be
DM stated
Chlorides  ss 187185 % w/w of <0.03 < 0.03 To be
DM stated
Ash SS °C Initial Initial Initial
melting 187165/1SO540 temp. temp. temp.

A1519% 2.4 LAAINISAINUAALNINITDINEITILNATALINYaIUTEINALE DT

Property class | Unit ENplus-Al ENplus-A2 EN-B Analy SIS
according
to

Diameter mm 6 (+1) oder 8 (+1) °)

Length mm 3.15 < L < 40° °)
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Bulk density Ke/m? > 600 EN 15103
Net calorific Ml/kg | 16.5<Q<19 | 16.3<Q<19 [16.0<Q<19 |EN 14918
value

Moisture w-% <10 EN 14774—
content 1

Fines (< 3.15 wW-% <1 EN 15149-2
mm)

Mechanical w-% > 97.5¢ >96.5 EN 14775
durability

Ash content w-%! <07 <15 < 3.0 EN 15370-1
Ash melting (DT)°C | = 1200 > 1100 EN 15289
behaviour

Chlorine w-%! < 0.02 < 0.02 < 0.03 EN 15289
content

Sulfur content | w-%* < 0.03 < 0.04 EN 15104
Nitrogen w-%' <03 < 0.5 <1.0 EN 15297
content

Copper mg/kg’ <10 EN 15297
content

Chromium mg/kg' < 10 EN 15297
content

Arsenic mg/kg’ <1 EN 15297
content

Cadmium mg/kg' < 0.5 EN 15297

content
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Mercury mg/kg' <0.1 EN 15297
content

Lead content | mg/kg’ <10 EN 15297
Nickel content | mg/kg’ <10 EN 15297
Zinc ontent mg/kg' <100 EN 15297

Y In water-free condition (wf).
2 Dianctor must bc indicatcd.
3 Maximum 1% of the pellettts longer than 40 mm.length 45 mm.
Y'If measured by the Lignotester.the threshold vaiue is > 97.7 w-%.

> The corresponding CEN standard is currentiy being finalized.

4. Usewreeawnse finsfvuauasgiuvendemdsiunasadaly fe ONORM
M1735 (briquettes and pellets) Usgindpaainsoniduineaiulseimeleesiudaoazin
W33 glsu EN 14961-2 lUldununnsguduuazainnisiindeduussimaeosduily
MsAmMuATEUUSUTesATEILAFend ENplus Fefundn el demddunadaitinues
Usznrooanisddiinspuiiduiusesnuamiuientuaunmadafufidemdds
wadadinvesUszinaeasiuil

5. UssinAauunsn é’fﬂhiﬁﬂmﬁ’mummmgmﬁm%’uL%@Lwﬁﬁamaé’mLﬁﬂ AT
Aerdesnungrmanedld Ao defmuadmiudiuia Biomass regulation (BEK nr 638 af
03/07/1997) @i mualhidemdsiunasndademaninliiazorausmandud o
1nq flusuanianaanaslaldiin 1% Lifnnsimuannudundousunandaauindy
AnauTRdAyves Weinds wagddslilfmuunldunmssuandnunsvondemas (CEN/TS
14961: Fuel Specifications and Classes) fatiuguandsldumsgunioaainvasmuios uaz
dosnlill wmsgruvesUszimaisilfiAeaainfusosaunmd ulunaia Ae FORCE
Technology, Teknologisk Institut Wa g The Danish environment label "Svanemazerket"
(the Swan Mark)

6. UszimaflukaudbunaindiuiasalavesUssinail unauniiuinsgiuglsy EN
14961-2 al4loe Fonindunmsgrudmiunslidunasadaililiningramnssm

7. Useinednnd dadadiaaniglunislinnuieuduiesvuiaidn aanin
nandueidsnatedudiudrdgdonisudatulunainniglulszsma 1nsguLazn1s5uses
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wamnmmqLﬂumasumﬂmﬂwwiwmusinﬂm’lx@lé’lmmq iv‘uwsvﬂuﬂmmwmLﬂumaﬂwama
77 wadaiiaaainnes (Pellet Gold label) Tngszuuaaint oF] Yl UFIUVDININTFIU
CEN/TS 14961 w848 15U, DIN Plus va9Usginaigasduil, ONORM M 7135 norms U8+
UsenAoeaLnse wag America Pellet Fuel Institut (PFI) Qmmwﬁﬁmumﬂu%amaé’mﬁm
20 NNBILARIRS 71319715 Tuda.e. 2011 aunAu AIEL (The Italian Association for Wood
Energy) losulu augelvldseuunnnsgiu EN 14961, ENplus kag EN 15234-1 dwsuseuy
NsUBNUMEIDIITlgUNU

A13197 2.5 uanINsMvuRRuN NBImAITadnlavesUszinadnng

Parameter Measure unit Limit Tolerance
Moisture content  %Fresh matter <10 -

Ashes %Dry matter <=1 +0.05

LHV MJ/kg >=16.9 -0.2

Nitrogen (N) %d.m. <=0.3 -

Chlorine (Cl) %d.m. <0.03 -

Sulphur (S) %d.m. <0.05 -

Lead (Pb) Mg/kg <10 Maximum total

Concentration of

the 4 metals <=

20 mg/kg f.m.
Mercury (Hg) Mg/kg <0.05
Cadmium (Cd) Mg/kg <0.5
Chromium (Cr) Mg/kg <8
Steric mass Kg/m? >600 -
Mechanical % >97.7 -
durability
Formaldehyde mg/100g <01.5 +0.5
Radioactivity Ba/kg <6 -
Binding agents <2% -

8. Uszimeuaidey mauimuiunsgiuvesauesazaziiluussmaldidunsysy
nguinludill wdndariemdsasadiavesssmavadeululagiuaziiuiinsgiu
Y83 fieUsEvAUYaUTTI AL o IuTl
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9. Uszinerfuea Tuafimamnmaewwdnsnsdemdsdunasadavosssina
d¥amadinnu vainuatswagliiuuou deudd A 2000 Ussandaealdldnissuses
AMNINAN NF Granulé Biocombustible QHP (Norme Francaise) wa DINplus 983Usginea
wasiiuil waranauiay guandomasiamadasinesussman e (Syndicat National
des Producteurs de Granulés de Bois) ImEJNﬁmﬁm%ﬁmﬁm%uazﬁquiaLLﬂﬂLﬁuﬂﬁjuiﬁﬁ0§
n) nan S lifinsusesnanIndiudy 34% v) nanSusifinunsiusesRanIw DIN
Plus $1121 32% A) HAASQUIITINILANT3UTEIRAAIN NF Granulé Biocombustible QHP
$1U9U 35% Aaund .. 2011 N153UTEs ENplus IHSal9Ty wasUsuinanSamaldsunns
ﬁ'mmimmmmgmﬁim Propellets France

10. USLnAuasLag ﬁmmgmﬁﬁ'm%’m 2 1195571 A NS 3166 Edition 1, 1999,
Biofuel - Determination of mechanical strength of pellets. lLag NS 3165 Edition 1, 1999,
Biofuel TngdlvaivuauineIfuansgIuveslssinmaiinu

1. Yssinadade Jagtutssmasadedslifunsgiuresndndusidomaaiang
Soudla 1osan nandusianlvyfinantudeonludsamaluglsy Fafuusamasadeds
THumsgrundnsasiveslssmaiidoonludundn wu dseenludssemameosiuialy
WnsgIuvesUssimeesiul \Judu

12. Uszaandy 18l9ns3uses ENplus feud® A, 2011 ndnsasidomasdana
sawannussmaauasiidnyszneumaniivasndanuanufoudin egrdlsAnunuansi
e Menmgadaslasunisuiulse anmmeaeulae CEDER Tud a.e. 2010 wudtudnsio
4 970 21 Feganudnfuridomasiasaiiavessemaadusinumasgiu DIN plus
WAz HANSMI 3 990 21 F20819UNINTFIU EN 14961-2 536U Al wag A2 lag 95.5% b
{IU IATFIUAILAIIUNUNIY WIRs5Iud eundsTamaadadavesyTsuaunsauans
Wisuifeulddmani 2.6

a = a & a v &
MA1919N 2.6 LLﬁ@\‘iﬂqiLﬂiﬁlUL'VlEJ‘UlI']Wii']ULGU@LW@Q%?@J?@@@LN@%@\T&ﬂiU

Specifications | Unit Austria | Sweden | Germany ltaly EU
ONORM | S5187120 | DIN DIN CTl EN14961-
M1735 51731 | plus 1
Diameter Mm 4 to 10 4to 10 | 4 to 6 6to8
10
Length Mm < 5*D < 4*D <50 < 5D | D-4*D | 3.15-40
Bulk density | Kg/m’ | - > 600 - - 620- | 3.15-40
720
Fines owt. <1 - - - <1 <1
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Moisture owt. <10 <10 <12 <10 | <10 < 10
content

Ash content | %wt. <05 < 0.7 <15 <05 | <07 <07
Net calorific | MJ/kg | > 1.8 > 16.9 17.5- >18 | =169 | 16.5-19
value 19.5

Sulfur %owt. < 0.04 < 0.08 <008 |« <0.05]<0.03
content 0.04

Nitrogen Y%wt. <03 - <03 <03 | <03 |<03
content

Cholorine Yowt. < 0.02 < 0.03 <003 |«< <0.03|<0.02
content 0.02

Arsenic mg/kg | - - <0.8 <1
Cadmium me/kg | - - < 0.5 < 0.5
Chomium me/kg | - - <8 < 10
Copper me/kg | - - <5 < 10
Mercury meg/kg | - - < 0.05 < 0.1
Lead mg/kg | - - <10 < 10
Zinc me/kg | - - < 100 < 100
Nickel mg/kg | - - - - - < 10
Additives % <2 - <2 <2

2.15.2 11ASFIUYRNAITINIATAIAYD9DKIZN

1. Usemaansgowsni UssnaansgoLusn1iuunu1nsgIunan fueiiandsdiuag

dadinlnoaniUu Pellet Fuels Institute (PFI) siauanslun1s1991 2.7 Tnsuinsgiule s
Foundadaunadadall 3 1nsa Ao insandidley tnInunsgIu wazinsaldnuinly Auauds
TUANANVBILAAZINTAFD YIBIAIAMUNUILYY WoSTuAN wazauauAllugendsds

17adaLn

A1599 2.7 wasInsimuaAuN e nadalinuesUsenaAans oL

Fuel property

Premium grade

Standard Utility grade

grade
Bulk density 40.0 -46.0 38.0 -46.0 38.0 -46.0
Diameter (inches) 0.230 -0.285 0.230 -0.285 0.230 -0.285
Diameter (mm) 5.84 -7.25 5.84 -7.25 5.84 -7.25
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Pellet durability index >96.5 >95.0 >95.0
Fines (percent at mill gate) <1.0 <1.0 <1.0
Inorganic ah percentage <1.0 <20 <6.0
Length (percentage <1.0 <1.0 <1.0
>1.5inches )

Moisture percentage (wet <6.0 <10.0 <10.0
basis)

Choloride (parts per million) <300 <300 <300

2. UszwAnaun §3liflunnsgundndunidoindsinuasadauoinues 11nsgu
litagdu Ao wnsgiuewsni (PFI) wazunsgiuglsy (ENplus)

2.15.3 wasgruiomasdanasadavasals Ussnaluodeddifinnsgu
wAnfuTidowadunadadn nniduasdsoonay MHumssuwesieUssmanioUseine
Ardunan fe unsgiualsy (EN 14961 waz ENplus) wagansgiuewsni (PF) (@inidey
AUATINGIY NTUNRUNNTIUNALNULAL DY SN ENEI,2555 )

wasgunBnsusignamngy WeindsTamaudedaia (an. 2772-2560)
HomdsTanautseanidu 3 Ussiam anudaanadilévi il
1). Yszennyianls! 2). Yssunlailgvihannls 3). Ussinvlalldviannlsiiamme
FouwdsTamausarUssinnutsoonidu 2 Fuamniw fadl 1). Fuamnin 1 ey 2). $u
AN 2

a Y] v & a o ° v
MA1919N 2.8 @maﬂwmwmmmﬂmlﬂjaLWﬁdGU’JiJ’Ja‘LJiSmVWmnﬂhJ

@mé’nwmzﬁﬁmms %y'u@mmw 1 %y’uqsumw 2
ANRUILUUTIY lailounan 600 kg/m> laitlounin 600 kg/m3
s uAugna1s (D) (6 + 1) mm (6 + 1) mm
(8 1) mm (8 1) mm
(10 £ 1) mm (10 £ 1) mm
(12 £ 1) mm (12 £ 1) mm
AUAINU Faust 96.5 % w/w 89 99.0 | flaud 96.5 % w/w 9 99.0
% w/w % w/w
USunaumarly LaiAu 6 % w/w L3ivfiu 6 % w/w
ALENILRAeY Faust 3.15 mm 59 .40.0 mm | Haus 3.15 mm 89 40.0 mm
ALETIANER lyitfoendn 3.15 mm lyiteendn 3.15 mm
AINYNIGIER 13iifiu 45.0 mm 13itfi 45.0 mm
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AUYIMLAUNIN

40 mm Ly 1 % w/w

40 mm iy 1 % w/w

ALY

Talviu 10 % w/w

TaiiAu 10 % w/w

ANSNTLAUFH LI BT OUN Y
W39 (VUNAFURNUAUENANS]

Taldo8n71 97 % w/w (3.15
mm) ludasn31 85 % w/w

Taifviun

ATWATI) (2.0 mm) lutdaenan 40 %

w/w (1.0 mm)
AIMINSOU laitlounan 16.5 MJ/kg litlounin 16.5 MJ/kg
LN TaitAiu 3 % w/w TailAu 5 % w/w
ANSLALLAS laiifu 3 % w/w laimvun

d@ruusenaureInassu (Cl)

T30t 0.1 % w/w

T3l 0.1 % w/w

drudsenauvssnuzau (S)

TaiAu 0.05 % w/w

TailAu 0.05 % w/w

drutsznavvesiulasiay
(N)

el 0.6 % w/w

TaiAu 0.6 % w/w

dudsznouvesansny (As) | LiAiu 2 me/kg laimmun
drulsznovvssuaatioy | TdiAu 1.0 me/ke Taimmue
(Cd)

drutsznavueslasiden (Cr) | TdiAu 15 me/kg laimvun
dHuUszNaUTDIMBIUAY (Cu) | LAy 20 me/ke Taimmun
drulsznouvesnzi (Pb) | LA 20 me/ke i
drutsznauvestsen (Hg) | TdiAu 0.1 me/ke laimwun
drulsgnauvesdingd (zn) | lalifiu 200 mg/ke i

VR TUANIN 1 879899 INTURARIAIN B 189 ISO 17225-2

A15199 2.9 AENBENIAeINITVRRTMEIIaUTsnlilavihnlduasUssianlalavin

NnlInmun
AMANYUEIABINTT FUAMAM 1 FUAMAMN 2
AUAUILUUTIY laifounan 600 kg/m® laitfounan 600 kg/m®

WuRuAugnNana (D)

A ak® 6mmad 25 mm
AU 52y (A1AI1UARIA
WWADU +1 Mm VDI ANSEU)

A 9ke 6mmad 25 mm
AU 58Y (AIAIIUAAIA
WWADU +1 Mm VB ASLU)

ANUAINY Taitiaenin 96.0 % w/w Taitiaenin 96.0 % w/w
USunaumasly Laifiu 3 % w/w Laiiu 6 % w/w
ANUYIRRE AaLe 3.15 mm 049 40 mm | A9Ls 3.15 mm 89 40.0 mm

d195U D A9us 6 mm 24 10

mm
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Aak@ 3.15 mm 99 50 mm
A1%SU D f90@ 12 mm D4

25 mm

AUYIAER

laitleen3n 3.15 mm

laitieen3n 3.15 mm

AUENFIEA (LANI1ZIUIA
R UAUINA1N

Aausl 6 mm 99 10 mm) T
LAY 45.0 mm

laivAu 45.0 mm

AUENMNLAUNIT 40 mm

Talviu 1 % w/w

TaivAu 1 % w/w

ALY

TaAu 15 % w/w

TaAu 15 % w/w

ANAIUSDU laitipanin 14.5 MJ/kg laitfosnan 14.5 MJ/kg
LN TaAu 10 % w/w TalvAu 18 % w/w
ANSLALLA 13 5 % w/w Tairtum

d@ruusenaureInassu (Cl)

TaiAu 0.30 % w/w

TadvAu 0.30 % w/w

drusenauvnsnuzau (S)

TaiiAu 0.30 % w/w

TaiAu 0.30 % w/w

drutsznavveslulasiou
(N)

TaAu 2.0 % w/w

T3y 2.0 % w/w

daulsznouresansny (As) | ldfiu 1 mg/kg Tlaimmun
drulsynevvesuaniloy | TiAu 0.5 me/ke laimuun
(Cd)

drulsynouveslasid ey | LAy 50 me/ke Taimuun
(Cr)

F1uUTenauTRIN LA | LAy 20 me/ke Taimuun
(Cu)

drulsznevremea (Pb) | laiAu 10 me/ke Taimmun
drutsznavuestsen (Hg) | laitAu 0.1 mg/kg Taimuun
drusznauvosdnia (Ni) | TadiAu 10 me/kg Taimmun
drulsenouvesdingd (zn) | ldiAu 100 me/kg Taimuun

VR TUARNIN 1 879899INTUAAININ B ¥89 ISO 17225-6

‘ﬁ. = a wa dy a v [ Y a %
719191 2.10 LLﬂﬁ]x‘iﬂ'l’iL“lJﬁEJ‘ULV]EJU@QJ&EJUGIL“UE]LWﬁQE]G]LiJG]’ﬂ’]ﬂE\\JINﬁG] melulsewmalneiu

Wpsgrudamasdadinvatansniwazelsy Wwivendefalins, 2555)

AnENTATaINAY WM PRl | 2msgIU EN | Pellet L Yidoy
Standard 14961-1 | waz wWaeanld
i
Bulk Density (ke/m?) | 609 — 737 >600 664.87 656.54
Diameter (mm) 5.84 - 7.25 6-12 8.27 8.45
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Pellet Durability Index > 95.0 > 95.0 98.80 96.65
Fines, % < 1.0 <1.0 0.23 3.28
Inorganic Ash, % <20 < 0.7 4.70 25
Length, % greater than <10 <5 43.24 30.58
1.50 inches
Moisture, % < 10.0 < 10 10.40 9.1
Chloride < 300 (ppm) < 0.02 (% 0.06 <0.01
wt.)
Heating Value (MJ/kg) As-Rec. + Minimum 16.38 17.23
25D value

o ] v & a o 3 a v oa
M99 2.11 3’]@3J'1(§13§’1Uﬂmﬁﬂ‘t}ﬂwL%@LWﬁQ@@L@JWﬁJ@Q‘Ui%LWﬂIWB (WUIngaeAauIng,

2555)

AMENUR LNSATITUAN ININAMAINEN
ANAUILUUT laidesnin 600 nn/avy. | Lidesnin 600 nn/auv..
GIARIGIGGERR liteundt 6 unuagliiu | Lidesndt 6 un.uagliifu

77 12 13l 77 12 13l
futlauAImy laidaeniniesaz9s voq laidaeniniesaz9s vos
Yt Yt
A LdfiuninSovar3 vos Lifiunifosas3 ves
Yt Yt
ANENY laidesnin 3.15 auuazly | ludesnin 3.15 uuuazly

LAUATT 40 W,

LWAUAIY 40 W,

AUYNITLAUAIN 40 331

Taiuninsesazl vag

TaiiuninSesazl v99

Yt Yt
AT laiifiuninsesas 10 ves laiiiunindesay 10 ves
Yt Yt
A1AuTou litleundn 14.6 wnegasie | Lidesndn 16.7 wnease
Alansu (3,500 Alaupaes | Alandu (4,000 AlauAass
sianlansy) fanlansy)
s laiiiuninSesay 20 ves laiiiunindesay 20 ves

1NN

1NN

duUTENaUTDIEIIAADTU

laAuninsesay 0.02 a9
1NN

TaiAuninsesay 0.02 a9
1NN
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AUUTLNDUIDIANTANNL DU

TaiAunindauaz 0.08 Vo4
1NN

TaliAunindaeaz 0.08 Vo4
1NN

AuUsEnNaUYBIANS
Tulasiau

TaAunI3aea20.3 U049
1IN

TaiAunISeeaz0.3 Vo4

19n

WINTFIUTA BT VF IR OUATUBINAGIMTUNG U b UA U AEIMNTTUA LY
Wowndsinasadalulszmalnedudsliinsmnueaiinsgiudmiudomasdua
dadalagianiz wadesnnfomdsdimadadadnindudomdsiiutaussianuil
= o A 1Y) o & a o Y o & a
Jeanunsaldaunsgruduietiunslddemdimanili nglunislddaindsduie
gaLlnaz 3l ALINTEIUTEIINAT SE U BRaN N TsUlAUNI1AIRTgIURINT
ngvNIeimMuall fef9E13 ANUNRIFILYRIINANISEUIERDNINLSUTLHSaINEGTIWIE

A15199 2.12 F19819ANIRTFIUVDI0INANTEUIE8NAINLTUNLY LGt

Ayl 7y UINTFIU
AVEERER fladnSusiegnuiaiiuns LsitAiundy 320"
(mg/m?)

fadainesineanlen drlududiu(ppm) laitAunan 60Y

feeonlonvelulasiauly drlududiu(ppm) TaliAunan 2007
sululpsiaueanlas

fngA1susuNeusanlyn druluaudiuppm) laiiAunan 690Y

AP TUTAULLES % laifusesay 107

NI

Y ypsgiuuiunavesarsidovulueiniafiszuigeenainlssiu sy Usenie
NIENTNOAANNTTU (4 SUNAN 2549)

Yy npsprumeafiuiaswenuaTunanulssnounsiildvileleth audsene
NIENTIMINGINTTTTUVRLALAWINGDN (9 FuA 2549)

YnpsguaUiinasuihafuiidevuluenafissuiseenainudesves nifetves
159971 AUUTENANTENTINEAFMNTIN (4 SwanAu 2549)

Fewdsdunasadafindaldluusandlne Sovay 80 dsean vielusseUssine
Tawn Ju ﬁjiju wazinnd essnduussnadl Wauddyiuansnisaanisudesfing
asueulnoonleduas fulsueveslsemaitaaulunmsannsldsiududomduay
Funslindnumauny Womddunadadeiadumadeniiddy mneiauauds
Tndiesiudiuiu uifundsmufiazennnimdany fnaneada Womddunadadin
Fadundsnumuioudt anmnsovgnuauldlunadudusasiduulunisdadomds T
wadadiadesnitduiuuazduduingfudwndouuinnit aunisiniaigaaslinig
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advayunisudnwaznslid omdsdauiadale (@unideuazWauinisUalyd nsuia
141,2560)

2.16 mavaseupmaNTRveutawassaiia
dusunismaseugmaniRveninidoinadunaiildannissatusuuuusagin oy

T43nnafeynedsnid ﬂﬂﬂfuﬁmﬁugﬂLﬂul,ﬁms?}yal,wﬁa%ama wazfiudaagautoinas
saufadnfunsmaaeuanauiBauiiaonsudemddadavesansgowin (Pellet Fuel
Institute ; PFI) fvunsnsgiuLazismavasouvendindemadiuasiomnnasgiuay
FEnamaaeuioindsdadanuinesgudemdsdadinvesUssmaanigowinlégneds
521 J8UTTNAEUINUINTTIURAAIMNTIUVDIANITTOIITNT (ASTM) MInaaeuURuauUAved
HomdsdndinldiTnmadeudineasdonsolul
nAeszassusznauletiinm dadau uazauausAdiadamasiauna

- AIAUNUILUY (Density, kg/m?)

- gunmduriugudnanswaraueidaidemdsdima (Daimeter and Length ,mm.)

- ALY (moisture, %)

- USuaan (ash,%)

- loszwe (volatile matter,%)

- msueuadies (fixed carbon,%)

- A1ANSU (heating value, kg/kcal)
1.AsvnANANIILLLYe Ll amEedauia (Buik Density)

dwsunsmaimunuiiy s duluauinasgiugaannssuvesansgeluini ASTM E
873
TnefiswaziBenvosnisnaaaudd
o Anmunvesdioimdssadalifimanssnevunogluraaieatu
0 U559a13ag19adlunaaaruInAIINNIIg 305 JadwnT ANNE1T 305 Hadwns kavady
a4 305 fiadiuns lneUdesidemdsdndaadlundesfisanuganniindiuvundesiegn
Udesioindadadin 610 faduns mntudovhmamendesiiussademassndalagnis
Udosndesnszunniiuanaugs 150 fedums S 5 adt nieuduiuuiademasaundy
Iz AUNADINDRAUINNADIATUUY
o Fauazdufindmiminueandesiiussgdamasadia
0 YMIAWINAMLVUILLY (M8 NT/gnuiAiiauRiins)
naumssunldfd

ANMUNUILLUUIADINETINa = (Umdinveenasdiazidoinds-tutnnasalal)/Usues
NADY




32

2.n'ls1m¢i'm1u'mLé'uchu@usj‘nmeLLazm'mm'maqﬁ?mwﬁqé’ﬂLﬁﬂ (Daimeter and
Length ,mm)
éfm%’umimﬁmmmLé’umuquéﬂmqLLazmmmwaaL%aLwéaé’mLﬁmzmmmuﬁ
ey udemasaiiavesanssewsnlaimual il
o mﬁmﬂ'wmﬂLﬁumuquéﬂmwaaLs?i”al,waﬁmﬁm yhmsdenioinassaidinm 5 Tu agns
ajmmﬂéf'sasﬁm%jmwéqé’mﬁm L'%':JéfuﬂizLﬁuLLazi’mmmﬁwhu@uéﬂmqL%@Lwﬁaé’mLﬁmwiaz
Susenofideiadueslnefivwaduinugudnarademdusiariuasdufindaeaiaany
awiBun 0.001 {7 B9
ﬁ"]LQ%B?JE]WN’]@L%WJ’]U@UETW&’NL‘%’@Lwaﬂﬁmﬁﬁ%ﬁﬂﬂﬁmimﬁﬁUﬂ?’]ﬁJEJ’WUENLﬁ@L‘%@LW%G
Fanafifnunnauanesgumsmadeuil emdsuuusafinvesanizewsng fe 1.5 @2 90
dusnaunndwile I@smmmmwvﬁaﬂﬂumﬂ'jw%’asav 1 dleisuifuanugniidimue
o ﬂ’]i‘lﬁ']ﬂ’]ﬂ')']llEJ”]’JGZJENLGU’PJLWGQQG]LMW LimmﬂmiamaaﬂL%Lwaaammmmu 2.5 Uaum
(1.13 Alanf) Mnmeghadomdednge dausnidemassadiod mmmmmnmw 1.5
(Anuntang) nsldnesidosmauives uie vdend wiunsindiiiunssusesniy
gndeafiensasuauemvesdindomasime dudindemadinaiigniniidiamuen
Nz ldsunsiauentintumauevesdemasdadinasnanady
Aforazreunavendamdsdaiiafiiinnuenuinniiaueniangan feghadoinas
SnidiafhinanmaaeudaLEIvimn

ANALET (>1.5 17) = Wnidinveadiadandsliiuianianueiuinnii 1.5 99/41u1n
Fog1UAADINAITINIANINAZDUAIAINLEININA) X 100

3. A7NUTU (Moisture Content)
Aanuduluidelifoindutadenddylunisihldlvlduselovianuiuluiieldid
Y Y] | A H o ca a ' T A ' | I3
My 2 diufe innglundaueadionin Bound Water wagtifisglugasitanigluigasd
TN Free Water
vaa o o

Usinunuduludnaduguantinddynnlunnidanaluldidudemai

o

a

Frunaivsinaueuiuunnazdmaliuszans amnisinlndanasdusg 1anndagunis
Anmzivinamuiiluiunaddausifusarddaann

deliiuninluresinenelueadazesnuineu Ysunaauduveaiels vasdin
wadihinegduiuihiiegludesinneluadlfity 3ondn gavmnn (Fiber Saturation
Point , FSP) G?faﬁaﬁ%ﬂuqmﬁﬁwﬁ'@ wszinludasinaneluwadasinanevingnvoald
ity withnglundaeadesiinanentsvnd waswaswouielsl fegamnavasliiayian
LN 20-30 %
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0 mmwuleaumiJmawammu 103+1 parwalfea Luian 30 W waluieanain
ma*uml‘ﬂwLauiummmm’]mu Mg AL Laam 0.02 N5y

o Fasreee 50 n$u Taludremulindous UndinIenld nntudaimini fograazdae
nulWaeAtANazden 0.01 N5

o ihlUouflguvndl 10321 ssmwaldea iunan 16 2l

o théhemilunieushegnseenangouiislilifuluaiomanuduandudaimind e
ANNazdun 0.01 NS

o degraneuiigumg 103+1 ssmwadea Wuan 2 4alus unseialmines
Fro813aadi ‘i]’]ﬂﬁuﬁﬂaaﬂﬂﬂﬂﬁaUﬁﬂlﬂﬁLguiuLﬂ%@ﬂ@@ﬂ’ﬂﬂ%ﬂ 15-20 Wit wdrheanunds
LAEALIINANALTY D1NANNNTHaE

% AMUBU=(U1NTNA9819N F-UNNUINUDIA9E19MEINN DU/ (UINTINE9819711%) x 100

4. 1 (ash)
dmsunmsmeatiunandrvendamddaln asdulunuuinsgiugnaiingsy
ASTM D 1102 lngi518az10env89n15Nadausdil
o tienulnlusufigamgll 600 esrwadua wnad 1 99lus uaandiduluasogn
X = = Y o ) H Y
AMNTFULTUIAT 15-20 Wi wartlugaduedn
GIJ io/ o LY} 1 dy a % 1 2 d' QIJ goj o 4 o ¥ d‘ a
o e miindegradamas 2 n3u Tdludenulndedmdnuaiiilueouuien aaumgil 100-
105 parwalded Wulal 1 $alad
o w 1 r.tgl/ a o I3 v ¥ P a a |~
o Wmegaeindwadalumlianuiouluminoumal 600 ssmgadea Lluan
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0 11NFNMEINUBIOENULNLALAIE19TINRBNTBUNT LALAIUIUMIANUSUIULONAIFNNTT
ANUIURIL

¢ @ 6 a v
LWUDSLEUAYRIUIHIULAN
= Ghvdnmenulnlazion-uininvesalenululan)/dntdnusaiieg19nty)

5. laszwme (volatile matter)

dmuanleseiny YN1TIATIERANNINgIY ASTM D3175 lagindaegreauninlv
Anudeudigumgil 950 ssmwaidea Wunan 7 uidt wdrhanduumuiinuasszme
mﬂmiqzyLﬁaﬁmﬁmmﬁaasjw
o Fahmiingegnamaaes adlufenulniinsiudmn
o hdemilindeusieradianunn Tnewiigumgil 950 ssrwaldoa uiu 7 unit wdhds
theenmnen flilvidululagaanudu
o Fahminmastenuliuaegsiiviont
ansduamiindimely
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Weight Loss (%) = (A-B)/A x 100%
A = UUUNAIBY1NAEDY (ASY)
B = {N%HUNAIDE9NABIRAINT (ASL)

ansmuinUTinaleseive

Volatile Matter = C-D
C = Weight Loss (%)
D = AT (%) veasegns

6. ANSUBULERYS (fixed carbon)

USunamsuauiades Wudufiatesvedlassadesimnandannnslimiudeund
Fanafigamadl 900 °C Fsdrlngjaruszneulufesmaivou Jeuiunumiveuaies
funalldanaunisaelud
gnsmuINUSIIAASUBUAIRY (%)

USUaUAISUBUAIAT (%) = 100 - (%6ANUTU+BUSUIUVBNIT + %USUIUAITTEY)

7.MmAanunumuvsadinamastiouna

dnsumsmAeIMUTUYe N Taw A ALl %LﬁummmﬁmmﬁgmﬁaLwﬁaé’mzﬁm
vosanigounildimual il

o Feednadfindemasdamiasiuau 1,100 ndu

o ﬁwﬁaaémﬁﬂLs'f‘iyaLwﬁq%amaé’auﬁaamzl,miai'auﬁﬁsuumgmuma 1/8 fnitousn
aaueenaniiegasindemadana I@EJLﬁmawmﬁmL%@LWE@%amaﬁﬁNagjuu ATLUNTS
90U

o Feetnadindemasdamnasiuau 500410 n¥u feAIAm azden 0.1 NS (W)

o thinegradaiemasdnnasiuiu 50010 ndu ldadduniomaaeury MUy
voudindomdsdunalnevaudedn 50+2 sou/uf fanua 500 sou (Hunan 10 ud)

o 1iethadadomadinanenanias smadoUANUNLYB AT DLNE T
178 LUUngLAgU LLﬁ’Jﬁﬂmiauﬁ’aamsziqs'auﬁﬁﬁuumgmzLmiq 1/8 97 1itousn d@rui
wnvineenuazdivtingAuazEen 0.1 N3y (WPW)

o fi’mam@hmmmumuﬁuaqLéﬁyamﬁqé’mﬁm (Pellet Durability Index : PDI) A28
AUN"T

ANANUNUNUYDILTDLNAITALIA = (WPW/IW) x 100
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8. A1AUToU (Heating value)
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2.17 Yofveadamdsduiasadin
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2. muauUsinanslildemsedauavingiu Sdhmin deudrsudueu uaziwllls
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azann Lifoufudemdsion Wunsld Wemasedrsdiuszansam

3. drtineuundesdandenuranigelinn wie 3dnluuna The U.S. Environmental
Protection Agency (EPA) sansuindamastasadindundrumsunlvg favenn way
Huwdseuiihnduanldlndlilasnsgnls! veunuitevnanlflunsudn

4. psanaldaslunsmdauinandiiiinannisnssuiunisun lidesann SUsuand
Yonindomasiunalseaniy

5. ndsuanudeudinnnnindewmdsdmaauszana ug wszduundmdanuiilien
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6. PrvanUsunaieesveulaeanlydidunidufmdaunszaniluanusrinbiinn g
landau flasainiteasueulaeenleaiiinainnisundulassgnivgdindululdlung
HUATIEIAS
2.18 91uAeNNeIVD9
= a & vee o a & A a ) v oA

4558 Usziasgassn ldnwAnen mdaiunvesdialisnsnislunialdiinenis
NARNEIUTINaIINaueI I uwraasuiid Ay Yaguulddaunaldenanisd
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AN BagAINIIANTUT oL Bl na AN lseliinA5TUTe dmndeenisiigsiande
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d’lj a oy Aa 1 IS dy a . .
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aavu (RR) Aispanisawinlsdlihuazedinvedsilwihiasduiuundandsnusiuanuson
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- a a A | A a o o | a
ansasudeemdsiimialalunangainitlsdiinndandsnulniusiiie segamen
Gummiialw%ﬁuaq'ﬁ"umm%m%mwﬁﬁammﬂuaeﬁwmn 15alArTndudeaiarsens
aausau Tusad 25-35 nu. wieliilnraud andsiiunanluasdnsunasnisnantni 1lu
S8AU 20 LWNAETAA NISANBUND ArUAFIwALslsalWi A wunzaudulnandeniaans
e 41, 409 wag 404 \Hundn Tnedeusumialsslihondmingsugsonfifedmia
UIIBNAYN 9 S¥EEN1a 50 Ny, e wvtsvedl sl angauunnIsamu n1sfing
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Ty ﬂ%mmmaa%@{amﬂﬁLﬁmwaLLazazI%’i’mqmuw%adaumauﬁuq Tuniswey u3sed
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HamMAFemuInsldndanuanattazUsnaduinuannsiisveatdiniudaeoind i
el
Y] v LY 3 Ve dyl [y g" a @ v |
Uayasoil laantiuwiuavane (2011) laAnwfyaiauidoindanddnuiauas sukuy
N1399N15LNETIUTNEAIUNGWIUNARNUVBIYUTY WUTINTEUIUNITATS VULt ulR
Uunaauluesudnddszanadosas 20 lnsinawaznsuussdidudomaudsdnurisding
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& a @ o ' v € v Ay < = a = 5
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TAmdsnumnuiouasdn (5,432+101.5 cal/e) wasUszavsuansldoudulunuunsgiu
A o = v ] v N
AANUA (UNY.238/2547) NMSANYINUIITNTIAIUHANDULNIUABAUYULAL THELIANAUNY
a & a I ! v & 1w =
YOI INANTRINGIMTSRwslueTwENYWINY 5.5 wagl.2 Y
1303 53UNed uazane (2013) levinnsAnwdninavesnisiiudiwasnduivse
AuauURnNuILLY AeuFauentendsdnde uazaunumuniing tneldTanmie
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Mario et al. (2018) laAnwAnenmveswesdeinluwaglad Wy n1ndundes ¥1u
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MUNINTFIUNTALAINTUTTEIUAMANURAIAIINTEU AITUVLILUY ATUVUIRLUYDY
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a = v o & a a a Y 4 1% <& A a ea
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3.1.2 N15M384 RDF3
1J198% RDF3 9101589 SCG 39MINUASAISITUIIV YNN1SEB8AI8LASD98D8

a v [ [ dyd. 2/ [ d‘
wanafanlidauaanvnudiaesldenamis @QLLﬂﬂﬂ‘UEU‘W 33

Ul 3.4 uansvunn RDF3 Aaugos SUT 3.5 uansyunn RDF3

v

VGNERE

3.2 nszvaunandadindamasinalasldiniesdauuuusifiailngi
ideafedldtmunsnsdlumssdndademasdama 4 Snsdau (1000 /
70:30 / 60:40 wae 50:50) n13dafindamasdunaszdnlasiedosdadaioinasiauauuy
wifiailnih Fadeunissaidademasinnatsdoniniafueioniteliuiuiiadmiums
Satuguiianuieudiguvgfivszann 70 - 80 C ilesandrsguunfienaaginayinly
andulufnnaaransuidon Ussauoymavesiamadndetu uasviliaunsodaiugd
Fudtadomdsdunald Taifngiuiinauud uansdeguil 11 wadluaossaidauuy
wiaiszuuliifietuzudusindomastnmg wansgud 12 delddindemastamuad
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D

atharuglusessu uanamasun 13 nasannfdliadaindsdiuiasanain

1 6§ = o
Y
2V

3
wW3pedaLdn sxfeahuididuielidadomdsdunaudutasiunninitevasussy

= =

30LAARUENY FINSHATUILHIRIE N152190NaY rSeo1ldweauU lidunlaniualny
Winnzauwansaagy 14 Wevinisiaduuds aeiinisussygaiiedesduanudunaziily
A1 IRUsENOUNUS LN ALAZ BIAUTENBUNILATva AR awEITIIan lesaly Lans

éfagﬂﬁ 15




UM 3.8 sUuanansihingauldluaissdadawuuwifiasilih

rraey

o o & & a ! d' o wa
UM 3.11 Mmaihdiagendsdiuiausigldne iieihlunageunueaudi
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3.3 myliasziassusznaudsUiunaazasdusznaumaniiveadinifowdsdaaadils
3.3.1. mandvuaduriugudnansuazAaueveadindamas (Diamter,mm and
Length,mm)

dmsumameauaduinugudnatsuazanuenivesdindomas asmaimud
wnsgudomdsndnvesanigouinildimunly T35

1) vhnsgudendinomasdiunam 5 Ju
2) dnvuaduriugudnatsuazaimnenveddindeindunasdusienesilesanay
wWoaindAanuazden 0.001 43 uaantuiinAnvesurazdu

a [ < & a o
E‘U‘VI 3.13 N17IANULNNVDUUALYDLNAIVINIR

3.3.2 AANTY (Moisture Content)

mduludelidotnluledeiiddalunmsiildluldlselen] Tneanutuluidols
wisléidu 2 dau Ao thneluntfasd (Bound Water) wazthileglutesinisneluad (Free
Water)
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dmsunsmauTmunuduasduluauminasgiugnamnssuvesanizeidng ASTW
£871-72 flldfimualy 8
1) vevulwlueuiigungdi 103 « 1 °C e 30 wift whaiheenangeudaly
TBuluedomanutu andusiminderanuandon 002 ¢
2) Fufadomddhuatndn 50 ¢ ldludrenulifinionl’ arndudaimn
Mdaazmenulvieaiminaziden 0.01 g
3) luoufigungll 103 + 1 °C Wunan 16 s
1) théhenulwnieusiegeanaindeumislilisuluaiesganutiu antuds
dondn fhennuazden 0.01 g
5) thleuflgauungfi 103 + 1 °C \Hunm 2 $2lus sunsgiaiminvesdadoinds
asit Mntusalilsuluadesgaaudu 15 - 20 unit u§adshmiinudsounas
frammmsduaumaelud

% ANUTU = (WIINd108197 1% — UNNUNU89A10819Ma991NULRT / WAL
> 1 ‘ﬂ‘ v
foeg19Nld x 100

JUN 3.14 M3oumAInNuvendaliondsdina

3.3.3 AMAN5aU (Heating value)
dmsunismaiauseusndulununinsgiuenavnssuvesansgesng ASTM
711 Tneismsnadeusad
1) fraavewnsiidninueaUseaia 10 cm Qﬂﬁﬂawsﬁgﬂaawammmﬁn@’fmaﬁwaq
tuaNy
2) Fnbmindedrafindemadnalssina 1 ¢ udhldadulude
3) idhersiaemanauihueny Wandudatufedasindomadamaiiui
ndwadllugueuy 1 ml
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UsgnoudusuUnudveuy dludneandiaulilaminuauussain 30 usseIne
lundludsussyuend

Tanduiifigangd 24 °C Usuns 2 L asluds (Bucker) WdouangUseqluiinild
dmsugasuidn 2w Whiudueuy wEUanuades

Waaing muammmaauﬂummia‘ua:,mﬂuu'maaiumm (acket) Luaammﬁ

‘U
a

waesdlalndufies nalugnsuin ‘UumnammuLiumuua%mmmuwmvmmm
imvenUsen Uaeuingeenaindiuenusg9g19 Lmeqmuamu,avmwusazg
Winewaadnunasmetindu

LAS 9992 YINITAIUIULAINUNAIAIINS D UVD 1A D19 AL DLNA TR0 NUIN
LASDINUN

;nlﬁ 3.15 g‘ULﬂ%‘Ia\‘I Bomb calorimeter

3.3.4 n15UsTEUUSEANS A TWANUS DU

AMSNARBILUUITNNTANUN (water boling test, WBT) 1unsnaseufinusununsly

Wamadlunsvind limesanukeuluniinus

1)
2)

a

Wuthaslunvug Fadunipaunuas Usunuih 1,000 ¢

1%
a [

Andanesluiinesiiasainiunivug Useau 5 cm ileingumgiidaiinouns
GEN

Yudadiomdussguinunsinatswee niouganiiald 5 wnd

o o v v o e a a H =
Unvuenssulivdinsuumnastuiingamgdnisidguudasimng 5 widl
AausUgu T uAuINgUvgilvesdda1UTEaIn 98 °C nduriINsTuinIan
Yuztiuld udwhnisiuiiselUaudinemdsiianun Jevinisngaian

Faumtnveslunvusinge anduiinteya
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nsnageuUszansnmmzliisnsnade UL UL Boiling test IIAWAIIIUT

Talunisauisendsnunlaannnisenludidamas anaunisae Ui

n =-2_4100%
quel
We n A9 USLATSAIMTIAUSDUTDLAN , %
Q. Ao USunamnusaunlaannawmnads , MJ

Qruer A0 USunauAuSaunilduselond , MJ
USunaenuseunihlldusslevimlaannanuiounldlunissuagsemetn mlaands
auniselull

Qu - [mw,l Cp,w (Tw,b - Tw,i) 1+l My > hfg]

o my,, Ao wausuAY, kg
My, 7D WIAUINTEWE, kg
Cow fn AIANTBUTUNIZURIUNEIAT 4.186 KJ/kgC

hfg AD ANAINUSDULKIVBINTTTEBLUN 2,257 KJ/ke
Top Ao aunainfen °C

) 9 U
T, i Ao gaumaluIsuAY °C

) 9 U

USunaumnusaunlnainiiawmas mleanauniseelul

quel = Myyer X LRV

e mpye A0 WIavLTBLNAINITV VU, kg

LHV Ao AAuSeumMvenTaInasdailn Kizke

5UN 3.16 Winthasluvdeaunuiaa Usuini 1,000 g



3
U

U

U

=)
7

#1 3.18 ldudadoundatinansinalswauniudigaliiiald 5 wid

3.19 Mmesluineingaumgiinng 5 Uil Awnsenanmenil 98 °C

50
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b i

JUN 3.20 suthaudadoundadauanualil

3.4 menneiasegrnanslunsandindamnas

Mnmsudadaidemasiunanntides e smaniu ROF3 wuinileldingiv
Tundasdnidindomdsdmasiuau 1,000 ke axldidadomasdnna s1uau 500 kg
MR uATsgeanivesnsnadndindamasdananntides s sman
RDF3 lun1su@insianuay (Cost of Production) asUsenaulunieTngAu+Ausaanu +
arldanglunandn Fasausenisifufiesdiuvesmandnvindu ledmundldainaunis
soluid

suuienily = (Sngau+atuss+Alddnelunisudn) / Iuumhenndala
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unil 4
NANTIALEUITURAZNIT AT

mAfeAnvmsudauarauivendalomddmaindnanevlioransnay
yewilsnauifiellugramnssulssiwillusamalne giuililunsifeuszneudetides
Tdlp9aw19WanAuRDF3 Tu 4 dmsnaau Laun 100:0 / 70:30 / 60:40 wag 50:50 lnadn15on
%ugULﬁmL%aLWEQ%auaa dmsunansideldudsoenidu 2 dau fseanden deluidl

4.1 mansInssiesdUsznouBeUBinandndomaiauae

mawdndindoimddnnaainsndatuzidusiatomadldvndnsdunan 99nms
ATIREOURIBAEA1 (visual inspection) wuin Windeindsdunailadauuiy anumies
uazanansanagUegld enaassduseiielinszimzunneenainiu dmsusasduna
100:0 fdnuwarurinss Fma wazsnsdunan 70:30 / 60:40 / 50:50 Sdnuwaurianss I
vawtdlfee fidna

o A,

UM 4.4 dinweamdsduna 50:50

JUT 4.3 Wagamndsding 60:40

4.2 wamﬁLﬂi’lzﬁqmamﬁ'ﬁﬁmL??al,wawauﬁﬂL%'al,wﬁﬁqma

MnMsduitegnes i 5 fegdrveadailomdeiunaiindslusnsndiunan 100:0
uTAszsimAIRaEuTANIINBA M A1ANATIL Al uLazAENTRB U WU
AavandRMINEAmlaLA A1ANETT (Length) mm ANEUHIUALENA1(Diammeter) mm,
ATy (Moisture) % wazAAmMUILLY (Density) ke/m® fiAwnaswiiiy 36.48 +0.44
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mm, 6.122 +0.09 mm, 9.572 +0.26 % Way 1,286.04 +8.02 kg/m>A1Ua10U AIAIINAINU

(Durability) % fifdwadewindu 98.48 £0.30 % ArAueuazuUndurAudou (Heating

value) MJ/kg agA1mIU3aUge (Hihg Heating value) MJ/kg fienadawiiu 17.318 +0.14

MJ/kg ,19.40 £0.07 MJ/kg AIN@1AU LLasﬂmamﬁﬁﬁuqlﬂ”Lm ANUSUULA (Ash) %, AN

ANSUAULEDES (Fixed carbon) % wazAnlaseine (volatile matter) % fAaaeingu 2.544

+0.09 % , 15.78 +0.56% 1az72.108 +0.31 % HIUANU LARIRINNS19T 4.1

A1519% 4.1 N1 IATIEHDIRUIENUTNUSINAEARDIMNEITI1E dRs1dIuNaY 100:0

Simple 100:0 (1) 100:0 (2) 100:0(3)  100:0 (4) 100:0(5)  AVG. +S.D.
Analysis
Length (mm) 36.66 36.08 36.08 36.32 37.26 36.48
+0.44
Diammeter (mm) 6.12 6.12 6.09 6.28 6 6.122
+0.09
Moisture (%) 9.69 9.38 9.77 9.15 9.87 9.572
+0.26
Density (kg/m3) 1,275.5 1,293.90  1,294.80 1,277.8 1,288.20 1,286.04
+8.02
Durability (%) 98.76 98.24 98.18 98.94 98.29 98.48
+0.30
Ash (%) 2.36 2.52 2.62 2.6 2.62 2.544
+0.09
Hihg Heating 19.43 19.29 19.51 19.45 19.35 19.40
value(MJ/kg) +0.07
Heating value 17.31 17.26 17.20 17.22 17.6 17.318
(MJ/kg) +0.14
Fixed carbon(%) 15.89 16.06 15.62 16.52 14.81 15.78
+0.56
Volatile matter 72.06 72.04 72.00 71.74 72.70 72.108
(%) +0.31

INNTEUEIRENTINIY 5 Modrevaulintendsdinalinanludnsidiuney 70:30

WTATIENIIAIAUNANTANIINIEAIN A1AINAINY ANAIINTBULALAMENTRD U WU

AavandRMIMEnmlaLn A1ANe1I (Length) mm Aduruaugnans(Diammeter) mm,
ANAIUT U (Moisture) % LazAIAIIUNUILUY (Density) kg/m’ dA1Lad utviniu 42.808
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+0.77 mm, 6.184 +0.0089 mm, 11.274 +0.31 % Way 1,122.62 +3.705 kg/m> AUAIAU A
AuAsnL(Durability) % faadewindu 98.26 £0.06% AAnudouazUnduamIusou
(Heating value) MJ/kg wagr1m3115auge (Hihg Heating value) MJ/kg fA1ad svinfu
18.778 +0.16 MJ/kg , 21.192 +0.09MJ/kg m1ua1aU LLaszamﬂ’ﬁé"uﬂlﬁm ANUTUNLN
(Ash) % ,AA1Suawaies (Fixed carbon) % wazeiloseine (volatile matter) % fiAade
Wi 9.854 £0.11 % , 13.006 £0.45 % Wav 65.866 £0.36 % ATUAINU UAAITINII9T 4.2

A15199 4.2 N15IATIEHDIAUTZNDUTIUS LN WEITIL7a SRns1dIUNEY 70:30

Simple 70:30 (1)  70:30(2) 70:30(3) 70:30(4)  70:30(5) AVG.
Analysis +S.D.

Length (mm) 43.00 43,72 43,34 42.50 41.45 42.808
+0.77
Diammeter (mm) 6.18 6.20 6.18 6.18 6.18 6.184
+0.008

Moisture (%) 11.25 11.56 10.70 11.58 11.28 11.274
+0.31

Density (kg/m3) 1,123.50  1,120.50 1,117.60  1,128.80 1,122.70  1,122.62
+3.705
Durability (%) 98.24 98.37 98.19 98.22 98.27 98.26
+0.06
Ash (%) 9.91 9.81 9.98 9.92 9.65 9.854
+0.11

Hihg Heating 21.24 21.35 21.18 21.08 21.11 21.192
value(MJ/kg) +0.09
Heating value 18.96 19.00 18.58 18.69 18.66 18.778
(MJ/kg) +0.16
Fixed carbon (%) 13.63 12.72 13.35 12.57 12.76 13.006
+0.45

Volatile matter 65.2 65.92 65.97 65.93 66.31 65.866
(%) +0.36

MnnsduiiegtsuIL 5 fedsendadomasinaiingely 60:40 u1TiAT1en
yARMEaNTAMINEAN AANLAIWY AlANFeuLazAAAL TR LY WUT1 AuaNTANNG
nenlaln A1ANET3 (Length) mm AduRIuAUEna19(Diammeter) mm ,ﬁhmm%u
(Moisture) % LagAIAIIUVMUILIL (Density) kg/m® SA11a8 811U 40.812 £1.12 mm,
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6.148 +0.04 mm, 10.476 +0.06 % wag 1,175.96 +15.31 kg/m’ A1UA1AU ATAITNAINUY
(Durability) % fidwadewinfu 98.87 £0.04% Araudourzuiadudimudou (Heating
value) MJ/kg agA1mI1U3aUge (Hihg Heating value) MJ/kg fienadawiiu 19.412 +0.08
MJ/kg , 21.83 +£0.14 MJ/kg MTUEIAU LLasﬂmamﬂ’ﬁﬁuﬂlﬁLLﬂ' ANUSL 1 (Ash) % A1
AsuauLaRys (Fixed carbon) % waseleszine (volatile matter) % SAadswindy 11.862
£0.15 % ,12.484 £0.40 % War 65.174 £0.36 % MUY UARIFINIT1GT 4.3

AN51991 4.3 N1 IATITNIAUTENBUTIUSLN LI BMEAITILNE SRIIEIUNEY 60:40

Simple 60:40 (1) 60:40 (2) 60:40(3) 60:40(4) 60:40 (5) AVG.
Analysis +S.D.

Length (mm) 42.00 40.28 42.08 40.60 39.10 40.812
+1.12
Diammeter (mm) 6.12 6.18 6.08 6.18 6.18 6.148
+0.04

Moisture (%) 10.44 10.60 10.41 10.46 10.47 10.476
+0.06

Density (kg/m3) 1,171.60  1,154.60 1,197.60 1,188.50 1,167.50 1,175.96
+15.31
Durability (%) 98.92 98.84 98.79 98.87 98.91 98.87
+0.04

Ash (%) 11.71 12.14 11.76 11.90 11.80 11.862
+0.15
Hihg Heating 21.56 21.91 22.00 21.82 21.82 21.83
value(MJ/kg) +0.14
Heating value 19.36 19.53 19.44 19.45 19.28 19.412
(MJ/kg) +0.08
Fixed carbon (%) 12.35 11.90 12.52 13.17 12.48 12.484
+0.40

Volalile matter (%) 65.49 65.36 65.30 64.46 65.26 65.174
+0.36

Mnmsduiiogdu 5 fegrondintemdsinnaiindrlusnsdiunay 50:50
13T LM AIANALTRMINNEAIN A1ANATIY ANAI NS oULALA AENTAD 1Y WU
AnauTAn1aneamlaun A1mnuen (Length) mm Andurugudnata(Diammeter) mm
A1AILTU (Moisture) % wazA1mIumuILLy (Density) kg/m? fiAtad winfu 41.292
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+1.35 mm, 6.188 0.03 mm, 5.38 +0.35 % way 1,235.90 +12.13 ke/m’ MINA1HU A1AITY
sy (Durability) % T@1Ladewinfu 99.06 £0.10 % ArA1ueuazuywduaiarudou
(Heating value) MJ/kg wagr1m3115auge (Hihg Heating value) MJ/kg fA1ad svinfu
21.166 +0.45 MJ/kg , 22.092 +0.08 MJ/kg AUGHU LLazﬂmayﬂ’ﬁguﬂlﬁLLd AU
(Ash) % ,AA1Suawaies (Fixed carbon) % wazeiloseine (volatile matter) % fiAade
WU 13.858 +0.16 % , 12.592 £0.55 % Wag 68.172 +0.49 % AUEIFTU WandfInI5197

a4

A151991 4.4 N1TIATITNIAUTZNBUTIUSIN LI BMEAITILNE SRIIEIUNEY 50:50

Simple 50:50 (1)  50:50(2) 50:50 (3) 50:50 (4) 50:50(5) AVG. +S.D
Analysis
Length (mm) 43.00 39.00 41.00 41.18 42.28 41.292
+1.35
Diammeter (mm) 6.20 6.18 6.24 6.20 6.12 6.188
+0.03
Moisture (%) 5.07 5.54 5.88 5.52 4.89 5.38 +0.35
Density (kg/m?) 1,24550  1,242.50 1,213.20 1,233.50 1,244.80 1,235.90
+12.13
Durability (%) 99.15 98.98 99.08 99.18 98.91 99.06
+0.10
Ash (%) 13.92 13.85 13.58 13.84 14.10 13.858
+0.16
Hihg Heating 21.95 22.13 22.21 22.05 22.12 22.092
value(MJ/kg) +0.08
Heating value 20.80 20.75 21.67 20.83 21.78 21.166
(MJ/kg) +0.45
Fixed carbon (%) 13.01 11.51 12.92 12.60 12.92 12.592
+0.55
VOCs (%) 68.00 69.10 67.63 68.04 68.09 68.172

+0.49
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42

40

38

36

34

32

v
¥

6.25

6.2

6.15

6.1

6.05

5.95

5.9

Length (mm)

Diammeter (mm)

57

¥
B dademasdanaa 100:0
B Jademasdiongg 70:30
R

= n@amasdaung 60:40

¥
aEemasdanng 50:50

SUT 4.5 ns1uaneAIAINEn) (Length) ,mm veudfindoindsdnaiisnsdunan
Wdew  lifenamasndu RDF3 100/0. 70/30, 60/40 uag 50/50

E iadaimasioung 100:0
o X

E diadamasioung 70:30

E adiamasionag 60:40

Waamasiaugg 50:50

JUT 4.6 ns1luansedurUAUENans (Diammeter) mm vaudademasdauad
gngaunanGesliu1an1siu RDF3 100/0. 70/30, 60/40 uay 50/50



58

14
12
10
3 B daTemasdaung 100:0
E iadamasioung 70:30
6 = Wiadamasioung 60:40
WadiamAsiongg 50:50
4
2
0

Moisture (%)

U 4.7 nyminansnAady (Moisture) % veafinidoimdstamnaisngidiunaud
ieglsionannsniu RDF3 100/0. 70/30, 60/40 way 50/50

1,350.00
1,300.00
1,250.00
1,200.00 B Windemadanaa 1000
E e madanan 70:30
1,150.00 = WiademAdanan 60:40
ifnemasdonia 50:50
1,100.00
1,050.00
1,000.00

Density (kg/m3)

Ul 4.8 ns1vluansAnnamuLiy (Density) , ke/m® vpaisinigoumnastaanadisns
drunaniaeslsionswns1fu RDF3 100/0. 70/30, 60/40 uag 50/50



99.4

99.2

99

98.8

98.6

98.4

98.2

98

97.8

97.6

Durability (%)

59

¥
E Wiadamasdonig 100:0
E iadaimasionag 70:30
= Wadamasianeg 60:40

N
\n@emaadanag 50:50

gﬂﬁ 4.9 n3LanIAIMUNUNIU (Durability) % mamﬁm%mwﬁﬁwaaﬁé’m’l
duumau%ﬁaslﬂsmwwﬁu RDF3 100/0. 70/30, 60/40 Wag 50/50

16

14

12

10

Ash (%)

E ulaifiamasdanng 100:0
= dadewasdineg 70:30
T

= a@enasdaung 60:40

a@emasdanng 50:50

5U# 4.10 n51uansA1USIaud (Ash) % veadinliialndsdinaionsiadiuna:

v
(4

%Lﬁ@ﬂlﬁmawﬁﬁu RDF3 100/0. 70/30, 60/40 wag 50/50



22.5
22
21.5
21
20.5
20
19.5
19
18.5
18

17.5
Heating value (MJ/kg)

60

o & o
B JaTamadaTouea 100:0
E Jadamnasdaneg 70:30
ey

= dadewnasdineg 60:40

e &
LUALTALNANTANAA 50:50

gﬂﬁ 4.11 A9MLERIAIALSDU (Heating value) ,MJ/kg veufindemasdnad
Snsdunaniaselsionsnnsniu RDF3 100/0. 70/30, 60/40 wag 50/50

18

16

14

12

10

Fixed carbon(%)

E iadamasionng 100:0
= Wiadamasioneg 70:30
I

= dndiemAsdoung 60:40

\aEeImaedanng 50:50

Ul 4.12 nswluansAnasusulaiios (Fixed carbon) % weadinidoinastaniadi
ShsnaunauTdeglsenmnsniu RDF3 100/0. 70/30, 60/40 way 50/50
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74
72
70

68

:[ B indawmdsdouna 100:0

B fndamdsdoua 70:30
66 indemasionng 60:40
fiAFeunaEaNas 50:50

64

62

60
VOCs (%)

gﬂﬁ 4.13 nsluansanloseme (VOCs) % voadiniemastnafisnsidiunaud
Lﬁ@&lﬁawawwswﬁ’u RDF3 100/0. 70/30, 60/40 ez 50/50

1nnsAnwlszansamnisldnunadurendandsnudaeisnisdu (water
boling test, WBT) veaifinidaimdsduna wuiudademdsdunaiiddnndiunaurestidon
Isfonamnsniu RDF3 fisnsndru 100/0, 70/30, 60/40 wag 50/50 aglviuszamBaimdeniy
Souneaian ogfil 24.50+0.32, 27.80+0.18, 29.55+0.11 WAy 31.570.22 % AudAy U3una
Audouiildannifemnds ogfl 1,200.17£22.57, 1,473.109.57, 1,645+04 uay 1,757+64
MJ sdy wagUTanauauFeudiliusylowd 1,200.17422.57, 1,473.10£9.57, 1,645:045
uay 566/68 MJ Ansa6U

A157199 4.5 M3aesziivszansainnisldnunsiueaiandsuiieisnisdudn (water
boling test, WBT) vaadinidamasdinanisnsaiunautifoslsdssnisniu RDF3 100/0.
70/30, 60/40 Lag 50/50

dindawndedauna
AUseansn wdsanuieoy  100:0 70:30 60:40 50:50
Uszansnmidsanudouves  24.54+0.32 27.80+0.18 29.5540.11 31.57+0.22
911 (n),%
Usunauanudaudildann 1,200.17+22.57 1,473.10+9.57 1,645+04  1,757+64

\Wawas ( Q.), MJ




62

USunauanudeudilduszlowy  4,888.8+27.43 529740 5,566.65+0 5,566/68+0
(quel): MJ

YL ANTAINLTIAINUTOUVDIAT ,%
35
30
25
20
15
10

100:0 70:30 60:40 50:50

SRTEAIUNALLIAL Y BLNEITIU7A

JUN 4.14 nymluansUszdnsnimidsnnnuiounen, (%) vesdaiiowndsduainsns
drunandiaasldignanisndu RDF3 100/0. 70/30, 60/40 wag 50/50

USunarnusaunlaainiainae, MJ

2,000.00
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1,600.00
1,400.00
1,200.00
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800.00
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400.00
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0.00
100:0 70:30 60:40 50:50

SasdrunaNinanaITna

Uil 4.15 nsmiuansTinanudeudldandemas, (W) veudatemasdunaisn
drunantidosliionannsiiu RDF3 100/0. 70/30, 60/40 uag 50/50
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Ustnauanudeuilduselovd, M
5,800.00
5,600.00
5,400.00
5,200.00
5,000.00
4,800.00
4,600.00

4,400.00
100:0 70:30 60:40 50:50

Sndrunaniagandstiuna

U 4.16 nsmiuansUanudouiflivsslond, (W) veudindemasdnnaitons
drunautidosliionswnsiiu RDF3 100/0. 70/30, 60/40 waz 50/50
uenanillfFeufisvandidudemdwondadamddunalunuided su
119M551UA19UsEINA (PRI Standard, EN 14961-1) Uagd1nT§14 UBN.2772-2560 g afu
wasguiifinasidvuelFtugsinsudauardsonveadindomasdanamly fuans
ogflumaedl 17 nuaniaiieuiiou wuiudiademasinumadnsdiunan 100:0 / 70:30 /
60:40 waz 50:50 fA11817 (Length) 1adaivinfy 36.48 +0.44 ,42.08 +0.77 ,40.81+1.12
Lawd1.29 +1.35mm ANNEIRY NIULNUIINIFIUNINTFIUAUIEINA (PFI Standard, EN
14961-1) WALINATIIU 10N.2772-2560 FarwunliinAAuedesen 3.15 -40 mm Jan
Wdurugugnata(Diammeter) 1A BWNAY 6.122 £0.09 , 6.184 +0.008 , 6.148 0,04 LAY
6.188 +0.03 mm WIWNUIININTFIUNINTFIUANUTEINA (PFI Standard, EN 14961-1) uaz
U1MS5IU 18N.2772-2560 T armunliinA1aIngadese1 5.84 - 25 mm faAnAa
WU U(Density) 1a8 ewinU 1,286.04 +8.02 , 1,122.62 +3.705 , 1,175.96 +15.31 uag
1,235.90 +12.13 kg/m’® LAY KIUNQUTININTFIUUINIFINAUSEINA (PFI Standard, EN
14961-1) UAYINATFIU 18N.2772-2560 FarnmualiiAianuanuvuuiulidosnin 600
kg/m? feeuAmU(Durability) Wwaswinfu 98.48 +0.30 , 98.26 +0.06 , 98.87 +0.04 wae
99.06 +0.10 % ANUAIFU HIUNINUINTFINUIATFIUANUSEINA (PFI Standard, EN 14961-
1) LALaNATEN 18N.2772-2560 Bermualidndanuamuliasnit 95.0 - 96.0 % il
AU50U(Heating Value)ia@ ey 19.40 +0.07 ,21.19 £0.09, 21.83 +0.14 az21.83
+0.14 MJ/kg H1uuNIgIUA9UsEne (PRI Standard, EN 14961-1) Laginns§1u Uon.2772-
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2560 Geimunliinrnnuteudeditosnin 14.5 Mi/ke Usinauninuy (Moisture) 8031
A7UnAN100:0 / 50:50 HANaA U 9.572 +0.26 ULAE5.38 +0.35 ANAIRU HALLN M
1ASFILANUSEINA (PFI Standard, EN 14961-1) LagannsgIu 1en.2772-2560 darfual
FUSnaeududedliiiiu 10 uaz 15 % audeu shsidruey 70:30 / 50:50 dlfade
Windy 11.274 £0.31 uag 10.476 £0.06 MUAIRU 1MASFIU 18N.2772-2560 Berimualia
Usinaumududedldiiu 15 % auddu Usmnandn (Ash) Shsnaqunaa 100:0 / 70:30 /
60:40 Uay 50:50 AAnadsindu 2.50 +0.09 ,9.86 £0.11, 11.86 +0.15 uaz 13.86 +0.16
AIUAIAU ﬁaﬁmqﬁﬂﬁwﬁmmgmmwizLwﬂ (PFI Standard, EN 14961-1) @ 3r1vualiin
USnaudndodlaiiAn 2.0 ,0.7 % Snsidaunas 100:0 / 70:30 / 60:40 wag 50:50 A ade
Wiy 2.54 +£0.09 ,9.86 +0.11, 11.86 +0.15 kag 13.86 +0.16 AMUAINU HIULINTFIU Lan.
2772-2560 (lagunmam 2) GafmualiinTuaddadliiiu 18 % druauiinaas
gL (volatile matter) A1AMSUBWLATR S (Fixed carbon) HARA 841U 15.78 £0.56
72108 +0.31 MudfU F91msg1usnsUszine (PRI Standard, EN 14961-1) Wazannsgnu
19n.2772-2560 Lalgdinvualy

A519t 4.6 M3raUsuifisunuasRdindemasiiannsgiusassma (PF)
Standard, EN 14961-1) uazanAsgIu 2on.2772-2560 fuidaioindsinaiisnls
ANBIAR : W8N, 2772-2560 S19Bsananasgiudeindsdanalssalalldvhaintiuae
Ussaawlallgvhannlsitonun

AMENUR UINTFIY HANINATAY
P wan. 2772-2560
LyaLnal PFI EN  pounn amnaw  100:0  70:30  60:40  50:50
Standard  14961-1 1 , 2 AVG.  AVG. AVG. AVG.
+S.D +S.D +S.D +S.D
Density lutey  lutlow 1,286, 1,122.6 1,17596 12359
(kg/m® 609 - 737 2600 N9 A 04 2 +15.31 0
600 600  +8.02 +3.705 +12.13
Diameter  5.84 - 6-12 6-25 6-25 6122 6.184 6.148 6.188
(mm) 7.25 (+1) (+1) +0.09 +0.008 +0.04 +0.03
Durability ladey  ludey 9848  98.26 98.87 99.06
(%) > 95.0 >950 AN N1 +0.30  +0.06 +0.04 +0.10

96.0 96.0
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Inorganic <20 <07  ldfw  lLlAw 254 9.86 11.86 13.86
Ash (%) 10 18 +0.09  +0.11 +0.15 +0.16
Length < 3.1540 < 31540 3.15-  315- 3648 4208 40.81x1. 41.29
(mm) 40 40 044  +0.77 12 +1.35
Moisture lavu lddu 9572 11274 10.476 5.38
(%) < 10.0 <10 15 15 +026  20.31 +0.06 +0.35
Heating  As-Rec. + Minimum lides  ldtes  19.40  21.19 2183  22.092
Value 25D value N1 A +0.07  +0.09 +0.14 +0.08
(MJ/kg) 14.5 14.5
Fixed - - - - 1578 13.006  12.484 12.592
carbon(%) +0.56  +0.45 +0.40 +0.55
Volatile - - - - 7210 65.866 65174  68.172
matter 8 +0.36 +0.36 +0.49
(%) +0.31

4.3 NMNFIAIIZANDIAUTLNIUNIWATIVEIALYBINAITINIE InedTazidun

(Ultimate analysis)

Mnmsduiiogdu 5 fegroudintemasnnaiindrlusnsdiunay 100:0
1N3ATIEIINBIAUSENaUNIAdl tawn A1Suaw(C),lalastau(H),lulasiau(N) Muzawu(s), v
wad ey (K) leien(Na) §angd(Zn) noawns(Cu), nzia(Pb) waalou(cd) Taside (Cr)
1591 (As), Usam(Hg), Aao3u(CL) Anadiindy 51.196 +7.24 ,8.008 +1.13 ,0.27 +0.03,
0.598 +0.03 ,0.2282 +0.01 ,0.0156 +0.0012 ,10.1898 +1.78 ,5.4748 +0.94 ,27.163 +3.05
,0.00066 +0,19.014 +1.79 ,0.1796 +0.008 ,0.0001 +0 waz 0.017 +0.001 AIUAIAY LEAS

AIRN5199 4.7

= a ¢ s =~ z & a = Y] |
13199 4.7 N15LATIEVDNIAUTENBUNIAANVDILUALYDINAIYINIADAII1E@IUNEL 100:0

Simple 100:0 100:0 100:0 100:0 100:0 (5)  AVG. +S.D.
Analysis (1) 2) (3) (4)
C,% 47.22 65.66 48.29 46.88 47.93 51.196 +7.24
H ,% 6.81 9.19 7.21 9.57 7.26 8.008 +£1.13
N ,% 0.24 0.33 0.26 0.26 0.26 0.27 £0.03
S, % 0.59 0.58 0.55 0.65 0.62 0.598 +0.03
K,% 0.223 0.212 0.239 0.220 0.247 0.2282 +0.01
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Na ,% 0.017 0.015 0.014 0.017 0.015 0.0156
+0.0012
Zn ,me/kg 13.023  11.280 8.378 8.342 9.926 10.1898 +1.78
Cu ,mg/kg 6.772 6.204 4.713 4.171 5514 5.4748 £0.94
Pb ,me/kg 26567 23123 26.181  27.410 32534 27.163 £3.05
Cd ,mg/kg 0.00066 0.00066 0.00066 0.00066 0.00066  0.00066
Cr ,mg/kg 17.190  20.867  19.374  16.685  20.954 19.014 £1.79
As ,mg/kg 0.190 0.180 0.178 0.185 0.165 0.1796 +0.008
Hg ,mg/kg 0.0001  0.0001  0.0001  0.0001  0.0001 0.0001 +0
Cl,% 0.017 0.015 0.019 0.017 0.017 0.017 +0.001

INNTFUFIRENTINIY 5 Mo 1evaulntendsdauiafinaniugnsidiuney 70:30

uMagiesrUsznauneadl lawn a1suen©) lalasauH) lulasiau (N) ,fugdus) ,
Twaden (K) lodieuNa) &anzd(Zn) mowa(Cu) maeia(Pb) waaisu(cd) Tasdley (Cr)
An31Y(As), Usem(Hg) ,Aae3u(Cl) rnedewintu 47.462 +0.27 ,10.206 +1.10 ,0.468 +0.03
,0.912 +£0.02 ,0.237 £0.09,0.1014 +0.003 ,328.4924 +16.90 ,61.763 £5.67 ,57.4494 +7.82
,1.517388 +0.20 ,44.0128 +2.22 ,2.3058 +0.16 ,0.0001 +0 thaz 0.092 +0.004 #1Ua19AU

LEAAIRIAISIN 4.8

] a ¢ & a % & a o o |
13199 4.8 N15ILAIEMRIAUSENDUNIUANVDILUALYBLNGAIVINIG DRT1E@IUNEN 70:30

Simple 70:30 70:30 70:30 70:30 70:30 (5)  AVG.+S.D.
Analysis (1) 2) (3) (4)
C,% 47.17 47.80 47.80 47.26 47.28 47.462 +0.27
H ,% 11.10 11.47 9.25 8.59 10.62 10.206 +1.10
N ,% 0.51 0.42 0.49 0.48 0.44 0.468 +0.03
S ,% 0.90 0.92 0.88 0.96 0.90 0.912 +0.02
K ,% 0,247 0.218 0.242 0.245 0.243 0.237 +0.09
Na ,% 0.097 0.098 0.103 0.103 0.106 0.1014 +0.003
Zn ,mg/kg 351.722 315222 325.030 306.813 343.675 328.4924
+16.90
Cu ,mg/ke 57.204  56.620 64.431 71.690  58.870 61.763 £5.67
Pb ,me/ke 42.478 60.976  60.404  58.154  65.235 57.4494 +7.82
Cd ,me/ke 1.13276 1.63328 1.72582 1.50399 1.59109 1.517388
+0.20
Cr ,mg/ke 45.310 41.921 47.173 41.109 44.551 44.0128 +2.22
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As ,mg/kg 2.552 2227 2.353 2.334 2.063 2.3058 +£0.16
Hg ,mg/ke 0.0001  0.0001  0.0001  0.0001  0.0001 0.0001
Cl,% 0.097 0.087 0.095 0.085 0.096 0.092 +0.004

MnMsduiiegniua 5 fegsendaionddnnaiindslusasdiunay 60:40
1InATzimesrlsznaumaall laua AsuauC) lalastauH) lulasiau (N) Augdus) ,
Tnaden (K) TnieuNa) danzdZn) newns(Cu) maeAa(Pb) waadeuCd) Tasidey (€
An5My(As), Usemn(Hg) ,Aae3u(CL) dAwaswindy 47.67 £0.34,11.45 £0.69 ,0.502 +0.13
,1.376 £0.15 ,0.234 +0.008 ,0.1224 +0.002 ,380.5988 +7.74 ,70.076 +11.09 ,48.275 +7.51
,2.28678 +0.14 ,64.274 +3.45 ,2.9274 +0.19 ,0.0001 +0 ay 0.1158 +0.003 w1ua1 AU

LAAININITIN 4.9

] a ¢ & - % & a o o |
13199 4.9 N15LASIEVDIAUSENDUNIUANVDILUALYBLNGAIVINIG DRI1E@IUNEN 60:40

Simple 60:40 60:40 60:40 60:40 60:40 (5)  AVG.%S.D.
Analysis (1) 2) (3) (4)
C,% 47.94 48.05 47.62 47.68 47.06 47.67 +0.34
H ,% 11.04 12.58 11.65 10.47 11.51 11.45 +0.69
N ,% 0.64 0.25 0.53 0.53 0.56 0.502 +0.13
S ,% 1.35 1.59 1.40 1.12 1.42 1.376 +0.15
K ,% 0.234 0.221 0.231 0.246 0.238 0.234 +0.008
Na ,% 0.125 0.125 0.121 0.123 0.118 0.1224 +0.002
Zn ,mg/ke 392.875 380.985 368.520 379.007 381.607 380.5988
+7.74
Cu ,mg/ke 63.931 68.323 57.088 90.213 70.825 70.076 +£11.09
Pb ,me/ke 54.642 52689 51990 48.227  33.827 48.275 £7.51
Cd ,me/ke 2.18567 2.31602 254855 2.26950 2.11416 2.28678 +0.14
Cr ,mg/ke 60.106  69.481 65.753  65.248  60.782 64.274 £3.45
As ,mg/kg 3.164 3.028 3.061 2.715 2.669 29274 +0.19
He ,mg/kg 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
Cl,% 0.115 0.121 0.119 0.112 0.112 0.1158 +0.003

INNEUEIRE1TINIY 5 Modrsvaulndendsdiniaiinaniudnsidiuney 50:50
UIATIERBIAUsEnaumaadl taun A1suen(C) lelasiauH) lulasiau (N) muzaus)
Tmaey (K) Jomeu(Na) daned(Zn) moawna(Cu) ,mena(Pb) wasidlau(Cd) Tasuey (Cr)
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An5Y(As), Usan(He) ,Aaa3u(Cl) A aded9.874 +1.58 ,10.38 +1.00 ,0.688 +0.04 ,1.038
+0.08 ,0.2372 +0.006 ,0.1436 +0.004 ,400.0148 +12.27 ,70.4956 +3.43 ,61.9958
+5.34,3.36013 £0.34 ,64.7346 +5.34, 2.7254 £0.34 ,0.0001 =0 Uaz 0.125 +0.002
AWEITU wanafan1edl 4.10

A1519% 4.10 N15IATIEHDIAUTZNOUNNLATIVDATIALTDINAITINIA SRNT1dIUNEL 50:50

Simple 50:50 50:50 50:50 50:50 50:50 AVG.£S.D.
Analysis (1) 2) (3) (4) (5)

C,% 50.20 49.42 52.71 47.99 49.05 49.874 +1.58

H ,% 9.94 11.25 9.87 11.80 9.04 10.38 +£1.00

N ,% 0.72 0.66 0.69 0.62 0.75 0.688 +0.04

S,% 1.08 1.13 0.98 1.10 0.90 1.038 +0.08

K ,% 0.229 0.235 0.243 0.246 0.233 0.2372 +0.006

Na ,% 0.138 0.141 0.150 0.147 0.142 0.1436 +0.004
Zn ,mg/kg 377.882 414996 398.605 403.663 404.928 400.0148 +12.27
Cu ,mg/ke 69.119  67.721 70.771 76.999  67.868  70.4956 +3.43
Pb ,mg/ke 63.569 57.969 55.680 71.166 61.595 61.9958 +5.34
Cd ,me/ke 3.02709 3.79239 3.64261 291664 3.42192 3.36013 +0.34
Cr ,mg/ke 64.578 67.721 64.006 59.500 67.868 64.7346 +5.34
As ,mg/kg 2.144 3.064 3.281 2.552 2.586 2.7254 +0.34
He ,mg/kg 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001

Cl,% 0.126 0.124 0.121 0.125 0.129 0.125 +0.002

60
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SUT 4.17 nsmluansenansansuay (O, Alslastau(H), Tulasiou (N), fwzdu (5),
Alwmadey (), AeRey (Na) wazaisaasiu (C1) | (%) voudndonasiuad
Sadunantideslsisansiiu RDF3 100/0. 70/30, 60/40 wag 50/50

T
450 SRS
<o
400 e =1=]
N O
350 on e S
300
250
200 © 00 ©
mPn0 gmm o<
150 - « Ros | IR S N INING
> [P BILND ©WOMm <395
0 AR R2 N s oMo O WOt [ bbb
100 st NEC) 1A X0 ONWVO ISETtI QLN I=1=1=1=]
! ~ - [ O — 00O o< NOONN lelelels]
50 S <t w Ne = SlnNm D == AMON Ist=l=1s]
- tn - [ o-am ¥ oA cococo
0 - - — - | | ——— _
-50 ZN cu PB CcD CR AS HG

,MG/KG ,MG/KG ,MG/KG ,MG/KG ,MG/KG ,MG/KG

<
(9]
~
=
[n)

B dadaw@sdanea 100:0 B Windawniedanaa 70:30

Wamawasionas 60:40 1 WaTawmasdanag 50:50

gﬂﬁ 4.18 A LERIANEISEINEE (Zn), eauad (Cu), a1smzi (Pb), wadLiley (Cd),
lasiley (Cn), @15y (As) uagansusen (Hg) , (mg/kg) vouinomadunaisnm
ﬁauwau%ﬁadﬁmquﬁu RDF3 100/0. 70/30, 60/40 waz 50/50

a v [y

uenni MU suisvandidud eudwendad ewmdsdnalunuised fu
11M551UA19UsEINeA (PRI Standard, EN 14961-1) UagU1AT§1U UBN.2772-2560 Fafu
wasguiifinasidimualiEtugshanisudanavdseenveadndomadunaiily duans
oglumsneil 22 Mnransiisuiisunui AesAuszneuadivesiulnsiau (N) ludasd
werl 100:0 flfadeinfu 0.27 +0.03 W uLAsgILAIsUsEMA (EN 14961-1) LA¥IIATEIU
18n.2772-2560  FafmualidiaAnlulasiauN) doslaiiiu 0.3 uag 2.0 % muddu 809
daunan 70:30 / 60:40 uag 50:50 HA1LaABLMNAY 0.468 £0.03 ,0.502 £0.13 Uuaz 0.688
£0.04 MAEIRU HILIRWIENIRTEI 18N 2772-2560 Tafmualidnlulasiau (N) deslaiiu
2.0 % A109AUIZNBULANYDINUEAU(S) §n31druna 100:0 / 70:30 / 60:40 wag 50:50 &
AedBwitiy 0.598 +0.03 ,0.912 £0.02 ,1.376 +0.15 way 1.038 +0.08 muddy laiku
1ATFIUAIUTEIMA (EN 14961-1) LAYANATEIL 1ON.2772-2560 Barimualiiadlulasiou
(N) fel3iiAiu 0.03 waz 0.3 % MNaIFU ArasAUTENaUATveIdINgd(Zn) Tudnsidrunay
100:0 A aA8LAU 10.1898 +1.78 me/ke K1ULIRTFIUANUTEmA (EN 14961-1) wag
1ATFIU 1BN.2772-2560 Ferimunliindndengd(zn) dedliiiAu 100 me/kg Snadunaw
70:30 / 60:40 wag 50:50 ﬁﬁ'n,a?{sn,vhﬁ’u 328.4924 +16.90 ,380.5988 +£7.74 Way 400.0148
+12.27 Mua1au Wr1uu1esgIuensUsene (EN 14961-1) wagannsgiu uen.2772-2560
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Farmualinadanzd(zn) Fesliiiu 100 me/ke AresdUsTnavAdvaImawaa(Cu) Tu
Sasrdruna 100:0 TAAsWinAy 5.4748 £0.94 MuEIRU HIuNIATFIUAAUTEIA (EN
14961-1) uagUINTZIU UBN.2772-2560 (Lawwsﬁguﬂmmw 1) Farmualidrameuni(Cu)
FodldiAn 10 waz 20 me/ke MUAIFU SRTIEIUNAY 70:30 / 60:40 uay 50:50 SAnads
AU 61.763 +5.67 ,70.076 +11.09 kag 70.4956 +3.43 A1UE1AU bR IUNINTFIU
faUsEmA (EN 14961-1) UATANASEIL HBN.2772-2560 TarimualiiAmesaa(Cu) dosls]
AL 10 waz 20 me/kg MUAIRU AearUsznauaiivasnzia(Pb) Tusnsidiunay 100:0 /
70:30 / 60:40 Lkaz 50:50 ﬁ?]l'lLQg‘EJLﬂ/hﬁU 27.163 +3.05 ,57.4494 +7.82, 48.275 +7.51 uay
61.9958 +5.34 uEIAU LHUNINTFINANUTENA (EN 14961-1) UaguInIgIU wan.2772-
2560 FatvunliinenziaPb) Fesliiu 10 me/ke AasAuszneunivesweaiion(cd) Tu
Sasdunay 100:0 SAaAeminty 0.00066 +0 HuIMIFIUANIUTEIMA (EN 14961-1) Wag
UIATFIU 1ON.2772-2560 Farmualiiuaailon(Cd) dedlailiu 0.5 me/kg SmIndunas
70:30 / 60:40 Uag 50:50 fALad oLy 1.517388 0.20 ,2.28678 +0.14 ULaz3.36013
£0.3¢ guadiu Bl usmsgIussUszme (EN 14961-1) UA¥INATEIL 1BN.2772-2560 &
muualinAwaadou(Cd) doelaitin 0.5 mg/kg AresAUsenaulasiiian (Cr) Tudnsidu
NE 100:0 WAy 70:30 fAdewiniu 19.014 +1.79 way 44.0128 +2.22 AINIRU WY
A5 18N.2772-2560 (@metunmain 1) Sstwualialasnde () dodlifu 50
me/ke SR 60:40 wag 50:50 TAWRAELVINTU 64.274 +3.45 waz 64.7346 +5.34
iy lH e sgLAIUsTne (EN 14961-1) Wazanasg Il w8n.2772-2560 (aniztu
ANAIN 1) Faruualidnalanden (C) doliifiu 10 waz 50 me/ke AUEIRU A7
osAUsENOUATVY(AS) Tudmsndrunan 100:0 AadeBwindy 0.1796 +0.008 HUANASFIY
A9Usene (PFI Standard, EN 14961-1) Uagd1nsgnu uen.2772-2560 Fervualiinmans
y(As) fotliliAin 1 me/kg 8ndIUNaN 70:30 / 60:40 Uag 50:50 fidnadswindu 2.3058
+0.16 ,2.9274 +0.19 wag 2.7254 +0.34 A1UA1A U LN 1UNIATFIUN 19U s8INA (PFI
Standard, EN 14961-1) Wagun3§1u 48n.2772-2560 %aﬁmumﬁdﬁmmiwms) Aok
1 mg/kg A1vsAUsENRUAITUTEN(Hg) Tudmstdiunas 100:0 / 70:30 / 60:40 wag 50:50 il
ANQALIVINAY 0.0001 £0 KIUAUNATFIUANUTENA (EN 14961-1) LALUATIIU 10N, 2772-
2560 Farmualiinaransusen(He) fadliiiAu 0.1 me/ke Areadusznavasaaaiu(Cy) Tu
Sasrdrumay 100:0 dAadeinfu 0.017 £0.001 K1ULATFILFA1IUsEINA (PFI Standard,
EN 14961-1) ULAgamsgIu 18n.2772-2560 Fafvualiindiansaasiucl) doslsiiAu 0.03
0.02,0.30 auasu Tuswsidaunay 70:30 / 60:40 way 50:50 Tawad sivinfu 0.092
£0.004 ,0.1158 £0.003 Wag 0.125 +0.002 ANNSIRY HAUNINTFIU UBN.2772-2560
muualiinaransrasiu(Cl) desluiiu 0.30 % drua1m1susu(C) Tusnsrdrunan 100:0 /
70:30 / 60:40 Lkay 50:50 ﬁﬁ’]LQg‘EJW]"]ﬁJU 51.196 £7.24 ,47.462 +0.27 ,47.67 +0.34 ey
49.874 +1.58 muadiu Arlelasiau(H) faedewiiiu 8.008 +1.13 ,10.206 +1.10 ,11.45
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£0.69 uay 10.38 +1.00 ANy Alvmawdew (K) fanadewiidy 0.2282 £0.01 ,0.237
£0.09 ,0.234 +0.008 Uag 0.2372 +0.006 Ay Aluiin(Na) dAnadewiniu 0.0156
£0.0012,0.1014 £0.003, 0.1224 £0.002 @z 0.1436 +0.004 A1UAIFU F IUIATFIY
A1aUsEme (PFI Standard, EN 14961-1) kagannsgiu wan.2772-2560 hilgdiivuall
AN519A 4.11 Mslasgsinasusuifioussdusznounnaafiuinsgiusnaszina (PF
Standard, EN 14961-1) uazsnsgIu 18n.2772-2560 fuiinidomndsdunaiionls

(wen. 2772-2560 19BsnuasgIudewmadauauszaridliihanliuagussanlailavi
nliiaum)

mmgqu NAN1IINAEIaU

Analysis uan. 2772-2560
PFI EN . . 100:0 70:30 60:40 50:50
Standard 14961- ¥ T AVG. £ AVG. £ AVG. £ AVG. %
1 AT AW o p S.D. s.D. s.D.

1 2

C,% - - - - 51.196  47.462 47.67 49.874
+7.24 +0.27 +0.34 +1.58
H,% - - - - 8.008  10.206 11.45 10.38
+1.13  +1.10 +0.69 +1.00
N ,% - <03 ladu TdAw o 027 0.468 0.502 0.688
2.0 2.0 +0.03  +0.03 +0.13 +0.04
S ,% - <0.03 luu  ldiAw  0.598 0.912 1.376 1.038
0.30 030  +0.03  +0.02 +0.15 +0.08
K ,% - - - - 0.2282  0.237 0.234  0.2372
+0.01 +0.09  +0.008  +0.006
Na ,% - - - - 0.0156  0.1014  0.1224  0.1436
+0.0012  +0.003  +0.002  +0.004
Zn - <100 LA - 10.1898 328.4924 380.5988 400.0148
;mg/kg 100 +1.78 +16.90 +7.74 +12.27
Cu - <10 LAy - 54748 61763  70.076  70.4956
;mg/kg 20 +0.94 +5.67 +11.09 +3.43
Pb - <10 LAy - 27.163 57.4494 48275  61.9958
,mg/kg 10 +3.05 +7.82 +7.51 +5.34
cd - <0.5  laiifu - 0.00066 1.517388 2.28678  3.36013

,mg/kg 0.5 +0 +0.20 +0.14 +0.34




72

Cr - <10 laitAiu - 19.014  44.0128 64.274 64.7346
,mg/kg 50 +1.79 +2.22 +3.45 +5.34
As - <1 TaitAiu - 0.1796 2.3058 2.9274 2.71254
,mg/kg 1 +0.008 +0.16 +0.19 +0.34
Hg - <0.1 TaitAu - 0.0001  0.0001 0.0001 0.0001
,mg/kg 0.1 +0 +0 +0 +0
Cl,% <003 <002 lbAu  lAv 0017 0092 01158  0.125
0.30 0.30 +0.001  +0.004 +0.003 +0.002

4.4 meAnneiasegananslunsuadiadamas
N1TILATIENAUYUNITHAAFDNUILILTAITUINN AUNUATIAGAY AUNUAILTNY
Funuildlunsuanuazdunuailiih dadunumdunusoning mnnamdndadomnas
Fananndidesldowiswaudu ROF3 Weld¥mgAu 1,000 ke agldidadaindsdauaa

12U 500 kg/du Tul daivinniswdn 5 Ju

o a 1 N [ et a < & a o & A £
M13199 4.12 ‘U’ilﬂmﬂ’]Lﬂii’N"i]ﬂiﬂisﬂUﬂ'ﬁNamLM@L%@LW&Q?J’J&J’J@?]WWULa@EIVLiJEJ'NWWT]NﬁiJ

fiu RDF3

318N1T

INUIU

WAL (UIN)

IUIUNU (V)

ANLASBIAING

LASDITALINTIINA

1 1509

185,000

185,000

1956985 7.5 (380 v) 50HZ 10A

ANAIN13HEN 100-150 kg/h

SAUANATDIAING

185,000

z:l' a (Y a a a =3 dg‘, a a ‘:a‘/d. v [
f1919% 4.13 USZJ']MﬂTMQﬂUVlGLGmUﬂ’ﬁNﬁWL?,JG‘ILSUEJLV\IaQ‘U’JZLI’Jﬁ’«J']ﬂSULﬁ@ﬂlﬂJEﬂ\‘i‘W’ﬁWNﬂﬂJﬂU

RDF3
319017 U wigag () IIUIURU (UN)
A1IngAv
faoelsonesmne 1 ¢y 3,200 3,200
RDF3 16U 1,400 1,400
FUANINYAY 4,600

37ﬂ7%L§@81ﬁ8NW’]3’1 3,200 U/@u (https://www.nanagarden.com)
51A1Y18 RDF3 agagfl 1,000 -1,400 Uw/fu (UNR.81N8 Louuel (SKE) ,2564)
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P a ! P a < & a & A 4 LY
f1919% 4.14 ‘Uiiﬂmﬂ’]LLiN’]UVl&[fﬂUﬂ’liNaG]LﬂJ@LGU@L‘Wﬁ\islj’)ll’laﬁ]’]ﬂ%Lﬁ@ﬂlmﬁ’]ﬂ‘W’]iWNﬁﬁJﬂU
RDF3

319017 U Migag () UIURU (UN)
AT
A 20 Hu 300 6,000
SAUALLITINUY 6,000

A19797 4.15 Ysunaenlgaenldlunisnassiadeindstiiuiaanndides lasanisnau sy
RDF3

319017 U Migag () IUIURU (UN)
Alga18lun1sHEn
§9%Y 10 Tu 5 50
£ 1 wilm 70 70
Al 5.5 kW 6 3,300
Tl Tuag 27.5 iy wiagay 6 UM ¥119U 20 Tu/ideu
saualgaglun1suan
3,420

[

N15IATIBARUNUNIINANAONUILALTINTUIIIN AUNUATTARAT AUNUATLIINY
suuildlunisudnuassuyualii Tnedwalaainaunissieluil

AuNURonIY = (IngAu+ALI+ATI8luNTHER) / Tuuntleingala
= (4,600+6,000+3,420) / (500 kg x 20 314)
= 1.402 v/ kg
HAINNITIATIZAATYEATERs N SHARn T eI TIan UGy e T W EL
f'u RDF3 Waldingdu 1,000 kg axleidatoindsdauadiuiu 500 kg/du vie1u 20 Ju/
= I A U a = ' G a
WPou WagnuINdAIngAuTINN 4,600 UM AIWSITIN 6,000 UM wazelgTnelunsugs
3,420 U ysisuuNsHansondIgeg 1.402 um/kg
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unil 5
ayUnauazdaiauauue

5.1 d3Una

miAdeiAnnnsnaauarauifvondadomdsianaiudaanavliomnsmay
vezilinauiieldlugmamnssulsslailulsemelne YagAuildlunisiseusznoudae 1
Holffanaws1 (Rubber Wood Sawduts) fiflannudiu 12-15 % 1einAsesilinay (Refuse
derived fuel: RDF3) i 1un1sgesvuinliidnas 418 eelsionamismaniurors lu 4
Snadau ldun 100:0 / 70:30 / 60:40 uag 50:50 Inefin1sdnd ugtidiadoindsdamadae
ASDsSALUULIRTINIh 91nkamsAnwimuaansaagUlds seasBendeluil

N190519d@UAWEI18A7 (visual inspection) WUTIRS 4 Sasrdrunanilan iy
Auuds anunsansglegle enaassiusieiiolinszimzunnesnaindu nsudnisia
WounAsTunadasdiunan 1000 $ddiana wiwss Snsrdusay 70:30 / 60:40 / 50:50
fiddgou winss Tunwnisldse (esnndrunauvesRDF3 dvegiiluvdanaradn lu
nszuaunssaduzuidadomdsinadioied ssdauuuuifindlui slfiAnaudeu
wanainiuinnmanaeuazareuiuiideslionamsudieonundudamuuuuudfiog

mﬂmamswmaauqmauﬁ’ﬁé’mﬁal,wﬁqmmLﬁmL%?aLwéq%amaslumu’j'«i’aﬁyuéjaﬁw
WIguguAUNInIgIus19UsEImMA(PF Standard, EN 14961-1) Uagu1nsg1u 4an.2772-
2560 NManAAey AATATINIENTH WU 4 Shandiunaudiinaues (Length) fin
uruAugnata(Diammeter) HIUNMIIUIATFIUAINUSEINA (PFI Standard, EN 14961-1)
LAZLINIFIU 1ON.2772-2560

AIAUNUILUU(Density) NNERTIFIUNANNIWNUAUINTFIUAUSENA (PF
Standard, EN 14961-1) kaga105§11 19N.2772-2560 89571@3UKaL 100:0 AAIANUNUILLLY
gsfian aswiniu 1,286.04 +8.02 kg/m’ desntngaudutidesldiormns 100% Favi
Tifiesihueadnidemsinnatosnitdndunaudill ROF3 wewog

AA1uAINL(Durability) 119 4 Shs1dIURANK LN TR TFIUAUSEINA (PP
Standard, EN 14961-1) 4agi193551U 18n.2772-2560 AIAINAIVILYBISATIAIUNEY 50:50
fiiarunmugaiian osnndiunamestides o s1URDF3 fuTinauviniuinliani
ufunanafniiazangludusiutidesvinlvdauuduazvilen Sedanunusdonisuannle
tly

Apaou(Heating Value) ) 11 4 Sns1dunausunasinasguasUszna (P
Standard, EN 14961-1) Laga@331u 180.2772-2560 fAnadeiindy 19.40 £0.07 , 21.19
+0.09 , 21.83 +0.14 Uaz21.83 +0.14 MJ/kg AUAIAU avdunaladinilefnisifivdrunay
199RDF3 ¥iliifleanufoudivtuie ilesaniduvsznasvialaamewaradin
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USuandn (Ash) 14 4 Sasnaumas HLNIASEIL 2EN.2772-2560 (RInetunmn M
2) usileiganindiunmsgiusnsUszine (PFI Standard, EN 14961-1) Wagk1uNImsgIL Len.
2772-2560 (Laqu%uqmmm 1) fidnadoitiu 2,54 £0.09 ,9.86 0.1 ,11.86 +0.15 ua
13.86 +0.16 mud v dunglsinuTinanddmsulsiulumadeaduainnuiou eden
aruouiivt i vEUSinandanntude

USinmauiiu (Moisture) Sn91d1unau100:0 / 50:50 ehuinusiunnsg ussszime
(PFI Standard, EN 14961-1) Uaga 15§11 1ON.2772-2560 dRI1@UNEN 70:30 / 50:50 K1Y
lEaLALnSEIU 1aN.2772-2560 Li18991n3AsgLAIUsEIA (PFI Standard, EN 14961-1)
sualiUSanutudodliiu 10 %

A1UFIma1IIEme (volatile matter) finAsuauLadies (Fixed carbon) fALade
WinAU 15.78 +0.56 ,72.108 +0.31 @Ua1AU q’fammgmmwsmm (PFI Standard, EN
14961-1) uazuIn5§1U UoN.2772-2560 Wiladimunall

nsAnwUszAvS nmnsTFrunadudaeisnsdaind1 (water boling test, WBT) iiin
WoundsTunafifdhndiunauvesdtideslionmisiu ROF3 nuindedidiunayves ROF3
iy agiliussAnBamideanufouvenn Yinunudouildanidemnas uasusina
audoudilduszlowiiiqelu Inoidssd fuandnsidrunan 50/50, 60/40, 70/30 uag
100/0 AU

mﬂmﬁLﬂiwﬁmwgmamﬂumﬁwﬁmLﬁﬂL%@Lwﬁﬁama wud%ﬁai%’i’mqﬁu 1,000
ke WliindoumndsTamnasiuau 500 ke/u v‘iﬂﬁﬁﬁuﬂqumimﬁmwmaagﬁ 1.402 U/kg

nswaedad eundeslunudsedleiinsinmsiesdusznoumaaiindtim
WIsueuAuNInsgIus19Usema(PFl Standard, EN 14961-1) Uagi19sg1u 4an.2772-
2560 Wui1 AIM15UaN(C) Arlalasiau(H) Arlnmadey (K) Aleidou(Na) 11nsgiudieny
Lilasifdmuald wnsgiud1aussma(PFl Standard) dunaeinvualiiiiesdiosnusenauans
Aao3u(C) wuinludnsdrunan 100:0 Ta1Lad o1i1u 0.017 £0.001 HIUNIATFIU
AnaUsene (PRI Standard, EN 14961-1) WagansgIu 140n.2772-2560 9RIEIUNGN 70:30
/ 60:40 Wag 50:50 Tl 1UNALYBIRDF3 HIUNENLATIU 1BN.2772-2560

psAUsznoutadivadlulasiau (N) ludnandrunay 100:0 SAedswindu 0.27 £0.03
% Fafietfosfianuazanlsiiin 0.3 wag 2.0 % vl usasgIumsUsEme (EN 14961-1)
LALLATEIU 1BN.2772-2560 SMINAUNEL 70:30 / 60:40 Wag 50:50 fiTd1UHANYDIRDFS
fiAnsemIng 0.468 - 0.688% Fan1nni1 0.3 ualsilAu 2.0 % vinliuanzansgIu wen.
2772-2560

psfUsznauiaiivaaiugdu(s) W 4 SmardrunauiiAiganda 0.30 % Faunndni
WNIFINANUTENA (EN 14961-1) WAsUINTFIN UON.2772-2560 Lannuall
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psfUsgnaulaiiveadansd(zn) Tusnsdiunay 100:0 denadeosiigaiviify
10.1898 +1.78 mg/kg HUNNATFILAUTEINA (EN 14961-1) LA¥UINTFIU UBN.2772-2560
Farmualiiedaingazn) dealsivin 100 me/kg SnsaIUNaY 70:30 / 60:40 waz 50:50 7
fidrunanvoIRDF3 il dandenzA(zn) qeduann dsegluszudng 328.4924 - 400.0148
mg/kg awLﬁaquwmﬁaﬁwumsuazﬁﬁ']mLﬂumumaﬂumié’mﬁugﬂLﬁm%al,waﬂuﬂ%u’ﬁ

23AUTZNOULANYEIMBILAY(CY) wAaLlen(Cd) wagansvy(As) Tudnsndrunay 100:0
fidniadetasiigaiindy 54748 £0.94 ,0.00066 +0 wag 0.1796 £0.008 mg/kg AAFIFY
HIUINASFIUAAUTEINA (EN 14961-1) LAZNIATEIU UBN.2772-2560 DRTAIUNEL 70:30 /
60:40 waw 50:50 fifldrunan RDF3 vilidAAmowAaCugalumn aglusening 61.763 -
70.4956 ,1.517388 -3.36013 Uz 2.3058 - 2.9274 mg/kg AMNAIRU F9u1NNINTN1MTTIU
Pgsulgnunld mf\]LﬁaqmmﬂsﬁﬁmawazﬁﬁwmLﬁuﬁaumaﬂuﬂﬁé’mﬁugﬂLﬁm%aLwﬁﬂ,u
pdsil

asdUsznaulasey (Cr) Tudhsndunan 100:0 uag 70:30 fAnadewindu 19.014
+1.79 Uag 44.0128 +£2.22 MUA1NU NIUNIATFIY UBN.2772-2560 (Lawwsﬁ’ju@mmw 1) &
Smualianlasden () FodliiiAn 50 me/kg Snsaruna 60:40 uay 50:50 AfidIuNAL
RDF3 \fisiannd ufanay 40-50vatwiin Teflaadseglusening 64.274 +3.45- 64.7346
mg/kg F9LUEUNINTTILNAUTENA (EN 14961-1) WaNINIFIUY UBN.2772-2560 (e
ARNINL)

p9fUsznouasUTEN(HE) Y11 4 SnsndrunauiiAadeniafy 0.0001 KumIATEY
AnaUseina (EN 14961-1) Wagansgnu 1en.2772-2560 dsimunliinAiansuson(Hg) fos
laitAu 0.1 me/ke

psRUsynoulaiivenyia(Ph) e 4 Shstdrunay fA15emIne 27.163 - 61.9958
me/kg N1 10 merke ﬁahjmummsﬁﬁmmgmshwizL‘vm (EN 14961-1) uagd1nsgu
1ON.2772-2560 lomuuall

5.2 doiauauug
= = a a a < & a a [ ]
1. pysdnsAnyiianlunsnandadaindiiuialudnsnadiunay Rubber
wood sawdust : RDF3 ¢ail 0:100, 30:70, 40:60
2. arsfinisfnwiselunisinluldiulssnugeamnssundnislididadeduasy
v A = = a a % a
L el uLisuyuseaninmlunislidauass
3.msiinsd@nwaeiieaduidinisudnvesdafomdsdinula Tngaiuinain
umtiningAvgunvinvenaninila
4.msimsimuniluldivanamnssulsdnirlulssmalve  Wensniandanu

PNALNUNT NI UNILADN
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MnramsAnnsalinensanuazautRvendatoinddunaiinanannisnand
dovlifrmsuazueyilanau (RDF3) leltlugnanynssalsalwilluysemalngyilimsm
foiaasufeafunssuiumsndndndomadsinmg aunsadanndnfundnulnilduae
w¥afuegeb rimesguramsativayuliiAnlssnundendanulnihduadet desls
g9INTIazIEanaUTsrLYY ninensTisdeglnglufiviiidsyselond el fiuaay
fupsemdsnuannty afvayudlivssnaunsendnianuddyomnislindanunauny
vaendanumaden ietieUszudanldsne andymuaiivuardwndeuvodan s
P8UsEnIanasy andgyin1svinlAaUnaIaY
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AARNUINANIA N mmg'mwamnwﬁwamaﬁfamauﬂqamﬁﬂ

uan. 2772-2560

NINTFIUNAAAUIATIMNTTY
Wanasdunauddniiln

Luaute \

o)
11 mmgménﬁmﬁqnamﬁuﬁmaunqw.fmwﬁai'zmauﬁaﬂﬁmnmsh’xﬁmﬁamnqm’x}n\ﬁn%\%
Famwalimanisnung maﬁm‘mauﬁ‘umﬁ’mﬁaué’niqﬂtﬂuuﬁn%sdahﬂummmﬂ‘f@:‘ﬁunh

“@aundsduna” D

2. uniisw @
rramnevesiilihannsgusdnfusfgnemnsad Snsslui do O\\r’

21 dowmddnnauisdadia (sotid biofuels - biomass pellet) mﬁztﬁbi\%mﬁﬂuﬂsanmmmnms
Srdunaliiidneuzluuvimsanszuan

’ Ve S e
22 FanaUsumininldl (woody biomass) wielis 42 %ﬂhj wnlimdoangraunssu
wisgulsl wlelifmBelénneuug Rlishumsuivainmwaoansiad

23 Fanavsannbildiianlil (non - woody b%?ag aefs Funailildvndalsd ludan
widaltmiimainuas (wu R unav 11u§5§~5¢awmdu nzandu

'»)

24 Funavsuamlildienlifmes “’g%
ﬂumwmmn'lﬁﬁuiamaﬂummm Al
. A\
25  andufoy (binder) ?.;)wﬁa %ﬁuﬁamammaﬁihﬁ’u
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Abstract: The objective of this study was to investigate the prod and properties of
pellets made from rubberwood (Heova brasiliensis Muell. Arg) and refuse-derived fuel (RDF) waste
with no added binder. Three different conditions of mixed pellets were developed to compare their
chemical and physical properties to rubberwood pellets. The produced samples were subjected to
both ultimate and proximate analyses. The contents of C, H, N, S, and Q1 significantly increased with
the increasing amount of refuse-derived fuel in the samples, resulting in reduction of the volatile
matter. The mechanical durability of the pellet samples ranged between an average value of 98 and
99%. Mixed pellets containing 50% of rubberwood and 50% of refuse-derived fuel have improved
heating values by 22.21% compared to rubberwood pellets. Moreover, mixed pellets having 50% of
wood and 50% of refuse-derived fuel had the highest density and the highest energy compared to the
other samples. Based on the findings of this study, it that the factured mixed pell
have the potential to be used as high-energy fuel.

Y

Keywords: wood pellet; rubberwood; refuse-derived fuel; energy potential; pellet fuel

1. Introduction

Wood pellets are typically made from compacted sawdust or other woody materials,
meaning that they are related to biowaste utilization [1]. Pellets produced by the com-
pression process are uniform in size and shape, have a high density, and contain little
moisture and ash [2]. Wood pellets have the advantage of being easier to store and trans-
port over long distances than wood chips. Furthermore, fresh wood has a calorific value
of 9-12 GJ/ton, whereas wood pellets have a calorific value of around 16-18 GJ] /ton [3].
Currently, the demand for wood pellets in the European Union, which produces roughly
half of the world’s wood pellets, is expected to grow by more than 22.5 million tons [4].

Rubberwood (Hevea brasiliensis Muell. Arg) is the most vital raw material for the wood-
based industries in both Thailand and Malaysia [5]. Rubberwood is primarily used in the
home furniture industry as a raw material. Following primary processing of the wood,
the remainder of the raw material becomes wood residues, such as shavings, slabs, and
sawdust [6]. According to Ratnasingam et al. [7], for 3.1 million m? input of rubberwood
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logs to sawmills, 3944 m” sawdust could be generated during the sawmilling process.
It was noted that this sawdust was used by the sawmills for fuel generation. Rubberwood
wasle is abundant in Thailand's southern provinces, and it has great potential for biofuel
applications [£]. Rubberwood is a plentiful, renewable, and long-lasting resource that is
used to make fumiture and wood-based panels. In Thailand, the wood residues from these
products have a lot of potential for bicenergy applications [9]. Biomass pellets could be
made from logging waste and industrial waste from rubberwood-based products [10,11].
Thailand also increased wood pellet production in 2019 for both export and domestic use,
exporting 172,441 tons of wood pellets [1].

Rubberwood is known for its great potential as a spurce of energy. In comparisen
to other types of biomasses, rubberwood displayed higher potential energy production
compared to that of empty fruit bunches and palm kemel shells [12]. Comparing to pellets
made from oil palm biomass, which is widely available in both Malaysia and Thailand,
rubberwood exhibited higher potential in pellet production, owing to its higher calorific
value than palm kernel shell and fiber. In addition, pellets made from rubberwood also
offer several advantages: (i) they have better and more uniform heating properties per unit
volume; (i) they generate fewer particulate emissions during burning: and (iii) they have a
lower transportation fee, due to their increased bulk density [12].

Refuse-derived fuel (RDF), on the other hand, is a by-product of municipal solid
waste (MSW), which is expected to reach 2.6 billion metric tons by 2030 [13]. M5W land-
fills are usually made up of 50-60% soil-type material, 20-30% combustible components,
1% inorganic components, and a small amount of metals [14]. Open dumping was the
most common MSW disposal method in developing countries over the previous decade,
with solid wastes at dumpsites being used as refuse-derived fuel (RDF) [15]. RDF is mostly
made up of carbon-based derivatives, such as organics, plastic, paper, wood, and textiles,
with plastic and paper accounting for 50-807% of RDF composition [16]. Pelletization could
be used to give RDF a uniform shape and density, allowing it to be used as a fuel. How-
ever, one of the drawbacks of RDF pelletization is the low lignin content. Several woody
biomasses could be mixed with RDF for pellet production as a viable solution in this case.

Several types of vegetal biomass materials have been co-pelletized with MSW for
pellet production. Woeod and energy crop residues with different mix compositions has
been used to improve the quality of wood pellets while lowering their cost [17]. As a result,
many researchers have concentrated on using co-energy from wood and non-wood as a
sustainable alternative fuel [ 18]. Adding 5% binder concentration to RDF pellets made from
MSW and rice husk, for example, increased the calorific value of pellet samples [19]. The
use of durian waste (shell and seed) as a feedstock in fast pyrolysis to produce RDF pellets
was investigated [20]. Furthermaore, Cui et al. [21] discovered that co-pelletizing of biomass
and waste appears to be a promising way to improve the competitiveness of biomass pellet
fuel manufacturing at scale in the future. In previous research studies, it was found that
co-pyrolysis of wood pellet and polyethylene increases gas yield, due to oxygenates and
maoisture in the wood pellet [22]. In the last decade, researchers have also investigated the
pyrolysis mechanisms of biomass and plastics [22-25]. Kumagai et al. |26] investigated
the co-pyrolysis interactions of beech wood and polyethylene (PE). The findings revealed
an understanding of the operative mechanism in the co-pyrolysis of wood materials and
synthelic polymers, and this could be useful in the future for pyrolysis reaction control and
recovering desirable products from difficult-to-separate initial mixiures.

To the best of the authors” knowledge, there have been few studies on the co-pellelization
of rubberwood and EDFE. As a result, knowledge of the effects of co-pelletization of rub-
berwood and RDF on the performance of pellets produced is limited. Therefore, the
objective of this research was to investigate the energy potential and some properties of
mixed pellets made from rubberwood and RDE. Furthermore, the results of this research
could provide evidence that mixed pellet fuel can be used as a feed stock in thermal
waste-lo-energy technologies.
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2. Materials and Methods
2.1. Pelletization and Sample Preparation

Commercially produced rubberwood sawdust, a waste product supplied by BNS
Wood Industry Co., Ltd., a sawmill located at Mueang, Surat Thani, Thailand, was dried in
a hot-air oven at a temperature of 103 = 2 °C for 48 h to reach a moisture content of 0%.
Before being used to make pellet samples, dried sawdust was screened on a sieve with
18 mesh to remove any oversize particles. Municipal solid waste (MSW) samples that had
been landfilled for 1.5-2 years were collected from a landfill area in Pattalung Province,
Thailand. The collected MSW samples were separated into combustible and incombustible
materials, using a separating machine and manual selection by workers. After separation,
the combustible materials were converted into refuse-derived fuel (RDF) by a machine
operated by a private company in Thailand’s Mueang, Nakhon Si Thammarat.

RDF wastes that have been processed to separate glass, metal, and inorganic materials
were shredded to the point where 95% of the weight passes through a 2 in. square mesh
screen and was denoted as RDF-3 [27]. Finally, raw RDF-3 was shredded to a size suitable
for pelletization, as illustrated in Figure 1.

Plastic Shredder

RDF-3 partiche size RDF-3 particle size
before shredded after shredded

Figure 1. The preparation of the RDF sample.

Table 1 displays the percentage composition of materials by weight for four different
types of pellets. Rubberwood sawdust and shredded RDF-3 were thoroughly mixed in
a mixing drum for 5 min. The moisture content of the mixtures was around 14-16%.
Following that, the mixed materials were pelleted in an electric flat die wood pellet mill,
KN-D-200, with 7.5 hp (380v), 50 Hz (Figure 2), and a pellet mill die in 6 mm to produce
5 kg of each condition. The pellets were air-dried and cooled before being stored in a
conditioned room with a temperature of 25 “C and a relative humidity of 65%.

Table L The composition of pellet samples.

Sample Type Rubberwood (%) RDF (%ewfaw)
w100 100 -
W7R3 70 30
WeR4 60 0

W5R5 50 50
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Figure 2. A flat die wood pellet machine for the experiment.

2.2. Properties Evaluation of Pellets
Physical Properties of the Samples

The dimension, density, and color of the samples were determined. Three replications
of each pellet type were completely randomized and used for sample testing.

The samples” dimensions and weights were measured and weighed with precisions of
0.01 mm and 0.0001 g, respectively. The density of the pellet was calculated by using the
following equation:

D=M/V (1)

where D is the density of pellet (g/cm?), M is the mass of the pellet (g), and V is the volume
of pellet (cm?).

2.3. Mechanical Durability of the Samples
Mechanical durability testing of the samples was carried out in accordance with the
procedure outlined in EN 15210-1. It is a 10 min tumbling box test that determines the
resistance of densified fuels to shocks and/or abrasion caused by handling and transporta-
tion processes (EN 15210-1: 2009). The broken pellet pieces and dust were separated and
weighed by using a 3.15 mm sieve. The mechanical durability was calculated by using the
following equation:
DU = (M, /Mg) x 100 (2)

where DU is the mechanical durability (%), M is the mass of the pellet pieces after tumbling
(g), and My is the mass of the pellet pieces before tumbling (g).

2.4. Calorific Value of the Samples

The heating value or gross calorific value of pellet samples was determined by using
an automatic bomb calorimeter, Leco A-350, St. Joseph, MI, USA. The measurements were
made in triplicate, and the results are given as means with standard deviations in MJ /kg
(ASTM D 3286-96). The samples were also subjected to proximate analysis in order to
determine the impact of moisture content (MC), volatile matter (VM), ash content (AC),
and fixed carbon (FC) on the gross calorific value. The VM, AC, and FC quantities were
determined by measuring the mass loss that a sample undergoes at a temperature of 900 °C,
under a nitrogen atmosphere, and then held at 900 “C, under atmospheric air [25].
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2.5. Ultimate Analysis of the Samples

The samples were finally analyzed by using the ASTM D5373-93 (1997) procedure,
ASTM, West Conshohocken, PA, USA. In an ultimate analysis, the contents of elemental
carbon (C), hvdrogen (H), nitrogen (N), and sulfur (S) in pellets were determined by using
a Perkin Elmer, 2400 Series I1 CHNS/O analyzer, USA. The chlorine (Cl) content was
determined by using a 785 DMP Titrino from Metrohm in Switzerland.

2.6. Microstructure Evaluation of the Sampl

A scanning electron microscope (SEM), FEI Quanta 250, Waltham, MA, USA was also
employed to examine the microstructure samples. The images were captured by using
a SEM set to 15 kV, and all of the specimens were coated with a thin gold layer prior to
analysis. The images were taken from cross-sections of pellets with a diameter of 6 mm.

2.7. Data Analysis

For data analysis, a completely randomized design of sample types was used. Using
XLSTAT in Microsoft Excel 365%, Microsoft, Redmond, WA, USA, analysis of variance
(ANOVA) was used to determine the significant differences between the four types of pellet
specimens. Duncan’s multiple range tests, as well as SPSS Statistics version 22, were used
for additional analysis. A p-value of 0.05 was used as the level of confidence.

3. Results and Discussion
Table 2 summarizes the physical properties of the pellet samples, such as the diameter,
length, density, and color appearance.

Table 2. Diameter, length, density, and color app of the pellet samples.

Sample Diameter Length Density Color

Type (mm) (mm) (g/em®)
Mean Mean Mean
w100 6.1% +(0.02) 3627 ¢ +(0.33) 1.2884 +(0.011) brown
W7R3 6194 +(0.01) 43404 +(0.29) 11214 +(0.003) black
WeR4 6.13% +(0.05) 41.49% +(1.05) 1.175¢ +(0.022) black
W5RS 6214 +(0.03) 164t +(0.57) 1234% +(0.018) black
Numbers in by are dard d« values. Mean values with the difi letters are significantly

different at p < 0.05.

Figure 3 depicts two types of pellets that revealed the color comparison between pure
and mixed wood pellets. Rubberwood pellets are brown in color, but they tumed black
when RDF-3 was mixed with rubberwood during pellet production. It was confirmed that
the color of the wood pellets could be altered based on their material compaosition. The
diameter of the pellets ranged from 6.11 to 6.21 mm. As the pellets were produced by
using a flat die mill of 6 mm, the diameters did not differ much within different types of
pellet formulations. Generally, the pellets made by mixing rubberwood and RDF-3 have
slightly larger diameters compared to those of the pellets made from pure rubberwood. In
terms of length, the pellets made from mixing 70% rubberwood and 30% RDF-3 (W7R3)
have the longest length, of 43.40 mm. The length decreased when higher loading of RDF-
3 was added, but they were still longer than the pellets made with pure rubberwood
(36.27 mm). Meanwhile, the density of the pellets made with pure rubberwood was the
highest (1.288 g /cm®) when compared to the pellets with the addition of RDF-3.
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Figure 3. Visual appearance of (a) rubberwood pellets and (b) mixed pellets, i.e., 50% rubberwood
and 50% RDF.

Table 3 displays the mechanical durability and heating value of pellets of various
pellet formulations. The mechanical durability of the pellets manufactured in this study
ranged from 9827 to 99.07%. The results of this study indicate excellent mechanical
durability, which is consistent with the findings of Ungureanu et al. [29], who reported
values of 96-977%. All samples with a durability greater than 96% were considered to be
of high quality, according to biomass pellets standards [30]. This result demonstrated
that both materials can be successfully blended to produce pellets without the addition of
any adhesive. The addition of 40% RDF-3 and higher appears to improve the mechanical
durability of the pellets. Pellets made with 40% and 50% RDF-3 loadings have significantly
higher mechanical durability than pellets made with pure rubberwood. The improvement
could be related to the density of the pellets, as higher specific densities are generally
associated with greater durability [30]. Pellets with a 50:50 rubberwood:RDF-3 ratio have
the highest density, and, thus, better mechanical durability is anticipated.

Table 3. Mechanical durability and heating values of samples.

Sample Mechanical Calorific Value
Type Durability (%) (M]/kg)
Mean Mean
w1 98.39b +(032) 172774 +(60)
W7R3 98.27"% +(0.09) 18,866 ¢ +(230)
W6R4 98854 +(0.07) 19,461% +(83)
W5R5 99.07 * +(0.09) 21445 +(520)

Numbers in parentheses are standard deviation values. Mean values with the Jifferent lettors are significantly
different, p < 005,

As shown in Figure 4, pure rubberwood sawdust pellets had an average calorific value
of 17277 M] /kg, while mixed pellets of W7R3, W6R4, and W5R5 had 18,866, 19,461, and
21,445 M] /kg, respectively. Previous research discovered that the calorific value of RDF
in Latvia and Lithuania was 18,310-22,521 M]/kg [31]. The heating value result showed
that mixing RDF-3 can increase the energy of pellet (p < 0.01). Furthermore, when the
RDF-3 ratio is increased, the calorific value improves in a linear fashion. It is a fact that this

value is dependent on the MSW source, which contains a variety of waste compositions.
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Rezaei et al. [32] investigated the heating value of pellets made from various plastic, paper,
organic, and wood compositions. Pellets with the highest plastic and lowest paper content
were found to have the highest heating value. It was reported that pellets with the highest
plastic and minimum paper contents generated the highest heating value.
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Figure 4. Gross calorific vahues of pellets made from rubberwood and RDE

An ultimate analysis was carried out to investigate the carbon, hydrogen, nitrogen,
sulfur, and chloride content of the pellets. The resulls are listed in Table 4. Generally,
increased contents of carbon, hydrogen, nitrogen, sulfur, and chloride were observed when
higher ratios of RDF-3 were added. Pellets made with 5% RDF-3 addition have the highest
carbon (50.78%), nitrogen (0.69%), and chloride (0.124%) contents. Meanwhile, pellets
made with 40% RDF-3 have the highest hydrogen (11.76%) and sulfur (1.45%) contents.
According to Garcia et al. [23], RDF has a significantly higher content of ash, N, 5, and
Cl. As a resull, it is understandable that pellets made from mixed rubberwood and RDF
contain a higher concentration of these constituents.

Table 4. Ultimate analysis of rubberwood and BEDF pellets.

Ultimate Analysis

Type c H M 5 1

Mean (%) Mean (%] Mean (%) Mean (%) Mlean (%)
Wi a7ELE +(0.54) 7.4t +(1.27) 0.8k +(0.05) a7 e =(0.02) 0m7Fe 000z)
WTR3 a7sab H036) 106LS +(1.19) 0a7? +(05) 090 +{002)  gms®  H00S)
WekRd 4787 x0227) 11.7R° +(0.7E) 047k +(0.20) 1454 +(013) O0118* E(0u003)
W5RS S.7E A +(1.72) 1354 (0.7} 0544 (03] 106" +{008)  0A24*  u002)

MNumbers in parentheses are standard deviation values. Mean values with the different letters are significantly
different, p < (L5

Table 5 shows the results of the proximate analysis of samples for moisture content
(MC), volatile matter (VM), ash content, and fixed carbon (FC). For woody raw materials,
moisture content in the range of 5-10% is usually optimal [29]. W5R5 pellets has an
excellent moisture content. However, it is recommended that a moisture content of 5-12%
be required to produce a high-quality product, because pellets with less than 4% moisture
content can absorb moisture from the environment [34]. The average MC content of the
samples was 5.50%, compared to 9.61% for wood pellets. It can be concluded that they have
the ability to withstand water absorption. Meanwhile, the addition of RDF-3 decreased
the volatile matter levels in the pellet samples (Figure 5). The volatile matter content of
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pure rubberwood pellets is 72.03%. The volatile matter content was reduced to 65.38% and
68.24% after mixing with RDF-3. When RDF-3 was mixed during the pellet production
process, however, an increase in ash content was also observed. The increase in ash content
was statistically significant and increased with the increasing RDF-3 ratio. On the contrary,
as the RDF-3 ratio increased, the fixed carbon content decreased. Garcia et al. [33] made
a similar observation, stating that pine pellets have less ash but more fixed carbon than
RDF pellets.

Table 5. Proximate analysis of rubberwood and BDF pellets.

Proximate Analysis
Sample
Type MC VM Ash FC
Mean (%) BMeleam (%) Mlean (%) Mean (%)
W00 951 ¢ +(021) 71034 +{01.03) 2504 £(0.13) 15854 +(023)
WTH3 11174 +(0.44) 6569 ¢ +{01.43) 990¢ (LR 13k +(0.47)
WaRA 1049k +(0.10) 6538 ° +{0.10) 1157 ¢ +(0.23) 12.26% +(0.32)
W3R 5504 +(0.41) 524 +{(1.76) 13784 +(0.18) 1248% +(0.584)

Mumbers in parentheses are standard deviation values. Mean values with the different lebters are signdficantly
different p «< (L5
760
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Figure 5. Volatile matter (VM) values of rubberwood and RDF pellets.

Figure 6 depicts the SEM images of the rubberwood pellet and mixed pellet samples.
The images show the homogeneous mixing of pellets. Figure ta exhibits the fiber and
texture of rubberwood [35]. Meanwhile, Figure 6b exhibits the texture of rubber wood
mixed with RDF-3 composilions via a heating process. The SEM image revealed a smooth
surface when compared to that of a rubberwood pellet. Generally, RDF compositions
include cardboard, plastic, textile, and organic matter, depending on the weight of the

waste [29]. Therefore, the surface of the mixed pellet could form a smooth surface area,

and the RFD? fabricated the gum to be combined with the wood texture that made stronger
RDF-wood pellets on their mechanical durability. Both figures had almost identical surface
features, indicating that mixed pellets have the same commercial potential as rubberwood
pellets. However, it seems that the RDE-3 samples have a more compacted structure
based on their smoother surface, and this characteristic could be a reason for the improved
mechanical durability of RDF pellets.
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{a) (b)

Figure 6. SEM images of (a) wood peliet and (b) mixed pellet.

4. Conclusions

This study demonstrated that RDF-3, a product of municipal solid-waste transforma-
tion, can be mixed with rubberwood to produce a pellet fuel. Pellets with a mixture of
50% rubberwood sawdust and 50% RDF-3 demonstrated the capability of a fuel material
with the highest density and energy. The increased RDF ratio had a significant impact
on the heating value of mixed pellets, while the volatile matter values were also signifi-
cantly reduced. Meanwhile, the mechanical durability of the W5R5 sample was 99.07%.
Combining both feedstock types appears to have the potential to yield value-added blend
pellets for use in biomass power plants and other applications. Other properties, such as
the elemental compositions of mixed pellets, would be interesting to investigate in future
research to gain a better understanding of how this type of product behaves.
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