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Abstract
Background and Objectives: Spent mushroom substrate (SMS) is an agricultural byproduct
generated in large quantity from mushroom cultivation, posing environmental concerns if

not properly managed. Converting SMS into biomass pellets presents a sustainable waste
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management approach that enhances resource utilization and supports circular bioeconomy
principles. However, moisture content significantly affects the pelletization process and the
final product quality. This study aimed to investigate the impact of moisture content level
on the production efficiency and quality of biomass pellets derived from SMS, focusing
on bulk density, mechanical durability, calorific value and specific energy consumption.
Methodology: SMS obtained from mushroom farms in Thailand was utilized. The substrate
was sun-dried for 1, 3, 6, 7, and 9 days to achieve different moisture content levels, i.e.,
MC32 (31.52%), MC27 (27.05%), MC21 (21.419%), MC15 (15.23%) and MC8 (7.77%), respectively.
Each dried substrate was pelletized using a rotary die pellet mill with a die diameter of
6 mm. The produced biomass pellets were evaluated for several properties, including
production efficiency, pellet formation capacity, dimensional characteristics, bulk density,
mechanical durability and calorific value. All results were compared with relevant
standards to determine the optimal moisture content for biomass pellets production.
Main Results: Moisture content significantly influenced both production efficiency and
pellet quality. High moisture content (MC32) resulted in the highest production rate (27.78
kg/hr) and the lowest energy consumption (92.26 Whr/kg); mechanical durability of the
pellets was nevertheless below the standard value. Conversely, low moisture content
(MC8) provided pellets with sufficient durability, but resulted in low production efficiency
and the lowest pellet formation percentage (78.56%). The optimal moisture content range
was MC15-MC21, which resulted in high pellet formation (90.72%), maximum mechanical
durability (97.79%) and bulk density of 540-568 kg/m?, aligning with EN ISO 17225-6 standards,
although slightly below the Thai Industrial Standard TIS 2772-2560 for bulk density. The
calorific value ranged from 14.63-14.68 MJ/kg, exceeding all minimum standard requirements.
Conclusions: Production of biomass fuel pellets from SMS is plausible, with moisture
content playing a crucial role in determining the pellet quality. Moderate moisture levels
(15-21%) were found to be optimal for pelletization as they enhance pellets formation,
mechanical durability and bulk density, while also providing calorific values that meet
standard requirements. Controlling the moisture content of a raw material is a key strategy
for improving the pellets production process from this type of agricultural waste.
Practical Application: Utilizing SMS as a raw material for the production of biomass pellets as
an alternative renewable energy source exhibits potential for the reduction of waste from the

mushroom cultivation industry. The present study provides a guideline for improving the efficiency
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of biomass pellets production and may be extended to other agricultural residues in the future.

Furthermore, it aligns with the principles of circular economy by promoting efficient resource utilization.
Keywords: Spent Mushroom Substrate, Biomass Pellet, Waste Management
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Figure 1 Throughput capacity and specific energy consumption values of spent

mushroom substrate pellets
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Results and Discussion
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Figure 2 Pelleted spent mushroom substrates at different moisture levels (MC32-MC8),

with arrows indicating the percentage of pellets formation after sieving
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Table 1 Pelleted fuel properties from spent mushroom substrates and standard values

Example Moisture content Diameter Length

(%) (mm) (mm)
MC32 (31.52%) 8.57 +0.11 6.37 +0.20 18.55 £1.10
MC27 (27.05%) 8.43 +0.21 6.30 +0.07 17.79 £1.49
MC21 (21.41%) 8.46 +0.15 6.24 +0.11 18.22 £2.02
MC15 (15.23%) 7.86 +0.19 6.21 +0.06 18.78 +2.71
MC8 (7.77%) 7.54 +0.14 6.15 +0.06 18.43 £2.32
TIS 2772-2560 <15 6-25 +1 3.15-40.00
ISO 17225-6 <15 6-10 3.15-40.00

Note: Numbers after + are standard deviation values.

2M Table 1 Vinuemnuduvesteudodfindndiniuuliuanandnios Wosssunnuduly
nsuBnanad Wunainannsmeesturesiaglussitnszuaunsnuan 5 Sundansdaudie
sudlasaduiigndnuurhlimutumelugnivesnwdeunsdiu uasfiaidaimdsdinmausuiding
augaenuIutuUsTEMAlassou dwmalieaduanasdnlioadlanSouiioussishosnauiay
PIIAN Lwiﬂu’ﬁjﬁ’mEmﬁy’wmag‘[,ummsﬁmmgm wen. 2772-2560 wag EN1SO 17225-6 M33nwIUsune
arwtuestanlveglurashiiu 10% fodudsdydmiunsinduifiietoatunuliades
nena wazdseansnmniswilvg [18-19]

Table 1 uanadurhnugudnans uagmuemveadindomds nuinduhugudnansiildeglutas
6.15-6.37 mm dailuenfidenndesiumnsgiudasaio sefumutufianadlussinnssuaums
dndamansynusedrhuaudnafisndniios Lﬁaamﬂmmsﬁuﬁwmwﬁwé'fzyﬁiamﬁﬂa’]ﬂéhmaﬁwaa

NAINTIALIN dsuALENVBATATRINANEAN 8 TFTEIUAINTY MC32-MC8 WURETENINg

Nonsawang et al. (2025). “Utilization of Spent Mushroom...,” Science and Engineering Connect 48 (4), pp. 310-324



319

17.79-18.78 mm @eagluriennsgiu son. 2772-2560 way EN 1SO 17225-6 (3.15-40.00 mm)

=3 1 tdyl = o g v a < .:9‘; A aa v )
YUY ’1LQ@UIGUﬂ’]i@ﬂ‘ﬂhﬁﬂ’mﬁﬂwaﬁLﬂJG‘llfU’e]L‘Wﬁﬂﬁ/lllﬂmﬂﬁW@iﬂ@’]ﬂJ‘UEJﬂ’Wi‘lJﬂVI’NQG]ﬁWMﬂﬁN
e MC32 e MC27 cmpueMC2] e MC15 i MC8 (a)
600 . T1S2772:2560 (>600 ke/m™) _ _ _ _ _ _ _ __ __ _______________|
g 580 -
QN
=
560
2
c
5 540
o]
X
3 520 -
o
500 T T T T 1
MC32 mc27 mMC21 MC15 MC8
Moisture content
—=MC32 = MC27 e MC2] e MC15 i MC8 (b)
S 100 -
g | 150172256975 %) g
;E 95 | TTIS2772:2560 (596 %) L~ T T T T T T
a
o
3 90 -
©
L
= 85
[
<
3
§ 80 T T T T 1
MC32 MC27 MC21 MC15 MC8
Moisture content
== MC32 = MC27 M C2] e MC15 it MC8 (C)
;‘7‘ 14.70 I/’}
N
- =
2 I - = T
v 1460 | I
=
©
>
& 1450 .. ... _ TIS 2772-2560 and 15O 17225-6 (214.5 MJ/ke) . _ . _|
S
S
14.40 . . . : .
MC32 MC27 Mc21 MC15 MC8
Moisture content

Figure 3 Effect of moisture content on bulk density (a), mechanical durability (b), and
calorific value (c) of pellets produced from spent mushroom substrate
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wazany [22] fndndsnannunausishedn Tnswuiviissdumnsdudssana 200 aunsalvide
aunmadlalaiomyegsBadenufuansBamefimnzau msdunuddlifuiaudilusedy
Uunaanansnduaiunssaiiveseyniaiie maAsuuamesautulussnienssuiunis
Sndssasiouualtiuarumuiuiug Tnswuiilungy MC32 §s MC21 Suwaldufivtuouazanadly
Adu MC15-MC8 aenslsfimadsingnisaitionesueldnnunumuesniuduiiteituusdamile
sewhsoumatinalutinnuduiivangay wiilerutugaiuly orviliAensazauodloth
melulasaad dmaliianiseanefreadadomamdmnissn (23] uenani idesningaulaild
shunsundasanuug pdnefunszuIuMIKanTna Salvuneynereudndlug msiuduneu
nsanwuIneynaeateldindomnasssquiuty dealieuruuiunugstunasilonatis
NEsNASEIY uenant maRnsaifnfsraufvgay iensanfudunafifaumuily
a9 wu Fanald eradunumaatufivisySuupsaudidnauazmumudunuveadaidonald

Figure 3 wanwadwsAUMUNUTNTemANtn N Taneiailiudfifiautusety
deFeuiisuiuinnsguiidmunliluten. (TIS) 2772-2560 (96.0%) uag EN 1SO 17225-6
(297.5%) HadwsUFomAadnianutuBusugenit (MC32 uay MC27) agfinnumumiusia
n1 Tnefienegil 87.42% uay 92.13% muddu Wemuduanas Anuvunuvesdomdadinasd
3 Tny MC15 (Aaii 15.23%) Saramuniugeand 97.79% demsamunnasgu EN 1SO 17225-6
oehdlsfinnu MC8 (Anudu 7.77%) wandlituiseumunufianaadniion (96.08%) usiHnasds
andulunudafmua wen. 2772-2560 fisny wan1sAnwaenadestiunisAnuaateudsssyin
Uinueufuiimanzaundudshdydmiumafiunnumuureadiniamna enuduiiuiniu
Tuvlsauiullifuaslnssadaliuouss Tuvnedamduilifismeszannistiugy dsdawase
mMsBmmeiuvendadama [24-25] egnslsiin wadnéiildaonadesiudeyatsyavamnsned
Tu Figure 2 Tnedlsiftuinasaudusswing 15% (MC15) 8 21% (MC21) wangaudigaluns
dumumuniurendedauna esmnssduanutudanandelianduihnusasdamy Aty
sgwianszuaunsadn feilivefdudnsiemannsalfifuiusimumunuveadadauald

Figure 3 uansenAuouvasdondada (MC32-MC8) AldnTanumziinfliug wui
fhoghaviavnegszving 14.63 Fa 14.68 Mi/kg Fanssmunieiudormmn EN 15O 17225-6 (»14.5
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MJ/kg) azanasgiulng (>14.5 Mi/kg) dintios dsusthidemdadailianmediailldudfivina
n¥snufsmodwmiulidudemaduang wihmaudounsdanuuandsiudniios utainso
oswgldaneudurestaniivhumaseu SelalndidstunandutanUssanideniu seiumnuiu
Tunsdtuguendlallidemalnenss uiannsofinansenulaedosls [26] agndlsfion ufhdanudon
wdulumusnasgiufismun wildldatunnin femdudeiialunududedeutudemnas
Frnaviedu Wy Tunasadeanlsl Tnedanadaldinaviiiaudeudaud 16.5 M/kg 89 19.18
MJ/kg Tuagfiuuszumuesinnauazaninmanan [27-28] §iseTauusthlidinisusulsavidouds

U =

Fan@unanfidmanudannnudeugs WeinUsnamasuresdemadailiussdnsamuniy

Conclusions
m'iﬁﬂmﬂ%’jaﬁ%l,mﬁﬂﬂ%mmv-mm%uﬁ%m%wa&iaﬂsz%m%mwmswﬁmLLazﬂmmwmmLﬁﬂ%ama
MnTanunsdinildud sefunnutunsasdmaliussdnnwmanandetnnaanantieinuss
Aoamusarnsindsnuiifiviu snederdunnifullasasanumunusesdniunauageny
auysaivaslasiaing daenuiuiivmnzauiianlumssadineg szming 150% s 21% Jsaanndosfiy
UsrAvBnmnisnanTisausuld mumuniugean warmauuTNngay uenand Wedue
frdnldimundadulumudeimunaaudoutusm egndlsfinu eumuiuiusueaiegieus
daushniuesglng Sesdienusnilunmsfussninmnssuiunisienafiuansiad
msfnuBuduhmamuauautuivanzanelidaiuneflufunsdnms wavannsindenuy
Tunssaudla lnesauudrdeiduiuimienmsinnsveznianisnees wazlimsnensegdiussansnm
mAdluswanesAnmansifuudsvionisuantagarinduiioU SuUsaumunLy uagen
nsugetu nadnsnnnuiteifduisvesuumenislissloninn fagmgfeiliud uay
WanwelulagTiualiaunsonsulandmunasnuasa1nwaznsInnsnine N segsliusednsnm

Limitations

nuAteiliaTessnidauuuukumanyyuanagda 6 mm GserasiianisUssdiunadngy
wRpsndinnuadunienisnanlussfugnamnss venani anuuUsiiluautfivesTagAumzdio
lHudn wu druusznevviainanunanuvauiemanisam wasnaedl enalinaieUssansam
maAndinnazauamuesindina sadnsioaunnmannliianrieteulunsmaassiunneig
ffu msfnwadoluTsesinsaniadomdiifiefuaruulugwasanuiluvemanimaaes
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