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Abstrak

6LVWHP� NRPSRVWLQJ� ZLQGURZ� DGDODK� PHWRGH� \DQJ� XPXP� GLJXQDNDQ� XQWXN� SHQJRODKDQ� OLPEDK�

SDGDW� RUDJDQLN�� 7HPSHUDWXU� DGDODK� YDULDEHO� \DQJ� SHQWLQJ� GDODP� SHPRGHODQ� \DQJ� PDQD� GDSDW�

GLVLPXODVLNDQ�GHQJDQ�PHPSHUNLUDNDQ�SHUXEDKDQ�NHVHLPEDQJDQ�SDQDV�GDUL�NRPSRQHQ�SDGD�VHWLDS�

VDDW��(QHUJL�SDQDV�ELRORJLV�DGDODK�LVWLODK�\DQJ�SDOLQJ�VLJQL¿NDQ�GDODP�NHVHLPEDQJDQ�SDQDV��'DODP�

WXOLVDQ�LQL�SHPEDQJNLWDQ�SDQDV�ROHK�SURVHV�NRPSRVWLQJ�GLXML�GDQ�GLHYDOXDVL�GDODP�SHQHUDSDQQ\D�

XQWXN�VLVWHP�ZLQGURZ�VNDOD�SHQXK��6DPSDL�VDDW�LQL�NHDNXUDWDQ�PHPSUHGLNVL�ODMX�GHJUDGDVL�VXEVWUDW�

WHODK�PHQMDGL�WDQWDQJDQ�XWDPD��3HQJJXQDDQ�SHQGHNDWDQ�LQGXNWLI�EHUGDVDUNDQ�HNVSUHVL�NLQHWLN�RUGH�

SHUWDPD� DWDXSXQ� UHODVL� NLQHWLN� HPSLULV� WHODK� GLWHPXNDQ� XQWXN� WXMXDQ� SUDNWLV�� %DJDLPDQDSXQMXJD�

IDNWRU�VNDOD�NRUHNVL�XQWXN�SURVHV�GDQ� WLSH�VXEVWUDW� WHUWHQWX�PXQJNLQ�GLEXWXKNDQ� LQYHVWLJDVL� OHELK�

ODQMXW�XQWXN�SHUEHGDDQ�VHPSLW�GLDQWDUD�VNDOD�ODE�GDQ�VNDOD�VLVWHP�VNDOD�SHQXK�

Kata kunci��.RPSRVWLQJ�WHUEXND��NHVHLPEDQJDQ�SDQDV��SDQDV�ELRORJLV��PRGHO�SHQJNRPSRVDQ

Abstract

Windrow composting is the most common method for organic solid waste treatment. Temperature 

LV�DQ�LPSRUWDQW�VWDWH�YDULDEOH�LQ�PRGHOOLQJ��ZKLFK�FRXOG�EH�VLPXODWHG�E\�HVWLPDWLQJ�WKH�FKDQJH�RI�

KHDW�EDODQFH�FRPSRQHQWV�DW�DQ\�PRPHQW��%LRORJLFDO�KHDW�HQHUJ\�LV�WKH�PRVW�VLJQL¿FDQW�WHUP�LQ�WKH�

heat balance. In this paper biological heat generation of the composting process are examined and 

WKHLU�DSSOLFDELOLW\�IRU�D�IXOO�VFDOH�ZLQGURZ�V\VWHP�LV�HYDOXDWHG��,W�LV�IRXQG�WKDW��WR�GDWH��WKH�DFFXUDF\�

RI�SUHGLFWLQJ�WKH�UDWH�RI�VXEVWUDWH�GHJUDGDWLRQ�KDV�EHHQ�D�PDMRU�FKDOOHQJH��7KH�XVH�RI�DQ�LQGXFWLYH�

DSSURDFK�EDVHG�RQ�HLWKHU�¿UVW�RUGHU�NLQHWLF�H[SUHVVLRQ�RU�HPSLULFDO�NLQHWLFV�UHODWLRQ�ZDV�IRXQG�WR�EH�

PRUH�IHDVLEOH�IRU�SUDFWLFDO�SXUSRVHV��+RZHYHU�D�VFDOH�XS�FRUUHFWLRQ�IDFWRU�IRU�SDUWLFXODU�SURFHVVHV�

DQG�W\SHV�RI�VXEVWUDWH�PD\�QHHG�WR�EH�IXUWKHU� LQYHVWLJDWHG�WR�QDUURZ�WKH�GLVFUHSDQFLHV�RI�NLQHWLF�

performances between laboratory and full-scale systems.

Keywords��:LQGURZ�FRPSRVWLQJ��+HDW�EDODQFH��%LRORJLFDO�KHDW��&RPSRVWLQJ�PRGHOV

1. INTRODUCTION

&RPSRVWLQJ� LV� D� ELRORJLFDO� R[LGDWLYH�

WUDQVIRUPDWLRQ� WKDW� IXO¿OV� VHYHUDO� ZDVWH�

management purposes such as stabilisation, 

YROXPH� UHGXFWLRQ� DQG� VDQLWDWLRQ� E\� WKHUPDO�

LQDFWLYDWLRQ� RI� SDWKRJHQV� >��� �@�� 7R� DFFRPSOLVK�

WKHVH� REMHFWLYHV�� XQGHUVWDQGLQJ� WKH� RSWLPXP�

FRQGLWLRQ�PD\�QRW� EH�DGHTXDWH� VLQFH� WKHUH�PD\�

EH� FRQÀLFWLQJ� YDULDEOHV� GXULQJ� WKH� FRPSRVWLQJ�

process [3]. For example the range of temperature 

IRU�RSWLPDO�RUJDQLF�ZDVWH�GHFRPSRVLWLRQ��������&��

FRXOG�EH�VLJQL¿FDQWO\�GLIIHUHQW�ZLWK� WKH�SDWKRJHQ�

UHGXFWLRQ� �DW� DERYH����&�� >�@��$� WUDGH�RII� QHHGV�

to be made to ensure that high the composting 

rate and sanitation may progress concurrently. 

There is a necessity to study explicit dependence 

of the composting rate in a broad range of 

HQYLURQPHQWDO�IDFWRUV�WR�DOORZ�EHWWHU�RSWLPLVDWLRQ�

through calculation [3]. Therefore, mathematical 

modelling of the composting process has been 

UHFHLYLQJ� FRQVLGHUDEOH� DWWHQWLRQ� IRU� D� ZLGH�

range of purposes, ranging from understanding, 
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describing, predicting, controlling to optimising the 

process [3, 5]. 

7HPSHUDWXUH� LV�D�VWDWH�YDULDEOH� WKDW�EHFRPHV�

a primary concern in composting models. 

7HPSHUDWXUH� LV� DIIHFWHG� E\� KHDW� ÀRZV� UHVXOWLQJ�

from temperature gradients. The temperature

�WLPH�SUR¿OH�ZLOO�UHSUHVHQW�WKH�KHDW�DFFXPXODWLRQ�

within a Windrow composting system since heat 

JHQHUDWHG�GXH�WR�ELRORJLFDO�DFWLYLW\�ZLOO�EH�ORVW�WR�

WKH� VXUURXQGLQJ� HQYLURQPHQW� WKURXJK� YHQWLODWLYH�

ORVVHV�� FRQGXFWLRQ�� FRQYHFWLRQ� DQG� UDGLDWLRQ�

�&&5��PHFKDQLVP�� DQG� WXUQLQJ�VKLIWLQJ� FRPSRVW�

pile. As a result, there are three states commonly 

found in a composting pile [4]:

Heat Generated > heat lost   ---> temperature 

increases.

+HDW�*HQHUDWHG� �KHDW�ORVW������!�WHPSHUDWXUH�VWDWLF�

+HDW� *HQHUDWHG� �� KHDW� ORVW� � � ���!� WHPSHUDWXUH�

decreases.

Temperature predictions and simulations within 

D�FRPSRVWLQJ�SURFHVV�KDYH�EHHQ�UHSRUWHG�E\�>���

7, 8, 9 10, 11]. The major differences in these 

models are the assumptions regarding the heat 

transport mechanism, and whether they are in a 

steady or an unsteady state condition, and also 

whether the process is modeled as a lumped or 

distributed parameter. All modelers used a series 

of one or two dimensional numerical calculations 

WR�UHYHDO�WKH�WHPSRUDO�DQG�RU�VSDWLDO�YDULDWLRQV�RI�

the system temperature, whilst three dimensional 

PDWKHPDWLFDO� PRGHOV� KDYH� MXVW� DSSHDUHG� ZLWKLQ�

the past few years [12].

Despite the fact that a number of models 

for composting thermodynamics and kinetics 

KDYH� EHHQ� SXEOLVKHG� DQG� UHYLHZHG� >���� ��@��� D�

standard appropriate model for full-scale Windrow 

composting has not been proposed. Windrow 

FRPSRVWLQJ� �L�H�� SLOHV�ZLWK� QR� DFWLYH� DHUDWLRQ�� LV�

the simplest, and the most common treatment 

method for organic solid wastes (Stentiford, 

������� +RZHYHU� PRVW� RI� WKH� DIRUHPHQWLRQHG�

PRGHOV�ZHUH� LQYHVWLJDWHG� LQ� D� ODERUDWRU\� DQG�RU�

pilot scale study using an enclosed space or in 

YHVVHO� UHDFWRUV� �H�J��FROXPQ��ELQ��FRQWDLQHU�� WUD\�

or box). Therefore these models may not always 

SURSHUO\� VLPXODWH� D� SK\VLFDO� YDULDEOH� SUR¿OH� RI�

full-scale open composting system - particularly 

the duration and magnitude of temperature and 

PRLVWXUH�SUR¿OHV�>��@���GXH�WR�D�GLIIHUHQW�SK\VLFDO�

FRPSRVWLQJ� HQYLURQPHQW�� � 9DULRXV� DVVXPSWLRQV�

DQG� VLPSOL¿FDWLRQV� XVHG� LQ� H[SHULPHQWV� DW� OHVV�

than full scale are sometimes unable to represent 

PDQ\� DVSHFWV� RI� FRPPHUFLDO� VFDOH� EHKDYLRXU��

7KH�VHW�XS�RI�ODERUDWRU\�VFDOH�IUHTXHQWO\�PD\�QRW�

be directly applicable to a full scale commercial 

facility. An example is the phenomenon of thermal 

inertia during the maturation stage.Self-insulating 

properties of compost materials, in which it 

coupled with microbial heat generation may lead 

to high thermopilic temperatures. Laboratory and 

SLORW� VFDOH�PD\� IDLO� WR�REVHUYH� WKLV�SKHQRPHQRQ�

since temperature drops dramatically once the 

biodegradable organic matter is consumed [15].

)XUWKHUPRUH�� WHPSHUDWXUH� YDOLGDWLRQV� RI�

simulated models within full-scale systems which 

KDYH� DSSHDUHG� LQ� OLWHUDWXUH� VKRZ� XQVDWLVIDFWRU\�

results. To date, there are no models which are 

capable of showing acceptable margins in terms 

RI� PD[LPXP�� DYHUDJH�� DQG� SHDN� WHPSHUDWXUH�

discrepancies.  Since the energy generation 

GXH� WR�PLFURRUJDQLVP¶V� DFWLYLW\�ZDV� IRXQG� WR� EH�

WKH� PRVW� VLJQL¿FDQW� WHUP� LQ� KHDW� EDODQFH�� WKH�

model of predicting biological heat generation is 

RI�SDUDPRXQW� LPSRUWDQFH�7KH�REMHFWLYH�RI� WKLV� LV�

WR�UHYLHZ�DQG�WR�HYDOXDWH�WKH�FRQFHSWXDO�PRGHOV�

of determining the biological heat components in 

composting process. Models published in literature 

ZLOO�EH�FODVVL¿HG�DFFRUGLQJ�WR�WKHLU�PRGHO�EXLOGLQJ�

VWUDWHJLHV��DQG�WKH�GLVFXVVLRQ�ZLOO�SURYLGH�D�EDVLV�

IRU� GHYHORSLQJ� QHZ� DQG�RU� LPSURYHG� PRGHOV� IRU�

full-scale Windrow composting system.  

2. MATERIALS AND METHODS

2.1 Heat balance components

The general heat balance model is based on 

the common laws of physics and thermodynamics, 

ZKLFK� VWDWHV� WKDW� WRWDO� HQHUJ\� FDQ� EH� FRQYHUWHG�

IURP�RQH�IRUP�LQWR�DQRWKHU�RYHU�WLPH��+RZHYHU�LW�

cannot be created nor destroyed, thus the sums 

of total energy in a system remain the same. 

%DVHG� RQ� 0DVRQ¶V� FRPSUHKHQVLYH� UHYLHZ� >��@��

WKHUH�DUH�VHYHUDO�FRPSRQHQWV�RI�KHDW�EDODQFH�LQ�

composting models including a) sensible heats 

RI� WKH� V\VWHP� �DFFXPXODWLRQ� WHUPV��� E�� UDGLDWLYH�

input, c) sensible heat of dry air, d) sensible heat 

of supplementary water, sensible and e) latent 

KHDW�RI�LQOHW�ZDWHU�YDSRXU��LQSXW�WHUPV���I��VHQVLEOH�

heat of dry exit gas, g) sensible heat of exit water 

YDSRXU�� K�� FRQGXFWLYH� DQG� FRQYHFWLYH� ORVV�� L��

UDGLDWLYH�ORVVHV��M��ODWHQW�KHDW�RI�ZDWHU�HYDSRUDWLRQ�

(output terms); and k) biological heat generation 

(transformation terms). 

7KH�PRVW�VLJQL¿FDQW�WHUPV�LQ�WKH�KHDW�EDODQFH�

IRU� D� FRPSRVWLQJ� V\VWHP� DW� IXOO� VFDOH� KDYH�

EHHQ� LGHQWL¿HG� DV� ELRORJLFDOO\� JHQHUDWHG� KHDW�

>��@� DQG� WKH� ODWHQW� KHDW� RI� YDSRULVDWLRQ� RI�ZDWHU�

>��@�� ,Q� FRQWUDVW�� VHYHUDO� FRPSRQHQWV� ���� ��� ���

6, 7) may be neglected, incorporated into other 

components, or not implicitly distinguished in a 

separate term due to their small contribution in 

RXWJRLQJ� HQHUJ\� DQDO\VLV�� 7KHUHIRUH� DVLPSOL¿HG�

heat balance component in Windrow composting 

can be presented in Figure 1.
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Figure 1. Heat balance within a Windrow pile

The process within a composting pile is 

aerobic, and the reactions are exothermic thus 

producing heat through biological transformations. 

As a result of the temperature difference between 

WKH�YROXPH�XQLW�DQG�LWV�VXUURXQGLQJ�HQYLURQPHQW��

D� FRQGXFWLYH±FRQYHFWLYH�KHDW� ORVV�RFFXUUHG�DQG�

UDGLDWLYH�ÀX[��FDQ�EH�H[SHFWHG�IURP�WKH�VXUIDFH��

In order to replenish oxygen, turning a Windrow is 

UHTXLUHG�RQ�D�UHJXODU�EDVLV��VR�WKH�PDWHULDOV�DW�WKH�

HGJHV�PRYH� LQWR� WKH�FHQWHU�RI� WKH�SLOH��+RZHYHU�

the Windrow temperature may drop rapidly due, 

to some extent, to heat loss with the outside 

ambient. Assuming sensible heat accumulation 

DV� WKH� GHSHQGHQW� YDULDEOH�� WKH� KHDW� EDODQFH� LQ�

Windrow composting may be expressed by the 

JHQHUDO�KHDW�EDODQFH�HTXDWLRQV��

2.2 Biological heat generation

Biological heat generation is strongly associated 

with the rate of substrate degradation. Therefore 

LW� LV� QHFHVVDU\� RI� KDYLQJ� NLQHWLF� PRGHOV� WKDW�

DSSURSULDWHO\� UHSUHVHQW� WLPH�GHSHQGHQW�EHKDYLRU�

RI� PLFURELDO� DFWLYLW\� ZLWKLQ� WKH� V\VWHP�� 7KH� UDWH�

RI�VXEVWUDWH�GHJUDGDWLRQ� � �PD\�EH� LQÀXHQFHG�E\�

YDULRXV�SURFHVV�YDULDEOHV�ZKLFK�KDYH�LQWHUUHODWLRQV�

RQ� WLPH� GHSHQGHQFH�� 7KXV� VHYHUDO� FULWLFDO�

YDULDEOHV� VXFK� DV� WHPSHUDWXUH�� PLFURELDO� JURXS�

SRSXODWLRQV��DQG�W\SHV�RI�VXEVWUDWH��DYDLODELOLW\�RI�

water, oxygen concentration and inhibitors may be 

used as correction factors. In general, there are 

two strategies to model the composting kinetics. 

6HNL� DQG� 6KLMXNX�� ����� >���� ��@� KDYH� UHFHQWO\�

introduced a non-biological kinetics model of 

estimating the heat generation rate by measuring 

the temperature changes during the composting 

SURFHVV��&RQVLGHULQJ�WKDW�WKH�UHVXOWV�RI�PLFURELDO�

DFWLYLW\� LV� WKH� PRVW� VLJQL¿FDQW� WHUP� RI� HQHUJ\�

input, the heat generation rate calculated with 

WKLV�PHWKRG�PD\�UHIHU�WR�ELRORJLFDO�KHDW��+RZHYHU�

this method may be not applicable as a basis for 

GHYHORSLQJ�WHPSHUDWXUH�VLPXODWLRQ�PRGHOV��VLQFH�

the temperature changes considered as input 

YDULDEOHV��

 

3. RESULTS AND DISCUSSION

3.1 Evaluation of Three Different Models

The wide range approaches of determining 

ELRORJLFDO�KHDW�PD\� OHDYH�D�ELJ�TXHVWLRQPDUN�DV�

WR� WKH� H[WHQW� RI� WKH� GLIIHUHQFHV�� 7R� LQYHVWLJDWH�

the theoretical outcomes, three composting 

PRGHOV�ZHUH�VHOHFWHG��WKH�¿UVW�RQH�>������@�DV�D�

UHSUHVHQWDWLYH� RI� ¿UVW�RUGHU� PRGHOV�� WKH� VHFRQG�

RQH� >���� ��@� DV� D� UHSUHVHQWDWLYH� RI� HPSLULFDO�

kinetics determination and the third [26] as 

D� UHSUHVHQWDWLYH� RI� 0RQRG�W\SH� PRGHOV�� )RU�

VLPSOL¿FDWLRQ��LW�LV�DVVXPHG�WKDW�LQLWLDO�WHPSHUDWXUH�

LV� ���&�� WKHQ� ULVHV� JUDGXDOO\� GXH� WR� ELRORJLFDO�

heat generation. There is no energy dissipated, 

oxygen and moisture content are constant during 

WKH� ¿UVW� ��� KRXUV� RI� FRPSRVWLQJ� SURFHVV�� 7KH�

DHUDWLRQ�LV�VXI¿FLHQW��DQG�WKXV�WKHUH�LV�QR�LQKLELWRU�

accumulation 

Identical operating conditions were used as 

shown in Table 1. The organic matter degradation 

(manure) proceeds according to the following 

reaction:

&��+��2�1�� �� ������� 2�� &�+�2�1�� ��� &2��

����+����1+�����������������������������������������������������

 

7KH� UHDFWLRQ� UDWH� FRHI¿FLHQWV� DUH� FRUUHFWHG�

EDVHG� RQ� IRUPXODV� JLYHQ� LQ� 7DEOH� ��� )LJXUH� ��

shows the simulation of theoretical biological heat 

based on three difference methods in 12 hours. It 

FDQ�EH�VHHQ�WKDW�DW�WKH�¿UVW�������V��WKH�0RQRG

�H[SUHVVLRQ� NLQHWLFV� JDYH� WKH� KLJKHVW� YDOXHV� LQ�

WKH�UDQJHV�RI�������-�V��IROORZHG�E\�WKH�¿UVW�RUGHU�

and empirical kinetics in the ranges of 20-32 J/s 

DQG� ������ -�V�� UHVSHFWLYHO\��$V� D� FRQVHTXHQFH��

the Monod-expression reached the temperature 

RI� ���&� HDUOLHU� WKDQ� ¿UVW�RUGHU� DQG� HPSLULFDO�

7KH�¿UVW�RUGHU�PRGHO�\LHOGV�WKH�IDVWHVW�UDWH�RI�

increment and, at about 30.000 s, it exceeds the 

Monod-expression model.  Although the Monod

-expression model reaches the thermophilic 

SKDVH� ����&�� HDUOLHU�� KRZHYHU�� WKH� UDWH� RI� ¿UVW�

order reaction is much faster than the Monod

-expression. The empirical kinetics show the 

slowest rate of reactions from the beginning 

to the end (43200 s or 12 h reaction), and the 

HVWLPDWHG� KHDW� DOVR� JLYHV� WKH� VPDOOHVW� YDOXHV�

GXULQJ� WKLV� SHULRG�� 2QFH� WKH� ¿UVW� RUGHU� NLQHWLFV�

reached the thermophilic phase at about 36000 

s, the simulation showed greater degrees of 

discrepancies. First order substrate degradation 

LQFUHDVHG� GUDPDWLFDOO\� ZLWK� WKH� YDOXH� DW� DERYH�

70 J/s, whilst Monod-type and empirical kinetics 

DW� DSSUR[LPDWHO\� ��� DQG� ��� -�V�� UHVSHFWLYHO\�



294     J. Tek. Ling. (ISSN 1411-318X), Vol. 13, No. 3, September 2012

7DEOH����6WDWH�YDULDEOHV�DQG�FRQVWDQW�XVHG�LQ�WKH�PRGHOV

7DEOH�����5HDFWLRQ�UDWH�FRHI¿FLHQW�FRUUHFWLRQ�IDFWRUV

3.2 Model Application

In practice, some limitations appeared in all 

approaches. When the heat generation is 

HVWLPDWHG�E\�WKH�¿UVW�RUGHU�DVVXPSWLRQ��WKH�NLQHWLF�

parameters of waste degradation (k) were 

determined in a laboratory-scale. Then this 

parameter is applied into model to predict the full

�VFDOH�EHKDYLRXU�RI�FRPSRVWLQJ�V\VWHPV��%DSWLVWD�

et al. 2012 [2] found that the kinetic rate of waste 

degradation in full-scale systems, which is 

proportional with metabolic heat generation, is 

much lower than laboratory-scale studies. It is 

shown that the kinetic performance of laboratory

�VFDOH�VWXGLHV�LV��RQ�DYHUDJH������WLPHV�IDVWHU�WKDQ�

FRPPHUFLDO�OHYHO��0RUHRYHU��WKH�RWKHU�GDWD�VKRZ�

that the chicken manure composting model 
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VLPXODWHV� FKDUDFWHULVWLFV� ZHOO� RYHU� D� VKRUW� WLPH�

period (approximately 3 days). 

)LJXUH� ��� &RPSDULVRQV� RI� ELRORJLFDO� KHDW�

generation.

In the case of yard waste the model is applicable 

RYHU�D�PXFK�ORQJHU�SHULRG�RQFH�WKH�SHDN�DFWLYLW\�

has been reached [26]. After such a period the 

UDWH�FRHI¿FLHQW�PD\�QHHG�WR�EH�DGMXVWHG�LQ�RUGHU�

WR� UHÀHFW� WKH� FKDQJHV� LQ� ZDVWH� FRPSRVLWLRQ�� ,Q�

the case of empirical kinetics model, the poultry 

manure composting experiment of Petric and 

6HOLPEDãLü�� ����� >��@� VKRZV� WKDW� WKH� PRGHO� LV�

XQGHU�SUHGLFWHG�RYHU�D�VKRUW��WLPH��RYHU�WKH�¿UVW����

hours), but the model is more applicable at peak 

and longer time. Therefore the Monod approach 

PD\�DOVR�KDYH�VRPH�GUDZEDFNV�WR�EH�DSSOLHG�RQ�

D�EURDGHU�EDVLV� IRU�PL[HG�DQG�YDULDEOH�PLFURELDO�

FRPSRVWLQJ� SRSXODWLRQV�� GXH� WR� GLI¿FXOWLHV� LQ�

SDUDPHWHU�HVWLPDWLRQ��0RQRG�W\SH�PRGHOV�UHTXLUH�

an estimate of initial microbial mass [27, 28], 

XVXDOO\�XVH�WKH�YDOXHV�RI�NLQHWLF�SDUDPHWHUV�IURP�

DYDLODEOH� OLWHUDWXUH�� ZKLFK� LQ� PRVW� RI� WKH� FDVHV�

>���� ��@� DUH� QRW� FDOLEUDWHG�� 0RUHRYHU� PRGHOV�

incorporating Monod-type expressions are found 

WR�EH�OHVV�VXFFHVVIXO�LQ�VLPXODWLQJ�WKH�SUR¿OHV�RI�

the temperature (Mason, 2006).

4. CONCLUSIONS

The accuracy of predicting the rate of biological 

heat is still a major challenge. The use of an 

LQGXFWLYH� DSSURDFK� RI� GHWHUPLQLQJ� GHJUDGDWLRQ�

UDWH�EDVHG�HLWKHU�RQ�¿UVW�RUGHU�NLQHWLF�H[SUHVVLRQ�

or empirical kinetics relation is more feasible for 

SUDFWLFDO� SXUSRVHV��)RU� ¿UVW� RUGHU� NLQHWLFV�� VFDOH

-up correction factors for particular processes and 

W\SHV�RI�VXEVWUDWH�PD\�QHHG� WR�EH�GHYHORSHG� WR�

narrow the discrepancies of kinetic performances 

between laboratory and full-scale systems. In 

addition, the method of updating the rate constant 

based on the changes in waste composition 

LQWR� DFFRXQW� QHHG� WR� EH� LQYHVWLJDWHG�� � :KLOVW��

HPSLULFDO� NLQHWLFV� PRGHOV� DUH� OHVV� XQLYHUVDO� LQ�

QDWXUH�� KRZHYHU�� WKLV� PHWKRG� LV� DGYDQWDJHRXV�

IRU� ZDVWH��� VLWH�VSHFL¿F� FRPSRVWLQJ� SODQWV�7KH�

major problems associated with Monod-type 

expressions are the large numbers of operation 

parameters. The increase in parameters may 

result in an increase in the uncertainty of the 

SUHGLFWLRQ���+RZHYHU�WKLV�GRHV�QRW�PHDQ�FORVLQJ�WKH�

opportunity to apply Monod-kinetic based energy 

generation into commercial scale. If a standard 

protocol for composting studies at laboratories 

scales, especially the method of determination 

RSHUDWLRQ� SDUDPHWHUV� ZHUH� GHYHORSHG� WKH�

problems associated with the uncertain accuracy 

of the parameters in the mechanistic model would 

be diminished. The parameters may be calibrated 

and more adoptable for broader applications. 
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