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ABSTRACT: Biological drying is one of the pre-processing methods of waste to reduce its moisture.
Municipal waste in developing countries, especially Iran, has high humidity due to separation from the
source of dry waste and high volume of organic waste. The high humidity of municipal waste makes
it difficult to manage this type of waste, reduce the thermal value, produce leachate and complicate
disposal and recycling methods. Biological drying is an automated thermal process in which the rate
of drying with the biological heat released during the decomposition of organic matter in situ increases
and reduces moisture while retaining calories. Therefore, this method can be used as a method of pre-
processing organic waste to produce heat and convert it into a fuel with high calorific value. The aim
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of this study was to investigate the effect of aeration on reducing the moisture content of food waste by
biological drying of perishable organic waste. Hence, a new pilot-scale biological drying system was

designed for municipal solid waste processing. Also, important and influential factors on biological
drying including mixing rate, moisture, particle size, aeration time, aeration amount and bulking factor

Biological
Moisture Reduction

Food Waste

were investigated. Finally, the pilot performance on perishable food waste prepared from the central
self-service of the main campus of Shahid Beheshti University was evaluated with two aeration rates.
The results showed that the weight, volume and moisture content of the waste was significantly reduced
and the ph value of the waste leachate was stabilized at 8.35. Moisture is also greatly reduced so that
at the end of the first phase is equal to 25.10 and the second phase is equal to 21.80 and volatile solids
are increased. The final weight of the waste reached 6.86 kg and as a result, aeration in reducing the
moisture content of perishable food waste by biological drying method is a sustainable method to reduce

the moisture content of the waste.

1- Introduction

Currently, urban solid waste management is one of
the global problems, the main reason for which is rapid
urbanization, followed by the development of industrial
construction activities [1]. Waste-to-energy conversion
technology has the potential to reduce the volume of primary
waste by 90%, depending on the combination with energy
recovery [2]. In developing countries, increasing organic
waste is one of the most important environmental problems.
There are some waste disposal methods, such as incineration,
landfill, biogas production, etc., that are efficient but have
negative effects on the environment as well as public health.
Anaerobic and aerobic decomposition processes lead to
changes in carbon quality because digestible carbohydrates
are decomposed easier and faster. The aeration method is
currently being used in other countries, especially in Germany
[3]. The main advantages of this method are the reduction
of leachate pollution, mainly in the form of ammonium
and chemical oxygen demand, as well as the reduction
of methane production potential. Pre-disposal waste
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processing facilitates and reduces collection and disposal
costs. Reducing waste moisture is one of the methods of
waste processing to reduce the volume, increase the thermal
value, reduce contact with the environment by reducing
leachate. Biological drying is an automated thermal process
in which the rate of drying with the biological heat released
increases during the decomposition of organic matter on
site. Therefore, a suitable alternative for waste management
is proposed in terms of feasibility and cost. Biological
drying reduces moisture while preserving calories [4]. The
water content of municipal solid waste is a very important
factor that affects the combustion efficiency and hence in
the energy conversion processes into waste [5]. Therefore,
according to the above and the importance of the effect of
aeration in biodying in this article, we will investigate the
effect of aeration in reducing the moisture content of food
waste by biological drying [6]. Therefore, an innovative
pilot-scale biological drying system has been designed for
the treatment of municipal solid waste. Zaman et al. [7], in
their research on the process of biological drying, found that
the heat generated by the process of aerobic decomposition
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of organic compounds with air helps to dispose of waste. The
result of processing using bio-drying can be used as waste
fuel (RDF) and this fuel is produced from different types
of solid waste. RDF can be used as an alternative to coal.
From the results of the research, we find that the processing
of solid waste using bio-drying technology can be used in
the production of renewable energy as waste fuel (RDF),
reducing the amount of solid waste water, improving the
quality and Increasing the amount of recycled solid waste
is beneficial [7]. The aim of this study was to investigate the
performance of the biological drying process in reducing the
moisture content of food waste and the effect of acration rate
on accelerating the drying process.

2- Methodology

In the design and construction of a laboratory pilot, two
pilot devices were used to process perishable organic waste
for biological drying. To make the main body of the pilot,
PVC sheets with resistant high-glass color coating have been
used, which is an important reason for choosing this material.
And lack of permeability in the face of moisture and leachate
is produced by waste. Since the use of biological method only
for waste processing is very time-consuming and practically
somewhat uneconomical, in the design and construction of
the laboratory pilot, the mechanical method has been used to
some extent, and in this particular case, the air blower known
as tail has been used. The most important advantage is the
simplicity of the internal mechanism, availability and low
energy consumption.

2- 1- Residual moisture content

To determine the percentage of moisture, the oven drying
method was used, which is much more accurate than other
methods and is also a step of preparing the samples for further
analysis.

2- 2- Electrical conductivity

Electrical conductivity shows the ability of a sample to
conduct electricity as a number. In this experiment, 10 g of
the sample is mixed with 90 cc of distilled water and mixed
for 30 minutes, the samples are filtered and after 10 minutes,
the EC level was measured by a digital meter.

2- 3- The amount of ash and volatile solids

Place the empty container in the oven at 550 °C for 15
minutes and after cooling 2 g of the dried sample at 550 °© C
for 2 hours in the oven at 550 ° C. Finally, the sample was
cooled in a desiccator and weighed with a precision scale of
one-tenth of a milligram.

2- 4- pH value

First, mix one part of the sample with 5 parts of distilled
water (50 g of sample in 250 cc of distilled water) for 45
minutes using a mixer, and after 10 minutes, read the pH
value using a pH meter.
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2- 5- Total organic carbon

TOC samples were measured by TOC analyzer based on
NPOC (Non-Purgeable Organic Carbon) program. For the
design of experiments for waste processing by biological
drying method, important and influential factors should
be considered with determining variables, including these
factors and key variables can be the amount of mixing,
humidity, particle size, acration time, aeration amount, factor
Bulky and pointed out. Due to the importance of the above,
two steps were taken to cover all of the above, which include
the following steps:

The first and second stages were carried out with perishable
food waste prepared from the central self-service of the main
campus of Shahid Beheshti University (no decomposable
materials by separation) and with different amounts of
aeration in two separate devices (pilot), as well as the weight
of food waste Used as follows:

The weight of the waste used is gross 45 kg, which after
separating the indivisible part by 8.50 kg, its net weight
reaches 36.250 kg.

3- Results and Discussion

The purpose of this experiment was to investigate the effect
of aeration on reducing the moisture content of food waste for
biological drying of perishable food waste (no biodegradable
material by separation) and with different amounts of aeration
in two separate devices (pilot) that Done on different days. In
this stage, the experiments performed include two stages (first
stage: with four aeration cavities of 4 millibars per second,
second stage: with two aeration cavities of 3 millibars per
second) with a type of waste, the results of which Are analyzed
in detail in each basket by providing outputs related to the
measured parameters in each experiment. In this experiment,
the optimal rate has been determined according to the blower
power. It should be noted that this rate varies in different
types of blowers. The experiment was performed for 41 days
in the central greenhouse of Shahid Beheshti University. The
pilot environment is completely isolated during aeration and
no air entry and exit have taken place during the process.
The aeration rate is set by the board connected to the device.
Aeration in this experiment was performed based on previous
studies for 15 minutes every 2 hours. The parameters for this
experiment were reactor temperature, ambient temperature
and residual humidity, which were measured daily. Finally,
the weight of the residual waste at the end of the period (last
day) was significantly reduced and the total of two devices
reached 6.860 kg.

4- Conclusion

Biological drying is an automated thermal process in
which the rate of drying with the biological heat released
increases during the decomposition of organic matter on
site. Therefore, it offers an interesting alternative to waste
management in terms of feasibility and cost. Biological
drying reduces moisture while preserving calories. The use of
biological drying is a good method for the treatment of very
wet waste, which releases a large amount of leachate if the
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waste is burned directly and without any processing. Also,
the water content of municipal solid waste is a very important
factor that affects the combustion efficiency and, therefore
the energy conversion processes into waste. The aim of this
study was to investigate the effect of aeration in reducing the
moisture content of food waste by biological drying of waste
food from perishable food waste. Therefore, an innovative
pilot-scale biodegradation system has been designed for the
treatment of municipal solid waste and considers important
and influential factors with determining variables including
mixing rate, humidity, particle size, aeration time, aeration
amount and bulk factor. , And due to the importance of the
above, two steps have been taken to cover a significant part
of the above. The obtained data showed that in the first and
second stages, EC decreased with time also after the cycle
in the first stage, the existing waste lost its moisture and the
most significant changes were observed from the nineteenth
day onwards. At the end of the period is equal to 25.10 and
in the second stage, the existing waste loses its moisture
relatively and the most significant changes are observed on
the twenty-sixth day and after the end of the period is equal to
21.80 that the stage Second, compared to the first stage, the
percentage of moisture decreases and the amount of volatile
solids increases, and the reason is the different amount of
aeration in the two pilots. The results showed that the weight,
volume and moisture content of the residue decreased as
well as the pH of the leachate (8.35) of the residue stabilized
and largely removed and remained at 30-40CC and the
volatile solids (VS) were constant. The final weight of the
waste is equal to 6.860 kg. Therefore, aeration in reducing
the moisture content of perishable food waste by biological
drying method is a sustainable method to reduce the moisture

content of the waste
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Fig. 1.Diagram of biodegradable organic waste preprocessing for moisture reduction using biodrying
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Table 1. Average of Iran municipal waste composition percentage in 1994
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Table 2. Food waste composition used in the study

AL e Al
3% LG
Siloe P A
’ O/« ANYO- Y&IYO-

Glisee slaigy 50 &S Wil o alBlin (Labl) oKiwd 9o jo cuglaie
Slislejl als po ol 55 sl ool cowd 4 b3 s &5 cunl s sl
¥ o 4 Ladlgn oyin sles bz gl alsye) Ay g3 Jolis o0 plox
2k e ¥ jlade 4 molem o jis g3 bizpgd dls o < Ml 5 )L e
S 0 3 S g0 4y o gl o Al e Slowy g5 S L (440
oialel 2 53 0ad (6ol gla o)l b lasye sla2g S @)l L
@ aag b Ghlejl ol 3l aB)S )15 oo g 55 3)90 9 (o
Elgil 10 &5 cpl sl S5 4 p3Y (uwl 0050 5 yund digy F 53 08ied (g3
2959 Y Gde p ond pbul Liales] il e cglie osied calise
ool e sl 438, plool i dags ol (558 yo SIS e
Oloj 03 I 9,5 9 39)9 495 b 5 039 Ayl Mals” (m3lga o
ol 4 45 (3 bawgs mdlgn lie ol 458,55 & g0 sl )3 plol
Slalae Lolul g iolojl ol > 2dlgn .ol 003,35 s 039 Juaie
S5 5y50 (g yiolyl ] 8 )F Cygo el ¥y )0 d&BX VD i
adllas 390 Slowy Cagh) g Lo (slod ()g5T, (slod cptulejl ol sl
el 48)S )13 Jiomias 3)90 dlljg) 45 039,
Cogby g Oyl anyd o

sly @bl Gaye g I Cusby g Ol d2yd e dlaye ol 5
el 4835 )13 g0y 2 3)90 595 2

dspo o )l g S Cagboy 9 ol 42y (e 5 s pe
sly casb)y 9 Sl Glise pod 9 Jgl dl e 3 45 am3 0 (Lt (5hL)
Gl 0391 Sy Sygo 4 93y

Cugbyneyy e
M8 oar 2550 okl 93 5l ds a3 Wl Cugby wopd

Al oo oanliio JB O Jouo )3 Sy pa & bgyje wledbl g ad S

8  Milibar second

03Lws! 3590 Wilowwy CuoS’

S g Bl Ay 4 245 b g 485 plol Sluslxe 3o
oS ol Blony p)S5LS YO 250> & jl5 LalKtlojl bl clozisy )
el (b ol (oySailal g 3l aspe o gl e ol ko
Gy ez Gialeil ol sl sy 2SI 0 3900 &) (e e
L RSE 5 mee Jolge b (Soigdon (95 Sid gy 4 Slawy
Sboysio 5 Jelge ool dloa 5l 85 a3 0utiS e sl jesite L
fdlon ploj Tl ol foughy TEMST (i & plgie slS
(398 2ylg0 Coadl & g b3 )S o)Ll g7 s Jole O adlen lade
Jolis &S 15,5 398 3,190 dam (3l idgs (gly Yals yo ¥ ploul &y pldl
i 1 (gl yo

gy il jlord ans pddlad olie Wlows L pgd 9 Jol al> 5o
ajes BB s dlge 381) (dag b oSy (Lol (s (65550
Bl (abl) ol&iws g3 y> wglate adled Hlade b g (glolis &,k
Vst g 4 oad odlitel (ol Slewy (g oeimen b el

sl e

Cou g b -Y

Cagby (tals 5o (malsn 56 )y Glalefl cal Pl ) Baa
thE Slowy I Jols Slowy (S5edsm (3)5 Sid gl p (e Slowy

2o jlade b g (jlulia @b jl 4o LB ye dlge 131) jadpalus

Mixing Ratio
Moisture Content
Size

Aeration Time
Aeration flow
Bulking Agent
Run

NN B W N~

IAARZA



BOVE b 00+ Y dsxiis N+ e Jlo VY 0)loud OF 093 ¢S ool (lpos suoite & pis

Jol e yo ©obl (y95m 9 S35 Cughy g @yl a3V Jgua

Table 3. Indoor and outdoor temperature and moisture of pilot in the first stage
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Table 4. Indoor and outdoor temperature and moisture of pilot in the second stage
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Table 5. Food waste composition used in the study
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Fig. 2. moisture content in the stage 1

S ISTD)

aed D3 ada yLE ) Ay 9 A8 g G J9)  aled 5 Iy

W gl dew = pgs shly Wpgs dw = p90 Ssbly M pgus s — g0 Dokl

Fig. 3. moisture content in the stage 2

o0



OOVE OO asxas ¥ JL») NY o)L,..;: HY 0)9d &).:.‘5).:.0] u])o& (e Ayl

5 6
x_3: 5
5 4
7

> 33
% 1 2
34
% 0
b}

%

Py P
4B 59, 5 39,

e [ C G{bé‘}.lb b;&} )LP l; LS:L.\.C ..MLM.J

23l 55,

Jol dmped v s gl amped den s gl st dn gl pgd s gl g s 5l g s e

P pom Py Py~

e 395 PR 5 S 39 ol 5 o 59

e—FEC 20l 0, g0 b i¢ wilewy

P90 9 Jg‘ 41>’a ) EC @l’b ¥ Jst
Fig. 4. EC results in the stages 1 and 2

120.00
100.00
80.00

60.00
40.00
20.00

0.00

P 39 ™~ 59)

VS gl s = Jol Dobly

B V/S oo s — sl Sshly

o h b i wd

el 59,

9 S 59y AT 9 o 39y

o 39)

B VS 655 o - Jsl sl

o e = Jsl S5k g, oo

S SO NICT RSSOV T R R

Joldla 5o ;3 VS g Cugby o yd dn e O S

Fig. 5. Comparison of moisture content and VS in the stage 1

OiblS dals  molen (clae yas iy dlisd 4 dagi b pod dls o Cons &
o yo deuw o 52 b 53, 50 4 yge 4 292 el EC e g
ol dawy V23 g5y Wil oo paittns 2Olad (5 ym0 13 &S Y 0)leid

SR Ol Gl @

o1d dwolis (VS) )18 Slials lime 9 Cogby dops dls yo ol 4
g Cugb,y gals 5l (Sl ¥-Y b S5 55 sl Cund 4 uls 45 el
il eyl Sliels )3l

e JSw cisdS jlam canl saalie B O JSG 0 oS job len
Ol C e 9 031> Cad 1 398 Cuglo) 39290 Aoy Jol > po

ol 005 odaldie dn 4y w2355 59 )0 Hboliae

el calan dlj; ol @
Ol dgmge oMl lise oaims ol of (oSl colia
A e il 3 EC L1y o] &8 (Sl colan aoly il o
pumho/cm ol o35 S xSl colun oy g 136 o mho L \-0hm
9,50) S1emens/cm b ST i ;3 45 (o ko y (wge 9,Ss0)
Mo (150 cul 53 9y e 1098 o0 030> Glales (e il (e
1 2390 oinlafl Cosbly 5l 59, pm )5 Al ye a3 a2 (ol EC
IR
oS umd o Lt odel Cuns 4 BC s ¥ S5 5 caond oyl o
DialS oyl 8 sl aly LzalS loj L3S L EC pos g Jol dloyo 3

Jol als 5o 53 9 039 sy p9d 9 Jol e S & oy a1 gl

INARR



BOVE b 00+ Y dsxiis N+ e Jlo VY 0)loud OF 093 ¢S ool (lpos suoite & pis

90.00
80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00
0.00
pows 39y o 39 po35ls 5,

B VS sl o pgo gl

B VS g o pgd Ssbl

T P90 S P9 Dbl Coghy wo)s

ML

o 33, iR g S 35y eyl 9 (o 39,

I VS 60 s pgd Sgbl

eyl s o S3hle Ssb, aoys

P S p93 Sobl- Cugb) o)

093 da o ;3 VS g Cusb,y o yd dglile & S

Fig. 6. Comparison of moisture content and VS in the stage 2

45 TOC 5 pH s 5 Jyaa
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