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ABSTRACT

The disposal of solid waste is the last operation of solid waste management. Composting can be considered as an
attractive onsite waste disposal option for the management of organic solid wastes. The medium scale waste gener-
ators (25-50kg/day) do not have proper, adaptive technology for the production of compost. In this study, it was
attempted to design, construct and evaluate a composting bin system for the management of organic waste in res-
taurants and guest houses. The composting structures designed were installed in Kataragama town. Kitchen and
garden waste was used as raw material. The first composting system is composed of six bins while the second sys-
tem had only four bins. The six bins system was operated using only six bins for the total composting period while
other was operated using four bins. Kitchen and garden waste mixture (3:1) was used for the composting. Waste
in the first week was added to the first bin and then degrading waste in first bin was transferred to the next bin in
second week. This procedure was followed until the completing the compost production. Temperature is recorded
daily while pH, EC, nitrogen and organic carbon were measured once in a week. Selected physical and chemical
parameters of the compost were also determined. The quality parameters in both rotation systems are almost
similar to the compost standards given by Sri Lanka standard institute. The four bin rotation system is quite com-
plex than the six bin rotation system and therefore, six bin rotation system can be recommended since it can be
operated easily. Based on the results of the study, the designed composter can be successfully used for the produc-
tion of compost from kitchen and garden waste.
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INTRODUCTION charged through the drainage lines and they
are generated domestically, commercially,
industrially and through health care and gar-
dening activities (Vuai, 2010). The composi-
tion of waste and the rate of generation are
changed with the economic status of the resi-
dents, geographical location, social and cultur-
al habits, and climate of the area. The safe dis-
posal of MSW having different materials is a
big challenge for local authorities (Gunaruwan
& Gunasekara, 2016). Even though methods
have been developed and are being developed
for the management of MSW, it is not possi-

Waste generation in various human activities is
an ever increasing process due to the increase
of population with the demand of new necessi-
ties of the people. The urbanization of people
seeking more facilities intensifies the munici-
pal solid waste (MSW) disposal problem in
cities of the local authorities since the waste
disposal is to be disposed in environmentally
safe approaches. The municipal solid wastes
refers to the materials that have no value to the
concerned person and that cannot be dis-
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ble to apply the same method for all locations
where wastes are generated. The suitable meth-
ods should be selected or developed based on
the quality and quantity of wastes, economic
statues of the local authority, technical
knowhow of the management personals and
climatic and geographical conditions of the ar-
ea.

The total estimated waste generation in Sri
Lanka is 10,768 tonnes per day in year 2013
(JICA, 2016) and now it may be more than
15000 tonnes per day according to the popula-
tion and economic growth rates. The waste
generation rate in the local authorities of Mu-
nicipal Council, Urban Council and Pradeshiya
Sabhas (smallest administrative unit of local
authority) is not equal and it varies depending
on several factors. However, it is estimated that
the waste generation potential in Sri Lanka in
2015 was 1.297 kg/person/day and is being in-
creased due to economic growth of the country
(JICA, 2016). Across Sri Lanka there are 297
local authorities and they are the responsible
agencies for the management and disposal of
solid wastes in their purview. The most preva-
lent final waste disposal method practice in the
most of the local authorities in Sri Lanka is
open dumping due to low cost, easy to practice
and less technology involved. The open dump-
ing of wastes creates the detrimental effects on
environment and health hazards for flora and
fauna. However, the dumping of collected
wastes in the places which are richer in biodi-
versity such as river banks, road sides, wet-
lands and marshes are frequently practiced by
local authorities in Sri Lanka (Gunawardana,
Basnayake, Shimada, & Iwata, 2009).

The degradable component of MSW in the
most of developing countries is comparatively
higher than the developed countries (Bhada-
Tata, 2012). It has been observed that about
90% of MSW in Sri Lanka are degradable or-
ganics in nature (Menikpura, Ariyawansha,
Basnayake, & Tharinda, 2007). However, the
quality and the rate of waste generation in dif-
ferent parts of Sri Lanka have considerably

been changed in recent past, due to rapid ur-
banization and economic conditions.

The biological approaches, aerobic and anaero-
bic degradation, are considered as most popular
methods for the management of organic frac-
tion of municipal solid wastes (OFMSW) at
present (Tchobanoglous et al.,1993). Aerobic
digestion or composting is natural process by
which degradable organic matter is trans-
formed into complex stable compounds; carbon
dioxide and water by aerobic microorganisms,
and no readily degradable materials are found
in final stable product called compost (Gomez,
2006; Iyengar and Bhave 2006). The separation
of organic fraction from MSW is to be per-
formed at first instance for the composting.
The non-degradable materials such as glass
particles, plastic fragments and elevated trace
metals are not suitable for composting. The
separation of OFMSW after collection of
mixed waste is difficult and not feasible than
the separation of waste at the places where
waste is originated. More organic degradable
waste generates from residencies, restaurants,
guest houses, hotels and food stalls and on-site
composting can be used for the management of
degradable organic waste at such places
(Hwang et al., 2002). Composting bins are
more popular for the waste management in res-
idencies where a little amount of wastes are
generated and the different composting bins
have been developed and practiced in Sri
Lanka (Premachandra, 2006). In on-site bin
composting, the separation of waste is very
easy and the compost can easily be produced in
a little effort (Papadopoulos et al., 2009;
Kalamdhad and Kazmi, 2007). However, those
composting bins cannot be used for the produc-
tion of compost in restaurants and guest houses
since the amount of waste generated in such
places are considerably higher than that of resi-
dencies. Therefore, it is necessary to develop a
suitable composting method for such places for
the management of organic waste through the
production of compost. In this study we at-
tempted to design, construct and evaluate a
composting bin system for the management of
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organic waste through the production of com-
post in medium scale waste generators (25-50
kg of wastes per day) such as restaurants and
guest houses.

MATERIALS AND METHODS

The location of the study was selected consid-
ering the availability of guesthouses and res-
taurants. At the beginning of the study, the
waste generation rate of the restaurants and
guesthouses were estimated. Based on the
composition and waste generation rate, a se-
quential composter waste designed. The de-
signed composter was established and operat-
ed in the selected guesthouses. The important
parameters for the evaluation of the process
of composting were monitored and the quality
parameters of compost were also determined
at the end of the study for the evaluating the
quality of compost for agriculture.

Geographical location of the study

The location of the study is Kataragama
which is situated in Monaragala District in
Uva Province of Sri Lanka and its geograph-
ical coordinates are 6° 25' 0" North, 81° 20'
0" East. The distance from Colombo, capital
of Sri Lanka is 228 km. It is a religious town
where Ruhunu Maha Kataragama devalaya, a
shrine dedicated to Skanda-Murukan, a fa-
mous shrine and ancient Buddhist temple are
located. Therefore, different religious groups
visit the area during annual festival season as
well as the holidays and weekends. Although
Kataragama was a small village during past,
today it is a fast developing town.
Kataragama belongs to low-country dry zone
and annual rainfall is about 1500 mm. The
nearby river (Manik Ganga) is the only water
source and almost all other reservoirs are sea-
sonal. The population of Kataragama divi-
sional secretariat for year 2007 was 20,945
individuals in 5482 families. Its floating pop-
ulation increases tremendously greater than
20 times its inhabitants during festival season.
It also becomes crowded at that time with
many businessmen, transitory merchants, se-
curity persons, beggars and other service pro-

viders. And also there are many guesthouses
and restaurants in Kataragama. As such, the
waste disposal is one of the major problems in
the town.

Site selection for composter

Easy access, availability of water and suffi-
cient space for loading and unloading of waste
were considered for the selection of suitable
places for the construction of Sequential Batch
Composters (SBC). Ceybank Resort (CR) and
Elder’s Residency (where elder are living by
the government donations) at Kataragama
town were selected for the construction of the
SBCs.

Ceybank resort has 26 rooms and six halls
which can be utilized to provide lodging facil-
ities for approximately 175 persons per day. In
addition to guests, 12 more persons work at
Ceybank resort and approximately 150 kg of
kitchen waste and 50 kg of garden waste was

generated per week. Land area of the resort is
about 0.2 ha.

Elder’s Residency (ER) has the capacity of 45
regular residents and 7 employers and the land
area is about 0.6 ha, where approximately 200
kg of kitchen waste and 60 kg of garden waste
per week are generated. SBCs were estab-
lished at the very corner of the land in both
locations to avoid unpleasant odors if any.

Design and construction of sequential batch
composters

Sequential batch composters having six com-
partments were designed to install in above
two locations. The approximate volume of sin-
gle compartment of the SBC is about 0.65 m’.
The plan of the SBC and the construction be-
ing carried out are shown in figure 1 and 2,
respectively.

The sequential batch composters were con-
structed using bricks, cement and sand while
the roof was made out of metal sheets. The
dimension of a  compartment  was
1.35%0.9%0.45 m (lower side); 60 m (upper
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side). Concrete basement was also used to
avoid any leaking out of leachate from the
SBC into nearby soil. Two and half centime-
ter holes (diameter) were made on the walls of
the each compartment to facilitate the aeration
and to avoid possible anaerobic digestion of
waste. A wooden sliding doors and metal
roofs (folding) for each compartment were
made to easy loading and unloading of waste.

Physical and chemical analysis
The physical and chemical parameters of raw
material (compostable organic waste) before
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Figure 1: Plan of the SBC

Figure 2: SBCs are being constructed

the composting, during composting and end
the end of the composting process were deter-
mined for the monitoring of the composing
process in SBCs and to determine the final
quality of compost. Temperature was record-
ed using a digital thermometer (Tenma test
equipment, 72/7712) while air temperature
was recorded using standard thermometer.
Grab samples were taken from the each com-
partments of SBC and mixed together, dried
and powdered for the determination of total
organic carbon, total Kjeldahl nitrogen, total
phosphorus, electrical conductivity (EC), pH,
and heavy metals. Organic carbon was deter-
mined by Walkey and Black method while
TKN was determined by micro Kjeldahl
method. Phosphorus was determined by acid
digestion outlined in standard methods
(Clesceri, Greenberg, & Eaton, 1999). Twen-
ty grams of dried, powdered samples were
taken and diluted with 40 mL of distilled wa-
ter and shaken, kept for about one hour and
measured the pH and EC (Gupta, 1999).
Heavy metals (Cd, Cr, Cu, Zn and Pb) were
determined by an Atomic Absorption Spec-
trometer (5100 PC Spectrometer; Perkin-
Elmer).

Experimental Procedure

The designed and constructed SBC were eval-
uated by following the two types of feeding
techniques at ER and CR. The waste genera-
tion in CR was quite low during the study pe-
riod. Therefore, we followed the four bin rota-
tion (FBR) system while the six bin rotation
(SBR) system was followed for ER.

In the four bin rotation system, first, waste
was fed to the first bin of the composter for
one week, and they were kept in the second
bin during the second week. The waste com-
ing from the second bin at the end of the se-
cond week was kept in the third bin for 1 to 3
weeks. Then, at the end of the fifth week, the
wastes in the third bin (3, 4 and 5 weeks old)
was transferred to the fourth bin and kept
there for 6-7 weeks until the compost was ma-
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tured. During the transferring of compost
from one bin to another, waste was properly
mixed and therefore, no additional mixing
was required. However, the moisture of waste
in bins was checked and water was added if
required during transferring and mixing. The
mixing of degrading wastes in the third and
fourth bins was practiced in once a week
since the waste are kept for more than one
week in those bins.

The waste was kept only one week in each of
first three bins of SBC during the six bin rota-
tion system. During the fourth and fifth
weeks, partially degraded wastes was kept in
the fourth bin and then they were transferred
to the fifth and sixth bin after keeping them
only one week in each bin. In the sixth bin
partially composted waste was kept for about
6-7 week to complete the composting pro-
cess. In this rotation procedure, all the six
bins of the SBC were used while in the FBR
system, only the first four bins are used for
the composting process. The four bin rotation
system is suitable for the places where waste
generation quite law (<25kg/day). If the
amount of waste is low in bins, it is difficult
to maintain the proper moisture content suita-
ble for composting. During the composting
process, the volume of degrading waste is re-
duced due to microbial degradation, and
therefore, to maintain proper moisture condi-
tion waste in two bins is needed to be mixed.
Kitchen and garden waste are mixed together
(3:1) to maintain the suitable C/N ratio before
feeding to the composters. Moreover, garden
waste plays the role of bulking agent.

Table 1: Quality parameters of collected waste

RESULTS AND DISCUSSION
Composition of waste

Waste composition of two places where the
SBC:s is to be installed was determined. Kitch-
en waste generation was higher (75%) than the
garden waste (25%) at Ceybank rest. Kitchen
waste was comprised of rice (56%), fruits
(20%) and vegetables (24%) while dried
leaves (68%) and fresh leaves (32%) were the
main waste components.

Composition of waste in ER was almost simi-
lar to that of CR. Kitchen waste generation
was 77% of total waste generation and the rest
was garden waste (23%). Rice, fruits and veg-
etables accounted for 60%, 14% and 26%, re-
spectively. Sixty five percent of dried leaves
and 35% of fresh leaves were found in garden
waste. It appears that waste in two places is
very good for composting with respect to the
biodegradability.

Quality parameters of collected waste
Selected physical and chemical parameters
that are important for the microbial degrada-
tion of waste were determined in the two se-
lected (ER and CR) places where SBCs are to
be installed. Samples were collected separate-
ly as garden and kitchen waste and were ana-
lyzed for organic carbon, nitrogen, moisture
content and organic matter (Table 1).

Carbon to nitrogen ratio which is very im-
portant for the composting was also calculat-
ed. The general optimum C/N ratio of raw ma-
terial for composting is 25:1, higher ratio re-
duces the degradation rate and lower material
increases the nitrogen loss (de Bertoldi, Val-

Parameter Ceybank Rest Elder’s Residency
Garden Kitchen Garden Kitchen
waste waste waste waste
Moisture (% ) (wb) 78.51 23.90 69.64
Organic carbon % (db) 51.36 55.74 51.79
Nitrogen % (db) 2.41 1.6 1.96
Organic matter % (db) 93.83 88.55 96.08 89.29
C:N ratio 21:1 35:1 26:1
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lini, & Pera, 1983). Mixing of two types of
raw materials gives approximately proper C/N
ratio for composting and it will help to main-
tain the proper moisture content also.

Variation of temperature during compost-
ing process in SBCs

Temperature variation during the composting
process shows the microbial activity, by
which ultimate quality of compost will be de-
cided. Temperature variation of the compost
indicates the existing degradation phases of
composting process. Three major temperature
ranges of composting process have been iden-
tified by Gomez (1998) as mesophilic (10-40°
C), thermophilic (40-60°C) and cooling (40-
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10°C) phases. Variation of temperature in two
SBCs and air are shown in figure 3.

Temperature in two composting systems is
almost similarly varied during the composting
process and there is no significant difference
(»=0.98) in temperature variation among the
two types of rotation. The maximum tempera-
ture in ER where the SBR followed and in CR
where the four bin rotation was practiced
were 61.7°C and 61.4°C, respectively. How-
ever, minimum temperature was similar
(27.6°C) in two locations. Temperature pro-
file of this study has not followed the typical
pattern (Adrian et al., 2002). It appears that
initial mesophilic phase was only a few days
in two composting bins. Similar pattern of

A

—s—Temperature in Air
—s—Temperature in Compost

10

Temperature (°C)

Time (Days)

—s—Temperature in Air
—=—Temperature in Compost

10

Time (Days)

Figure 3: Temperature variation during the composting process in SBCs at four bin rotation

(A) and six bin rotation (B) processes.
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temperature variation has been observed
when kitchen waste is used as feeding materi-
al (Arslan et al., 2009). Kitchen waste con-
tains a lots of food materials that are easily
degradable. Therefore, the rate of microbial
activity is prominent from the inception of the
composting. Then, the temperature reached
quickly to thermophilic phase and continued
up to 55 days. The waste used for the com-
posting has the garden waste, which contains
organic matter having cellulose that is quite
resistant microbial degradation. Therefore,
longer thermophilic phase is a good indicator
for converting cellulose (resistant material) to
compost by microbes involved in composting
process (Bustamante et al. 2008; de Bertoldi
et al. 1983). The cooling phase of composting
process occurred until the end of composting
process from 55 days onwards. Quite constant
temperature was noted during this period
showing the compost being matured. The
sudden temperature drops were observed
when transferring the degradation waste from
one bin to another in both SBCs (Figure 3).
Moreover, during transferring of waste, water
was also sprayed when required and it also
caused to the reduction of temperature.

pH of waste during composting

The wvariation of pH of composting waste
SBCs (FBR and SBR) were recorded and
shown in figure 4. The pH of the degrading
waste varied in between 6.8 and 8.7 in SBR
composter while, it was in between 6.6 and
8.3 in FBR system. The optimum values of
pH should be 5.5 to 8 (de Bertoldi et al.,

9.0 1

—— Four Bin Rotation
85 4

—=—Six Bin Rotation

0 2 4 6 8 10 12
Time (Weeks)

Figure 4: pH changes during composting in
two SBCs

1983). In this study, a little high pH vaues
than the optimum values were observed and it
is basically due to the presence of food mate-
rials containing more proteins.

Generally pH at the beging of composting is
reduced due to the activity of acid forming
bacteria who break down of complex organic
materials to organic acids and their inter-
medites (de Bertoldi et al., 1983). However, in
this study, from the inception of composting,
pH tends to increase. This is basically due to
the high temperature (figure 3) which causes
the volatilization of amonia through the nitro-
gen loss. High pH values were recored during
fourth week of the feeding in both rotation
systems and it is due to the accumilation of
ammonia compounds in composting materials
due to decomposition of proteins in wastes
(Pagans et al., 2006). High pH values ob-
served in SBR system were significant over
FBR system (p=0.011). High pH in SBR may
be due to nutrient content of waste material.
However, pH gradually decreases with time
indicating the reduction of ammonia release
towards end of the composting process.

Electrical conductivity in waste during
composting

EC reflects the salt content of the composting
products and their suitability for plant growth.
Soil amendments having high EC is not suita-
ble for plants since plants experience water
absorption difficulties because of the osmosis
effect and moreover, they are phytotoxic
(Lasaridi et al., 2006).

~
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Figure 5: Variation of electrical conductivity
during composting in SBCs
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Electrical conductivity was gradually reduced
in both rotation systems during composting
process (Figure 5). Electrical conductivity of
the samples varied in between 5.22 and 6.24
dS/m in FBR, and 4.65 and 5.76 dS/m in
SBR. Electrical conductivity in low in decom-
posing waste in SBR system compared to
FBR system (p=0.001). It indicates the solu-
ble material is low in SBR system. It appears
that more soluble salts may have been re-
moved from the compost in SBR system.

Carbon and Nitrogen ratio in decomposing
waste

Organic carbon in waste is gradually reduced
from ~54 % to ~39 % in both rotation systems
during the composting process due to the deg-
radation of waste by aerobic microorganisms.
Reduction of carbon during composting is ba-
sically attributed to the mineralization of or-
ganic matter resulting in the release of organic
carbon as carbon dioxide (Said-Pullicino et
al., 2007). Energy required for microbial
growth and development was taken by the ox-
idation of organic matter and heat also gener-
ated resulting the increasing the temperature.
Therefore, organic carbon content should be
gradually reduced. The reduction of organic
carbon was observed as expected (Figure 6).
Even though, two rotation systems show the
different percentages of organic carbon, the
changes are not significant (p=0.12).

—— Four Bin Rotation

—=—Six Bin Rotation

Organic Carbon (%, db)
[ T R S Y S
S B ® 6 S ©

w
«

Time (Weeks)

Figure 6: Changes of organic carbon during
the composting of waste in two types of rota-
tions in SBCs

Nitrogen in decomposing waste

Nitrogen content of waste is one of the most
important nutrients for the success of the com-
posting process. Organic nitrogen existed as
part of the structure of proteins is mineralized
to ammonia and nitrate by ammonification
and nitrification reactions (Silva et al,
2007). At the early growth stages of the mi-
croorganisms, carbon utilization is high.
Therefore, the carbon content was rapidly de-
creased at early stages of the composting pro-
cess. Loss of nitrogen from waste as ammonia
is considerably less when compared with car-
bon and it causes to rapid decrease of dry
weight of the waste, resulting the increase of
the nitrogen content. Therefore, nitrogen con-
tent of the degrading waste should generally
be increased as observed (Arslan et al., 2009).
However, in this study, nitrogen content of
degradation waste is initially increased and
then decreased (Figure 7). Nitrogen reduction
may be due to the removal of nitrogen from
degrading wastes as leachate.

Variation of C: N ratio

At the first stages of the composting process,
C: N ratio is gradually decreased because of
the reduction of the carbon content over nitro-
gen. Later stages, C: N ratio is increased basi-
cally due to the reduction of nitrogen (figure
7). Finally C:N ratio of compost reached to
around 19-22 in two types of rotation systems

—— Four Bin Rotation

—=—Six Bin Rotation

Time (Weeks)

Figure 7: Changes of organic carbon during
the composting of waste in two types of rota-
tions in SBCs
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(figure 8) complying with recommended val-
ues of matured compost (Sri Lanka Standard
1246, 2003). The reduction of C/N ratio dur-
ing composting is an indicator for the stabiliz-
ing the compost. However, the final C/N rati-
os depend up on the characteristics of the
feeding material (Silva et al., 2007). Usually,
compost is considered stable when the C/N
ratio is approximately 17 or less, unless ligno-
cellulosic material remains (Silva et al.,
2007). It seems that the C/N ratio of this
study is greater than 17 indicating the insta-
bility of compost. However, Forster et al.
(1993) reported that the C/N ratio is not a
good indicator for the determination of ma-
turity of compost. The compost production
systems having pH over 7, the C/N ratio may
change a very little during composting be-
cause of the carbon and nitrogen loss simulta-
neously as carbon dioxide and ammonia
(Sullivan & Miller, 2001).

Quality of compost

After maturation of compost in SBCs, sam-
ples were taken and determined the selected
quality parameters. The determined values of
quality parameters were compared with the

standard values outlined by Sri Lanka stand-
ard institute (Sri Lanka Standard 1246, 2003).
Color, moisture content, pH, nitrogen, C/N
ratio, and organic carbon content of the final
compost were in the range of standard com-
post while EC and particle sizes are different
from the standard values. Available phospho-
rous from the compost in SBR was within the
recommended level while it was not in the
recommended range in compost taken from
the FBR composter. Table 2 shows the quality
parameters of compost produced in SBCs and
the standard values of compost produced from
domestic waste.
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Figure 8: Changes of Carbon to Nitrogen ra-

tio during the composting of waste in two ro-

tation systems in SBCs

Table 3: Selected physical and chemical properties of compost

Properties Standard Value Four Bin Rotation Six Bin Rotation

Color Brown / grey to dark  Brown / grey to Brown / grey to
black dark black dark black

Moisture content (% in db") <25 24.68 20.27

pH 6-8 7.34 7.21

EC (dS/m) 0.5-4 4.98 4.21

Nitrogen (% in db) >1.0 2.04 1.89

C:N ratio 10-25 19:1 22:1

Phosphorous (% in db) >0.5 0.38 0.62

Organic Carbon (% in db) >20 38.85 40.58

Cadmium (mgkg™) <10 Not detected Not detected

Chromium (mgkg™) <1000 12.47 Not detected

Copper (mgkg™) <400 4.96 2.4

Zinc (mgkg™) <1000 48.24 95.99

Lead (mgkg™) <250 Not detected Not detected

*Dry basis
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CONCLUSION

The design and constructed SBC was evaluat-
ed for the production of compost using kitch-
en and garden wastes generated from medium
scale restaurants. The composter is comprised
of six bins where waste generated in different
days can be accommodated and transferred to
bin to bin according to the degree of degrada-
tion until compost is produced. When the
amount of waste generation is low, FBR sys-
tem can be practiced successfully. The quality
parameters, which are used for the evaluating
the compost quality, in both rotation systems
(FBR and SBR) are almost similar to the com-
post standards given by Sri Lanka standard
institute. The electrical conductivity of com-
post in two systems is slightly higher than that
of recommended. Standard germination and
growth tests have not been performed in this
study to determine the phytotoxic effect.
However, we suppose that phytotoxic effects
may not arise since the feed stocks are not
mix with municipal solid waste. The four bin
rotation system is quite complex than the SBR
system and therefore, SBR system can be rec-
ommended. However, if the availability of
waste is low, FBR system can also successful-
ly applied. Based on the results of the study,
the designed SBC can be successfully used for
the production of compost from kitchen and
garden waste generated from medium scale
restaurants.
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