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Original Research Abstract:

Purpose: Vegetable waste (VW) composting was assessed using a passive aerated pilot-scale composter at

RCCCIV?dI Kundasang, Sabah. The passive aerated composting system proposed at Kundasang Community Composting

12 A.prll 2023 Site (KCCS) was analyzed for its techno-economic impact.

Revised: Method: The composting performance (temperature, organic matter loss, moisture content, pH value,

8 July 2023 electrical conductivity, and nutrient value) of 500 + 2 kg of VW, 250 + 2 kg of RH, and 19 + 1 kg of CM

Accepted: feedstock mixture was analyzed. The benefit-to-cost ratio was used to assess the impact of the techno-

29 October 2023 economic analysis on the designed and piloted KCCS.

Published online: Results: In the pilot scale composting condition, temperature reached its highest at 59 + 7 °C (day 5) and

15 January 2024 for five consecutive days (day 2 until day 6) in the thermophilic phase. Results of the final compost (on a
dry matter basis) showed that the moisture content is 62 + 0.2% WM, the pH level is 7.6 + 0.1, the electrical

© The Author(s) 2024 conductivity is 1.8 + 0.4 mS/cm, and the N, P, and K values are 0.58 + 0.10% DM, 0.04 + 0.02% DM, and

0.17 £ 0.04% DM, respectively. The techno-economic analysis shows that with the capital cost normalized
on a 20-year basis, the KCCS composter system can generate approximately MYR 25, 000 (USD 5, 600) per
year in revenue.

Conclusion: The results show that these composting methods are suitable for VW and Kundasang community
conditions, and this study will benefit the community in dealing with VW waste and generating a circular
economy while establishing a self-sustaining community.

Keywords: Vegetable waste; Composting; Passive aerated composter; Community composting; Techno-economic analysis;
Sustainable development

1. Introduction is environmentally harmful and resource-wasting, so the
recommendation to replace it with more environmentally

Kundasang, Sabah, is a rural area about 100 km from the ~ sustainable and recycling-efficient approaches, namely com-
urbanized capital of Kota Kinabalu. It has a complex land- ~ posting, arises.

scape that is affected by many social, tourism, and eco- Composting is a biochemical process described by Bernal
nomic activities. As one of the biggest vegetable distrib- et al. (1998) that relies on the conversion of organic matter
utors in Sabah, Kundasang generates approximately 1 ton  through microorganisms and occurs in a water-soluble phase
of vegetable waste daily. Vegetable waste is generated in  to stabilize organic matter. The Food and Agriculture Orga-
huge volumes, and since landfilling and incineration are the ~ hization (FAO) stated that composting may be divided into
two most common ways of disposing of it, handling this WO categories by the nature of the decomposition process:
waste has become a significant issue. The current method anaerobic digestion (decomposition occurs where oxygen is
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absent or in limited supply) and aerobic degradation (in the
presence of oxygen). In low-temperature digestion, anaer-
obic microorganisms dominate and develop intermediate
compounds (including methane, organic acids, hydrogen
sulfide, and other substances) that may accumulate and are
not metabolized further. In composting, aerobic microor-
ganisms break down organic matter and produce carbon
dioxide (CO;), ammonia, water, heat, and compost, the rel-
atively stable organic end product. Eq. 1 displays a simple
conversion of the composting process into CO,, H,O, NH3,
and a significant amount of energy is released (Diaz et al.,
2002; Finore et al., 2023; Yaser et al., 2022). The heat
generated accelerates the breakdown of proteins, fats, and
complex carbohydrates such as cellulose and hemicellulose;
hence, the rotting duration is shorter.

Biogenous waste +O; + microorganism =

CO, 4+ H0 + NHj3 + compost 4 heat M
Malaysia, as a significant producer of rice, has an abun-
dance of rice husk (RH), with an annual production of over
0.48 million tons (Eizlan et al., 2022). This provides an
excellent opportunity for utilizing RH in composting, as it
offers advantages such as high capillarity, increased venti-
lation, enhanced water-holding capacity, and control over
moisture content (Bian et al., 2019; Li et al., 2021). In com-
parison, rice straw, despite higher production (3.18 million
tons/year), presents logistical challenges, including han-
dling and collection from the field, making it less favorable
in terms of cost-effectiveness (JS Lim et al., 2012).
Bulking agents are important for the composting of veg-
etable waste (VW) to reduce its moisture content (Murshid
et al., 2022b) and to increase its C/N ratio and porosity
(Dayananda and Shilpa, 2020). The addition of long-term,
structurally stable material is important to increase the air
void volume of the rotting material during the whole rotting
process. Only a sufficient number of air-filled pores (FAS,
free air space) allows a uniform oxygen supply to the mi-
croorganisms by means of passive aeration (by convective
airflow). Additionally, the addition of woody structural ma-
terial allows for optimization of the C/N ratio.
Composting can be carried out by adjusting the substrate
C/N ratio and moisture content as well as using chemical
and biological additives to achieve reduction and recycling
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for sustainable waste management (Zhang et al., 2022).
Therefore, it is crucial to optimize the conditions of com-
posting to ensure the high quality of the final product (Sokac¢
et al., 2022). Chicken manure contains a diverse microbial
population, including beneficial bacteria and fungi, which
contribute to the decomposition process and enhance nu-
trient cycling while balancing the C/N ratio. According to
estimates for the year 2020, Malaysia’s livestock will ex-
crete 17.76 million tons of manure, primarily from poultry
and cattle (Zayadi, 2021), which, after composting, can then
be used as a nutrient-rich soil amendment. By leveraging
the availability of rice husks and chicken manure, Malaysia
has the potential to develop sustainable and cost-effective
composting practices, benefiting both waste management
and agricultural productivity (Sokac et al., 2022).
Currently, different communities have varied approaches
to waste management, and it depends on their geographic
location, distance from the disposal facility, frequency of
garbage collection, budget availability, pre-existing solu-
tions for their waste treatment, and the attitudes of their res-
idents toward waste management and subsequent disposal
(Jamaludin et al., 2022). In the Kundasang community, they
discard VW through landfills and are now searching for
innovative, low-cost, and effective methods to manage this
waste. Thus, this study proposes composting as a substitute
technology to reduce waste entering landfills.

To promote self-sustaining and sustainable development,
the concept of community farming is combined with a
pilot-scale composting facility (Nadhirah et al., 2021). The
economic analysis was estimated in a Microsoft Excel©
spreadsheet, and the costs of essentials were based on local
vendor or manufacturer quotations. The economic analysis
provided information about the capacity, cost, and benefit
estimate of the process, which is essential to estimating the
cost-benefit ratio during composting (Boni et al., 2022).
Therefore, composting of vegetable waste was conducted
using rice husk and chicken manure as bulking agents and
compost activators, respectively. The pilot-scale compost-
ing process was conducted in a passive aerated composter
located at the Kundasang Community Composting Site
(KCCS)(Fig. 1). One of the contributions of this study is
that it is a pioneering study that explores the competence of
a pilot-scale composter in Kundasang, Sabah, along with its
feasibility as a profitable composting site and a technology
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Figure 1. Dimension and detailing from the front view of proposed composters (A on the right and B on the left figure) at

Kundasang Community Composting Site.
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for rural development. As in Oviedo-Ocana et al. (2015)
and Torrijos et al. (2021), they evaluated the performance
of pilot-scale composting consisting of 300 kg or more of
initial feedstock.

Compost quality was investigated by monitoring process-
ing and analyzing quality parameters like moisture content
(MCQ), loss on ignition (LOI), total organic carbon (TOC,
estimated by multiplying LOI with factor 0.58), nutrient
concentrations (N, P, and K), pH value, and electrical con-
ductivity (EC).

2. Materials and methods

Feedstock

Vegetable waste (VW), rice husk (RH), and chicken manure
(CM) from Kundasang, Sabah, were used as raw materials
for composting. While the VW was obtained from vegetable
vendors at Kundasang Vegetable Fresh Market, the RH was
gathered locally from Kundasang paddy farmers. The CM
was supplied by a local chicken farm near Kundasang town.
To ensure that the feedstock mixture in the current study
was exposed to an equal amount of microbial surface area
for activities during the composting process, the VW was
shredded by a shredder chipper (B&S XR) into uniform
particles (0.5-2.0 cm in diameter), as shown in the (Resmi
and Vinod, 2022) study.

Experimental set-up

The pilot-scale composting was conducted using passive
aerated composters available at the Kundasang Community
Composting Site (KCCS) (composters detailed in Fig 1).
This study used the optimized ratios of biogenous wastes in
the feedstock mixture as determined by preliminary studies
by Murshid et al. (2022a) for rice husk (RH) and Murshid
et al. (2021) for chicken manure (CM). The total feedstock
mixture had a wet basis weight of 769 + 2 kg, comprising
500 £ 2 kg of VW, 250 + 2 kg of RH, and 19 £ 1 kg of
CM. Initially, the VW was shredded, and then the weighed
feedstock mixture was mixed using a mini concrete mixer
(MPM 3 T).

Both composter designs (Composter A and B) are similar,
with 1.5 m in height, 1.5 m in width, 1.5 m in depth, and
9 holes located at the bottom of the composter acting as
leachate discharge and ventilation points. At the begin-
ning of the composting process, the homogenously mixed
feedstock is poured into composter A (with 4 aeration pipes
high), and after 5 days, the rotting material is manually trans-
ferred to composter B (with 1 aeration pipe low), causing
the aeration intensity to alternate, as in the Bari and Koenig
(2001) and Then et al. (2021) studies. After a further 5
days, the rotting material in composter B was transferred
back to composter A, and this alternating transfer between
composters A and B continued every 5 days until day 30.
Based on promising results reported by Ma et al. (2022) a
turning frequency of 5 days was employed to improve the
composting process. Rasapoor et al. (2016) stated that the
combination of turning and aeration could solve the prob-
lem of long degradation time and concurrently guarantee
the acceptable quality of finished compost for agricultural
purposes. Shimizu et al. (2018) stated that aeration mode
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in an alternate (on or off) sequencing process and full turn-
ing are optimal composting conditions for organic matter
degradation. Thus, by utilizing the optimized feedstock
mixture and implementing specific design features, the com-
posting trials were carried out to maximize the composting
process’s efficiency and generate valuable outcomes for the
local community (Lin et al., 2008).

Analytical methods

The study aimed to understand the overall efficiency of con-
verting biogenous waste into compost. Initial results provide
insights into the starting conditions of the rotting process,
and the final compost output is essential to assessing the
quality of the finished product; thus, samples are collected
on days 0 (initial) and 30 (final), similar to the Ajaweed et
al. (2022) and Arbab and Mubarak (2016) studies. Samples
were taken for physio-chemical analysis similar to Oviedo-
Ocana et al. (2015) and Arbab and Mubarak (2016) studies
including MC, pH level, EC, and LOI, while temperature
was measured by inserting a digital thermometer (Hanna-
HI98501) daily in 4 different points of the composter. All
the samples were processed at the Chemical Environmental
Engineering Lab for physio-chemical analysis. A total of
500 £ 5 gram samples were taken from six different places
in the composter and blended homogeneously to form an
integrated sample. Afterward, three different samples were
analyzed to be averaged.

In a drying oven (Binder), the samples were dried for 24 h
at 105 °C to determine their MC (Ghinea and Leahu, 2020).
Eq. 2 was used to determine the MC percentage (%, on a
WM basis). For the pH and EC, 10 g of the dried and milled
sample were mixed with 100 mL of distilled water and agi-
tated for 20 min with a magnetic stirrer before being left for
24 h. After sedimentation, filtration using 5 pwm filter paper
was used to obtain 10 mL of the extract. Then, the pH and
EC indicator meters (Eutech PC 450) were immersed in the
extract for each pH and EC value determination.

The total organic matter (OM) loss was determined (using
Eq. 3) by weight loss on ignition (LOI) on a dry mass basis
(Dias et al., 2010). OM loss can be calculated from LOI at
the beginning and LOI at the end of the experiment under
the assumption that inorganic matter (kg DM) will remain
constant during the rotting process. Dried and milled sam-
ples were weighted for 30 g on a DM basis in each crucible
before being burned in a high-temperature furnace at 550
°C for 4 h. Then the weight of ash is calculated using Eq. 4,
and total organic carbon (TOC) can be estimated using
Eq. 5. Nitrogen (N) was assessed utilizing a protein ana-
lytical method in accordance with the Malaysian Standard
(MS417; Part 3:1994). Phosphorus (P) and potassium (K)
concentrations were measured using inductively coupled
plasma-optical emission spectrometry (ICP-OES) and hy-
drochloric acid as the digestion solvent in accordance with
Environmental Protection Agency (Method 200.2). For N,
P, and K tests, samples were sent to Chemsain Konsultant
Sdn Bhd.

MC (%WM) =

weight of wet sample-weight of dry sample . @

weight of wet sample
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Techno-economic analysis

Based on data collected on the site and a review of the
literature, the economic analysis of the composting facility
was evaluated. With the capital cost normalized on a 20-year
basis, the annual total cost and revenue of the composting
plant project were determined, and the economic analysis
was carried out. By analyzing the fixed capital, capital
investment, operational cost, overheads, product sales, and
cost-benefit ratio, the payback duration and profits of the
composting plant project were determined. Using Eq. 6, the
results obtained were derived for the net direct expenses of
composting:

Net cost of composting = Investment cost +
Operational cost - Revenue of compost (6)

Employing a plant manager and general laborers and paying
them a wage based on days included in operational expendi-
tures. Electricity supply for the composting site is generated
by solar energy, where photovoltaic panels (PV) with power
storage were installed on each composter building and office
to save on the cost of electricity. Water consumption was
estimated to be around 3,000 gallons per year and might
be reduced by utilizing a rainwater harvesting tank. The
water rate for industrial activities is MYR 1.60/m3, with a
minimum payment of MYR 70.00, according to the Sabah
State Water Department.

The produced compost is sold for MYR 2.50 per kilogram
to generate income. Site preparation, paths, fences, pipes,
wiring, drainage, machinery units, and other start-up ne-
cessities are all included in the original cost calculation.
According to an area-based cost estimate for site prepara-
tion, which is MYR 3, 250/m? for buildings with a roof,
gutter, and full or half wall, and MYR 950/m? for a com-
poster with a full wall and cover, reading point, and aeration
pipe. Solar panels, a shredder, a mixer, a weighing scale, a
bagging station, and a storage box for compost and rainwa-
ter collection, along with some of the other tools needed for
setting up the composting system, are purchased.

The cost per year comprised wages for management and
laborers, servicing of equipment, fuel used by shredders,
nutrient analysis of compost, utilities, and compost bag-
ging. The facility will operate daily. Using the projected
full amount of vegetable waste generated in the vicinity of
Kundasang Community Composting Site (KCCS), which is

Murshid et al.

situated at 5.982168 ° latitude and 116.580272 ° longitude,
the plant’s production capacity was determined.

3. Results and discussion

Pilot-scale study

In this study, the MC of VW reached 93 + 2% WM, as
shown in Table 1, and according to (Bernal et al., 2009),
the optimum MC should be 50 — 60% WM. Thus, to reduce
the high MC from VW, rice husk (RH) has been added
to balance the MC in the feedstock mixture, according to
Tiquia and Tam (1998) and Gao et al. (2010) studies (Bernal
et al., 2009). The RH mixed into VW and chicken manure
(CM) reduces the MC from 92% WM to 72% WM and pro-
vides sufficient porosity. Although RH assists in decreasing
the MC, it will increase the C/N ratio in the mixture. The
feedstock mixture in Table 1 shows that the C/N feedstock
mixture is = 4, and, in such cases, microorganisms require
additional nitrogen. In many studies, manure was adapted
(Ogunwande et al., 2008; Sarika et al., 2014; Tiquia and
Tam, 2000); however, using a lot of CM will increase the
cost of composting. Thus, in this study, the composting
will be carried out at a high C/N ratio (Hackett et al., 1999;
Murimi and Gbedemah, 2018). The main purpose of CM
addition is as a compost activator, and our previous opti-
mization study (Murshid et al., 2021) showed that 2.5%
CM enhanced faster degradation. The key properties of raw
materials, feedstock mixtures, and compost for this study
are shown in Table 1.

Temperature is an essential factor in composting that facili-

tates the process by eliminating pathogens that are harmful
to soil organisms and weeds (Amrit et al., 2021). The graph
in Fig. 2 shows the trend of temperatures for 30 days of com-
posting. After day 1 of mesophilic temperatures (< 45°C),
the conditions change to thermophilic (day 2 — day 6) and
last for 5 days. A maximum temperature of 59 = 7 °C
was attained on day 5, which is 4 days after entering the
thermophilic phase. The degradation of organic matter was
faster at the early stage of composting in the treatment due
to the high temperature of the compost mixture (Peng et al.,
2023). Manually turned compost piles, causing the tem-
peratures to fluctuate as the available C compounds were
relocated for microorganisms (Li et al., 2022) .
After day 6, temperatures gradually decreased, re-entering
the mesophilic phase and approaching the ambient tem-
perature. The temperature in the compost was reduced
because a large amount of easily degradable organics had
been decomposed in the early stages. In the composting
process, the moisture not only supports metabolic processes
but also creates an environment for the transport of micro-
molecules formed by organic matter decomposition (Saalah
et al., 2019). Table 1 shows MC during composting de-
creases from 72 + 5% (initial) to 62 + 1% (final) due to
evaporation and leaching (Mishra and Yadav, 2022).The
final pH value increased by 15% from 6.6 to 7.6 + 1, sig-
nifying the biodegradation process. In the composting of
sun-dried green bean, pepper, and cucumber plants. Lépez
et al. (2002) also observed the same range of initial (pH
6.6) and final (pH 8.5 £ 0.3) pH values, which supports the
current findings.
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Table 1. Physicochemical properties of raw materials, initial feedstock mixture, and final compost.

Parameters  Vegetable waste  Rice husk  Chicken manure Feedstock mixture = Compost
MC, % WM 93+2 12+1 8+2 72+8 62+ 1
pH 5.1+£0.1 6.7+0.1 82+0.2 6.6 +0.1 7.6 +0.1
EC, mS/cm 9.23 £0.50 0.41£0.50 227 +0.52 1.65 £ 0.50 0.18 £0.40
TOC, % DM 48 + 1 53+2 48 + 1 53+1 45+2
LOI, % DM 26+ 1 29+2 26+ 1 29+1 25+2
N, % DM 1.60 £ 0.05 0.54+ 0.05 2.15+0.05 0.45+0.02 0.58 £0.02
P, % DM 0.10 £ 0.05 0.15+0.05 2.99 +0.05 0.18+0.01 0.04 £0.02
K, % DM 0.17 +0.05 0.14 £ 0.05 1.10 £ 0.05 0.15+0.04 0.17 £0.04
C/N, DM 30+1 99 +1 2242 117+4 77 £28
WD, % WM 2.75 +0.07 0.76 + 0.50 J5+1.05 1.06+1.00 2.23+0.23
DD,% DM 41+0.10 0.71 £0.12 1.65+0.34 0.50+0.10 1.32+£0.33
OM loss, % NA NA NA NA 12+2

Abbreviation: Mean value, +=Standard deviation from replicate measurements; MC=Moisture content, DM=Dry matter; EC=Electrical conductivity:
TOC=Total organic matter: OM=0Organic matter; N=Nitrogen: P=Phosphorus; K=Potassium: C/N=Carbon-to-nitrogen ratio: WD=Wet density:
WM=Wet matter: DD=Dry density: NA=Not available.

After composting for 30 days, the EC profiles exhibit an
increased trend, from 1.7 mS/cm to 1.8 mS/cm. It was
reported by Li et al. (2023) that < 3.0 mS/cm indicates
compost is non-toxic to crops. Organic matter (OM) loss
findings demonstrate trends for the organic matter reduction
value, as shown in Table 1. In this study, the initial C/N
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ratio was 117 + 4 and decreased to 94 + 28, showing a
similar trend to Murimi and Gbedemah (2018) study, where
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to 107 after 84 days of composting. The CM used at 2.5%
might contribute to a lower nitrogen percentage at the end of
composting. The lower nitrogen content in this study might
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be due to the low CM application in the initial compost
formulation.

Total phosphorus (on a DM basis) was observed in the study
at 0.04 + 0.02 %, a decrease from the initial (Table 2) value
of 0.18 £ 0.01%. The final compost potassium concentra-
tion was 0.17 £ 0.04% (on a DM basis). Low phosphorus
and potassium levels in the final compost might be due
to leaching (Mengqi et al., 2021), and leaching happens
during the first 5 days with 40 (£ 5) liters of leachate per
850 kg of waste on a wet matter basis. The concentration
of NPK in this research is summarized as 0.58% (+ 0.1),
0.04% (£ 0.02), and 0.17% (= 0.04) (on a DM basis). It is
generally desirable to have nutrient-rich compost; however,
supplementary nutrients such as CM can be added at the
final stage in order to enhance nutrient availability (Kumari
et al., 2022). Although compost produced has a low nutrient
content, it can be resourceful as the seed starter used for
composting also reduces synthetic fertilizer usage, align-
ing with Kundasang’s sustainable waste management and
agricultural goals.

Assessment on techno-economic

This section presents valuable information on the feasibility
of the composting plant for processing vegetable waste as
feedstock at the Kundasang Community Composting Site
(KCCS). The findings from the pilot-scale study on the
composting process offer understanding and facilitate the
ability to take actions for the construction of the composting
facility based on actual circumstances. The effectiveness
of the composting process at KCCS must be investigated.
Depending on the location, output volume, and technology
employed, the economic viability of the composting system
varies greatly.

The composter designed for KCCS includes two distinct
types of composter designs. Each composter type has a
volume of 3.4 m* with a dimension of 1.5m x 1.5m x 1.5
m and costs MYR 3, 250 per composter. The composting
system will use the optimum mixture ratio determined from
our previous study (Murshid et al., 2022a; Murshid et al.,
2021) and operational techniques adopted in other studies
(Ma et al., 2022), where there will be turning every five
days.

The feedstocks mixed with a vegetable waste-to-rice husk-
to-chicken manure weight ratio of 2:1:0.03 resulted in an
initial moisture level of 72% WM. Each cycle of the com-
posting process has a 30-day detention time. 1,000 kg of
feedstock total are used by each composter. The vegetable
waste will be collected from the Kundasang Fresh Market.
Locals paddy farmers in Kundasang will collect and trans-
port the rice husk to KCCS. VW is provided without charge,
excluding collection and delivery to the composting facil-
ity. For rice husk, it costs around MYR 1.50, and chicken
manure costs around MYR 0.50 for 1 kg, respectively, in-
cluding transportation to KCCS. According to the results,
it was estimated that 40% of the initial feedstock weight
was made up of the biodegraded compost (; 15 mm) pro-
duced, in which around 53,800 kg of compost per year are
expected, with 160 kg for usage at a planting site of 9m? as
an eco-tourism attraction.
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The proposed design for the composting system is shown in
Fig. 1, and the plant layout is shown in Fig. 3. The compost-
ing plant includes a station to separate waste from foreign
objects, a machine to shred vegetables, a mixer, a measuring
station, a packing station to package the compost, a stor-
age facility to keep the compost produced, an office, and a
planting site. As the VW will be delivered daily and pro-
cessed directly, other materials (RH or CM) can be stored
in a storage tank located near the pre-treatment area. With a
total area of 125 m x 40 m that is all cemented (except the
planting area), it is convenient to have pathways for internal
transport for the whole process. 10 sets of composters can
accommodate vegetable waste processing in the KKCS area.
This composting facility needs an estimated total area of
5,000 m.

The economic analysis for the composting system at Kun-
dasang Community Composting Site (KCCS) is shown in
Table 3. For a 5,000 m? area of the composting plant, a total
plant investment of MYR 180,000 is required for site prepa-
ration, which includes the construction of all composters,
offices, and planting areas. The total initial investment,
including 10% contingencies, is MYR 16,000. The an-
nual operational cost of the composting system at KCCS
will be around MYR 74,000 which includes wages, mainte-
nance, raw materials, compost analysis, utilities, and other
expenses. 10% of overall maintenance costs are expected to
be spent on other expenses.

The compost produced will be used for fertilizing, replacing
costly chemical fertilizer to be utilized around the plant-
ing area, and extra compost can be sold for MYR 2.50 per
kilogram. Notably, the compost manufacturer may sell the
product at a higher price to make a profit. In this case, the
use of compost is the main focus in order to improve sus-
tainable waste management at KCCS and the surrounding
area and lessen the reliance on chemical fertilizers.
However, the leachate produced by composting can be envi-
ronmentally hazardous because it contains a high organic
load and cannot be stored in the composting plant. Due to
the high concentration of dissolved nutrients in leachate,
which makes the treatment procedure expensive for a low-
value technology like composting, leachate is often released
into the nearby wastewater treatment facility. The leachate
can be repurposed as a moistener for rotting material during
the intensive degradation phase, where huge losses of water
occur, or as a bio-fertilizer for planting.

With the capital cost normalized on a 20-year basis, the
annual total cost and revenue were determined (Bong et al.,
2017). The KCCS composting system is economically vi-
able, as shown by the benefit-to-cost ratio of 1.82. Also, the
benefit-to-cost ratio value is better than 1, which suggests
that executing the composting process has more advantages
than disadvantages (Rahman et al., 2020). The minimum
payback period for the suggested composting system is
5 years. The composting system generates an estimated
annual revenue of MYR 25,000. To produce 1 kilogram
of compost, the cost is around MYR 1.05. In order to
account for differences from the cost estimate, additional
expenses known as contingency charges are added to the
project budget. All cost projections are speculative, and
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Table 3. Costing estimation analysis for the composting system in KCCS.

Item Unit Unit price(MYR) Total price(MYR)
(A) Capital cost
Site construction 5 19,500.00 97,500.00
Office & toilet construction 2 2,500.00 5,000.00
Fencing & pathway 1 7,000.00 7,000.00
Piping & wiring 1 2,000.00 2,000.00
Photovoltaic panels with power storage 4 1,500.00 6,000.00
Composter - 10 set 10 3,250.00 32,500.00
Shredder & mixer 2 1,950.00 3,900.00
Storage box 7 1,040.00 7,280.00
Weighing scale 1 500.00 500.00
Planting stand & shedding 1 1,500.00 1,500.00
Auxiliary 1 300.00 300.00
Contingencies (10%) 10% 16,348.00
Total (A) MYR 179,828.00
(B) Operational Cost (Yearly)
1. Labor
General worker 12 1,500.00 18,000.00
Labor (2 laborer/cycle) 9 1,000.00 9,000.00
Machinery maintenance and fuel consumption 9 50.00 450.00
Compost analysis 32 150.00 4,800.00
2. Raw material
Rice husk (MYR 1.50/kg) 14, 040 1.50 21,060.00
Chicken manure (MYR 0.50/KG) 1,728 0.50 864.00
Vegetable waste transportation 9 100.00 900.00
Bagging 12 1,000.00 12,000.00
3. Miscellaneous cost
Miscellaneous cost (10% of maintenance cost) 10% 45.00
Contingencies (10%) 10% 6,711.90
Total (B) MYR 73,830.90
(C) Cash inflow per year
Sell excess compost (MYR 2.50/kg) 53, 800 2.50 134,500.00
Total © MYR 134,500.00
Production cost MYR/kg 1.02
Final costing and minimal return year
Total investment (Normalized for 20 years) MYR 35,965.60
Total cost per year MYR 73,830.90
Total cost per year MYR 134,500.00

Annual total profit

MYR 24,703.50

unless installation is properly completed, it is impossible to
determine the total installed cost of any component.
Vegetable waste in Kundasang might be effectively diverted
from landfills with the proper composting system in place as
part of the management of biogenous waste. The use of com-
post in the KKCS could save the annual allocation budget
used to purchase compost for landscaping purposes in the
surrounding area. Furthermore, biofertilizers manufactured
from vegetable waste can be utilized as soil remediation to
lessen the consumption of artificial fertilizers, enhance soil
quality, and clean up contaminated soils, which will raise
agricultural output (Shafique et al., 2021).

The proposed plan for the KKCS design plant (Fig. 3) to
be sustainable starts with the selection of location, which
is beneficial for transportation distance, local ecosystems,
and energy use. KKCS optimized on-site electrical energy
by integrating solar energy with photovoltaic panels (PV)

on the roof to harvest solar power and supply it throughout
the facility. The surrounding walls for the building struc-
ture (except the composters and office) themselves help in
reducing annual energy consumption by having half-open
walls that favor the composting process as it demands nat-
ural ventilation throughout the process. Besides, having
a budget allocated yearly (Table 3) to do maintenance on
the machines enables employees to work faster and reduces
manual and repetitive tasks that increase both efficiency
and overall productivity. Furthermore, the planting area
lowers the ambient temperature, which increases the effi-
ciency of PV on the roof while also increasing employee
productivity and profitability. Thus, sustainable buildings,
such as KCCS, not only reduce pollution that may occur by
composting, but they can also result in significant economic
savings by increasing employee productivity and lowering
energy, maintenance, and operational costs. In the future,
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the investigation of optimization of composting condition-
ers, development of all kinds of microorganisms, rational
management of the composting process, and improvement
of solid waste life cycle assessment Xu et al. (2021) should
be assessed.

4. Conclusion

The vegetable waste composting process was demonstrated
using a pilot-scale composter at KCCS using a total
feedstock mixture of 769 + 2 kg (weight on a wet basis),
comprising 500 + 2 kg of VW, 250 + 2 kg of RH, and
19 + 1 kg of CM. The final compost N, P, and K were
0.58% DM (% 0.10), 0.04% DM (% 0.02), and 0.17% DM
(£ 0.04), respectively. This pioneering pilot-scale study
suggests a feasible and environmentally friendly approach
to managing vegetable waste generated in Kundasang,
Sabah. This study also proposed rural management of
vegetable waste generated by agriculture activities in
Kundasang. In the community, composting is proposed
as a waste management method because it has a lower
carbon footprint than alternative waste disposal options like
landfills or incinerators, ensures economic sustainability,
and considers the possibility of producing compost that
will be valued by the market. Meanwhile, a community’s
amount of information and understanding has a significant
impact on social acceptance. Based on the economic
analysis, the composting system using passive aerated
composters symbolizes technology for rural development
that is economically feasible to build at Kundasang
Community Composting Site (KCCS) and could possibly
generate a profit of MYR 25,000 (USD 6,000) per year.
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