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The Cost of Plastics in Compost
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In urban Blantyre, there is ample green-waste and widespread interest in compost, but
the feedstock is often contaminated with plastics. If composting is going to become
more widely implemented, it must be profitable and ideally, competitive with chemical
nutrients, however the time and cost associated with plastics removal is currently a
bottleneck to profitability. In this study we investigated the financial sustainability of
compost production using a Time-Driven Activity-Based Costing method over 16-weeks
to identify the types and duration of each activity required. Combining these data with
capital and operating costs, we then modeled the profitability of the facility to identify
cost-bottlenecks and to determine scenarios that would lead to improved profitability.
The results show that it took 1h 50 min of labor to produce 165-L (0.065 m3) bag of
compost. A total of 12.3% of the active labor time was spent sorting out plastics from
the organic waste before composting, during composting and from the finished product
before packaging. Until similar work is published on the topic, these values cannot be
evaluated as being either optimal or wasteful, but rather, serve as a baseline against which
future interventions—e.g., source separation, especially at markets can be evaluated.
Though based in Malawi, the documented and modeled costs can be converted and
scaled by other entrepreneurs/agencies who are interested in estimating the financial
feasibility of composting in their own context.

Keywords: circular economy, Malawi, time-motion analysis, plastic, cost-model, compost

INTRODUCTION

Malawi, like many other developing nations in the Global South, is dependent on expensive,
imported chemical fertilizers to support its subsistence agricultural sector [For instance, in 2019
alone, Malawi imported US $214.88 million worth of chemical fertilizers. Some years, such as 2013,
saw imports reach as high as US $350 million (United Nations, 2021). Since the 2005 maize growing
season, the government, through the (Ministry of Agriculture, and Food Security of Malawi, n.d.)
(AIWD), has implemented a Farm Input Subsidy Programme (FISP), which provides fertilizer
to qualified farmers each season. Although the program has been successful at reducing food
insecurity within the country, it has been fraught with accusations of administrative oversight and
nepotism, as well as an illegal market for the coupons, which limits overall efficiency (Holden and
Lunduka, 2010a).

Yesaya M, Mpanang’'ombe W and
Tilley E (2021) The Cost of Plastics in
Compost. Front. Sustain. 2:753413.
doi: 10.3389/frsus.2021.753413

Yet, since the start of FISP, fertilizer has become a political commodity. Prior to the presidential
election on 21st May 2020, Saulos Chilima, the then vice president of Malawi, and a member of
the incumbent challenging “Tonse” alliance, promised cheap chemical fertilizer once the alliance
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was voted into power (Chiuta, 2020). Chilima and the United
Transformation Movement (UTM) won the election, and now
Vice-President Chilima (along with President Chakwera) is set to
deliver on his campaign promises. The proposed fertilizer subsidy
program will allegedly benefit 4.2 million people, broadening
the current program, and providing fertilizer at prices drastically
below market prices.

Information on the long-term effects of the household subsidy
program remain quite limited as results show that farmers
income rises for 4 or 5 months during the subsidy (due to
sales of harvested crops) but decrease to the pre-subsidy levels
within 1 or 2 years after the subsidy program when they no
longer have access to coupons (Ricker-Gilbert and Jayne, 2017).
Though undeniably popular, the FISP program is financially and
environmentally unsustainable. Malawi is one of the poorest
nations in the world, and the agricultural inputs like fertilizer are
purchased almost entirely through credit or with donor support.
Moreover, although the FISP program is broad-based, concerns
about beneficiary selection, and corruption has meant that many
vulnerable households slip through the cracks, being denied
benefits, and forced to purchase fertilizers and unaffordable
market prices (Holden and Lunduka, 2010b; Lunduka et al,
2014). The current trajectory is unsustainable, necessitating
the urgent development of alternative solutions for sustainable
agriculture. Composting could be that solution.

Malawi, like most low-income countries, produces ample
organic waste to support large-scale compost production.
However, the lack of an efficient solid waste management system
means that there is little formal collection, and almost no
separation of waste fractions. For instance, Malawi’s four largest
cities, Lilongwe, Blantyre, Mzuzu and Zomba together generate
over 1,000 tons in solid waste per day and only 4% of the waste
is recycled, while the Blantyre City Council manages to collect
only 59,130 tons of the 259,570 tons produced (Yaron, 2012;
Maganga, 2013; Barré, 2014). Furthermore, about 280,000 tons
of solid waste remains uncollected in urban areas of Malawi
each year and since plastics constitute about 10% of the total
solid waste produced, about 28,000 tons of plastic waste enters
the environment. Finally, although there is a recyclables market
for plastics, it is seasonal and generally unattractive, especially
if the plastics must be separated from a mixed waste stream
(Kasinja and Tilley, 2018). As a result, most organic waste
is heavily contaminated with other, inorganic, waste fractions,
predominantly plastics, rendering the production of compost
time consuming and costly.

Compost Production and Use in Malawi

Composting, the controlled, aerobic process of transforming
organic material such as garden cuttings, market waste, and/or
food scraps into a nutrient-rich soil amendment, holds many
advantages (Liu et al., 2018). The use of compost has been
associated with improved texture and porosity of sandy soils
(Naohiro et al., 2016) reduced soil acidity (that is associated with
the extensive use of chemical fertilizer) (Kabambe et al., 2012),
improved water retention capabilities, increased soil biodiversity
and improved resistance to soil erosion (European Commission,

2003; Carter, 2007). Soil organic matter is particularly important
in low-income countries where the soils are heavily weathered
and chemical fertilizer is often expensive and difficult to source
(Snapp et al,, 2014).

Within Malawi, the application of compost has been
associated with increased soil carbon and increased soil fertility
(Paulin and O’Malley, 2008). Positive impacts of compost
application were also observed on soil's water retention
capabilities (from 5 to 20%) and Cation Exchange Capacity
(CEC) (Naohiro et al., 2016). Despite the apparent advantages,
neither compost use nor its production is common in Malawi
where most Malawians depend on, and prefer chemical fertilizer
(Cameron et al., 2004; Hasan et al., 2007). This is not to say
that Malawian farmers are necessarily opposed to compost use.
One survey in rural Balaka found that up to 32% of farmers
use compost in their fields to some extent (Mustafa-Msukwa
et al., 2011). Similarly, districts in the Northern Region reported
that about 30% of the respondents applied compost to half of
their land (Mustafa-Msukwa et al., 2011; Matsui and Cornelius,
2017) has partly attributed this low usage to limited awareness
of composting processes, as well as the limited ability for current
compost production to meet local demand!, while Naohiro et al.
(2016) and Ayilara et al. (2020) have pointed to the larger
volume of compost needed per hectare, compared to chemical
fertilizers, as well as its slower absorption time by the fertilized
crops. However, the current policy of fertilizer subsidization has
meant that farmers prefer to buy chemical inputs as long as they
remain cheap and available, stifling the growth of a domestic
composting industry.

Time-Driven Activity-Based Costing
Though desirable from a sustainability, soil health, and waste
management perspective, the promotion of compost has
been largely targeted toward individuals; however, small-scale
production is labor-intensive, prone to failure, and limited by
feedstock type and quantity. If compost is to make genuine
inroads and gain acceptance among Malawian farmers, especially
in the face of attractive fertilizer subsidies, it must be produced
on such a scale that it is more widely affordable and available.
Time-Driven Activity-Based Costing (TBABC) is a tool used
to disaggregate and identify the labor activities required for a
process to better understand the economic viability of a business
(Reynolds et al., 2018). Rather than estimating productivity with
known payments, self-reported values or standard costs, the
method is based on a detailed account of the time that each
activity takes, and the human resources allocated. Additionally,
this method helps in the identification of “idle” time which would
otherwise go undetected (Gervais et al., 2010). In understanding
which activities take the most time and are therefore most
expensive, targeted modifications can be implemented and tested
to reduce overall costs and increase output efficiency. Though
common in the field of business management, we found only
one application of the tool used for assessing a composting

!In their study, the compost produced only covered 17% of a single garden (the
average garden size for the 150 sampled households in the study area was 0.9
hectares) (Mustafa-Msukwa et al., 2011).
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practice (Askarany and Franklin-Smith, 2014), though the data
were not disaggregated down to the level of each activity.
Furthermore, we know of no work that has quantified the capital
and operating costs of composting production on the African
continent, operating at full scale, disaggregated by activity.

The purpose of this paper therefore was to investigate the
technical and financial feasibility of centralized composting in
Malawi. Working with a small, compost-producing NGO (Waste
Advisors or WASTE), based in Blantyre, Malawi, we used a
TDABC method to quantify all sources and types of labor that
are required to produce 1 m* of compost. The labor data were
then supplemented with available and estimated operating and
labor costs to compile a model that was then used to test the
profitability of the operation over a range of values for key
parameters. In addition, since WASTE produces compost from
market waste that is contaminated with plastics that require
manual removal, we also sought to model profitability as a
function of plastic contamination. Based on our observations and
model, we propose optimization strategies for scaling up compost
production within Malawi. However, as the usefulness of, and
interest in composting grows globally, the implications for source
separation and profitability are broadly relevant.

MATERIALS AND METHODS
Study Setting

Blantyre, Malawi’s second largest city, and considered the
country’s business and financial capital, is in the southern part
of Malawi ~300km southeast of the capital, Lilongwe. The
city’s solid waste is managed by the Blantyre City Council
(BCC), which collects trash from households in rich suburbs and
community skips in poorer ones (skips are large, metal bins that
hold about 7 m* of waste and are also known as “dumpsters”
in other countries). Additionally, BCC is also responsible for
removing the waste, which is largely organic, from the numerous
vegetable markets across the city. Regardless of the origin,
all waste is transported to Mzedi Dumpsite, a non-engineered
landfill, just outside the Blantyre city, for disposal. Mzedi itself,
has been utilized long past its originally intended lifespan,
and has begun to degenerate rapidly, negatively impacting the
surrounding communities (Kalina et al., 2019; Kalina and Tilley,
2020).

WASTE is a local NGO that has a focus on sustainable
business-based projects to improve water, sanitation, and
solid waste in the country. Their passively aerated windrow
composting facility is located on the outskirts of Blantyre. The
NGO uses organic waste (OW) from two Blantyre markets in
the production of compost, which is later sold to farmers. By
working with the BCC, and paying MWK 1,500 per 7 m? skip full
of mixed waste, BCC’s transportation costs to Mzedi dumpsite
are reduced (the WASTE facility is closer to both markets than
Mzedi), landfill airspace at Mzedi is conserved, and greenhouse
gas (GHG) production is mitigated (MWK 1,000 is ~1 British
Pound (£); for ease of conversion, simply remove the last three
digits of the value in Kwacha). WASTE sources OW from two
vegetable markets in the greater Blantyre area: the Blantyre
Market and the Limbe Market. Both markets are managed by

FIGURE 1 | Raw organic waste arrives on site and is sorted before being
transferred to the composting piles.

the BCC but are self-governed by informally elected chairpersons
not appointed/paid by the city council. In each market the BCC
employs cleaners who sweep and throw trash into the skips that
are provided by the city council. There is no separation of waste
by either the vendors or cleaners, and as a result, the waste that is
disposed of into the skips is mixed, and the OW that is delivered
to WASTE is heavily contaminated with plastics and other trash.
Figure 1 shows the types of waste that arrive and the plastic types
that are removed.

Once the OW arrives on site, the compost production
generally involves a linear sequence of fourteen (14) activities:

e Plastic sorting: Removing plastic, usually plastic bags, and
other garbage such as metal cans and plastic bottles from the
OW that is delivered by the city’s waste collection truck.

e Piling: Sorted OW, green material and chicken manure are
piled into a 2 x 2 x 3m (12 m®) heap. Water is also added
to the pile to wet the feedstock. Piling is done using forks
and rakes.

e Plastic removal (from piles): After the sorted OW has been
made into a pile, plastics that were embedded and were
missed during the sorting process become visible and they are
removed after the piling process.

e Turning: Workers use forks to move the OW in one direction
along a path that is already demarcated with logs. Water is
added in the process of turning. A pile is turned when a rise
in temperature (i.e., >63°C) is observed. Turning is done
to aerate the pile and ensure even decomposition. Turning
frequency is on average once per week. After the 7th turning,
the pile is left to mature. This maturation process totals 8
weeks, including the turning.
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e Plastic removal (from finished compost): When the OW has
fully turned into compost, more plastics and glass become
visible; they are picked out and removed.

e Drying: When the compost is mature, it has water in it, which
adds unnecessarily to the weight. Drying the compost on the
ground in thin layers makes it easier to screen and bag.

e Piling compost (before screening): After the compost is
spread out to dry, shovels and buckets are used to re-pile the
compost in a single heap.

e Screen installation: Fetching and setting up wooden posts
to support the flat metal screens which are used for sieving
the compost.

e Screening: The process of sieving the compost into one of two
grades (coarse and fine). Bigger particles that remain on top of
the sieve are thrown away and/or put back into a different pile.

e Packing: Putting the screened ready-to-use compost in
65 L bags.

e Transport: Onsite transportation of filled bags of compost
from the place of packing to the point of storage usually by
carrying on the head and/or wheelbarrows.

e Sewing: Sealing a bag that has been filled with compost
making it ready for sale. Sewing is usually done with
a hand-held sewing machine connected to a generator
as the power source. Sewing is done adjacent to the
storage point.

e Stacking: Arranging sewn bags to create space for other
compost bags yet to be sewn and to enable easy bag counting.

e Site Cleaning: Tidying the site by sweeping the compost
production area, removing residues generated during storage
and handpicking visible garbage.

Labor
For the TDABC part of the study, data were collected between
August-December 2019, over a 16-week period. The length of
time was chosen to ensure that all phases of the composting
process were covered, i.e., building the piles, turning the
piles, packaging the finished compost. Each pile requires
about 4-6 weeks to mature (depending on environmental
conditions) so the 16 week data collection phase ensured
that we captured the labor requirements of multiple piles at
multiple stages of maturation. During the investigation the
enumerator visited the compost production site daily, between
opening and closing (8:00a.m.—4:30 p.m.), and recorded: the
time an activity started and stopped, the number of workers
performing the activity, the feedstock used, the volume of pile
made, the water volume used, and the number of screened
bags produced. Data were collected by the enumerator from
a raised platform to oversee the various activities and were
collected for all activities that went into the production of the
compost (i.e., the multiple piles that were at different stages of
maturity) to determine the average labor allocation over this
16-week period.

In addition, to compare average values (collected and averaged
over 16 weeks), to those values determined for a single pile, in the

6th week of data collection additional data were recorded for a
single pile that was made using a 12 m® pile of OW.

Cost Model

To determine the unit cost of compost production (per bag
of finished compost and m> OW treated), and to provide
disaggregated costs based on the breakdown of various types
of costs such as labor, a cost model was produced in Excel.
The model considered both capital (land, infrastructure and
building, utility connections, consulting/advisory fees, etc.)
and operating costs (labor, equipment, personal protective
equipment (PPE), etc.). Whenever possible, capital and
operational expenditure data were provided by WASTE,
however, where costs were not provided, local market
values were used. The model included some capital and
operating expenditures that do not yet, but should exist at the
facility, such as the inclusion of a weighbridge for measuring
waste quantities.

In designing this model, it was necessary to make several
assumptions. Specifically, we did not include any operational
downtime for the composting facility (i.e., every day was
equally productive); and every piece of equipment reached an
idealized useful life (in years). We built the model based on
the total number of each piece of equipment type required for
production at the current maximum OW treatment capacity
(the pieces of equipment varied relative to production capacity;
when we modeled OW capacity less than the current 100%
capacity, the pieces of equipment would decrease while at a
capacity more than 100% resulted in an increased number of
pieces of equipment). The maximum OW treatment capacity
was defined as the maximum amount of OW that the study
facility could process on the existing area, i.e., the maximum
number of piles that could fit on site. The area of the site
was 12,000 m?. When the model was used to determine
costs or other output variables, the values for the input
variables, e.g., land, labor, equipment, etc. would be rounded
up/down proportionately to the nearest whole number, ie.,
the model would not permit fractional pieces of equipment.
Similarly, the number of workers would increase when more
OW intake was modeled therefore the value of PPE would
increase (i.e., round up to the nearest whole number of
workers needed).

We were able to model up to a 100% increase in
treatment capacity. Labor values in the form of compost
production time (i.e., work-hours spent on each activity,
total hours spent on producing a bag of compost, and
the time spent treating 1 m® OW) and output values
(i.e., the number of bags produced) were obtained from
the time-motion study. The data on water consumption
during compost production cycle as well as the pieces
of equipment used were also observed during the time-
motion study.

There were piles already in progress when the monitoring
began, and these were not excluded from the study. However, at
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the end of the study, there were piles that had still not matured
to completion, and these were excluded, i.e., partially finished
piles from the beginning of the study were included and offset
by excluding the partially finished piles from the end of the
study. This assumption is not perfect but was the most practical
solution for our purposes. Finally, an assumption was made that
the initial capital investment was based on a bank loan. Therefore,
annuity calculations on the loan repayment were considered in
the model. The interest rate was set at 13.5% (Reserve Bank of
Malawi, 2019), and the payback period on capital was assumed to
be 10 years.

Data Analysis
Time Motion Activities
Within the TDABC, we estimated the time spent producing one
bag of compost by dividing the total hours of labor recorded by
the number of bags produced (either over 16 weeks or for the
single pile of compost that was monitored in isolation). In the
calculations, the total hours were rounded off to exclude seconds
because no time was recorded in seconds. There was a maximum
of 14 workers at any given time and each worker was expected
to work 7.5h (8:00 a.m.—4:30 p.m.) on Mondays-Friday and 4h
(8:00 a.m.—12:00 noon) on Saturdays. We estimated the expected
hours of labor per day by multiplying the number of workers and
their expected hours each day.

However, the total hours recorded were not the same as
the expected number of hours and the difference was termed
unaccounted time:

Total Hours — Expected Hours = Unaccounted Time

The amount of Unaccounted Time was significant and was
the result of inaccurate data collection (i.e., missing activities),
time rounding, data entry errors, wasted time (phone calls,
unscheduled breaks, etc.) or a combination thereof.

To produce a range of estimates for each labor allocation, we
calculated the percentage of time spent on a given activity both in
terms of the total hours and the expected hours. First, to find the
percentage of time spent on, for example, screening, we divided
the hours spent on screening (0:24) by the total hours (1:50); 22%
of the total time was actually spent on the activity:

Time for screening

x 100 = actual percentage of time
Total Hours P ge of

for screening

Second, we performed the same calculation again, but instead,
the denominator was the expected hours the 16-week study of
multiple piles. We divided the hours of screening (0:24) by the
total hours (1:16); 31.5% of the total time was spent on screening:

Time for screening

x 100 = expected percentage of time
Expected Hours P P ge of

for screening

For the single pile made and monitored for 8-weeks, we only
calculated the labor allocation using the Total Hours because
when workers were not attending to the pile of interest, they were
working on other activities, so, according to our observations, the
single pile, had no unaccounted time.

Profitability as a Function of Plastics Contamination
With our cost model, we were able to predict the level of
profitability for a specific volume (m?®) of OW that contained
a given percentages of plastic contamination. We assumed OW
intake per week from 10 to 120 m?, and at each OW volume
we modeled varying contamination levels from 0% trash to 50%
trash. Profitability was recorded and tabulated during each of the
OW volume and trash percentage variations.

RESULTS AND DISCUSSION

Labor Costs

16-Week Study

Results from the TDABC study showed that the production
of compost is a labor-and time-intensive process, and that
the necessity of removing plastic from the OW contributes
measurably to both metrics. With the number of workers present,
we actually accounted for a total of 3,384 h of labor during the 16
weeks of the study (Table 1). The workers produced an average
of 34 bags of compost per day: 2,645 65-L bags of both fine
compost (diameter 3/8”) and coarse compost (diameter 1/2”)
over the entire period (we did not disaggregate the number of
bags produced based on the particle size). The actual time to
produce one bag of compost was 1h 16 min. Using the expected
time, a bag of compost took 1h 50 min to produce. For labor-
intensive activities such as plastic sorting and screening, there
were a maximum of seven workers on an activity at a time and
a maximum of 14 workers on site at any given time. Workers
were not assigned to a single fixed task (i.e., screening) so
would move between tasks randomly (and not necessarily in an
optimized way).

Based on the calculations using the total time for the
production process, about 11% of the time was spent on plastic
sorting (when the waste arrived). Additionally, another 0.5% of
time was spent on plastic removal during piling, 0.5% of time was
spent on plastic removal in the finished compost, and 0.3% of the
time was spent on plastic removal before the screening.

WASTE workers used about 30.3% of their time doing things
other than compost-related activities (unaccounted time). The
site was consistently supplied with OW waste, receiving daily
skips from the markets, so this unaccounted-for time cannot be
explained by a lack of materials.

From this unaccounted-for time, for every compost bag
produced, the workers could have saved over 30 min and used it
to maximize the production of more compost bags. Overall, the
1,468 h could have been used to either produce more compost or
improve the quality of the compost produced (i.e., spent more
time on plastic removal) (Table 1).

One-Pile Study

For the single pile experiment, a maximum of 11 different
workers worked on the pile for the 8 weeks covered by the
investigation, and workers would work on the pile for about 2h
per day. After screening, the single pile produced 43 bags of
compost and 2.6 m> of water was used from start to maturation.
A total of 152:32h were used consequently, 3:28 h were used to
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TABLE 1 | Time (h:m), work-hours (WH) and percentages in producing 1 bag of compost (time = time per bag).

16-week study

Single-pile study

Activities Time % actual % theoretical Total WH Time % actual Total WH
Plastics sorting 00:12 11.3 16.3 549:58 00:17 8.3 12:22
Piling 00:05 4.9 7.0 236:52 00:32 15.5 23:10
Plastic removal (piles) 00:00 0.5 0.7 22:29 00:11 55 8:09
Turning 00:08 8.1 11.5 390:42 01:35 45.9 68:24
Plastic removal (finished compost) 00:00 0.5 0.8 25:35 00:00 0 0:00
Drying 00:01 1.6 2.3 77:13 00:04 2.3 3:27
Piling compost (before screening) 00:00 0.3 0.4 13:12 00:00 0 0:00
Screen installation 00:00 0.2 0.3 8:59 00:00 0 0:00
Screening 00:24 22 31.5 1,066:51 00:38 18.6 27:45
Packing 00:02 2.2 3.2 108:54 00:03 1.6 2:19
Transport 00:02 21 3.1 104:06 00:04 2.3 3:25
Sewing 00:01 1.6 2.3 77:55 00:00 0 0:00
Stacking 00:00 0.3 0.4 15:11 00:00 0 0:00
Site cleaning 00:0 7.8 11.1 376:59 00:00 0 0:00
Miscellaneous 00:07 6.3 - 308:59 - - -
Unaccounted for hours 00:33 30.3 0 0:00 00:00 0 0:00
Total 01:50 100% 100% 3,383:55 03:28 100% 149:01

produce one bag of compost which is 255% higher than time used
to produce one bag of compost during the 16-weeks study.

Turning was the activity that took most of the time; screening,
plastic sorting, and piling accounted for minor fractions of
the actual time. Results showed that 46% of the workers’
time was spent on turning, while it occupied 8-13% for the
16-week study (actual and theoretical, respectively). Plastic
sorting consumed about 8% of the total time while screening
consumed about 19%. Plastics that were missed during sorting
may have contributed to the increase in the amount time
spent on screening, though we did not repeat the single pile
study. The pile was made in the rainy season and screening
moist compost required more time as the larger components
were more difficult to dislodge, which probably increased the
screening time.

Capital Costs

The baseline model revealed that the land purchase (MWK
120,000,000) and site preparation (MWK 24,000,000)
constituted 80.98% of the total capital costs. Consulting
costs (MWK 13,050,000) (e.g., to conduct an environmental
impact assessment of the project), were only 5% points less
than building and infrastructure costs (MWK 20,431,783).
The building and infrastructure costs included in the model
included the construction of a small administrative office MWK
5,000,000) onsite with basic furniture and storage facilities, a
weigh bridge (MWK 8,000,000), sanitation facilities (MWK
450,000) for workers as well as a water reservoir (MWK 800,000).
For the total capital expenditure, building and infrastructure
costs constituted 11.49%, setup consulting/advisory costs
were 7.34%, and utilities connection costs (MWK 350,000)
were 0.20%.

Operational Costs

Baseline operational costs of the compost facility showed that
costs relating to workers, i.e., labor payments (38.49%) and
PPE costs (25.54%), constituted the majority of operational
costs incurred. Costs related to utilities bills were the smallest
proportion (1.00%) of the operating costs. The utilities accounted
for in the model were only the diesel costs spent on powering
the generator used to provide power for the sewing machine used
when sewing (to seal) compost bags. Although water is consumed
throughout the compost making cycle to provide moisture for
the compost piles, there were no water costs; the compost facility
depends on a groundwater well. The rest of the operational
costs were packaging costs (19.99%) i.e., cost of empty bags,
site equipment and materials used during compost production
(8.93%), and payment to BCC for OW transport to the compost
facility (6.05%).

Considering that the capital costs were covered by a bank loan
(MWK 181,637,916 was initially borrowed, and total repayment
of MWK 331,905,415 over 10 years), the loan repayments made
up 75.03% (MWK 33,190,542) of all expenditure per year of
operations. Interest rates are unusually high in Malawi (though
similar rates are common across Africa), but anyone venturing
into compost making at the same scale should thoroughly
scrutinize loan repayments on capital to ensure that the expenses
on repayment do not negatively affect production costs.

The next most significant annual expenditure category in
the model were the costs relating to maintenance of workers
including their wages (9.61%; MWK 4,250,496 per year) and
PPE (6.38%; MWK 2,820,000 per year). The rest of the annual
expenditures were packaging costs (4.99%; MWK 2,208,050
per year), purchase of equipment and materials (2.23%; MWK
986,133 per year), payment for OW transport (1.51%; MWK
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TABLE 2 | Effect of changing model parameters on profitability (bold indicates changes that result in profit).

Parameter Profit (MWK) per m® organics when parameter is changed by:

—-100% —-75% -50% —-25% 0% (baseline) +25% +50% +75% +100%
Capital expenditure (CapEx)
Land costs (purchase and preparation) 480 -2,189 -4,858 -7,527 -10,196 -12,864  -15,533 -18,202 -20,871
Infrastructure and buildings costs (e.g., office, etc.) -8,681 -9,060 -9,438 -9,817 -10,196 -10,574  -10,953 -11,332  =11,710
Utilities connection -10,170  -10,176  -10,183  =10,189 -10,196 -10,202  -10,209 -10,215  =10,222
Project setup consulting and advisory costs -9,228 -9,470 -9,712 -9,954 -10,196 -10,437  -10,679 -10,921 -11,163
Capital loan repayment period - -31,624 -17,078 -12,406 -10,196 -8,963 -8,211 -7,728 =7,407
Annuity payments on capital loan 3,270 -96 -3,463 -6,829 -10,196 -13,662 -16,929 -20,295 -23,661
Operational expenditure (OpEx)
Payment for OW transport (including CapEx) -9,924 =-9,992 -10,060 =10,128 -10,196 -10,263  =10,331 -10,399  =10,467
Payment for OW transport (excluding CapEx) 3,541 3,474 3,406 3,338 3,270 3,202 3,135 3,067 2,999
Labor costs (including CapEx) -8,471 -8,902 -9,333 -9,764 -10,196 -10,627  -11,068 -11,489 -11,920
Labor costs (excluding CapEXx) 4,995 4,564 4,132 3,701 3,270 2,839 2,408 1,977 1,546
Personal protective equipment (including CapEx) -9,052 -9,338 -9,624 -9,910 -10,196 -10,482 -10,768 -11,054  -11,340
Personal protective equipment (excluding CapEx) 4,414 4,128 3,842 3,556 3,270 2,984 2,698 2,412 2,126
Site equipment and materials (including CapEx) -9,796 -9,896 -9,996 -10,096 -10,7196 -10,296  -10,396 -10,496  -10,596
Site equipment and materials (excluding CapEx) 3,670 3,570 3,470 3,370 3,270 3,170 3,070 2,970 2,870
Production utilities bills (including CapEx) -10,151 -10,162 -10,173 -10,184 -10,196 -10,207 -10,218 -10,229 -10,240
Production utilities bills (excluding CapEx) 3,315 3,304 3,293 3,281 3,270 3,259 3,248 3,237 3,225
Packaging costs (including CapEx) -9,300 -9,624 -9,748 -9,972 -10,196 -10,420 -10,644 -10,867 =11,091
Packaging costs (excluding CapEx) 4,166 3,942 3,718 3,494 3,270 3,046 2,822 2,598 2,374
Organic waste characteristics
Waste volume intake (including CapEx) - -51,662 -23,928 14,877 -10,196 -7,617 -5,803 -4,436 -3,401
Waste volume intake (excluding CapEx) - 1,525 2,765 3,014 3,270 3,230 3,282 3,381 3,463
Proportion of inorganic contamination (inc. CapEx) -6,685 -7,396 -8,186 -9,195 -10,196 -11,332 -12,791 -14,316  -16,108
Proportion of inorganic contamination (exc. CapEx) 3,937 3,814 3,682 3,432 3,270 3,092 2,763 2,529 2,262

668,571 per year), and utilities bills (0.25%; MWK 110,403 per
year) i.e., payment for diesel used to power the generator during
sewing activities.

Cost Modeling

We changed model parameters related to the capital costs,
operational costs, and OW characteristics to determine the
changes in profit per m® of organics treated at the facility
(Table 2). The extremes of the input parameter variations
included doubling or completely removing a parameter in
the model to determine the effect on profitability, ie., each
parameter was tested across a range from —100 to +100% of
its baseline value in order to identify cost bottlenecks in the
composting operation.

Capital Costs

At the baseline, the profit per m* organics was MWK —10,196,
which is obviously unsustainable (0% Top section, center
column, Table2). Varying parameters directly or indirectly
related to capital expenditure did not achieve any profitability
except for when land costs were completely removed (i.e., —100%
variation). Even when the loan repayment period was doubled
to 20 years, profit was not possible. When annuity payments on
the loan were removed from the model, i.e., assuming no capital

expenditure, a profit of MWK 3,270 per m? organics was achieved
(Table 2). In fact, WASTE did not have to purchase land and did
not take out a market-rate loan; the BCC allocated unused space
ata wastewater treatment plant, and start-up capital was provided
through a grant. WASTE is therefore able to operate the facility
above or near the break-even point, though for our purposes, it
would not have been realistic to ignore capital costs.

Operational Costs

Because of the findings above, operational parameters were
varied in the presence of capital expenditures set to the
baseline values, and again, without any capital expenditures.
The latter scenario turned a profit with every parameter
variation made. In the scenario excluding capital expenditure,
the total costs in the model excluded initial capital costs
and loan repayments, i.e., with the scenarios excluding capital
expenditure the assumption was that the compost operation
did not incur any start-up expenditure such as the purchase
of land or the construction of infrastructure. The scenario
without capital expenditure was modeled to determine if there
were other cost bottlenecks that prevented the profitability
of the baseline model apart from the land costs and other
capital expenditure. In particular, the scenarios excluding
capital expenditure illustrated the changes in profitability
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FIGURE 2 | Profitability as a function of plastic contamination at baseline model situation (capital expenditure included).
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that would be possible if the compost facility did not have
any debt, a situation that resembled that of the WASTE
study facility.

Waste Characteristics

Variations to OW characteristics were also made to determine
the effect on profitability. As with operational costs, profit was
only achieved when capital costs were excluded from the model
(Table 2) even when the volume of OW intake at the plant
was doubled or when there was no trash contamination of the
organics (removing the need for sorting). The impact of trash
contamination was one that we hypothesized could be most easily
addressed through behavior change and technical intervention.
However, the results showed that no profits could be realized in
this particular model (profitability vs. trash contamination, at a
baseline situation) at any contamination level.

Figure 2 shows the results from Table2 in further detail
by illustrating the profitability for every combination of OW
volume and contamination rate, holding the other variables
constant at baseline values (i.e., including capital costs). At lower
OW intake volumes, the impact of contamination on profit
is more pronounced, i.e., the gap in profitability between two
levels of contamination reduces as the volume of OW processed
increases, especially when the intake surpassed current 100%
treatment capacity (i.e., the OW intake of more than 60 m* OW
per week).

When capital expenditures were excluded from the model of
profitability as a function of trash contamination (at baseline),

the model indicated a profit with an OW intake of at least
10 m® at 45% contamination (Figure 3); a loss was observed
at an OW intake of 10 m?® at 50% contamination. While
excluding capital expenditure shows that the gap between
0 and 50% contamination is narrower than when capital
expenditure is included (Figure 3), the trend of increasing
profitability with reducing contamination and increasing OW
intake is maintained. However, there are drops in profitability
when 100% treatment capacity (i.e., current treatment capacity
of 60 m> OW per week) is exceeded but then profitability
steadily increases afterwards. The inflection points are a result
of the model either rounding up the quantity of certain
materials and services to satisfy the condition of whole-
unit items and workers, or certain scales of the economy
being realized when greater efficiencies were achieved using
existing resources.

In general, both Figures2 and 3 show that profitability
increases as trash contamination decreases because less sorting
is required which in turn, lowers the labor costs as well
as associated costs such as PPE as there are fewer workers
required; at the same time, the proportion of organics in
the skip increases, leading to greater compost production.
If treated OW per week reaches 60 m? the profitability
drops for OW intakes, but profitability decreases more when
the proportion of trash increases (i.e., >25% trash). The
decrease in profitability described is due to the increase
in the labor and PPE required to remove trash from
the organics.
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CONCLUSIONS AND
RECOMMENDATIONS

Our model showed that capital expenditure is the primary
barrier to full-scale compost production profitability. Costs
associated with land acquisition prevented profitability for
any scenario modeled. Potential facility operators and/or local
governments should investigate the potential of public-private
partnerships to provide free land or to significantly reduce the
cost of land. Future research should address the magnitude of
impact such interventions could have on the profitability of
composting operations. This work was limited by the fact that
the cost of capital (i.e., interest rates) in Malawi is especially
high; we encourage other researchers to adapt this model to
other similar facilities to develop comparative results. Similarly,
these results were based only on a windrow-style process that
required very little energy: forced aeration or mechanically-
turned processes would yield different results and should
be investigated.

The TDABC results illustrated that plastics are removed
at multiple points in the composting process, and that the
time allocated to removing plastics is non-trivial: plastics (and
other types of trash) still remain in the finished compost
and must be sieved out before it can be sold. Separating
out plastics from the predominantly organic market waste
means that the entire volume of waste is not disposed of
in the landfill. However, regardless of how well the OW or

compost is cleaned, microplastics will end up in the screened
compost and will enter the food chain through bioaccumulation
(Weithmann et al, 2018). The modeling also indicated that
reducing contamination with inorganics increases profitability,
though the results have not been validated. Theoretically,
the OW used by composting facilities should be as pure as
possible to reduce the labor costs associated with sorting; work
to validate this assumption is currently underway. We are
testing the use of incentives to increase the production of
uncontaminated market waste at the source, and will be able
to test the modeled findings from this work with empirical
data soon. It remains to be seen whether the increased cost for
separation incentives will be offset by the decreased quantity of
plastic, and in turn labor requirements: this remains a priority
research gap.

From a methods perspective, we were unable to perfectly
identify how and where each laborer spent his or her time,
resulting in a substantial amount of “unaccounted” time.
Similarly, the two different methods employed (16-week average
and single pile), produced different productivity values and
it is a limitation of this work that we cannot fully explain
why. We recommend that future work attempt to document
more individual piles, so that the variance and accuracy
can be determined and better compared to the average-
based method.

Given that important role that composting can have on
reducing solid waste, improving soil health, relieving the reliance
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on foreign-made chemical fertilizers, and generating local
employment, these first results indicate that full-scale composting
can be profitable, given various process modifications, but more
research into the impact and sensitivities of process modifications
are needed.
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