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Abstract

A methodology for the rapid assessment of waste composition was assessed by examining municipal solid waste
from five rural communities throughout Central America and the Caribbean. Target waste components were
minimized and a sieve-shaker table was employed to maximize the quantity of waste that could be sorted in an
efficient and timely manner. Food waste (along with other fine materials) was the largest component by weight, but
plastics represented a major fraction. To illustrate potential utility of composition study results, the data were used to
estimate the methane generation potential, L0, of each municipality’s waste stream. While the approach does not
provide the statistical rigor of more standardized waste composition methodologies, the technique does provide a
tool for rapid assessment of local waste characteristics.

Keywords: Waste composition; Food waste; Landfill; Central
America; Haiti; Methane potential

Introduction
Adequate solid waste management systems (SWMS) have lagged in

developing countries behind other infrastructure needs. Rural
municipalities, in particular, do not have the resources to construct
and maintain the infrastructure that supports the use of conventional
waste collection vehicles. While rural municipalities are often legally
responsible for municipal solid waste (MSW) collection for all
residents, the burden often falls to informal businesses. Without
formal contracts or established liabilities, collectors often dispose of
the waste wherever they can [1,2]. In many cases, an unmanaged
dump site is established over several years or decades. While this
creates a single, isolated source of pollution, it also concentrates the
liquid and gaseous emissions. Furthermore, as technology advances
and social habits change, waste composition changes. Whereas most of
the waste dumped twenty years ago in rural areas may have been
predominantly organic and biodegradable, the proliferation of plastics,
electronics, and other environmentally persistent materials within
current waste streams warrant modern SWMS.

To address the problems posed from sub-standard waste disposal,
rural communities are often urged to implement more sustainable
SWMS, both by national regulations and by outside parties. Challenges
to implementing more sustainable practices include limited financial
resources and the need to match an appropriate technology to the
region’s specific waste characteristics. Accurate waste composition
data can be a crucial tool for selecting an appropriate waste
management approach; the relative fractions of food waste, plastics,
metals, and other components dictate the viability of technologies such
as composting, anaerobic digestion, thermal energy recovery, and
recycling. Such data are often lacking in developing countries [3–6],
and even rarer in rural areas [7,8]. The cost and nature of the studies
can be prohibitive to small and local governments, as they are typically
performed over a period of multiple days or weeks, and sampling

events are repeated throughout the year [9–11]. The largest direct cost
of a composition study is attributed to labor, which typically requires 4
to 12 operators as well as a supervisor [9,12].

The work presented in this paper was motivated by challenges the
authors faced as part of several efforts providing assistance to rural
communities on waste management issues. Some estimate of the
composition of the local waste stream was desired, but time and
resources were not available for a complete waste composition study.
Over several trips, a protocol was developed that allowed a quick
evaluation of a municipality’s waste stream in a single sampling event.
A description and assessment of this procedure are presented within to
provide benefit to others interested in similar activities. Results of
composition studies from Costa Rica, Guatemala, Haiti, and Honduras
are described, and the utility of the results are illustrated by estimating
the MSW methane potential, L0 (m3 CH4/Mg MSW) of the different
communities and through evaluating the occurrence of plastics in each
waste stream. Other challenges with respect to waste collection and
management in the subject communities are also discussed to provide
a broader context of issues to the reader.

Materials and Methods

Site Descriptions
Rapid waste composition studies were performed on six waste

streams in five rural towns across Central America from 2010 to 2013
as part of an on-going effort by the authors to assess current waste
management practices in developing countries and assist local
communities. As illustrated in Figure 1, the locations included Nosara,
Costa Rica; Tactic and San Juan Chamelco, Guatemala; Cabaret, Haiti;
and Villa de San Francisco, Honduras. The waste streams examined in
the study were market or residential waste as indicated in Table 1. The
local markets were the primary sources of commerce within the
communities. As such, large amounts of waste were generated weekly
at these central locations.
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Town Country Waste Stream Site ID

Cabaret Haiti Market waste CAB

San Juan
Chamelco Guatemala Market waste SJM

San Juan
Chamelco Guatemala Residential SJR

Tactic Guatemala Residential TAC

Nosara Costa Rica Residential NOS

Villa de San
Francisco Honduras Residential VSF

Table 1: Towns and waste streams evaluated in this research.

In Cabaret, Haiti, much of the market waste was piled together and
burned on site. San Juan Chamelco had bins located throughout the
central market area for public waste disposal. San Juan Chamelco and
Tactic used several waste haulers (private and municipal) to collect
residential waste once per week. Nosara had a single, private hauling
service that collected waste from all areas of the town. The town was
highly segregated between tourist hotels, restaurants, and local
residences. Villa de San Francisco had a single waste hauler
(municipal) that collected waste weekly.

Figure 1: Geographic locations where rapid waste composition
studies were performed.

For the composition studies, waste was collected from the hauler’s
truck directly or arrangements were made to retain a truckload from
the previous day at the landfill site. Rapid waste composition studies
were performed at the landfills in Cabaret, Nosara, and Villa de San
Francisco and off-site in San Juan Chamelco and Tactic. In San Juan
Chamelco and Tactic, the municipality provided facilities that
protected sorters from the sun and allowed haulers to drop off waste
throughout the day.

The objectives of the waste sorts for each location were similar. The
amount of organic matter subject to biological decomposition was of
interest; this material could contribute to methane gas production
when placed in a landfill and would be amenable to treatment via
composting or anaerobic digestion. A second interest was an
assessment of potential recovered resources (recyclable materials)
present, as well as possible materials of concern (hazardous wastes);
some materials offer real economic value, while other materials may
have potential for pollution [13].

Rapid waste composition methodology
A standard method for waste composition analysis currently exists

and additional guidelines have been established and published [9–12].
Generally, a representative sample of waste (90 – 140 kg) is taken from
a collection truck and manually sorted into several categories (e.g.,
plastics) and subcategories (e.g., polyethylene terephthalate, PET). A
great number of different waste categories are often sorted. The
components are weighed and the relative fractions of waste are
determined from the combined weight of the total waste sample.
Samples from a large number of waste collection vehicles are sorted,
with the number of samples based on statistical calculations that
consider the components being categorized and the desired confidence
level [9].

In the current study, a methodology was needed to provide a
general sense of the waste stream components in a relatively short
period of time. Goals included processing a relatively large amount of
waste into a few basic categories. To assist in this objective, a sieve-
shaker table was constructed at each location with dimensional lumber
and a sliding, wire mesh top for categorizing waste components. The
tables were approximately 2 m by 1 m by 1 m (length by width by
height) with the surface of the table consisting of steel mesh layer
(square grid sizes of approximately 6.5 cm2 (1 in2); see Figure 2). The
mesh table was designed to slide back and forth to agitate the waste
sample, maximizing the amount of material that passed through the
sieve; fine materials less than size of the mesh fell through the table
surface onto a plastic tarp. The objective of the screening operation
was to quickly remove small pieces that were difficult and time-
consuming to categorize; these materials often did not represent
components of particular value for resource recovery. The fine fraction
was visually assessed to estimate an organic content; it was not sorted
and was weighed in bulk. This reduced the amount of time required
per waste load and allowed for greater amounts of waste to be sorted
throughout the day.

Loads were sorted into six to nine categories as shown in Table 2
and weighed to the nearest 0.5 kg. Biodegradable and inert categories
were chosen based on the need to have distinct, uniquely identifiable
categories while also being inclusive of common and uncommon
materials. “Plastics” incorporated resin codes 1 to 7 for both rigid and
film plastics. “Food waste” consisted of both food and soiled paper that
would not be suitable for recycling. If an item was not immediately
identifiable, it was placed in the “Other” category. The amount of time
for sampling did not allow for critical sub-categorization, however,
site-specific categories were created if one particular waste component
was found in significant quantity.
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Figure 2: The sieve-shaker table designed and used for rapid waste
composition studies.

Biodegradable Fraction Inert Fraction

Paper Products Plastics

Food waste Metals

Rubber, Leather, and Textiles Glass

Yard waste Other

Wood

Table 2: Waste categories of a rapid waste composition study.

Garbage bags were selected at random from the truck or landfill
stockpile. Bags were opened onto a receiving tarp and waste was
spread out to first look for hazardous components. Once the waste was
deemed free of hazards by the supervisor, waste sorters would add
waste to the sieve-shaker table. After shaking, waste was sorted from
the table and placed into new garbage bags. Once a bag was filled with
a single component it was closed and weighed. Categorized samples
were weighed in bags with hanging scales (range 0 to 40 kg). The
weight was recorded in the respective waste category and a new bag
was designated for that category. Researchers were able to sort 250 to
780 kg of waste in a single day, the maximum allotted time for waste
characterization.

Maintaining well-trained labor is always a concern for waste
composition studies [9]. Waste sorters must be aware of the target
categories to avoid contamination and erroneous results. Safety is
another major concern. In this study, all sorters wore rubber and
textile gloves over waterproof nitrile gloves. Long pants and long-
sleeve shirts were recommended as wells as hats to protect from the
sun. Sorters also wore safety glasses and, in some cases, dust masks.

Methane Potential of MSW
Waste composition data are useful for the development of accurate

greenhouse gas (GHG) inventories and life-cycle assessments of

SWMS [14,15]. Landfills are a major contributor to GHG emissions
and dumping is the most common method of waste disposal in
Central America [16]. Unmanaged dumps emit much of the generated
methane into the atmosphere, unlike sanitary landfills that incorporate
regular cover soil and gas collection and control systems for treatment
or energy recovery. To illustrate the utility of the waste composition
study results, the L0 of each community’s waste stream was estimated.
The US EPA landfill gas production model requires the assumption of
an ultimate methane potential, L0 (m3 CH4/Mg-MSW), of the waste
[17]. Past research has reported the methane potential of individual
waste components (measured using laboratory experiments) [18–20]
and others have coupled these data with composition study results to
estimate a L0 value for a specific waste stream [21,22]. In the present
study, methane potential data from Owens and Chynoweth [19] and
Jeon et al. [20] were used with the composition results to estimate L0
for each community’s waste stream.

Results and Discussion

Rapid waste composition studies observations
Because municipal participation in waste collection is not

mandatory, it was thought that not all sources of waste generation
would be captured by the rapid composition studies. Field
observations were made during waste collection and disposal at all
locations to determine if waste streams other than MSW were entering
the landfill. Dump site assessments were conducted in each of the
towns. In most cases, the dumping areas had developed over decades,
with the site being selected based on proximity to the municipality and
availability rather than engineering criteria.

Because much of the garbage sorted in Haiti was previously burned
before disposal at the dump site, the fines collection tarp required
weighing several times. When the fines collection tarp was being
weighed, all sorting was required to pause until the tarp could be
emptied and replaced in order to ensure all fines were collected from
the table. Thus, in cases where fine material is abundant, the sorting
process may be slowed because of frequent re-weighing of the
collection tarp. However, the minimization of categories helps to offset
the time attributed to identifying waste components and any such
breaks in sorting activity.

Worker safety was paramount during waste composition studies.
Sorters were outfitted with safety equipment to prevent ingestion,
inhalation, or dermal contact of waste materials. In Central America
particularly, the heat and sun are of concern as well. Because the
studies rely on obtaining fresh MSW samples, at times the collection
trucks would not arrive on site until mid-morning. Thus, the majority
of the sorting took place through midday and the afternoon. Worker
fatigue posed a challenge to productivity and multiple breaks were
provided throughout the day; water was made available to sorters at all
times.

The ability to complete the study in a single day significantly
lowered the cost of the research. For these composition studies, many
of the sorters were student volunteers. If additional laborers were
required they were compensated with approximately $20 USD/day,
higher than the average daily wage in any of these countries. Table 3
itemizes the costs of a rapid waste composition study, including
materials and labor. This is significantly less than typical composition
studies [9].
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Item
USD ($)

Cost Quantity Total

Table

lumber $80 1 $80

2 m x 1 m mesh $20 1 $20

6 cm nails (pack) $5 1 $5

3 m x 2 m tarp $20 2 $40

Labor  $20 8 $160

Materials

Work gloves $12 4 $48

Nitrile gloves $18 4 $72

Safety glasses $6 10 $60

Dust masks $36 1 $36

Garbage bags (pack) $25 2 $50

Hanging scales (0 – 40
kg) $12 2 $24

Total    $595

Table 3: Materials and labor cost estimate of a rapid waste composition
study.

All of the collection vehicles observed in this study were flatbed
trucks with wooden railings. Some of the trucks had hydraulic lifts to
tilt the bed but none had any compaction mechanism. This allowed
the researchers to select samples from all areas of the truck. The
absence of compaction also decreased potential contamination of
plastics and paper products by food wastes and liquids which can skew
composition data [12].

Rapid waste composition studies data
Waste composition data for the six waste streams (as well as the US

presented for comparison) are provided in Figure 3. Food scraps
dominated most of the waste streams, with the highest amounts found
in San Juan Chamelco (70% residential, 62% marketplace) and Tactic
(69%), Guatemala. Nosara, Costa Rica had the lowest food waste
fraction (22%), likely because of the higher tourist population which
produced more packaging waste (paper and plastics) than the other
towns. Paper products and cardboard constituted a large portion of
the waste, but without available recycling markets or size-reduction
equipment for composting, these materials were destined for the
landfill.

In Villa de San Francisco, Honduras, a large amount of textiles were
found during the composition study and observed at the dump site.
This was not typical of other locations; a specific reason for this
occurred was not determined. Yard waste and wood (from
construction and demolition debris) were not widely observed or
recorded in any of the waste streams of this study. These materials are
more likely to be used at the home for cooking or simply discarded
adjacent to the source. Yard wastes and wood are more resistant to
anaerobic decay and thus may not greatly contribute to potential
landfill methane emissions [19,23].

Figure 3: Waste composition data from 5 rural towns (6 waste
streams) and the United States for comparison.

Small, light-weight items (less than 6.5 cm2 (1 in2)) would not
typically be targeted as a recoverable commodity at a waste recovery
operation, other than potentially being included as part of the
biologically treated waste fraction (i.e., that destined for composting or
anaerobic digestion). The sieve-shaker table allowed for maximum
sorting efficiency of bulky or heavy material while allowing residual
pieces to fall through to a collection tarp below. The fines were
grouped into a single category that was visually assessed, weighed and
initially categorized separately. Generally, the fine fraction was found
to be highly organic (food scraps) or soil-like in nature (dust, street
sweepings) and were subsequently added to the “Food waste” category.
Small non-biodegradable items, such as bottle caps, were determined
to be negligible to the total weight of the “Fines” category.

As expected, many types of plastics (resin codes 1 to 7) were found
within the waste streams. Plastics contributed 17% of the weight to the
waste stream of Nosara, but only 7%, 8%, 9%, 6%, and 0.4% to San
Juan Chamelco residential, San Juan Chamelco market, Tactic, Villa de
San Francisco, and Cabaret, respectively. The amount of plastic
measured by weight in Nosara, Costa Rica during this study was
higher than the estimated plastic fraction of the US waste stream [24].
Again, this can be attributed to the tourists that frequent the area,
consuming and discarding single-use plastic bottles and bags. Because
plastics are much less dense than other items such as cardboard, or
food waste, the 17% by weight constitutes a considerable volume
fraction of the waste stream.

Large amounts of PET drink containers were observed in all waste
streams. PET is a valuable recyclable commodity and was weighed
separately during the composition studies. In Guatemala, a significant
fraction of polystyrene was found during the study. It was categorized
and weighed separately and subsequently included in the “Plastics”
category. Plastic film was common in most of the waste streams and
many of the large garbage bags contained smaller bags of waste. This
was later found to be a method of preventing vectors from being
attracted to waste that was stored in a home or building that lacked air
conditioning.

The largest product category of US MSW is “Containers and
Packaging,” which includes paper and plastic [24]. It was hypothesized
that the percentage of plastics in a waste stream would relate to a
country’s economic status. The percentage of plastics found within the
waste stream was compared to the gross domestic product purchase
power parity (GDP PPP) per capita of the respective countries [25]. A
trend was found that shows a direct relationship between GDP per
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capita and the fraction of plastic within the waste stream (See Figure
4). Two additional studies examining household waste composition in
rural Mexico [7] and Serbia [5] were included to better assess this
trend. The trend line does not include the US datapoint, which is the
US EPA’s national average, not specifically rural generation [24].

Figure 4: Percentage of plastics found within a rural waste stream
compared to the country’s GDP per capita.

Calculation of methane emissions from waste composition
data

The L0 of each waste stream was calculated using component-
specific data and are presented in Table 4. Calculated methane
potentials of the waste streams ranged from 72 to 104 m3 CH4/Mg,
within the range of default values given in the US EPA’s Central
America Landfill Gas Model [17] and similar to the US default value
(100 m3 CH4/Mg MSW) [26]. Machado et al. [21] calculated L0 for
fresh waste and excavated landfill samples from Brazil, determining L0
of that site to be 67 m3 CH4/Mg MSW. L0 is dependent of the
biodegradable fraction of MSW, but it is also dependent of moisture
content because it is a volume per “as-received” mass coefficient. Food
waste can be largely made of water, which contributes to the weight of
the waste, but does not contribute to methane potential. Paper
products have high volatile solids and low moisture contents, which
could increase the methane potential of that waste stream, as shown in
Table 4. Haiti, having the second highest food waste fraction, had the
second lowest methane potential, 73 m3 CH4/Mg MSW. This was
largely attributed to the difficulties in obtaining fresh MSW samples
before they were burned. Partially burned samples were taken multiple
times throughout the day, but in all samples, some portion of the waste
had already been combusted. Better coordination with the local waste
haulers would be needed to better represent unburned MSW.

Site ID Country

Percent by weight of waste stream (%) L0

Paper
Products

Food
Waste

Rubber,
Leather,
and
Textiles

Yard
Waste

(m3 CH4/
Mg MSW)

CAB Haiti 0 62 0 0 73

SJR Guatemala 3 70 0 0 90

SJM Guatemala 12 62 0 0 102

TAC Guatemala 5 69 6 0 101

NOS Costa Rica 17 22 5 0 72

VSF Honduras 4 50 17 22 104

Table 4: The methane potential, L0, of 6 Central American waste
streams based on waste composition data.

Conclusions
Rapid waste composition studies were performed on waste from

five rural communities in Costa Rica, Guatemala, Haiti, and
Honduras. Time and resource constraints did not permit an extensive
waste composition study as might be typical in developed countries,
but some general characterization of the waste was needed. The
protocol described herein provides a means for interested parties to
collect waste composition data in a single sampling event. By
characterizing only a limited number of categories (six to nine) and
using a shaker-table to quickly screen out difficult to identify
components, the methodology allows for rapid data collection while
also providing valuable information regarding relative amounts of
biodegradable waste, recyclable materials, and components destined
for landfill. Observations of collection and disposal sites indicated that
the waste collected for the studies was representative of the overall
waste stream.

Food waste (plus fines) accounted for 50% or greater of the waste
streams in San Juan Chamelco, Tactic, Cabaret, and Villa de San
Francisco. Paper and plastics were significant fractions but varied by
location. Nosara was found to have notably greater percentage of
plastics (17%) – this was attributed to single-use bags and bottles. To
illustrate the utility of the waste composition data, the results were
coupled with component-specific methane yield data to estimate site-
specific L0 values; the results fell within the default ranges for each
country in the US EPA’s landfill emission model (Haiti is not included
in the model). A direct relationship was found between the percentage
of plastics within the waste stream and a country’s per capita GDP.
This may be of value to other municipalities that lack waste
composition data, but are interested in enacting a recycling program
for plastics. Some plastics have a high value in the recycling markets,
but many of the films and other packaging materials lack viable
recycling markets and will be landfilled.

Some valid concerns of the proposed methodology remain. A single
sampling event cannot replace a full, long-term waste composition
study. This study does not consider sample sizes and only considers
the total amount of waste that can be sorted in a single day. Seasonal
variations cannot be accounted for without additional data. The
sampling event could be supplemented by information from the
municipality or waste hauler to extrapolate waste generation rates.
While uncertainty exists within any waste composition study, these
data serve to inform the municipalities, the public, and researchers in
geographic areas where such data do not exist, and allow more
informed decision-making regarding solid waste management in
developing countries.
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