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Abstract: The recovery of recyclables from the waste stream is a vital factor to consider in any
recycling scheme since it enhances the quality of recyclables and ensures efficient recycling schemes.
This study was conducted in the Tamale Metropolis of Ghana to investigate incentive options that can
promote municipal solid waste resource recovery to support policy decisions on the formalization of
recycling scheme in the Metropolis. Solid waste source separation scheme was set up in four different
waste management service zones in the Metropolis. The quantity of separated materials, set-out rate,
as well as separation efficiency of the targeted materials in the scheme were also assessed. The result of
the study indicated a high recovery factor for dry recyclables (53.97%) as against food waste (10.03%).
There was a significant effect of incentives on waste material quantities. Significant differences also
occurred in the set-out rates and separation efficiency. Moreover, the study showed that employing
prize as a reward scheme in addition to the provision of a waste storage facility had a high propensity
for waste material recovery. The study demonstrated that the quantity of waste materials that may
be retrieved in a recycling scheme in different solid waste management service zones depends on
the type of incentive employed in the scheme and the service zone considered.

Keywords: recovery; municipal solid waste; resource; options; incentives; recyclables

1. Introduction

Source separation refers to the separation of household solid waste into different categories at
source for further treatment [1]. On the other hand, resource recovery involves thorough separation of
individual waste components by householders, commercial establishment, and industry of municipal
institutions [2]. Source separation is seen as a viable method of reducing waste quantities and a key
component in promoting recycling [3,4]. Studies have shown that it is better to separate recyclable
materials at the source of generation than the separation of mixed waste at a material recovery facility,
as cleaner and higher quality materials are produced through sorting at source [5]. Subsequently,
the sorted materials are collected and stored in separate bins and transported to a facility for processing.
The primary processed and clean materials can then be sold for reprocessing into other products by
industries. It is argued that recycling produces one of the most realistic economic and ecologically
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sound solutions in managing solid waste disposal [6]. The key direct economic benefits of source
separation programs are the earnings made from sales of the recovered waste materials and the credits
for avoiding part of the cost of disposal by landfill or other means of disposal [7]. However, information
on waste generation rate gives indication of waste quantities that can be generated to serve as a guide
in projecting potential waste generation rate in a city [8] and to determine management strategies to be
utilized [9].

According to Pichtel [2], analysis of waste types is one of the most immediate variables to be
determined when considering the implementation of a new collection system for a community and it
is achieved through waste characterization study. Waste characterization study is needed for realistic
estimation of potential recyclables to aid decision making on solid waste treatment technologies [9,10].
It is believed that assessment of waste composition and available recyclable quantities facilitates
well-organized and smooth functioning of recycling programs. Ultimately, this reduces the amount of
waste generated, thereby reducing total waste management costs [11]. It also provides information on
the use of materials for composting and conversion into various products such as compost and mulch,
providing both a soil conditioner and a partial substitute for chemical fertilizer [12].

Hornik et al. [13], asserted that monetary rewards can catalyze desired recycling behavior, though
limited by long-term sustainability. Conversely, extensive education can be used to overcome such
limitations [14]. Incentives used in promoting recycling behavior could be in the form of reward or
penalty. The penalty is considered in policy as economic tools instituted to improve certain behavioral
target or cause a change in behavioral patterns, while rewards are any form of incentives given by
competent authorities or government for improved recycling activities [15]. For example, provision of
free containers, cash payment, voucher, and tax exemption, among others [15]. Reward schemes may
also come in a form of prizes, bonuses, lotteries, tax exemptions, discounts, or waivers [16]. Some may
also include the establishment of a product charge on recoverable waste materials that are disposed of,
modification of the percentage depletion allowance, and the institution of governments’ income tax
credit for the purchase of recycled materials. These mechanisms can lead to an upsurge in the demand
for recycled waste materials, encourage source separation, and consequently, promote a range of waste
recycling activities [16].

Studies have shown that, in developing countries, both economic concerns and moral obligations
influence recycling outcomes at the household level [17,18]. This assertion is supported by a coterie of
studies (e.g., [19–22]). Several studies have discovered how incentives can support recycling and reduce
waste disposal cost. For instance, an incentive-based source separation model piloted in Guiyang
city in China yielded an increase in net benefit by 18.3 Chinese yuan (CNY) per ton after a year
of operation [23]. The same study was able to achieve a 54.3% reduction in waste quantity which
otherwise would have required financial resources at its disposal. Additionally, the study by [24]
in Lahore in Pakistan, indicated that out of the total recyclable waste generated, 21.2% of the waste
recycled through the informal sector generated 271 million rupees (Rs) per annum, equivalent to
US$4.5 million. This is an indication that local authorities have the advantage of making considerable
savings from formalized recycling activities. Suttibak and Nitivattananon’s [25] study in Thailand
reported a satisfactory diversion rate and a good benefit–cost ratio. Due to the benefit of recycling,
in [26] it is asserted that a viable means of promoting recycling behavior is to induce individuals to
form a positive intention to perform the desired behavior. Guagnano et al. [27] also emphasized that
recycling schemes without rewards and which are not mandatory would have a difficulty in promoting
recycling behaviour. This may particularly be the case when cheap/free disposal of waste is available
to the people, which creates a little economic incentive for them to recycle or to reduce their waste.
Matter et al. [28] suggested the use of economic incentives by governments, municipal, and district
authorities, as well as waste management institutions to encourage waste recycling.

The incentives proposition is also supported by several scholarly studies [1,14,15,29–33].
Studies have also shown that, in general, incentives and rewards are preferred over penalties for
waste recovery [15,31,34]. However, due to the inadequate amount of empirically evaluated incentive
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schemes, it is hard to name one preferred incentive form over another and more especially in different
municipal solid waste (MSW) service areas. Survey-based results tend to reveal that households prefer
community-based rewards [31]. On the other hand, results based on actual pilot scheme projects
disclosed that incentives and rewards given out based on the performance of a group of households
did not lead to significant changes in the collective behavior of the households [35].

Similarly, other scholars have argued for the imperativeness of establishing a convenient location of
recycling points such as drop-off centers [12,36] to facilitate residents’ participation in recycling schemes.
In support of this, Oduro-Kwarteng et al. [14] affirmed incentive schemes by proposing the provision
of options as a necessary factor for safeguarding source separation programmes. Extensive studies on
recycling have also indicated households’ preference of both monetary and non-monetary incentives
as motivation [14,30,32,37,38].

The issues of waste management in Ghana, as well as the Tamale Metropolis, are not different
from the general perspectives drawn from studies in other jurisdictions. However, in the Tamale
Metropolis, the informal sector is actively involved in recyclables trading and is operating in almost
all the communities in the Metropolis. Moreover, there is no formalized recycling program in place;
mixed wastes are transported to landfill for disposal together with materials which can be recycled to
serve as a plough-back venture for its management. In addition, the majority of people depend on
free disposal at the communal skips positioned at vantage points in the communities which creates
little or no incentives for them to recycle their waste. Only residents in door-to-door service zones,
usually located in high- and middle-income areas, who subscribe to door-to-door waste collection
services, pay an amount of Gh¢30 for door-to-door collection of their waste. The delays in disbursement
of funds to the Metropolitan Assemblies by the central government coupled with low user-fee turnovers
makes it difficult for waste management authorities and contractors to invest in new facilities and
treatment technologies to support waste resources recovery. This is because waste management is
mainly financed by the central government. These and many other factors have made the Metropolitan
Assembly incapable of rendering effective waste management services in all the areas in the Metropolis.
Alternatively, formalized recycling schemes may support waste diversion from the landfill and reduce
the financial resources needed for the management of the waste.

So far, no attempt has been made by the city authority to implement any form of formalized
recycling program, despite the activeness of the informal sectors in recycling in the metropolis.
From the mixed disposal system utilized in the Tamale Metropolitan area, it can be concluded with
certainty that there is an apparent lack of knowledge on recycling on the part of the public and
lack of action by authorities to implement MSW sorting and recycling programs. Existing literature
underscores the role of economic incentive in enhancing recycling and producing economic gains for
city authorities and the inhabitants (e.g., [23–25,30]). It is, therefore, no gainsaying that it is prudent to
institute recycling programs that provide economic benefits to recyclers to promote participation and
increase recyclables yield to reduce the quantities of waste that goes to the landfill.

It is significant to note that achieving the objectives of recycling programs is contingent upon
the availability of accurate information on the recovery rate of various materials and the influence
of incentives on recyclable yield. Literature exists on recycling in Ghana, but the literature focused
essentially on human cognizance and few have concentrated on an empirical analysis [9,14,29,37].
However, there is a lacuna in intellectual discourse on recycling in Ghana as the existing studies did
not focus on the influence of incentive options on recyclable yields. It is an incontrovertible fact that
recyclable types and quantities are a necessary factor for the selection of treatment and management
options and efficient recycling schemes [9,10,39]. Therefore, incentives are too crucial to be ignored
in recycling programs. The question then is: which combination of incentive and service zone will
give a realistic quantity of recyclables to support a recycling scheme?

The study sought to (1) investigate the influence of incentives options on waste materials recovery
to promote household participation and retrieval of sorted solid waste fractions from household waste
to support formalize the recycling scheme in the Tamale Metropolis. Additionally, the study aimed
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to (2) provide city authorities and industry with science-based evidence on the best combination of
incentives and service zones that drives positive recycling behavior and increases waste recyclables
yield to assist waste contractors and city authorities to shift the solid waste management strategies to
focus more on recyclable materials resources recovery to increase waste diversion from the landfill and
reduce the management cost.

2. Materials and Methods

2.1. Study Area

The study was conducted in the Tamale Metropolis in the Northern Region of Ghana and included
some communities under Sagnarigu district because of the joint solid waste management for the two
areas. The Metropolis is considered one of the fastest growing cities in Ghana, with an annual
population growth rate of 3.5%, and it lies between latitude 9◦16′ and 9◦34′ North and longitudes 0◦36′

and 0◦57′ West. Based on the 2010 population and housing census, the areas were projected to have
a population of 485,000 in the year 2017 and about 69,286 housing units with 80.8% of its inhabitants
dwelling in the urbanized areas, influencing waste generation in the city [40].

Waste disposal methods used in the areas are mainly two, a door-to-door and communal collection
using skip containers. The study focused more on the urbanized areas in the metropolis due to
the availability of waste management services in these areas. Figure 1 depicts the map of the study
areas and selected households for the study.
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2.2. Data Collection

Waste Characterization Study and Analysis of Waste Material Resources Recovery

Twelve weeks’ municipal solid waste source separation and separate collection schemes were
piloted in twelve communities in three different income residential classes under two major waste
collection schemes (door-to-door and communal) under four solid waste management service zones.
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The required sample size for the waste characterization analysis was calculated using the formula
developed by [41] and following other studies in [29,42,43]. The formula is

n = Z ∗Z[P ∗ P)/(D ∗D)]

where n = the sample size, Z = value for a selected alpha level of each tail = 1.96; P = estimated
population standard deviation based on a pre-study, and D = acceptable margin of error (0.05).
From the calculation, a total of 8074.7 kg of waste was to be used for the waste characterizations study,
however, all the primary sorted waste from the household was used for the characterization which
was more than the estimated quantity.

A total of 360 households were randomly selected for the study, which comprises thirty (30)
households selected in three randomly selected communities in each of the four different service zones.
Each community was given one incentive option as treatment and each treatment replication for thirty
households for twelve (12) weeks. Three incentive options were given to households; 1 = only waste
storage facility (waste bins and sacks), 2 = a prize of GH ¢ 2.5 per week in addition to a waste storage
facility, and 3 = a 30% bonus on recyclables in addition to a storage facility.

Waste bins were provided in door-to-door service zones and sacks in communal services zones
as storage facilities; this was done due to the availability of space for storage facilities in the service
areas. For simplification and easy discussion of results, incentive options two and three are stated as
prize and bonus. Stratified, purposive, and random sampling technique was employed to select zones,
communities, and the number of households. The study employed two main collection modes, namely,
door-to-door and communal collection at communal waste collection points in the communities.
The number of households randomly selected in the service zone and incentives employed in the study
are shown in Table 1.

Table 1. Number of selected communities and sampled households.

Community Residential Class Incentive Option Mode of Collection Sample Size (N = 360)

High-income door-to-door (HI DtD)

1 High-income Area Waste receptacles Door to Door 30
2 High-income Area Prize Door to Door 30
3 High-income Area Bonus Door to Door 30

Total 90

Middle-income door-to-door (MI DtD)

1 Middle-income Area Waste receptacles Door to Door 30
2 Middle-income Area Prize Door to Door 30
3 Middle-income Area Bonus Door to Door 30

Total 90

Middle-income communal (MIC)

1 Middle-income Area Waste receptacles Communal (drop-off) 30
2 Middle-income Area Prize Communal (drop-off) 30
3 Middle-income Area Bonus Communal (drop-off) 30

Total 90

Low-income communal (LIC)

1 Low-income Area Waste receptacles Communal (drop-off) 30
2 Low-income Area Prize Communal (drop-off) 30
3 Low-income Area Bonus Communal (drop-off) 30

Total 90

Households selected for the study were given prior information on the program through personal
contacts and the use of leaflets. A brochure was distributed to the households accompanied by
two labelled sacks or waste bins lined with black polythene bags. Sack 1/black bin for food wastes
(food leftover, fruits, peels, vegetables) and sack 2/ash bin for dry recyclables (plastics—Polyethylene
Terephthalate (PET), High Density Polyethylene (HDPE), Low Density Polyethylene (LDPE) and
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Polypropylene (PP), and other plastics, paper—mixed paper and cardboards, glass—clear and colored
glass and metals scraps and aluminum cans). The house numbers of selected households and items to be
placed in each sack/bin were inscribed on the body of the sacks/bins and polythene bags. The polythene
bags and sacks were replaced when worn out.

The primary sorted dry recyclables waste was collected twice a week and the food waste collected
daily for 12 weeks in each service zone. The content of each labelled bag was emptied for sorting and
weighing on each collection day. The direct sampling method was employed, whereby materials were
manually sorted into various components [9,11,29,37,44]. The components realized were quantified
in grams using a weighing scale. The dry recyclables were sorted into four major classes, plastics,
metals, paper, and glass. The materials under the major groups discussed in this paper are materials
with recycling values.

The parameters below were estimated to determine the recovery rate under each incentive scheme.
The quantity of materials produced per household (WH) =

TQM
TH × SD where TQM is the total quantity

of sorted waste per household, TH is the total households who participated in the study and SD is
the study duration.

Percentage (%) of each component was calculated as Qi
TQW × 100 where Qi is the quantity of

the material under consideration, TQW is the total waste quantity, all expressed as a percentage.
The set-out rate (S in percentage) was calculated using the number of households that separated
their waste into the designated bags (B) and the total number of households (H) who participated
in the study using the formula shown below: S = B

H × 100.
The percentage separation efficiency (% SE) was determined by measuring the percentage by

weight of recovered fractions (Rf in g) correctly placed in each bag and the total weight of waste
in the bag (WT in g); % SE =

R f
WT × 100 where Rf is the weight of sorted waste fraction, WT is the total

weight of waste sorted. The recovery factor was calculated as recovery f actor = QTM ∗ SE where
TQM = quantity of targeted material in the waste stream and SE = separation efficiency [39].

2.3. Data Analysis

Data obtained on waste material quantities were analyzed using descriptive statistics
in statistics/data analysis special edition (Stata version 14.0) and presented in Tables and Figures.
Multivariate analysis of variance was carried out to determine the difference in waste quantities across
service zones and incentives options. It was also employed to test differences in set-out and separation
efficiency for waste materials resources across incentive options. Multivariate regression analysis was
done to establish the effect of incentives on waste materials recovery.

3. Results and Discussions

3.1. Composition of the Primary Sorted Waste Stream

The waste segregation pilot study carried out for twelve weeks produced a total of 33,081.1 kg
of primary sorted waste from a total of 360 households in the Tamale Metropolis in the Northern
Region of Ghana. From the total waste produced by the households, the total waste materials that
can be recycled or composted was 32,277 kg, out of which 6862.8 kg were food waste and 18,594.5 kg
were dry recyclables waste materials. The results obtained in the study agrees with that reported
elsewhere in other parts of the world, as the solid waste segregated in low-income countries was
about 2217.2 kg [45]. Additionally, Alias et al. [46] found 1519.3 kg of separated solid waste in Sabah,
Malaysia. The result of the study showed that the primary sorted waste is composed of paper,
glass, metals, plastics, food, miscellaneous, and household hazardous waste. The compositional
analysis of the waste samples indicates that there is a marked higher generation of plastics and food
waste in the study area; 42.96% and 25.68%, respectively. The large quantities of plastics and food
waste may be as a result of the influence of economic class and household dynamics on solid waste
generation and composition [47,48]. Additionally, the large quantities of plastic waste materials
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retrieved in the scheme could be attributed to limited alternative re-use options and inadequate
recycling systems in the metropolis.

Paper and glass had the lowest percentages in the primary sorted waste stream from this study,
thus,3.80%and4.43%,respectively, while non-targeted material (hazardous waste and miscellaneous)
were 0.03% and 1.18%, respectively, in the waste stream (Figure 2). This was in line with findings
in Kumasi, Ghana shown in [8], where a lower percentage of glass (1.1%) was retrieved from the waste
stream. However, the finding contradicts that of [49] in Beijing who reported a higher percentage
of paper (10.7%) in their study. The findings of this study are similar to those of the study in Putra,
Malaysia in [50], which found sorted waste organics to be 55%, plastics (30%), paper (11%), glass (1%),
and metal (2%) in the waste stream. The waste materials that had a high recovery rate could serve
as the basic materials to focus on in the recycling scheme to support continuous materials flow for
recycling purposes. Yang et al. [49] reported a higher potential recycling value for plastics and food
waste compared to other waste components in the waste stream. These materials could present a viable
economic venture to support the country’s economy if they are properly valued.
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Figure 2. Composition of the sorted waste stream.

3.2. Average Recyclables and Food Waste Materials Retrieved for the Study Period

The result on average waste resources retrieved for the study period indicated that dry recyclables
had the highest mean quantity of 4552.44 g per household for the study period as compared to food
waste (1761.85 g). The average total of recyclables and food waste produced was 6314.282 g per
household for the study period.

In terms of dry recyclables’ components, plastics had the highest mean quantity of 2513.35 g per
household for the study period. This was followed by metals (1395.38 g) and the smallest amounts
of 215.70 g and 427.98 g were for paper and glass, respectively. However, the retrieval of paper
was relatively lower than that of glass as indicated in Figure 3. A study of municipal solid waste
in the Balkan region reported the organic fraction of waste in Bulgaria and Romania to be 58.3% and
59.2%, respectively [51]. Several other studies have demonstrated that the amount of organic waste
often comprises more than 50% of the total generated solid waste in developing countries [52–54].
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The findings of the study contradict that of [29,37] study in Ghana and [3,49] studies in Beijing
and Palestine which reported high organic waste contents in the waste stream. On the other hand,
the findings are in tandem with the findings of [37,55] in Ghana that established a lower percentage
of glass (1.1%) in the waste stream. The finding again contradicts that of the study in [49] regarding
Beijing in which higher percentage of paper (10.7%) was reported. However, waste generation is
known to be influenced by several factors such as geographical location, income, household size, time,
among others [9,37,39], and this may have accounted for variation in the results.

Sustainability 2020, 12, x FOR PEER REVIEW 8 of 19 

3.2. Average Recyclables and Food Waste Materials Retrieved for the Study Period 

The result on average waste resources retrieved for the study period indicated that dry 
recyclables had the highest mean quantity of 4552.44g per household for the study period as 
compared to food waste (1761.85 g). The average total of recyclables and food waste produced was 
6314.282 g per household for the study period. 

In terms of dry recyclables’ components, plastics had the highest mean quantity of 2513.35 g per 
household for the study period. This was followed by metals (1395.38 g) and the smallest amounts of 
215.70 g and 427.98 g were for paper and glass, respectively. However, the retrieval of paper was 
relatively lower than that of glass as indicated in Figure 3. A study of municipal solid waste in the 
Balkan region reported the organic fraction of waste in Bulgaria and Romania to be 58.3% and 59.2%, 
respectively [51]. Several other studies have demonstrated that the amount of organic waste often 
comprises more than 50% of the total generated solid waste in developing countries [52–54]. The 
findings of the study contradict that of [29,37] study in Ghana and [3,49] studies in Beijing and 
Palestine which reported high organic waste contents in the waste stream. On the other hand, the 
findings are in tandem with the findings of [37,55] in Ghana that established a lower percentage of 
glass (1.1%) in the waste stream. The finding again contradicts that of the study in [49] regarding 
Beijing in which higher percentage of paper (10.7%) was reported. However, waste generation is 
known to be influenced by several factors such as geographical location, income, household size, 
time, among others [9,37,39], and this may have accounted for variation in the results. 

Again, food waste is just a fraction of organic waste, so other organic waste components may 
have contributed to the higher content of organic waste fractions reported by other studies. However, 
the quantity of materials separated for the recycling scheme seems to differ from what can be 
retrieved from normal waste composition analysis. A similar observation was made in [6] where 
differences were reported in the composition of the pre-recycling waste stream across three districts 
in New York and post-collection recovery efforts were recommended to augment residents’ recycling 
efforts, after noticing that the discarded waste stream may contain appreciable quantities of 
recyclables materials. 

 
Figure 3. Average recyclables and food waste retrieved for the study period. 

  

0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000

paper plastics metals glass dry
recyclables

foodwaste

M
ea

n 
qu

an
tit

y 
pe

r h
ou

se
ho

ld
 (g

ra
m

s)
 

fo
r 1

2 
w

ee
ks

Recyclables waste types

Figure 3. Average recyclables and food waste retrieved for the study period.

Again, food waste is just a fraction of organic waste, so other organic waste components
may have contributed to the higher content of organic waste fractions reported by other studies.
However, the quantity of materials separated for the recycling scheme seems to differ from what
can be retrieved from normal waste composition analysis. A similar observation was made in [6]
where differences were reported in the composition of the pre-recycling waste stream across three
districts in New York and post-collection recovery efforts were recommended to augment residents’
recycling efforts, after noticing that the discarded waste stream may contain appreciable quantities of
recyclables materials.

3.3. Recyclables and Food Waste Materials Resources Retrieved from the Incentives Options

According to the result of the study, the incentive option prize produced the highest dry recyclable
(5613.52 g) and food waste (2182.57 g) materials per household for the study period. The incentive
options—waste receptacles and bonus produced more dry recyclables waste materials thus, 4454.18 g
and 3589.608 g compared to food waste material thus, 1544.609 g and 1558.67 g per household,
respectively. In terms of dry recyclable components, the largest quantity of plastics was produced by
waste receptacle (2787.29 g) followed by prize (2636.63 g) and the smallest quantity from bonus, thus,
2116.21 g per household. On the other hand, prize recorded the largest quantity of metals (2121.19 g),
followed by waste receptacles (1235.73 g), while bonus recorded the smallest quantity of 829.2 g of
metals per households. The highest quantity of paper was produced by prize (383.01 g), followed by
waste receptacle (199.35 g) and bonus which produced 64.73 g of paper materials per household.
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The quantity of glass separated per household for the study period was higher for bonus, namely,
579.47 g, compared to prize (472.66 g) and waste receptacles (231.82 g), as indicated in Figure 4
below. This result agrees with the findings of [56] which found that financial incentives can promote
pro-environmental behavior and contribute to sustained behavior. Likewise, the minor role is that
financial incentive is a tangible benefit for recycling. This finding infers that the role of incentives is
crucial to the sustainability of recycling of municipal solid waste. Thus, the unveiling of incentives such
as prize for the recycling of municipal solid waste is required for furthering household participation
in the recycling of municipal solid waste.
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Figure 4. Average recyclable waste materials from the incentive options.

The mean recovery of waste materials per incentive options gives an idea as to which incentives to
focus on in terms of targeted material in a recycling scheme to achieve realistic quantities of materials
to support materials flow in a recycling scheme. It also provides information on the amount of material
that can be retrieved in time to support recycling schemes. The finding of the study is also similar to
a study conducted by [57] in Thailand which indicated difference in food waste quantities produced
by communities and observed higher food waste quantities produced by a reward scheme than
the traditional system without incentive. The variations in waste quantities retrieved across incentive
options and service zones could be attributed to the differences in income levels since the service
zones used in the study belong to different income levels groups. This is consistent with studies by [3]
and [58] who reported differences in waste composition across income levels.

3.4. Recyclables Waste Materials Resources from Incentives Options Across the Service Zones

The result of the study indicated in Figure 5 below shows the quantities of separated materials per
incentive options in the service zones. Among the incentive options, waste receptacles had the largest
quantities of separated dry recyclables material (2952.98 g) and plastics materials (1722.92 g) per
household for the study period in the high-income door-to-door service zone. However, the largest
quantities of food waste (2849.17 g) were produced by prize, followed by waste receptacles (1887.20 g)
in the high-income service zone. Prize again produced the largest quantity of food waste (1824.43 g),
while bonus produced the largest quantity of dry recyclables (3411.33 g) in the middle-income
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door-to-door service zone. The incentive option waste receptacles followed second in terms of dry
recyclables quantities (2000.29 g) and food waste (690.18 g) retrieval in this zone. Plastic quantities
were relatively high across all incentive options compared to the other waste material types but had
a high recovery under the incentive option bonus which produced 2264.33 g of plastic materials per
household for the study period in this service zone.
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In the middle-income communal service zone, prize recorded the highest quantities of both dry
recyclables (7709.17 g) and food waste (3588.33 g) as well as plastics (3262.5 g) and metals (2386.67 g)
per household for the study period. Waste receptacles followed second after prize in the quantities
of the above mentioned materials (Figure 5). Conversely, prize produced high quantities of glass
(1226.7g) for the zone compared to the other incentive options. In the low-income service zone,
the largest quantities of dry recyclables (6823.3 g), metals (5201.95 g), and plastics (5183.61 g) were
produced by prize, while the largest quantity of food waste was produced by bonus (2155.28 g).
However, bonus produced the highest quantities of sorted glass (1810.28 g) in the zone. Large plastics
quantities were realized for all incentive options in this zone, but the highest plastic waste quantity
(5183.61 g) per household for the study period was realized by the incentive option prize in this
service zone.

The study showed variations in quantities of materials retrieved under incentives across service
zones based on the mean values. The study revealed high performance among all the incentive options
across the communal service zones for the recovery of the waste materials compared to the door-to-door
zones. This could be attributed to the quest for economic benefit from recycling among recyclers
in the communal service zones compared to those in the door-to-door zone. The economic incentive
which accompanied the scheme may have increased households’ recycling performance in these zones.
The findings of the study are in line with the studies by [16–18] which reported economic incentives as
a drive for positive recycling behavior among households.

The result is also consistent with a study by [57] who reported increase in separated food waste
under reward scheme than the voluntary and traditional scheme in Thailand. The performance
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in the communal zone may also be attributed to the convenient location of drop-off centres. This agrees
with the study in England by [59] which stated that having access to convenient collection infrastructure
seems to be one of the most, if not the most important factor influencing household´s motivation to
participate in recycling. The different quantities of food waste produced by the service zones and
incentives contradict the studies in [3,58] whose findings established an inverse relationship between
the amount of organic waste and economic development. With this report, it was anticipated that
the door-to-door areas which are considered more elite and of good economic standings, would produce
less food waste but the opposite was seen in this study. This could be attributed to the fact that residents
in the high-income zone had no alternative uses for food waste as compared to those in the low-income
zone who depend on food waste as feed sources for their domestic animals.

3.5. Waste Material Recovery Rate under Incentives and Service Zones

A well-developed collection scheme is not only a basic requirement for source separation but also
the implementation of a reward scheme in particular [34]. Additionally, an increase in participation
in a kerbside scheme could best be achieved through changes in the design of the collection scheme,
such as the organization of the pick-up of household waste [31]. Woodard et al. [47] also found
out that participation rates correlate positively with the number of separately collected materials.
From the study, the recovery factor (R.F) which represents material recovery in the recycling scheme
was computed for the targeted materials in grams under the different incentives options and services
zones. Provision of waste receptacles registered the highest dry recyclables recovery in the low-income
zone and also produced the highest food waste recovery in the high-income zone. On the other hand,
the incentive option prize produced the highest food waste recovery (29.08%) in the high-income zone,
but the highest dry recyclables recovery occurred in the middle-income communal zone (36.28%).

The highest food waste recovery for the incentive option bonus occurred in the middle-income
communal zone and the least food waste recovery occurred in middle-income door-to-door zone
for the incentive option bonus. Dry recyclable registered the highest R.F compared to food waste
across all the incentives options (Table 2). However, the incentive option waste receptacles produced
the greatest amount of dry recyclables R.F (29.92%) compared to the incentive options prize and
bonus. Conversely, the incentive option prize produced the highest R.F of 14.66% for food waste.
In the service zones, the highest dry recyclables R.F was produced in the low-income service zone
(73.86%). The least dry recyclables R.F (39.23%) was generated in the high-income door-to-door service
zone. Overall, dry recyclables had the highest R.F of 59.97% while that of food waste registered R.F
of 10.03%. The result of the recovery factors (R.F) estimation for the target materials in the recycling
scheme observed a higher R.F for dry recyclables than food waste.

Table 2. Percentage recovery rate of waste materials per incentives and service zones.

% Recovery Factor of Recyclables and Food Waste Per Incentive Options

Incentive options Waste receptacles Prize Bonus

Service zone Dry recyclables Food waste Dry recyclables Food waste Dry recyclables Food waste

HI DtD 23.45 28.31 18.07 29.08 27.95 9.05
MI DtD 2.72 2.87 11.58 21.05 32.61 1.17

MIC 28.33 24.26 36.28 10.02 10.42 19.87
LIC 29.62 1.97 22.17 1.97 31.31 16.93

Overall R. F. 29.92 13.091 23.18 14.66 27.21 12.61

% Recovery factor of recyclables and food waste per service zone

Waste type HI DtD MI DtD MIC LIC Overall % R.F
Dry recyclables 39.25 40.96 53.02615 73.86 53.97

Food waste 20.55 5.368 24.68 2.00 10.03

Waste receptacles as an incentive option produced the highest recovery factor for dry recyclables
in the scheme, as well as in the low-income service zone, while it produced the highest food waste
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recovery in the high-income service zone. It can be deduced from the findings that factors such
as well-designed and implemented rewards or incentive schemes are stronger influential factors
on households’ recycling behavior and waste material resources recovery. It can be inferred from
the findings from the study that financial incentives are crucial towards leveraging existing behavioral
patterns towards recycling of municipal solid waste in different service zones. The combination
of the mentioned aspects and consideration of local conditions could be a solid basis to develop
high-performing source separation and recycling schemes.

3.6. Effect of Incentives, Collection Modes, and Service Zone on Waste Materials Quantities

The multivariate analysis of variance (MANOVA) on waste quantities against collection mode,
incentive options, as well as service zones, showed variations in food waste and dry recyclables
quantities recovered across incentives and service zones. The results in Table 3 show a statistically
significant difference (p < 0.05) in waste materials quantities retrieved under incentive options and
service zones. It was found out that there were statistically significant differences in waste quantities
across incentives and service zones and the interaction of the two. However, there was no statistically
significant difference in waste quantities across collection modes as indicated by the probability values
of all four (4) statistical tests. The interaction effect indicates that there was a statistically significant
difference in waste quantities across service zones and the incentive options (bonus, price, and waste
receptacle). Whereas the probability values for service zones and the interaction between service zones
and incentive options are significant at 1%, those for only incentive options was significant at 5%.
The multivariate regression (mvreg) estimates showed F-value of 6.37 significant at 1% with R2 of 34.66
which indicates that about 35% of variations in dry recyclables is explained by the joint contribution of
incentives and collection modes. Likewise, the F-value registered for food waste was 7.14, significant
at 1% with R2 of 37.32, indicating that about 37% of the variation in the food waste quantities can
be attributed to incentives or collection modes. It was observed that the effects of incentives on dry
recyclables quantities in the low-income zone were positive at 1% with a coefficient of 5270.86 compared
to high-income door-to-door service zone. The incentive option that contributes to the variations in dry
recyclables was prize, which showed a positive interaction effect on dry recyclables quantities at 10%
in the high-income door-to-door zone and middle-income door-to-door zone at 1%.

In terms of food waste, the interaction of prize and middle-income door-to-door zone and
the interactions of prize in the low-income communal zone and that of waste receptacles and
low-income communal zone contributed to the variations in the food waste quantities. Prize had
a positive statistically significant effect on food waste quantities at 1%, with a coefficient of 1279.72.
This means that prize as an incentive option produced 1279.72 g more food waste compared to bonus
as an incentive option. However, the high-income door-to-door service zone had 1159.78 g more food
waste compared to the middle-income door-to-door zone and this was significant at 5%. The interaction
of prize and low-income communal zone recorded less food waste (−2966.67 g) compared to price
in the high-income door-to-door zone; this was significant at 1%. The interaction between waste
receptacles and the low-income communal zone was also found to negatively affect food waste
quantities at 5%, with a coefficient of 1639.98. The study revealed that incentives have significant
effects on waste materials quantities recovered per service zones. This implies that the quantity of
waste materials that may be recovered in a recycling scheme across different service zones depends on
the incentive type employed in the scheme.
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Table 3. Differences in waste material quantities across incentives, collection modes, and service zones.

Source Statistics DF F (df1) F (df2) F Prob > F

Model

W 0.3866 11 22.0 262.0 7.24 0.0000
P 0.7446 22.0 264.0 7.12 0.0000
L 1.2473 22.0 260.0 7.37 0.0000
R 0.8461 11.0 132.0 10.15 0.0000

Residual 132

Collection modes

W 0.9864 1 2.0 131.0 0.90 0.4088
P 0.0136 2.0 131.0 0.90 0.4088
L 0.0137 2.0 131.0 0.90 0.4088
R 0.0137 2.0 131.0 0.90 0.4088

Incentive options

W 0.9236 2 4.0 262.0 2.66 0.0335
P 0.0769 4.0 264.0 2.64 0.0343
L 0.0822 4.0 260.0 2.67 0.0326
R 0.0751 2.0 132.0 4.96 0.0084

Service zones

W 0.6392 2 4.0 262.0 16.43 0.0000
P 0.3693 4.0 264.0 14.95 0.0000
L 0.5511 4.0 260.0 17.91 0.0000
R 0.5257 2.0 132.0 34.70 0.0000

Service zones and incentive options

W 0.7328 6 12.0 262.0 3.67 0.0000
P 0.2824 12.0 264.0 3.62 0.0001
L 0.3437 12.0 260.0 3.72 0.0000
R 0.2652 6.0 132.0 5.83 0.0000

Residual 132

Total 143
Number of observations 144

W = Wilk’s lambda; P = Pillai’s trace; L = Lawley–Hotelling trace; R = Roy’s largest root.

3.7. Waste Materials Separation Efficiency and Households Set-Out Rate per Incentive Options

The study assessed the ability of participating households to properly sort the waste components
into their designated bags. The result in Table 4 shows mean variations in separation efficiencies for
targeted waste types and households’ set-out for those materials. The highest separation efficiency
(S.E.) for dry recyclables and food waste was registered by the incentive option of waste receptacles,
thus, 92.87% and 45.02%, respectively, followed by bonus with S.E. of 82.31% for dry recyclables and
41.42% S.E. for food waste. Waste receptacles registered the highest set-out rate (69.31%) while that
of food waste was registered by prize (83.29%). The high waste material separation efficiency can be
attributed to the fact that partaking households were available and were educated on each collection
day on the sorting procedures. This emphasizes the effect more education could have on improving
source separation programmes. From the result, it can be observed that set-out rate was high for food
waste than dry recyclables for two incentive options, namely, bonus and prize. It was observed that
waste receptacles registered a higher set-out for dry recyclables than food waste. However, separation
efficiency was higher for dry recyclables for all the incentive options than food waste. The study
indicates a higher % separation efficiency for dry recyclable waste materials but lower % household
set-out rate. It was observed from the study that, though the household set-out rate was high for food
waste, it registered a lower % separation efficiency compared to dry recyclables.
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Table 4. Average separation efficiency (S.E.) and set-out for separated materials per incentive options.

Incentive Options Variable Mean ± SD Min. Max.

Bonus S.E. for food waste 41.42 ± 35.10 0 100
S.E. for dry recyclables 82.31 ± 26.48 0 100
Set-out for food waste 51.53 ± 20.92 10 90

Set-out for dry recyclables 40.35 ± 25.33 0 100
Prize S.E. for food waste 36.72 ± 30.39 0 95.2

S.E. for dry recyclables 65.77 ± 27.06 0 100
Set-out for food waste 83.29 ± 137.60 3.33 100

Set-out for dry recyclables 59.44 ± 26.63 0 100
Waste receptacles S.E. for food waste 45.02 ± 45.20 0 100

S.E. for dry recyclables 92.87 ± 8.81 59.94 100
Set-out for food waste 61.39 ± 33.66 3.33 100

Set-out for dry recyclables 69.31 ± 34.16 10 100

S.E.—FW is separation efficiency for food waste; S.E.—DR is separation efficiency for dry recyclables, set-out—FW
is set-out for food waste; set- out—DR is set- out for dry recyclables.

The mean % separation efficiency for dry recyclables was 49.65% higher than that of food waste
while mean % of the set-out for food waste was 36.97% higher than that of dry recyclables materials.
These findings are similar to that reported by [60] in China which reported a higher separation rate for
dry waste than food waste. The result is also consistent with [6] study which recorded differences
in separation efficiencies for some recyclable materials across three districts in New York. The findings
of this study are also similar to a study in Sweden outlined in [61] which recorded a higher sorted ratio
for dry recyclables in municipalities with extended curbside collection but contradicts the previous
study by [14] in Ghana who reported highest separation efficiency in the organic component followed
by other wastes and the least separation efficiency for plastic components.

3.8. Effect of Incentives, Collection Modes and Service Zones on Waste Materials Separation Efficiency

The multivariate analysis of variance conducted on set-out and separation efficiency for waste
materials against incentive options and service zones observed statistically significant differences
in set-out and separation efficiency for waste materials among incentive options, service zones,
and the interaction of the two (p < 0.05) (Table 5). It was observed that there were statistically significant
differences p < 0.05 in separation efficiency of waste materials and household set-out rate under
the various service zones and incentive options (bonus, price, and waste receptacle). The interaction
effect also indicated statistically significant (p < 0.01) effects of incentive options (bonus, prize, and waste
receptacle) and service zones on waste material separation efficiency and households set-out rates.
The import is that incentives do not only affect the set-out rate and separation efficiency of waste
materials resources but also distinguish the difference that may occur in set-out rate and separation
efficiency for target materials in a recycling scheme across different MSW service zones.
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Table 5. Differences in separation efficiency of dry recyclables and food waste across incentives,
collection modes, and service zones.

Source Statistics DF F (df1) F (df2) F Prob > F

Model

W 0.1558 11 22.0 262.0 18.26 0.0000
P 1.1187 22.0 264.0 15.23 0.0000
L 3.6572 22.0 260.0 21.61 0.0000
R 3.0862 11.0 132.0 37.03 0.0000

Residual 132

Collection modes

W 0.6189 1 2.0 131.0 40.33 0.0000
P 0.3811 2.0 131.0 40.33 0.0000
L 0.6158 2.0 131.0 40.33 0.0000
R 0.6158 2.0 131.0 40.33 0.0000

Incentive options

W 0.8824 2 4.0 262.0 4.23 0.0025
P 0.1198 4.0 264.0 4.20 0.0026
L 0.1307 4.0 260.0 4.25 0.0024
R 0.1071 2.0 132.0 7.07 0.0012

Service zones

W 0.3858 2 4.0 262.0 39.95 0.0000
P 0.6302 4.0 264.0 30.36 0.0000
L 1.5506 4.0 260.0 50.39 0.0000
R 1.5234 2.0 132.0 100.54 0.0000

Service zones & incentive options

W 0.3261 6 12.0 262.0 16.40 0.0000
P 0.7896 12.0 264.0 14.35 0.0000
L 1.7124 12.0 260.0 18.55 0.0000
R 1.4713 6.0 132.0 32.37 0.0000

Residual 132

Total 143
Number of observations 144

W = Wilk’s lambda; P = Pillai’s trace; L = Lawley–Hotelling trace; R = Roy’s largest root.

4. Conclusions

This study provided important information on setting priorities in incentive options to employ to
support efficient source separation and recycling schemes. There were variations in the quantity of
waste materials retrieved under various incentive options and service zones. Prize as an incentive
option registered the largest quantities of dry recyclables and food waste across the service zones.
Provision of waste receptacles yielded high quantities of dry recyclables per household while prize
yielded the highest quantity of food waste per household for the study period. The study found that
provision of prize in addition to a waste storage facility as incentive produced more waste materials
compared to bonus and sole provision of waste receptacles. Therefore, source separation and recycling
scheme that focuses more on the provision of prize in addition to waste storage facilities as a reward
scheme may be more successful in yielding more targeted waste materials resources in the service zones.

As per the study, separation efficiency (% S.E) for dry recyclables was higher across all incentive
options than food waste except for prize in the high-income door-to-door service zone. It was observed
that % S.E was low in the middle-income door-to-door zone for dry recyclables while % S.E for food
waste was low in the low-income communal service zone. There is, therefore, a need to intensify
education in future source separation/recycling scheme in these service zones for effective MSW
separation at source.

The multivariate analysis of variance on the waste materials quantities against incentive schemes
indicated significant differences in waste material quantities across incentives and service zones.
Similarly, there were significant differences in set-out rate and separation efficiency of waste materials
across incentives and the service zones. The multivariate regression analysis revealed significant effects
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of incentives on waste materials quantities produced across the service zones. The study showed that
provision of incentives is an important factor to consider in a recycling scheme for effective waste
materials resources recovery in different service zones. However, the resulting output(waste material
resources) from the incentives may depend on the type of incentive provided and the service zone
under consideration and more importantly, the incentives must be specific to the targeted material and
the service zone under consideration. The study highlights the incentive types and service zones to
focus on in a recycling scheme to achieve high material recovery rates, and contributes to the existing
literature on how incentives influence waste materials recovery in different service zones.
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