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Sammanfattning 

Denna studie utfördes som ett kandidatexamensarbete vid Kungliga Tekniska Högskolan i 

Stockholm, Sverige, under våren 2012. Projektet genomfördes som en fältstudie i Lusaka, 

Zambia, i samarbete med Obert Mambwe på Petrec Zambia Limited. 

Den lokala avfallshanteringen i Lusaka lider av kraftig överbelastning på grund av 

otillräckliga resurser och snabb befolkningstillväxt. Endast 50% av den totala mängden 

producerat avfall samlas in. Med samma procentsats motsvarar detta att 2,9 ton PET-flaskor 

hamnar på gatan eller i naturen varje dag. Petrec Zambia Limited har identifierat detta som en 

affärsmöjlighet i form av plaståtervinning, men saknar en utarbetad struktur för att inkludera 

invånarna i Lusaka i insamlingsprocessen. Således var det huvudsakliga syftet med denna 

studie att utforma insamlingsstationer för att möjliggöra insamling av PET-flaskor på 

individnivå. 

Denna studie fokuserar endast på Lusaka innerstad eftersom återvinning i vinstdrivande syfte 

är beroende av stora volymer av avfall. För att uppnå önskade resultat utformades projektet 

kring att definiera; (i) det potentiella antalet insamlingsstationer, (ii) de bäst lämpade platserna 

för insamling och (iii) det ekonomiska incitament som kan erbjudas till individen. I 

överensstämmelse med Obert Mambwe kompletterades även målen med följande 

begränsningar: (i) insamlingen skall förse fabriken med 800 kilo plast per dag, (ii) 

materialtransporter skall utföras med en fem tons lastbil, (iii) löner tas från Petrec Zambia 

Limiteds affärsplan, (iv) den totala driftskostnaden får ej överstiga 0,30 USD per kilo.  

En ekodemografisk undersökning tillsammans med studier av fattigdom och minimilöner 

användes för att definiera målgruppen för projektet. Resultatet visade att den största 

potentialen fanns bland låginkomsttagarna i de tätbefolkade delarna av Lusaka. Platserna för 

insamlingsstationerna valdes genom att studera områden där stora mängder av individer från 

den identifierade målgruppen passerar dagligen. Lusaka har ett antal marknadsområden 

belägna i de tidigare nämnda områdena. Dessa marknader uppfyller kriterierna och valdes 

därför som fokusområden för projektet. Platserna rangordnades efter insamlingspotential 

genom att studera deras geografiska placeringar, antal registrerade företag och relativa 

avstånd. Studien visade att de första fyra platserna skulle väljas i stadens centrum, följt av 

ytterligare återvinningsstationer i Chibolya, Mwamba Luchembe och Libala. 

Majoriteten av den information som används i detta projekt har samlats in genom intervjuer 

under en två månaders fältstudie i Lusaka. Informationen bearbetades i en iterativ process där 

platserna för insamlingsstationer analyserades med avseende på materialflöden och 

resulterande incitament. Det är viktigt att notera att denna studie inte syftar till att presentera 

en enskild lösning på det angivna problemet, utan snarare att presentera de olika 

kombinationer av lättillgänglighet och incitament som är möjliga för att driva företaget med 

vinst.  

Sammanfattningsvis visar denna studie att det är möjligt att genomföra en vinstdrivande 

insamling med mellan fyra och sju stationer. Båda ytterligheterna representerar var sitt sätt att 

hantera problemställningen som behandlas i detta projekt. Fyra stationer resulterar i ett högt 

incitament, 0,17 USD per kilo. Detta kräver dock att det höga incitamentet väger upp de 

medföljande nackdelarna i form av minskad tillgänglighet. För att kunna hantera det 

resulterande materialflödet måste dessa fyra stationer vara försedda med två anställda vardera. 

Sju stationer å andra sidan ökar tillgängligheten väsentligt, men bidrar även till en högre total 

driftskostnad och därmed ett lägre incitament, 0,11 USD per kilo. Detta alternativ kräver 

också en minskning av det genomsnittliga antalet anställda per station i syfte att bevara den 

totala lönsamheten. 



Abstract 
This study was performed as a bachelor thesis at the Royal Institute of Technology in 

Stockholm, Sweden, in the spring of 2012. The project was carried out as a Minor Field Study 

in Lusaka, Zambia, in collaboration with Mr. Obert Mambwe at Petrec Zambia Limited.  

The local waste management in Lusaka suffers from severe overload due to insufficient funds 

and rapid population growth. This has resulted in the inability to collect approximately fifty 

percent of the total produced waste, including an estimated 2.9 tons of PET plastic bottles per 

day. Petrec Zambia Limited has identified this as a business opportunity in terms of plastic 

recycling but lack a developed structure to include the residents of Lusaka in the collection 

process. Thus, the main objective of this study was to design minimum-cost collection points 

to enable individual collection of PET plastic bottles on cash basis. 

This study focuses on the Greater City of Lusaka as the operation of recycling in terms of a 

profit driven organization is dependent on high concentrations of post-consumer products. To 

achieve a satisfying result, the designing of the operational structure was based around 

defining; (i) the potential number of collection points, (ii) proper locations and (iii) the 

financial incentive offered to the collectors. The objectives were then complemented with a 

number of limitations set in coherence with Mr. Obert Mambwe. These were as follows; (i) A 

fixed collection rate of 800kg per day, (ii) transport was to be managed with a five-ton truck, 

(iii) wages were to be taken from the business plan, (iv) the total operating cost could not 

exceed 0.30 USD per kilo.  

An eco-demographic survey along with studies of poverty lines and minimum wages were 

used to define the target audience for the project. The result showed that the highest potential 

was found among the low-income holders in the high-density areas of Lusaka. Locations 

suited for the collection points were chosen by studying areas where large quantities of 

individuals from the identified customer segment pass through on a daily basis. Lusaka has a 

number of market areas located in the preferred areas. These markets fit the previously 

mentioned criteria and were therefore chosen as focus areas of the project. The locations were 

ranked by potential of collection by studying their geographic locations, number of registered 

businesses and relative distances. The study showed that the first four locations were to be 

chosen within the city center, followed by additional collection points in Chibolya, Mwamba 

Luchembe and Libala. 

The majority of the information used in this project was gathered through interviews during a 

two-month field study in Lusaka. The information was processed in an iterative model where 

locations were added and continuously analyzed in terms of material flow distribution and the 

corresponding impact on the financial incentive. It is important to note that this study does not 

aim to present a single solution to the stated problem, but rather to present the different 

combinations of accessibility and incentive possible for profitable collection.  

The overall assessment of this study supports the viability of using between four and seven 

collection points. Both extremes each represent a way of dealing with the problem addressed 

in this project. Four stations results in a high financial incentive of 0.17 USD per kilo. 

However, this requires the higher incentive to outweigh the disadvantages in terms of reduced 

accessibility. To be able to handle the resulting material flow, these four stations need two 

employees each. Seven stations on the other hand increase the accessibility but also increase 

the overall operating cost, consequently lowering the incentive to 0.11 USD per kilo. This 

option also requires a reduction of the workforce in order to maintain overall profitability.  
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1 Introduction 
The following paper is the result of a Bachelor thesis written at the Royal Institute of 

Technology in Stockholm, Sweden, in the spring of 2012. The project was carried out as a 

Minor Field Study in Lusaka, Zambia, for two months. Through the Swedish help 

organization SIDA the field study was funded and supported.  

 

The project was made in cooperation with Petrec Zambia Limited, a Lusaka based company 

aiming to commence recycling of PET plastics in late 2013. With the guidance of the 

Managing Director of Petrec, Mr. Obert Mambwe, the focus of the project was to design 

minimum-cost collection points for individual collection of PET bottles in Lusaka. Involving 

the individuals in the recycling system has a positive impact on the environment in terms of 

reduced polluting and increased utilization of the oil that the bottle is made of.   

 

The following paper is divided into five main parts. Firstly, a brief presentation of Lusaka in 

terms of population, waste management and PET plastics gives a background to the main 

problem treated in the paper. Also a short literature review presents previous works in the 

same field. Secondly, the main objective of the project describes what the purpose of the 

project has been in accordance with the limitations from Petrec Zambia Limited. Thirdly, the 

methodology used in the project to achieve the results is presented. Following after are the 

results of the project. Lastly, final remarks discuss the results and give the authors view of 

what has been achieved. 

2 Background  
The following chapter presents the background of the problem treated in this report. The 

purpose of the chapter is to give an overview of how the current situation looks like in Lusaka 

in terms of waste management, population and poverty. It also gives a brief introduction to 

Petrec Zambia Limited, the company this project has been carried out in cooperation with. 

2.1 Petrec Zambia Limited  
Petrec Zambia limited is a Lusaka based company that was founded by Mr. Obert Mambwe 

and associates in 2007. Petrec has developed strategies for collection of PET plastic to cover 

all supply chains necessary to provide the amount of raw material needed for profitable 

production. The plan includes four different supply channels, see chart 1, of which three are 

covered in the Petrec business plan. Commercial, industrial and residential are all covered by 

local authorities and non-governmental organizations (NGOs) who have been expressing a 

willingness to supply the business with unsorted PET waste. Left is the individual supply 

chain from which ten percent of the raw material is expected to be supplied according to the 

Petrec business plan. Individuals will be encouraged to supply post-consumer PET bottles on 

cash basis [1]. The system for collection from individual level is not yet developed.  
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Chart 1. Estimated proportions of supply channels of raw material [2] .  

2.2 PET-plastics in Lusaka 
This case study focuses on the generation and possible valorization of post-consumer PET-

plastic in the Greater City of Lusaka. No other plastics are considered. 

Production 

Zambian industrial actors currently import all the raw material needed for production [1]. The 

advantages of locally produced recycled PET would include availability, cost effectiveness, 

service quality and shorter lead time. A local recycling plant would also offer the possibility 

of cost effective recycling of industrial waste and would thereby reduce operation cost for 

cooperating industries [1]. Following assessment includes the industries of interest related to 

PET valorization. 

In May 2012, there were no environmentally related regulations considering industrial PET 

waste management in Zambia. However, the Zambian Government, through the Zambian 

Environmental Management Agency (ZEMA), was in the final stage of preparations for the 

introduction of a new legislation called “polluter-pays” [3]. The legislation compels all PET 

bottle manufactures to pay for pollution at source. It also promotes the principle of recycling 

and as such will enhance the material collection in conjunction with the waste generators and 

gives incentives for buying locally recycled materials. The legislation was scheduled to be 

ready for launch before the fall of 2012 [3]. 

Consumption 

Currently there is no regulated disposal of PET bottles in Zambia; as such sensitization of the 

general public will have to be carried out vigorously so that the sorting of plastics is enhanced 

at the source. This means that there are no current figures on what quantities of PET plastic 

bottles that are consumed in Lusaka. Instead, the following analysis was based on the 

assumption that the volume produced and distributed to the city of Lusaka equals the volume 

that was consumed in the same area on a daily basis.   

 

Numerous breweries have established production facilities in the industrial areas of Lusaka. 

Through visits and interviews at some of the major companies, their daily production was set 

in relation to their geographical sales statistics in order to determine their daily contribution to 

the PET market of Lusaka. By analyzing the given production volumes for those companies, 

Industrial 

Commercial 

Individual 

Residential 

15% - Industrial

60% - Commercial

10% - Individual

15% - Residential
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whom also provided their current market share, the representative units per market share 

(bottles / percent) was obtained. By comparing the number of units sold per day with the 

average weight of a PET bottle, the total daily consumption in mass units was found. This 

made it possible to estimate the total produced volume, and thereby the daily consumption in 

the city of Lusaka. The survey took in consideration the number of bottles produced, the type 

of bottles and percentage of sales to distributers within the city of Lusaka, and the market 

segment in which the company was active. The results of the survey are presented in Table 1 

below.  

 

Table 1. Summary of production statistics for eight Lusaka based breweries [3], [4], [5] , [6], 

[7], [8], [9]. 

Company Name Industry Production Market Share 
Estimated Total 
Production 

    Ton/Day % Ton/Day 

Zambian Breweries Soft Drinks 1.48 60 2.48 

Varun Beverages Soft Drinks --.-- -- 2.42 

Tangy Drinks Soft Drinks 0.38 -- --.-- 

Californian Beverages Soft Drinks 0.33 -- --.-- 

Manzivalley Water 0.84 35 2.4 

Polar Ice Water 0.09 -- --.-- 

Zambian Breweries Water 0.02 -- --.-- 

Californian Beverages Juice 0.33 -- --.-- 

Olé Oil Cooking Oil 0.44 45 0.97 

 

Zambian Breweries stated that their production volume in Lusaka was 1.48 ton soft drink 

bottles per day. This represented a 60% market share according to the same source [5]. The 

mass per market share ratio indicated an overall consumption on the local soft drinks market 

of 2.48 tons per day. The estimation of total production was additionally supported by Mr. 

Manoj Misra, Vice President of Sales and marketing at Varun Beverages, who estimated the 

total daily production within the soft drink industry to approximately 2.42 tons of PET bottles 

per day [6]. This gave an average estimation of 2.45 tons from the two largest actors in the 

Zambian soft drink industry. 

Water manufacturer Manzivalley‟s sales director Joseph Kambikambi stated that the company 

daily produced 0.84 tons of plastic bottles for distribution within Lusaka. Mr. Kambikambi 

estimated this to give them a 35% market share for bottled water in Lusaka [3]. This gives a 

ratio of 0.024 tons per percentage of the market, which equals a total daily consumption of 2.4 

tons of PET water bottles. 

Following the same procedure, the daily consumption of cooking oil bottles was calculated 

through manufacturer Olé‟s daily production of 0.44 tons distributed to the Lusaka area. With 

a market share of 45%, this gives an estimated daily consumption of 0.97 tons of PET 

cooking oil bottles in Lusaka [4]. 

The combined mass volume for all types of containers of 5.83 tons represents the benchmark 

of potential collectable volume of PET for recycling in this case study [1]. 
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2.3 Population in Lusaka 
Lusaka is the capital of Zambia with a population level of 1 742 979 citizens [10]. The city is 

distinctly segregated in terms of population density. Picture 1 shows the Greater City of 

Lusaka with identified areas of high, medium and low population density [11], [2]. The 

population density stands in close relation to average income with high density, peri-urban 

areas being representative for the lowest average income and highest unemployment rates. 

 

 

Picture 1. City map of the Greater City of Lusaka with identified population density [11], [2]. 

 

In the period 2000-2010, Lusaka province (The greater city of Lusaka including nearby 

suburbs) had the highest annual population growth rate in Zambia increasing from a 

population size of 1,391,329 citizens in 2000 to 2,198,996 citizens in 2010 [10]. 

2.4 Poverty in Zambia 
The measurement of poverty in Zambia starts with the identification of the absolute poverty 

line with a strong nutritional anchor [12]. A basic food basket is used as a starting point of the 

analysis, and is further supplemented by an allowance for non-food needs to give the basic 

needs level. The two measurements obtained by this analysis represent the lines used for 

calculations of poverty levels. The price of the basic food basket sets the level of what is 

labeled the extreme poverty line, whilst the basic needs level determines the moderate poverty 

line. According to a survey made by the Central Statistical Office in Lusaka, 24.4 % of the 

population of Lusaka had an income lower than the moderate poverty line in 2010 [12]. The 

survey was based on a moderate poverty line of 27.55 USD per month and an extreme poverty 

line of 18.18 USD per month, as shown in Chart 2 [12]. The average income of the 
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respondents who had an income under the moderate poverty line was 25.34 USD per month 

[12]. 

 

 
Chart 2. Income based poverty lines in Zambia and the average income of Lusaka residents 

with an income lower than the poverty lines, according to the Central Statistical 

Office 2010 [12]. 

 

As a comparison, the minimum wage in Lusaka is just above 84.91 USD per month [11]. The 

case study will take in consideration the poverty lines and minimum wage in order to analyze 

the social and economical impact an individual PET bottle collection would have on the low-

income residents of Lusaka. 

2.5 Waste Management in Lusaka 
In Lusaka 400 tons of waste is generated daily of which only 50 % is collected and taken to 

local dumpsites [11]. Thus, the 50 % of waste not collected either ends up on the streets or in 

nature. Due to the rapidly increasing population in Lusaka the tonnage of waste increases fast 

[13].  

 

The waste management in Lusaka had two new systems introduced in 2004 [14]. The systems 

are depending on the type of area they‟re used in, either conventional or peri-urban areas. The 

conventional areas of Lusaka were divided into 12 Waste Management Districts (WMDs) 

covered by private waste management companies all regulated by the Waste management unit 

at the Lusaka City Council [14]. Currently there are 9 companies responsible for the primary 

waste collection [15]. They provide waste collection at the door for households, commercial 

and industrial areas for a fee that varies depending on the area density. The fee for the 

medium and high density areas is slightly lower than in the low density areas.  

 

For the peri-urban areas, Lusaka City Council only provides secondary waste collection [14]. 

70 containers are distributed in the peri-urban areas used by the citizens for dumping their 

municipal solid waste on their own. The containers are then emptied at disposal sites by 
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Lusaka City Council [14].  To ensure that people use these containers and pay for the service 

in accordance, there are Waste Management Inspectors working for the Waste management 

unit. The fee in the peri-urban areas has been kept at the barest minimum per household per 

month to ensure that everybody will have the chance to use the service [14]. 
 

To support that the two systems introduced in 2004 were being used correctly a law came in 

force at the same time. This law says that every waste generator in Lusaka, spanning from 

residents to industries, have to pay for collection of their generated waste. Consequently, all 

other types of waste disposal such as refuse pits or burning of waste at home is illegal [14]. 

 

 
Picture 2. Waste bin in a high density area turned into burning site due to incapacity of 

collection. 
 
Even though the legislation forbids informal waste disposal it is still common that citizens in 

the peri-urban areas bury, pile or burn their waste, as can be seen in Picture 2. This 

mismanagement occurs due to poorly managed containers by the Lusaka City Council. Many 

of the containers are not emptied regularly and some are also damaged and not replaced. [2], 

[15]. Even though this problem is most common in peri-urban areas, the waste 

mismanagement also occurs in low and medium density areas.  

 
At the dumpsites a form of recycling activity occurs, any material that can be reused or sold is 

collected [16], [17]. According to a case study from 2011, this recycling activity is performed 

by an informal sector dominated by family and micro private enterprises
1
 [18]. The waste 

pickers, also commonly entitled scavengers, are generally uneducated workers having entered 

this informal sector to earn a reasonable income [13], [18]. The Lusaka City Council hasn‟t 

always allowed waste picking performed at the dumpsites by private actors but due to the 

increasing environmental awareness regarding recycling it is now allowed [17]. In 2011 it was 

noted that the recycling market in Lusaka still was relatively weak compared to major cities in 

other developing countries because of a low valorization of materials other than metal [18]. 

                                                 
1
  The study was carried out in Lusaka and five other cities in developing countries. 
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3 Literature Review 
This paper builds on literature from two main areas. Firstly, publications on recycling in 

developing countries covering how it is being performed today. These works also state the 

importance of the social sectors role in recycling programs being carried out in these 

countries. Secondly, the body of literature underlying this paper covers methods for designing 

collection points with minimal throughput. These works suggest the different aspects being 

fundamental for commencing recycling collection programs whereas both the recycler and the 

individuals collecting the material benefit from it. 

 

Troschinetz & Mihelcic identified that developed countries usually rely on curbside recycling 

programs to collect and sort waste for recycling progress [19]. In contrary, developing 

countries mainly use the social sector through individuals to handle such activities. This 

activity, defined as „informal‟ by Scheinberg et al., is neither sponsored, paid, nor recognized 

by formal waste management authorities [18]. As stated by Wilson et al., many people in 

developing country cities depend on recycling materials from waste for their livelihood [20]. 

Recycling in not-yet-modernized countries according to Scheinberg et al. is not an act of 

environmental awareness; it is a way to find economical benefits through the waste being 

removed [18]. By preventing the recycling materials being disposed, people are able to extract 

any remaining economical or use value. The informal recycling is purely a private activity 

where the waste pickers pay their own costs and live from the economic benefits [18]. 

 

Increasingly, developing countries in the South African region start seeing the presence of 

large recycling organizations. According to Imtiaz et al., this may have a negative impact on 

the informal activities, since the individuals more likely are being driven out of the recycling, 

rather than being supported by these organizations [21]. Furthermore, Imtiaz et al. suggest 

that fostering the collaboration among the different stakeholders associated with recycling is 

one of the core challenges [21].  

 

By supporting the informal activities, Troschinetz & Mihelcic propose that “jobs are created, 

poverty is reduced, raw material costs for industry are lowered (while improving 

competitiveness), resources are conserved, pollution is reduced, and the environment is 

protected.” [19].  

 

To achieve this collaboration, recycling activities in developing countries should be based on 

modernized mixtures. This model, identified by Scheinberg et al., is a strong conceptual basis 

for designing high recovery recycling management based on well-functioning informal 

recycling systems [18].  In accordance, Thaddeus Chidi states that the approach should be to 

integrate the informal sector building on their practices and experience in the field of 

recycling [22].  

 

When designing minimum-cost collection points based on modernized mixtures, both the 

recycler and the individuals collecting the recycling material need to be satisfied. de 

Figueiredo & Mayerle discuss this design process regarding the different aspects that need to 

be kept in mind [23]. First of all the recycler must set up collection points at a known cost. To 

these stations the individuals will bring the recyclable materials for a certain financial reward. 

This payment is dependent on the incentive level amongst the individuals. Stated by Aras et 

al., the amount of this incentive has two conflicting outcomes [24]. While a lower incentive 

enhances the company‟s unit profit from the returns, it may also critically diminish the 

individuals‟ willingness to return. Thus, keeping the incentive level high enough to cover the 

individuals‟ own collection costs is preferred according to de Figueiredo & Mayerle [23]. 
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In summary, Aras et al. states that the problem of designing recycling collection points with 

required throughput consists of determining the following [24]: (i) the number of collection 

points where an individual can deliver a recyclable material for further transportation to a 

recycling factory; (ii) the location of these collection points; and (iii) the incentive to be paid 

by the recycler to the individuals per recyclable material being delivered. Hence, the work 

presented in this paper has been based on these statements. 

4 Objective 
Petrec Zambia Limited has noticed a market demand for PET recycling, but lack a well-

developed plan for individual collection. Thus, the focus of this project was to design 

collection points for individual collection of post-consumer PET bottles in Lusaka on behalf 

of Petrec Zambia Limited.  

To achieve a satisfying result, the designing of the collection points was based around 

defining; (i) the potential number of collection points, (ii) proper locations and (iii) the 

incentive given as a financial payment to the individuals. With the conditions given, finding 

profitability for the collection points was vital for the project. 

The target group for the individual collection is those who are in the low-income segment, 

which are found in the high density areas. These people, in need of an extra income, can 

choose to see the bottle collection as an extra work, or just as a small financial contribution. 

4.1 Limitations  
The main focus of this project lies upon the Greater City of Lusaka. As the operation of 

recycling in terms of a profit driven organization is dependent on high concentrations of post-

consumer products, the widespread suburbs and surrounding areas of Lusaka are excluded 

from the study.  

Since the project was carried out in cooperation with Petrec Zambia Limited, the company 

gave limitations regarding the collection points. These were: 

 At least four collection points will be used. 

 A minimal raw material supply of 10 % is required from the collection points. The 10 

% material supplied equals 800 kg. 

 A five-ton truck will be used to collect the received raw material at the collection 

points. 

 Wages for employees working at the collection points as well as the driver operating 

the truck is taken from the business plan. 

 Two maximum prices per kg for the supplied material can be paid by Petrec Zambia 

Limited depending on if it is pre-sorted or fully sorted when it arrives at the factory. 

Within this paper, there is no proof that individuals will collect the amount of material 

required by Petrec Zambia Limited. Hence, finding the highest financial incentive possible in 

addition to good accessibility to the collection points is used as motivation that individuals 

will supply the required material. 
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5 Methodology 
This project was carried out in three different stages. Firstly, a literature study was made 

covering existing material about plastic recycling and informal recycling activities in 

developing countries, focusing on sub Saharan Africa. Secondly, a field study in Lusaka, 

Zambia, was done for two months. During these two months information retrieval associated 

to the problem stated in this report was carried out. This was mainly achieved through 

cooperative work with Petrec Zambia Limited‟s managing director Mr. Obert Mambwe, but 

also by interviewing local authorities in Lusaka, as well as gathering statistical information 

about the city. Lastly, using the information gathered a model was formed that with the aid of 

Matlab r2009a gave a final result.  

 

Following chapter is a presentation of how information was retrieved and used to form the 

model. The method was carried out as an iterative process where all of the following factors 

were continuously updated for every cycle. The total number of collection points used for 

every iteration represented the governing factor of the process. Through the iterations, all 

possible solutions to the problem could be found. Since this project does not aim to determine 

the optimized operational structure of Petrec Zambia Limited, but rather the options available 

for profitable collection, these solutions were all presented as the final result of the study.  

5.1 Reservation Incentive 
In order to ensure that Petrec Zambia Limited will be able to reach a collection rate at the 

minimum of ten percent, the company needs to provide the collectors with a financial 

incentive. The incentive needs to be high enough for the individuals to feel encouraged to 

supply the collection points with raw material in form of post-consumer PET bottles. Since 

the required incentive is difficult to determine due to the influence of soft factors, a price 

range was developed based on information extracted from interviews. The minimum financial 

incentive, also known as the reservation incentive iR, was set through studying other Lusaka 

based businesses with similar operational structures.  

 

                                
 

The reservation incentive represents the absolute minimum that can encourage an individual 

to supply the collection points with material.   

5.2 Identifying Proper Locations 
In order to maximize the collectable volume of raw material the location needs to be in close 

relation to high consumption areas of PET bottles. It is also of importance that the location is 

situated within reachable distance from the target customer, the low-income segment. 

According to the sales directors of two large breweries and bottling companies in the Lusaka 

district the consumption of PET bottles was shown to follow the population density, which 

means that high consumption is found in high-density, peri-urban areas [3], [6]. The target 

customers, or low-income holders, were as earlier mentioned also found in the same high-

density areas. 
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Picture 3. Market located in a high-density, peri-urban area of Lusaka. 

The locations for the collection points were chosen by studying areas where large quantities 

of individuals from the identified customer segment gather or pass through on a daily basis. 

Lusaka has a number of market areas, one shown in Picture 3, of which most are positioned in 

the high-density peri-urban areas. Of these, 25 are run and controlled by the City council [25]. 

The 25 markets are presented in Table 2. 

 

Table 2. Identified market areas owned and controlled by Lusaka City Council. 

Market name Market name 

City Market Chelstone 

New Soweto Kaunda Square 

Old Soweto Matero 

Chibolya Mwamba Luchembe 

Lumumba Roadside Northmead 

Chachacha Bwafwano 

Kabwata Site and Service Chingwere 

Luburma Libala 

Buseko Sikota Wina 

Railside Lumumba 

Kabwata Main Sekelela 

Chilenje  Long Acres 

Tigwirizane  

 

These market areas fit the previously mentioned criteria regarding large quantities of 

individuals passing through on a daily basis, and have therefor been chosen as focus areas of 

the project. 

5.3 Ranking the Locations 
The 25 markets were initially analyzed and ranked by activity in terms of registered 

businesses. The assumption was made that the population density follows the number of 
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registered businesses, meaning that a market with a lot of shops consequently has high bottle 

consumption [25].  

Assuming that an individual can walk within a two-kilometer radius from a market when 

consuming or collecting PET bottles, a percentage of the total number of shops in Lusaka 

covered by one market could be calculated. According to the assumption that the consumption 

follows the number of shops, this also shows the percentage of total PET bottle consumption 

that is found in the corresponding area. Following calculation was performed for every 

individual market area in order to determine the percentage of all stores covered by a potential 

collection point.  

 

The parameter a indicated the total number of shops found in all markets areas in Lusaka. 

 

                                                                       
 

The number of shops covered by market x within a two kilometer radius was named c. 

 

                                                                 
 

The desired percentage was then calculated as shown in Equation (1). 

 
 

 
                                                           

                                       
 

Calculating this percentage for every market gave a first estimation of which markets that 

would have the highest potential of PET bottle consumption. By further study of these results, 

the first locations suited for collection points were chosen. The initial goal was to maximize 

the potential to cover the collection in the areas with the highest percentage of stores. The first 

step was to distribute the preferred first four collection points indicated by Mr. Obert 

Mambwe. This was followed by an iterative process where further locations were added 

throughout the city with respect to both consumption and ease of access for the target 

customers.  

 

The balance between the consumption and the ease of access was determined by analysis of 

the resulting material flow to each individual station and through interviews with Rueben 

Matibula, Markets Manager at Lusaka City Council, and discussions with Mr. Obert Mambwe 

at Petrec Zambia Limited.  The material flow to each collection point was calculated by first 

dividing the total number of stores covered by the used number of collection points with the 

total mass of PET bottles required from the individual collection. This gave a ratio of mass 

PET per covered shop. By multiplying this ratio with the number of shops covered by each 

collection point, an estimated material flow was acquired for each collection point. In the case 

of having two or more collection points covering the same shops in their radius, the number of 

shared shops was divided with the number of collection points included. This was done since 

it was estimated that the collection points with the same shops covered have the same chance 

of receiving a consumed bottle. 

 

By continuously analyzing the material flow distribution and the corresponding impact on the 

total financial incentive, stations could be added under the condition that the overall operation 

reached profitability. Following is a brief explanation of the calculation used; a more 

thorough description is found in the chapter 5.9, Determining the Possible Incentives. All 

(1) 
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costs and incentives were calculated per kilo in order to be comparable to the given maximum 

viable cost of collection, along with the reservation incentive.  

 

                                                       

 

This represented the total operating cost per kilo for the collection process. To determine if 

this is an acceptable cost to Petrec Zambia Limited, it was put in relation to the maximum cost 

per kilo, cf, and the lowest incitement considered viable to the customer, the reservation 

incentive, iR. The possible incentive i was calculated as 

 

         

 

The iterative process was repeated until the reservation incentive had been undercut. This 

meant that the maximum number of collection points that can be operated whilst maintaining 

profitability had been identified. 

5.4 Transportation 
The cost for transporting the collected raw material from the collection points to the recycling 

plant is dependent on both time consumption and vehicle operation costs. To be able to 

accurately calculate the cost of transportation, the hauling capacity of the truck used for 

collection needed to be defined, as well as the vehicle operating cost per kilometer. The Petrec 

business plan states that the business will be equipped with a five-ton truck to supply the plant 

with collected raw material. This was therefore the type of vehicle used in the transport cost 

calculations [2]. 

Determining Average Hauling Capacity 

The vehicle of choice for the collection was not identified and the hauling capacity regarding 

maximum payload in mass- and volume units was therefore estimated through comparison 

between seven possible truck models [26]. Table 3 shows the dimensions, box volume and 

payload of the different vehicles.   

 

Table 3. Average vehicle dimensions of five-ton trucks for use in calculations [26]. 

Model Dimensions (mm) Box volume (m3) Payload (kg) 

Isuzu Reefer 4100×1750×1750 12.56 2300.00 

Isuzu Foton 4000×1680×2000 13.44 1530.00 

Isuzu Reefer 4085×1750×1850 13.23 1495.00 

CLW 4020×1900×1800 13.75 1510.00 

Dongfeng 3650×1800×1750 11.50 2800.00 

Isuzu Mini 3245×1784×1730 10.02 1350.00 

Beiqi Foton 4060×1910×1800 13.96 1450.00 

 

The average dimensions, box volume and payload was calculated by adding the 

corresponding figures for each vehicle. This gave the hauling capacity needed for the 

transport cost calculations.  

 

 

(2) 
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To be able to determine the volume needed for bottles equal to the trucks payload weight 

limit, the 1:6.3 weight to volume ratio provided by PETCO South Africa Ltd was used [27]. 

The ratio says that one ton of bottles equals 6.3 cubic meters of storage space. By multiplying 

the trucks payload with 6.3 accordingly gave the acquired volume, as shown in Equation (3). 

 

                   
 

Comparing the resulting volume with the average truck bow volume determined the truck will 

be able to transport bottles equal to its payload in terms of volume capacity. The volume that 

limits the amount of bottles being transported, the box volume or the payload related volume, 

is the maximum truck box volume Vv that is used in further calculations. 

 

                                            

Determining Total Mileage Cost for Five-ton-truck 

To calculate the operating cost per kilometer of the used vehicle, the operating costs of a five-

ton UD truck used by DHL Zambia for in-city freight was determined through interviewing 

Mr. Louis Mwansa [28]. The operating cost per month cv, operating days per month and 

distanced traveled per day was used to calculate the DHL trucks operating cost per kilometer, 

as shown in Equation (4). 

 

                                        
 

   
                          

                                                  
 

 

5.5 Planning the Pick-up Route 
In order to determine the number of collection points to be included in each pick up round, 

verification of the lowest total cost for transportation and storage has been made. The process 

includes all possible locations, n, previously identified in the location analysis. The 

relationship between transport- and storage costs was evaluated by comparing the 

corresponding variations in transport distances, mileage costs, time consumption, wages and 

square meter prices. This made it possible to determine the number of locations to include in 

each pick up round, along with the preferred square meter size of each collection point.  

To avoid unnecessary additional costs, it was decided that the truck always will pick up a full 

cargo during a pick up round. Thus, letting the truck haul cargo volumes smaller than its 

maximum capacity is not an option. This means that the average storage size will decrease for 

every additional number of collection points that are to be included in each round. It also 

means that the cost of transportation will increase due to the additional distance covered to 

collect one full truckload. By analyzing their corresponding impact on the total cost of 

collection, the preferred combination was obtained.  

 

It is known that Petrec Zambia Limited acquires a certain mass volume of supplied PET 

bottles from the collection points, mc. 

 

                                                   
 

This mass was calculated from the total mass of PET collected per day, sPET, and the 

percentage of PET collected through the collection points per day, mp. 

(3) 

(4) 
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Calculating mc was done as shown in Equation (5) 

 

   
  

   
      

 

Since this mass volume was fixed, calculating the total mass of PET bottles supplied from the 

collection points per month,      
, was done by mulitplying mc with the total operating days 

per year, odpy, divided by 12. 

 

                             
 

     
                                                                  

 

Using the result from Equation (5), the total mass per month was calculated as shown in 

Equation (6) 

 

     
    

    

  
 

 

Since the truck had a known payload capacity in kilos, mv, the total number of truck loads per 

month needed to supply the factory with the total mass of PET from the collection points, pt, 

was calculated. 

 

                                  
 

                                        
 

Using the result from equation (6), the total numbers of truckloads, was calculated in 

Equation (7). 

 

   
     

  
 

 

The resulting figure will always be the same despite the number of collection points since 

both the total mass of PET collected from the collection points per month and the truck 

payload is fix. 

  

Looking at a different amount of collection points per pick up round, they always need to 

have a combined storage space equal to the total mass of PET collected from the collection 

points. This means that a low amount of collection points needs to be individually larger in 

terms of storage space than a high amount of collection points. Noticeably, since the total 

storage space is known, different degrees of filling amongst the collection points doesn‟t 

matter for the total storage space needed. Consequently when adding more collection points to 

the pick-up round, the total cost of storage will decrease linearly because of it being divided 

on a linearly growing amount of collection points.  

(5) 

(6) 

(7) 
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Regarding the transportation cost, it will always increase when adding more collection points 

to the pick-up round. Since the total distance driven increases, the total time consumptions 

equally increase leading to a higher cost of the driver. Due to the facts stated above, two cases 

were investigated.  

 

1. One collection point covered per pick up round  

 Large storage space needed for each collection point equal to one truckload 

each.  

 Total distance driven is overall the shortest. 

 The least pick up rounds overall are required.  

 Cost of transportation is at its overall lowest, but cost of storage is at its overall 

highest.  

 

2. All collection points covered per pick up round 

 Small storage space needed for each collection point, in total storage size of 

one truckload. 

 Total distance driven overall is the longest. 

 The most pick up rounds overall are required.  

 Cost of transportation is at its overall highest, but cost of storage is at its 

overall lowest. 

By calculating the cost of transportation, storage and total cost of transportation and storage 

for both cases, a linear approximation of all cases in between was acquired. 

As stated above, the storage costs will decline linearly as the truck is always running at full 

capacity. The cost of transportation on the other hand follows an unknown but continuously 

increasing pattern due to the irregularity in relative distances between the collection points. 

Case 1: One Collection Point Covered per Pick-up Round  

First, the distances between the factory and each collection point were measured by using 

Google maps [29]. By choosing the number of locations to include in the study, the 

corresponding material flow to each station could be obtained through the consumption 

analysis. The following calculations are applicable for every collection point included in this 

study.  

By looking at a maximum number of possible locations, n, collection point x‟s expected mass 

of PET to be received per day is known as mcx. 

 

                                                             
 

By using the total number of truck loads per month, calculated in Equation (7), the number of 

truck loads supplied from collection point x, ptx, was calculated. 

 

                                                          
 

Multiplying the result from Equation (7) with the percentage of total material supplied from 

collection point x gave ptx. 

 

       
   

  
 

(8) 
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The one-way distance from collection point x to the factory, dcx, was as previously mentioned 

measured using Google maps. 

 

                                                        
 

Multiplying the one-way distance to collection point x with two got the distance back and 

forth from the factory, and then multiplying with the number of truckloads retrieved in 

Equation (8) gave the total distance as shown in Equation (9).  

 

                                                                   
 

              
 

Since this verification is based around looking at the highest amount of collection points 

interesting, n, the total distance driven to all collection points      
 was calculated.  

 

                                    
 

     
                                                          

 

By summating the total distance driven to and from each collection point the total distance 

was calculated as shown below. 

 

     
 ∑    

 

   

 

 

The total cost of the truck was calculated by using the result from Equation (10) with the 

known vehicle operation cost per km, cv. 

 

                                        
 

                                    
 

The total cost of the truck per month was calculated by multiplying the operating cost with the 

total distance driven as shown in Equation (11). 

 

            
 

 

When the truck stops at a collection point or at the factory, a time consumption to load or 

unload the truck is required. This time was estimated as an average time per loading in hours. 

 

                                                 
 

By letting Google maps estimate the time consumption of driving 100 kilometer between all 

25 markets areas, average time consumption per kilometer could be determined. The total 

time needed was divided by 100 to get the average time consumption per kilometer.  

 

                                          

(9) 

(10) 

(11) 
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The total time consumption for driving and loading per month was then calculated. 

 

                                    
 

By multiplying the total distance      
with the average time consumption per kilometer, and 

then adding the number of truckloads per month multiplied with the average time 

consumption per loading, the total time consumption per month was retrieved. 

 

        
          

 

The corresponding total cost of the driver per month was calculated by using the wage of the 

driver per month cwd, driver work hour per month twd and the total time consumption tT. 

 

                             
 

                               
 

                                   
 

Multiplying the wage of the driver with the percentage of the drivers work hours dedicated to 

the collection points gave the total cost of the driver per month as shown below. 

 

        
  

   
 

 

Lastly the total cost of transportation, Ctr, was calculated. 

 

                                      
 

This was achieved by adding the results from Equations (11) and (13). 

 

             

 

The cost of storage is in the case of only visiting one collection point per pick-up round in 

direct relation to the trucks volume. The maximum truck volume for PET bottles Vv is known 

from chapter 5.4, Transportation. 

 

To calculate the total cost of storage per month, the price of the structure used as a collection 

point and the plot it will stand on was needed. The lowest combined square meter price of 

these two costs, sqmpmin, was determined in chapter 5.6, The Collection Point. 

 

                                            
 

                                      

 

Since each collection point is the size of the trucks volume Vv, the total cost of storage per 

month was calculated as shown in equation (15).  

 

                   

(12) 

(13) 

(14) 

(15) 



18 

 

 

By adding the cost of transportation, Equation (14), and storage per month, Equation (15), the 

total cost per month of including one collection point per pick up round was obtained. 

 

                                                         

 

                 

 

Case 2: All Collection Points Covered per Pick-up Round 

In the case of having the truck covering all collection points per pick up round all the 

collection points combined storage equal one truckload. The shortest total distance covering 

all collection points Dmin was determined by using Google maps. 

 

                                                                         
 

The total distance driven per month was then calculated. 

 

     
                                                          

 

This was done by multiplying the shortest total distance Dmin with the total number of 

truckloads per month pt as shown below. 

 

     
         

 

The total monthly operating cost of the truck was calculated as earlier shown in Equation (11) 

using the vehicle operating cost per month cv and the total distance covered per month 

retrieved in Equation (17). 

The total time consumption of driving and loading the truck per month differs from case one. 

Since one pick up round results in one fully loaded truck, the truck must do the same amount 

of pick up rounds as there are collection points, n, to cover the same amount of total mass 

volume per month as in case one. Thus, the total time consumption per month was calculated 

by multiplying the total distance per month retrieved in Equation (17) with average time 

consumption per kilometer td, and then adding the number of collection points n multiplied 

with the total number of truckloads per month pt and average time consumption per loading. 

 

        
            

 

The total cost of transportation per month was calculated as shown in Equation (19). 

 

             

 

Since one pick up round equals one truckload and its according box volume, the total storage 

space needed for the collection points was calculated by multiplying the truck volume Vv with 

the lowest square meter price sqmpmin. 

 

                 

 

(16) 

(17) 

(18) 

(19) 

(20) 
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Finally the total cost of transportation and storage per month was calculated by adding the 

results from Equations (19) and (20). 

 

                 

 

Comparison of Case One and Two 

Having calculated the cost of transportation, storage and the overall total cost for both cases 

one and two, a linear approximation could be performed for the three costs. Using the results 

from Equations (14) and (19) as well as the corresponding number of collection points gave 

the gradient of the curve describing how the transportation cost per month increases with the 

number of collection points covered in one pick up round.  

 

    
         

   
                  

 

The curves equation was with Equation (22) then formulated as 

 

               

 

The  same applied for the gradient of the curve describing how the storage cost per month 

decreases with the number of collection points covered in one pick up round. Using the results 

from Equations (15) and (20) as well as the corresponding number of collection points gave 

Equation (24). 

 

     
           

   
                   

 

The curves equation was with Equation (24) then formulated as 

 

                  

 

Finally the gradient to the curve describing how the total cost of transportation and storage per 

month change with the number of collection points covered by one pick up round could be 

formulated. This was done using the results form Equations (16) and (21). 

 

     
           

   
 

 

Since the ratio between      and      was unknown, thus being the reason for the linear 

approximation, the gradient calculated in Equation (26) was to be evaluated in accordance to 

the following known statements. 

 

{
                                                      
                                                       

 

 

This relation could then be used in order to determine the preferred number of collection 

points to include per pick-up round, and consequently also the storage space needed at each 

location. 

(21) 

(22) 

(23) 

(24) 

(25) 

(26) 
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5.6 The Collection Point 
A vital part in the process of designing the collection points was the type of structure and plot 

to be used to run the business. Since the collection points had sizes yet to be determined, a 

number of options regarding their structure and construction had to be considered. Also 

notable is that the structures will be running without electricity or water, giving room for 

further possible structure types [2]. Following in this chapter is information about the 

alternatives available in market areas with their individual advantages and disadvantages [11], 

[30].   

The Plot  

Three alternatives were considered regarding the plot: buying a plot, renting a plot or using a 

free plot. The Director of Public Health stated in an interview that the Lusaka City Council is 

willing to provide any business activity having a positive impact on the city with a free plot 

[11]. The only requirement is that business is non-permanent in the case of the City Council 

not being satisfied with its activity. Since the collection points would have a positive impact 

on both the economic and environmental standards in Lusaka, the chances of acquiring a free 

plot are good. Regardless of the type of plot to be used, they all come in standard sizes of 

three by three meters. Using a larger plot consequently means that it has to be dimensioned in 

accordance to the standard plot size. 

 

 Buy plot 

The advantages of owning the space on which to operate from includes independence 

and control of decisions related to the site, and also a low monthly cost. This option is 

the only of the three that comes with complete freedom to choose which type of 

structure that is to be used for the collection point. At the same time, this is the option 

that requires the largest start-up capital, which can be associated with higher risk if the 

business fails to reach profitable levels of collected plastics in the chosen area.  
 

 Rent plot 

Second option is to rent the plot on which to operate on. This gives a short-term 

advantage because of the low startup cost and the power of easily ending the business 

in case of non-profitability. The major disadvantage is the rent, which compared to 

other similar cost would be higher. 
 

 Free plot 

The advantage of this type of plot is of course the lack of costs. The disadvantage is 

that the permit to operate on these specific plots can be withdrawn at any time by the 

Lusaka City Council, which makes it unsuited for permanent structures. Thus, the only 

structure type considered to be used with a free plot would be a cargo container, 

presented below. 

The Structure 

Regarding the structure, four different possibilities were considered. Either to rent a structure, 

buy a structure, build a structure or buy a cargo container.  

 

 Buy a structure 

To buy one of the existing structures in the market areas gives the advantage of 

independence and control of decisions related to the structure and also a low monthly 

cost. Though, this option requires a high startup cost. It might also be hard to find a 

structure with the desired size since they all come in standard sizes concerning the 

plots they‟re built on. 
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 Rent a structure 

To rent an existing structure in the identified market areas brings the advantage of a 

short startup time and low startup cost but is also followed by a significant monthly 

cost in terms of rental fees. Similar to the bought structure, these come in standard 

sizes. 
 

 Build a structure 

The third option is to build a custom facility in the predefined area. The advantage is 

that the building will be ideally suited for the business such as in design and will carry 

low annual cost, but the startup cost and time consumption is significant. The major 

advantage would also be the possibility of building the structure in the exact size 

required. 
 

 Cargo container 

The option of using a refitted cargo container to house the collection point is a 

common option in the high-density market areas of Lusaka. The container combines 

some of the advantages from the two previous options. The start up time is short, the 

annual cost is low, the container can be refitted for the special needs of the collection 

business and it can easily be moved or sold if the area of choice shows unsuited for 

collection. The disadvantage of the cargo container is that they come in standard sizes.  

The Price Matrix 

In order to determine the monthly price for each alternative, an interview was held with the 

Market Manager Mr. Reuben Matibula and the Market Masters Mr. Richard Kapulo, Mr. 

Charles Daka and Mr. Joseph Simfukwe [30]. In those cases when the collection point related 

costs were in terms of buying and not renting, the costs were divided over five years in 

accordance with Mr. Obert Mambwe estimation [31].  

 

Since the sizes of the collection points were yet to be determined, all prices had to be 

calculated per square meter.  The sizes of the collection points in terms of storage space are 

strictly depending on the type of transportation route that is most economically beneficial. 

Thus, the result of chapter 5.5, Planning the Pick-up Route also determined the sizes of the 

collection points. An additional five square meters were added to the required storage space to 

make room for the employees. The final square meter size required was identified as Ssq. 

 

                                               

 

The monthly square meter prices for each alternative were compiled in a price matrix. The 

alternatives for a plot covered the first column and the alternatives for a structure the first row.  

In that way, the matrix showed all price combinations of plots and structures. Since 

minimum-cost collection points were to be designed, the combination with the lowest cost 

was of most interest.      

5.7 Staff and Operation  
The collection point business will offer people the possibility to bring post-consumer PET-

bottles for selling on a cash basis. They will be open 8 hours per day, 308 days per year. The 

work tasks for the employees at the collection points include receiving the provided bottles in 

terms of weighing them and giving the proper payment in accordance, but can also include 

visual sorting.  
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Mr. Obert Mambwe prefers two employees at each collection point to preserve the quality of 

work as well as minimizing the workload per employee [31]. In order for this to be viable, an 

examination of proper workload per employee has been made to determine when two 

employees are needed. The overall workload has also been compared to the profitability of 

each collection point to determine whether or not two employees is possible to use at every 

collection point. 

Maximum Workload 

In order to determine the workload of two employees, a maximum workload that can occur at 

a collection point was defined. The workload at each collection point varies with the volume 

of PET-bottles that is received, which depends on the level of surrounding consumption in 

each area. Hence, the overall maximum mass volume of PET bottles calculated for each 

market was used to determine when two employees are required. By dividing the highest 

amount of bottles that are received per day at a collection point with the number of working 

hours per day, the maximum workload was calculated. 

                  
                                     

                      
 

 

The requirement of two employees also depends on the type of sorting performed at each 

collection point. During an interview Mr. Obert Mambwe stated that two levels of sorting are 

possible at a collection point, pre-sorting or fully sorting [2]. An assumption was made in 

accordance with Mr. Mambwe that the workload of each task is the same, thus preforming 

fully sorting results in a doubled workload compared to pre-sorting [31]. Petrec‟s factory 

requires the bottles to be pre-sorted before they arrive on site. The pre-sorting means that the 

bottles are sorted regarding their contamination level but are still expected to be in the need of 

further sorting when arriving to the recycling plant. Typical contamination of the bottles 

found on the streets is either light contamination such as dust, or heavy contamination from 

liquids such as paraffin.  Petrec‟s factory will be able to recycle the lighter contaminated 

bottles; hence the heavy contaminated bottles will be regarded as waste and will therefore not 

be recycled. The pre-sorting is expected to be made by the individuals when they collect the 

bottles. Thus, the employees at each collection point are only required to receive the bottles 

and give the proper payment in accordance. 

 

The full sorting, otherwise performed at the factory, is the last step before the bottles are 

being recycled. Fully sorted bottles are achieved regarding three categories stated by Mr. 

Mambwe [2]. Firstly, the bottles will be sorted regarding type of material. At the start of 

Petrec‟s business only PET plastic will be recycled, thus other plastic materials such as High 

Density Polyethene (HDPE) will not be processed. The other category in the sorting is color 

of the bottle. White and colored bottles will be sorted and processed respectively. Thirdly, a 

second contamination check will be made to sort out the bottles that are heavily contaminated.  

With full sorting at the collection point, a whole step in the processing done at the factory can 

be skipped. Preforming full sorting at the collection points require more work from the 

employees since they both will receive and sort the bottles.  

 

Lastly, to verify that the maximum workload calculated would be realistic, a comparison with 

an average sorting rate using a low speed belt was made.  

(27) 
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Profitably of Collection Point 

In order for a collection point to be able to utilize two employees, it must be able to cover all 

running costs including employee wages without losing profitability with the conditions 

provided. Thus, certain costs related to the operation of the collection points were defined.  

 

The individuals are paid at the collection points when providing PET bottles. Petrec Zambia 

Limited has two maximum prices that the company can pay for the bottles in order to operate 

the collection points [2]. These prices, paid per kg of bottles, are dependent on the bottles 

sorted state when they arrive at the factory. Firstly, the maximum cost of pre-sorted raw 

material, cp, indicates the overall lowest price that the company will pay for the supplied 

bottles.  

 

                                                         

 

Performing fully sorting at the collection points reduces the work required at the factory, thus 

the price per kg that the company can pay the individuals for the supplied raw material is 

higher than the price of pre-sorted material. The maximum cost of fully sorted raw material is 

the overall highest price that Petrec can pay for the raw material. 

 

                                                           

 

The possibility of paying the maximum price stands in close relation to the workload of the 

employees as well as the estimated raw material supplied to each collection point. As 

previously mentioned both receiving and sorting of the PET bottles is required which 

increases the workload. Considering the possibility of having collection points where the 

workload doesn‟t require two employees to manage fully sorting, the option of only using one 

employee was also considered despite Mr. Mambwe‟s requirement.   

 

The wage and benefits of an employee, cwc, was retrieved from the Petrec business plan and 

confirmed by Mr. Mambwe [1], [31].  

 

                                                             
 

Also to be taken in consideration is the cost of disposables, cd, at each collection point. This 

cost is an estimation of the monthly use of receipt books and other disposables required to 

operate the collection points. This cost was stated during an interview with Mr. Obert 

Mambwe [31].  

 

                                                              

5.8 Parameters Summary 
The following text is a short summary of all parameters. 

 

    = reservation incentive in USD 

    = PET collected through collection points in kg per day 

      = total mass of PET collected in kg per day 

    = percentage of PET collected through collection points per day 

      = operating days per year 

    = vehicle payload capacity in kg 

    = vehicle operating cost per kilometer in USD 
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     = wage of driver per month in USD 

    = maximum truck box volume for PET bottles in m
3 

        = lowest square meter price per month in USD 

    = maximum cost of pre-sorted raw material per kg in USD 

    = maximum cost of fully sorted raw material per kg in USD 

     = wage and benefits of employee at collection point per month in USD 

    = cost of disposables per collection point and month in USD 

5.9 Determining the Possible Incentives 
The following chapter describes how the final calculations to determine the incentives 

possible of being offered have been made. It also gives an overview of the Matlab code used 

to make the calculations in order to get the final result. 

Designing the Variables 

To maximize the probability of reaching the required raw material supplied to the plant by 

individual collection, the highest incentive possible within the price range that Petrec would 

be able to pay for the material was sought. This was then set in relation to the influence of 

variations in accessibility for different numbers of collection points. The determining factor of 

the financial incentive was the operating cost of all collection points combined. Since the total 

operating cost increased with the number of collection points that were being used, the lowest 

total operating cost and maximum incentive, imax, were also related to the lowest number of 

collection points required for the operation. 

 

imax = Maximum incentive 

 

With an increasing number of collection points, the accessibility increases whilst the incentive 

decreases until it reaches the reservation incentive. Thus, three different incentive levels were 

taken in consideration during the final calculations. Firstly, the maximum incentive imax as 

stated above was sought. Secondly, the reservation incentive, the parameter iR, was regarded 

as the overall minimum incentive that Petrec would have to offer individuals in order to 

increase the possibility of receiving the required raw material.  

 

iR = Reservation incentive 

 

Thus, if the final calculations would result in an incentive lower than the reservation incentive 

the collection business wouldn‟t be viable. Lastly, the incentives i in between the reservation 

incentive and the maximum incentive was also taken in consideration since they were the 

result of the number of collection points versus their accessibility. 

 

i = Incentive 

 

Consequently, when calculating the incentives possible to offer, a price range was taken in 

consideration, as shown below. 

 

          
 

When calculating the incentive, two aspects were regarded. Firstly, an average incentive for 

all collection points was calculated. This incentive would be paid at all collection points 

despite each collection points operating cost. Thus, it would be possible for one collection 

point not being economically beneficial when offering the average incentive, but with the help 
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of other strong collection points still remain in business. Secondly, looking at each collection 

points individual operating cost and calculating its according incentive would determine the 

impact of each collection point on the average incentive. This could then be used to further 

analyze the profitability of each collection point.  

 

Both alternatives required calculating the total operating cost of each collection point per 

month. The following calculations features collection point x, hence its corresponding total 

cost is formulated as Ccpx. 

 

                                                 

 

The total cost is the sum of cost of transportation Ctr, cost of storage Ccps , cost of disposables 

cd and wages for employees cwc. Note that all costs are per month. The storage cost Ccps was 

calculated by multiplying the required square meter size Ssq with the lowest square meter price 

sqmp as shown below. 

 

              

 

The cost of transportation for collection point x, Ctrx, was calculated as previously shown in 

chapter 5.5, Planning the Pick-up Route, with Equations (8), (9), (11), (12), (13) and (14). 

 

                                                              
 

Finally, the total cost of collection point x was calculated as shown below. In the case of using 

only one employee the wage of employees was not multiplied by two. 

 

     {
                                                 

                                                          
 

 

When calculating collection point x possible incentive to be offered, ix, the cost of fully sorted 

raw material cf was subtracted by the total operating cost of the collection point Ccpx divided 

by the expected raw material supplied per day from the same collection point mcx. Note that 

the total operating cost per month had to be multiplied with 12 to get the operation cost per 

year, as well as the raw material supplied per day had to be multiplied with the total operating 

days per year odpy in order for the calculation to be valid. 

 

      
       

        
 

 

The total cost of all collection points per month was calculated by adding all collection point‟s 

total costs together, as shown below. 

 

     ∑      

 

   
 

 

To be able to calculate the average incentive to be offered the total cost of all collection points 

per month had to be recalculated as a cost per kilo of provided raw material from all 

collection points together. This was achieved by first calculating the total operating cost per 

day Cday by multiplying the result from Equation (31) with 12 and then dividing the result 

with the total operating days per year odpy. 

(28) 

(29) 

(30) 

(31) 
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To get the cost per kilo Ckg the resulting figure from Equation (32) was divided by the 

provided raw material from all collection points together, mc. 

 

    
    

  
 

 

Finally the average incentive was calculated by subtracting the price of fully sorted raw 

material cf with the cost per kilo Ckg, which is presented in Equation (2) and here repeated. 

 

         

 

By analyzing the results from the equations above for each number of collection points being 

used, the average and also maximum incentive could be determined. Also conclusions 

whether or not the overall collection point business would manage to offer an incentive higher 

than the reservation incentive was made. 

Execution 

To aid the calculations of the final result Matlab r2009a was used [32]. By translating the 

equations listed previously in this chapter into a code the calculations were made easier. The 

full Matlab code and the translation of the parameters and variables names can be found in 

appendix II and III. This part of the chapter has been broken down under different headings to 

simplify the description of the code.  

 

Since the incentive was depending on the number of collection points that were being used in 

operation, the Matlab code used a for loop to change the number of collection points and 

calculated the equations stated above. 

Definition of Parameters 

The first part of the code set the parameters associated with the collection. These parameters 

had constant values. 

Definition of Matrixes, Vectors and Counters 

There were four matrices used in the code, A, B, table and table2. Matrix A initially included 

the expected raw material collected in each collection point per day, mcx. The second matrix B 

included the total cost of transportation Ctrx for each collection point. The two other matrices 

were used to store the resulting values of the variables for each number of collection points 

being used. The difference between the two matrices was that table stored the calculated 

values when each collection point had two employees, and table2 stored the values when one 

employee was being used in some of the collection points. 

 

In order for the matrices table and table2 to store the resulting values for each number of 

collection points a counter j was used to add rows. Starting with the value one, each time the 

number of collection points increased the counter j increased by one thus adding on one more 

row in the two matrices. The counter was also used to retrieve the values from matrix A and B 

corresponding to the current number of collection points being used. 

 

(32) 

(33) 
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Four vectors were used to store the total cost of each collection point as well as their 

corresponding incentives. The vectors named Ccp1 and Ccp2 stored the total cost of each 

collection point where Ccp1 stored the values when using one employee in some of the 

collection points and Ccp2 stored the values when using two employees in all of the collection 

points. The same applied for icp1 and icp2 regarding the incentives. 

Definition of Loops 

The main part of the code was the for loop setting the number of collection points being used. 

The variable n indicated the number of collection points used. The second for loop being used 

inside the main loop was used for retrieving the current values from matrix A and B to be 

used in the calculations. This loop, using the variable k, ranged from one up to the number of 

collection points that were being used. The loops purpose was to let the code calculate the 

equations for each collection point being used. 

Definition of if-statement 

The code was written after the decision of which collection points that would manage with 

only one employee was made. Thus, an if statement checked if the value of the variable k, 

indicating which collection point the code calculated the costs of, was the same as one of the 

collection points considered to use one employee. In the case of this being true, calculations 

of the total operating cost for the collection point using only one employee was made after the 

if statement. The same if statement was then used to save the calculated equations in table2. 

 

Presentation of Calculations 

In order to present the calculated values stored in the tables and vectors in a perspicuous way, 

the results were transferred to tables created in Word. These tables can be seen in chapter 6.8, 

Final Result. 

6 Results and Discussion 
The following chapter presents the corresponding results to the subjects treated in the 

methodology chapter.  

6.1 Reservation Incentive 
To the author‟s knowledge, only one company connected to plastic recycling with individual 

collection is active in Lusaka as of today. This company is called HY Investment; a Chinese 

company that started its business in November 2011 [16]. HY Investment plan to collect PET 

bottles in Lusaka for recycling, and a recycling plant is being built in the industrial area of 

Chinika. The collected bottles will be recycled into flakes and exported to China where the 

flakes primarily will be used to produce chemical fibers used in clothing industry. Even 

though the plant isn‟t ready yet
2
, collection of plastic bottles started as soon as the company 

set up in Lusaka. Up until now, about 100 tons of plastic bottles have been collected, with 

about 1 ton being collected every day. The bottles come from four local dumpsites in Lusaka. 

On these sites women have been collecting different materials for recycling, such as paper, 

even before HY Investment started its business. HY Investment estimate that about 50 women 

are collecting plastic bottles, which then are being put on trucks and driven to the company‟s 

plot in Chinika. For this collection, the women are being paid 9.45 cent per kilo [16].  

 

This collection is targeting dumpsites where a large quantity of plastic bottles can be found on 

a small area. Consequently it is easier for the women to gather larger volumes of bottles on 

                                                 
2
 The expected launch date is late summer 2012. 
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the dumpsites than what they would be able to collect on the streets. The availability of plastic 

bottles on the dumpsites, along with the transportation cost to and from the factory plot in 

Chinika, is mainly what decides the price that HY Investment is paying per kilo to the women 

[16]. Due to the facts stated above, Petrec Zambia Limited is bound to pay more than 9.45 

cent per kilo to ensure that individuals will support the company‟s business in Lusaka. Thus, 

the reservation incentive was defined to be 9.45 cent per kilo. 

6.2 Location Ranking 
The choice of the number of collection points and their corresponding locations are highly 

dependent on the costs that are related to the overall operation. Thus, this chapter only 

presents the result of potential sites suitable for collection. For corresponding cost analysis, 

see chapter 6.8, Final Result. 

 

 Picture 4 below shows the locations of the 25 markets run by the Lusaka City Council. 

 

 
 

Picture 4. Locations of the 25 markets in Lusaka run by the Lusaka City Council. 

 

Ranking the markets after the number of registered businesses in each market resulted in 

Table 4. 
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Table 4. Identified market places with corresponding number of registered business ranked 

by business activity. 

No. Market name 
No. reg. 
business 

No. Market name 
No. reg. 
business 

1 City Market 3959 14 Chelstone 285 

2 New Soweto 2339 15 Kaunda Square 285 

3 Old Soweto 1700 16 Matero 278 

4 Chibolya 1240 17 Mwamba Luchembe 240 

5 Lumumba Roadside 537 18 Northmead 142 

6 Chachacha 471 19 Bwafwano 110 

7 Kabwata S&S 427 20 Chingwere 106 

8 Luburma 420 21 Libala 104 

9 Buseko 389 22 Sikota Wina 96 

10 Railside 385 23 Lumumba 90 

11 Kabwata Main 372 24 Sekelela 82 

12 Chilenje  354 25 Long Acres 56 

13 Tigwirizane 350    
 

Picture 5 shows the two-kilometer radius around the markets City Market, New Soweto and 

Libala. Since City Market and New Soweto are situated close to each other, they both cover 

the same market area within the two kilometer radius. Thus, they have the same potential of 

receiving the bottles in that area. 

 

 
Picture 5. Example view of the markets two- kilometer cover area.  

 

The following Table 5 is a composite summary of the results from the coverage study, 

including all the selected markets along with their corresponding coverage. Each column 

shows which markets that are covered within a two-kilometer radius from the specific market 

along with their individual contribution to the total amount of covered shops. Each row shows 
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which markets that have potential to collect PET bottles generated in the specific market due 

to overlapping coverage areas. For a complete table over all markets, see Appendix I. 

 

Table 5. Chosen markets suitable for collection points with the percentage of shops covered 

by each collection point presented at the bottom of the table. 

MARKET Stores City M New S Chach Lubur Chibo Mwam Libal Kaund 

City Market 3959 3959 3959 3959 3959 3959       

New Soweto 2339 2339 2339 2339 2339 2339       

Chachacha 471 471 471 471 471         

Luburma 420 420 420 420 420         

Chibolya 1240 1240 1240     1240       

Mwamba Luch. 240           240     

Libala 104             104   

Kaunda S 285               285 

Lumumba RS 537 537 537 537 537 537       

Buseko 389           389     

Kabwata Main 372             372   

Chilenje 354             354   

Chelston 285                 

Matero 278           278     

Old Soweto 1700 1700 1700 1700 1700 1700       

Kabwata S&S 427             427   

Tigwirizane 350         350       

Northmead 142                 

Bwafwano 110 110 110     110       

Chingwere 106           106     

Lumumba 90                 

Railside 385           385     

Sekelela 82         82       

Sikota Wina 96         96       

Long Acres 56                 

STORES: 14 817 10 776 10 776 9 426 9 426 10 413 1 398 1 257 285 

% of stores 100% 72.73% 72.73% 63.62% 63.62% 70.28% 9.44% 8.48% 1.92% 

 

Table 6 presents each collection points estimated material flow for each number of collection 

points being used. Note that adding more collection points resulted in a decrease of the ratio, 

consequently lowering the material flow in each collection point. 

 

Table 6. Factor kg/store for each number of collection points and according raw material 

supplied to each collection point per day. 

MARKET Ratio  City M New S Chach Lubur Chibo Mwam Libal Kaund 

  kg/store kg/day kg/day kg/day kg/day kg/day kg/day kg/day kg/day 

4 col. Pnts 0.07 225.06 225.06 174.94 174.94         

5 col. Pnts 0.07 168.42 168.42 136.57 136.57 190.02       

6 col. Pnts 0.06 149.88 149.88 121.54 121.54 169.11 88.05     

7 col. Pnts 0.06 136.39 136.39 110.60 110.60 153.88 80.12 72.04   

8 col. Pnts 0.06 133.66 133.66 108.38 108.38 150.80 78.52 70.60 16.01 

 

The study revealed that 72.73 % of all registered businesses were to be found within the city 

center. This required additional analysis of the relationship between accessibility and level of 

consumption. Through discussions with Mr. Obert Mambwe, a limitation of four collection 
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points within the city center was set. The first two locations were chosen as City Market and 

the New Soweto because of their superior size compared to other markets. As complement to 

these, Chachacha and Luburma were added because of their good potential to help defray the 

consumption within the city center. These two also carry the advantage of being located at the 

outskirt of the city center and therefore also contribute to a slightly higher accessibility for the 

target customers. For the same reason, Old Soweto and Lumumba Roadside were neglected as 

they are situated in between the other markets and were therefor considered to bring no 

further contribution to the collection. Altogether, these four locations cover a total of 10 776 

shops, which gives a good starting point for potential collection. 

 

After having covered the city center, the next step was to further increase the accessibility. 

The next big market was Chibolya, which is both a major market in itself and that also covers 

all other markets in the Kanyama area, including Bwafano, Sikota Wina, Sekelela, 

Tirgwiziane and the major residential areas that surround them. This increased both the total 

potential collection and the accessibility for the target customers. 

 

Likewise, the iterative study proceeded by adding Mwamba Luchembe followed by Libala, 

which together also cover Railside, Matero, Buseko, Chilenje, Kabwata Site and Service and 

Kabwata Main Market. This gave a contribution to the total potential collection of 17.92 % 

but most importantly meant a great contribution to the overall accessibility. This meant that 

the City center together with the southern, northern and western parts of Lusaka were 

provided with collection points. Altogether, the seven locations cover nearly 14 000 shops, 

which represent 90.65 % of all registered businesses in the Lusaka market areas. 

  

The remaining area was then the eastern part of Lusaka, which proved to account for three 

difficulties. The first was that the area only had two markets which result in a low material 

flow, second was the long distance from the factory, and thirdly that the distance between the 

two markets was over two kilometers. In order to investigate whether it was possible to 

include this area and still maintain probability, the market closest to the factory, Kaunda 

Square, was included in the study. The analysis showed that this market represented the limit 

for how much the ease of access could be offset by the total volume of collected material. 

This market was therefore the last to be chosen to include in the study. 

 

6.3 Transportation 
Below are the results of the 5-ton truck hauling capacity, and the operating cost per kilometer. 

Average Hauling Capacity 

The comparison between seven trucks resulted in an average truck with the dimensions of 

3880x1796x1811 mm, a box volume of 12.64 m
3
 and a payload of 1776.40 kg. 

 

Using the 1:6.3 weight to volume ratio the corresponding volume space needed for the mass 

of bottles equal to the average payload was determined by using Equation (3) presented in the 

method. 

 

                      
 

The result shows that for 1.78 tons of bottles 11.19 m
3
 of storage space is needed. This 

volume is lower than the trucks box volume, thus being the maximum truck box volume Vv as 

shown below. 
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Consequently, the payload weight limit represents the maximum haulage capacity of the truck 

regarding transportation of bottles.  

Mileage Cost 

The information needed to calculate the DHL UD truck operating cost per kilometer is 

presented below.  

                                                                  

                         
   

  
                             

                                                                         
 

Using Equation (4) gives the operating cost per kilometer, as shown below. 

 

                             
 

   
 

      

        
          

 

The operative cost of the DHL truck per kilometer was 0.41 USD per kilometer excluding the 

salary of the driver. Thus, this figure was used in the calculations together with the trucks 

payload capacity. 

6.4 The Most Optimized Pick-up Route 
Following chapter presents the result and conclusion of which alternative that is superior 

when deciding the transportation route of a pick-up round. 

 

By measuring the distances between each market and the plant Table 8 was acquired. The 

resulting distances were then used both in case 1 and case 2. 

 

Table 8. Distances between each market and the plant. All distances are in kilometer. 

MARKET Plant City M New S Chach Lubur Chibo Mwam Libal Kaund 

Plant 0.00 1.90 1.70 2.30 4.00 2.20 6.80 9.70 13.30 

City M 1.90 0.00 0.95 1.30 2.40 2.10 8.80 6.50 11.40 

New S 1.70 0.95 0.00 1.50 2.60 1.50 9.60 6.70 13.40 

Chach 2.30 1.30 1.50 0.00 1.70 2.70 8.20 5.80 11.00 

Lubur 4.00 2.40 2.60 1.70 0.00 3.60 9.60 4.10 11.20 

Chibo 2.20 2.10 1.50 2.70 3.60 0.00 10.90 7.20 13.70 

Mwam 6.80 8.80 9.60 8.20 9.60 10.90 0.00 13.80 17.10 

Libal 9.70 6.50 6.70 5.80 4.10 7.20 13.80 0.00 12.90 

Kaund 13.30 11.40 13.40 11.00 11.20 13.70 17.10 12.90 0.00 

 

Case 1: One Collection Point Covered per Pick-up Round  

Picture 6 below gives an example of how it would look like if the truck would drive to one 

collection point at a time during the pick-up rounds. 
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Picture 6. Illustration of an example route between the plant (A) and the collection point in 

Kaunda Square (B). 

 

By calculating Equations (8) to (14) the results in Table 9 were obtained. Notice that each row 

in the table represents the collection points presented in the following order; Chachacha, 

Luburma, City Market, New Soweto, Chibolya, Mwamba Luchembe, Libala and Kaunda 

Square. 

 

Table 9. Transportation costs for each collection point when pick-up round runs to one 

collection point at a time. Total cost shown at the bottom. 

Dist. Trip Num Trips Tot. Dist Truck cost Time Salary Total cost 

km #/month km/month USD/month h/month USD/month USD/month 

4.60 1.57 7.20 2.95 0.65 2.24 5.20 

8.00 1.57 12.53 5.14 0.94 3.24 8.37 

3.80 1.93 7.34 3.01 0.72 2.48 5.49 

3.40 1.93 6.57 2.69 0.68 2.33 5.02 

4.40 2.18 9.59 3.93 0.88 3.04 6.97 

13.60 1.13 15.43 6.33 1.03 3.53 9.86 

19.40 1.02 19.79 8.11 1.25 4.28 12.39 

26.60 0.23 6.15 2.52 0.37 1.28 3.80 

8 points: 84.59 34.68 6.52 22.42 57.10 

 
It can be concluded from Table 9 that the total cost of transportation would be low as 

previously expected. Since driving to one collection point at a time during pick up rounds 

would make the collection points have the same storage size as a truck load, the number of 

trips to each collection point per month would differentiate them from one another. Notice 
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that the collection point in Kaunda Square with the lowest expected material flow would only 

require 0.23 pick-ups per month. 

 

Using Equation (15) the total cost of storage per month was calculated to  

 

                       

 

With the costs of transportation and storage obtained above the total cost was calculated 

through Equation (16). The final result of case 1 is shown in Table 10. 

 

Table 10. Cost of transportation, storage and total cost for all collection points for case1. 

Cost of transportation 57.10 

Cost of storage   119.06 

Total cost of storage and transportation   176.17 

 
 

Case 2: All Collection Points Covered per Pick-up Round 

Using Google maps to find the shortest route when running to all collection points per pick-up 

round resulted in the following Picture 7. 

 

 

Picture 7. Illustration of the shortest route when a pick-up round runs to all collection points 

at once. 

 

The distance of the route was 50.5 kilometers. This result used with Equations (17), (18) and 

(19) resulted in Table 11. 

 

Table 11. Total transportation cost when pick up round runs to all collection points at once. 

Dist. Trip  
Num 
Trips 

Tot. Dist Truck cost Time Salary Total cost 

km #/month km/month USD/month h/month USD/month USD/month 

50.5 11.56 583.73 239.33 45.20 155.38 394.71 
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As expected the total cost of transportation was considerably higher than the same cost in case 

one. On the other hand, the cost of storage for all collection points per month was with 

equation (20) obtained to be as low as 

 

                      

 

Using Equation (21) with the results listed above gave the total cost of transportation and 

storage for case 2 as presented in Table 12. 

 

Table 12. Cost of transportation, storage and total cost for all collection points for case 2. 

Cost of transportation 394.71 

Cost of storage   14.88 

Total cost of storage and transportation   409.59 

 

Comparison of Case One and Two 

Using Equations (22), (23), (24), (25) and (26) with the results listed previously in this 

chapter gave the linear approximation of the three curves describing how the costs of 

transportation, storage and total cost changes with the number of collection points being 

covered per pick up round. The three curves equations are presented below. 

 

By using Equation (23), the linear approximation of the cost of transportation resulted in the 

following equation 

 

                  
 

With Equation (25), the linear equation for cost of storage was 

 

                     

 

And finally with Equation (26), the gradient of the total cost of transportation and storage was 

calculated to be 
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Chart 3. Graph showing how the cost of transportation, storage and total cost changes with 

the number of collection points covered during a pick up round. Notice how the 

total cost of transportation and storage increases with the number of collection 

points covered. 

 

As seen in Chart 3, the total cost will always increase when adding more collection points 

covered during a pick up round. Thus, it is more economical beneficial to go to one collection 

point at a time. This also means that all collection points will have the same storage size equal 

to a truckload. 

6.5 The Collection Point 
The average monthly costs in USD per square meter for each alternative for a plot and 

structure are presented in Table 13.  
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Table 13. Monthly square meter prices for different structure and plot alternatives. 

Alternative:  Price per month 

Plot  USD / m2 

Buy  1.75  

Rent 0.63 

Free 0.00 

Structure   

Buy  0.70 

Rent 6.29 

Build  0.70 

Container  1.90 

 

Not every plot and structure combination was adaptable. Table 14 shows the price matrix with 

the overall price of combinations possible.  

 

Table 14. Price matrix showing monthly costs of plot and structure combinations. 

USD / m2 Buy Structure Rent Structure Build Structure Use Container 

Free plot --- --- --- 1.90 

Rent plot 1.33 6.29 1.33 2.53 

Buy plot 2.45 --- 2.45 3.65 

 
According to the matrix two combinations were preferred regarding the lowest monthly cost: 

either to rent a plot and buy the house on it, or to rent a plot and build a house on it. Both 

combinations would cost 1.33 USD per m
2
 and month. It is important to note that the price 

matrix does not take any restrictions or limitations, but merely gives the actual combined 

price. Neither does it considerate factors of risk or time span. It can therefore be subject to 

discussion whether the lowest combined price actually represents the best option. What the 

price matrix also doesn‟t show is that the plot comes in a standard size of three by three 

meters [30]. This means that a collection point larger than nine square meters requires 

multiple plots, which also could result in more plot space used than would actually be needed. 

The advantage with the alternative of being able to build the exact shop size required would 

therefore suggest that this alternative would be preferable.  

 

With the result from planning the route the storage space of the shop was determined to be 

equal to a truckload Vv considering all collection points. Including the five square meters of 

working space the total size of the collection points was calculated and rounded to the closets 

higher integer.  

 

                              

 

Since the standard size of the plot for the two preferable alternatives didn‟t match the required 

structure size, the closest standard size of 18 m
2
 had to be used for the plot. Since building the 

structure would make it possible to build the exact structure size, 1 m
2
 would be saved in 

comparison to buying a structure with the size of 18 m
2
. This is further proved in the 

calculations below. Notice that the costs have been taken from Table 3. 
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As seen in the calculations above, 70 cent per month would be saved when choosing the 

alternative of building the structure instead of buying it due to the 1 m
2 

saved. Thus, the 

alternative of renting a plot and building a house on it was determined to be the most suitable 

alternative for the collection points. 

6.6 Staff and Operation 
Presented below are the results of the estimated maximum workload as well as an evaluation 

of collection points that would manage using only one employee. 

Maximum Workload 

Using the highest overall material supply retrieved in Table 6 with Equation (27) gave the 

maximum workload estimated for all collection points. The collection points in City Market 

and New Soweto will be supplied with most raw materials per day according to Table 6. This 

occurs when the business utilizes four collection points, thus resulting in the highest estimated 

raw material supply of 225.06 kg. Hence, the two markets represent the maximum workload 

per day, calculated to be 

      

  
 = 28.13 kg/h 

 

This workload, being the overall maximum required in all of the collection points, indicates 

the workload per employee when performing fully sorting. This was further acknowledged 

since the two work tasks, receiving and sorting, when fully sorting was assumed to require the 

same amount of work.  

 

To further aid estimation of the maximum workload a comparison of sorting using a slow 

speed belt was made. With this type of belt an average sorting of 100 kg per hour and 

employee is manageable [33]. Not to forget, working at belt is more effective than manual 

sorting since the bottles are supplied in an even stream on the belt. Comparing the calculated 

maximum workload with the belt sorting suggested that approximately a quarter of the speed 

is required at the collection points. With Mr. Mambwe‟s estimation four collection points with 

two employees at each would manage to fully sort the expected raw material supply per day, 

800 kg. This gives a workload of 25 kg per employee per hour. Thus, with the information 

stated above, the calculated maximum workload was considered manageable, but it has not 

been tested. 

 

With the maximum workload calculated it was concluded that all collection points possible to 

utilize would manage their individual workload. On the contrary, it was noted that some of the 

collection points hade a daily material supply suggesting that only one employee would be 

needed. As shown in Table 15, three of the possible collection points would have very little 

material supplied each day.  
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Table 15. The maximum mass of PET received per day for the three markets with the lowest 

material supply. 

MARKET Material supply 

  kg/day 

Mwamba Luchembe 88.05 

Libala  72.04 

Kaunda Square 16.01 

 

Since the workload of each task at a collection point was assumed to be equal, looking at the 

material supply in Table 15 would suggest that one employee would be able to both receive 

and fully sort the supplied material per day. Thus, using only one employee at each of these 

three markets was taken in consideration when the incentive was being calculated. In this case 

the smallest collection points would save money on the wages, having a better chance of 

being profitable in relation to their raw material supplied.   

 

The two costs Petrec Zambia Limited would be able to pay for the pre-sorted respectively 

fully sorted raw material are presented below. 

 

cp  = 0.20 USD/kg    

    

cf  = 0.30 USD/kg    

 

Considering the maximum workload calculated in relation to the estimated material received 

at each collection point suggested that fully sorting would be manageable at all stations, even 

regarding using only one employee at each of the three smallest collection points. Hence, the 

company could exclude the cost of pre-sorted raw material and only focus on the fully sorted 

raw material being supplied from the collection points. 

 

Petrec aims to pay a monthly wage of 300 USD to the employees working at the collection 

points [2]. This wage, distinctly higher than the minimum wage in Zambia, includes benefits 

such as health care. As stated by Mr. Mambwe, offering a wage higher than the minimum 

wage will ensure that the employees feel encouraged to work at the collection points [34].  

 

cwc  = 300 USD/month   

 

The cost of disposables was estimated to be 10 USD per month and collection point. 

 

cd = 10 USD/month  

  

6.7 Parameter Summary  
Below is a short summary of all parameters with their associated results.  

  

    = 0.0945  reservation incentive in USD 

    = 800   PET collected through collection points in kg per day 

      = 8000  total mass of PET collected in kg per day 

    = 10   percentage of PET collected through collection points per day 

      = 308   operating days per year 
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    = 1776.4  vehicle payload capacity in kg 

    = 0.41   vehicle operating cost per kilometer in USD 

     = 550   wage of driver per month I USD 

    = 11.19  maximum truck box volume for PET bottles in m
3 

        = 1.33   lowest square meter price per month in USD 

    = 0.2   maximum cost of pre-sorted raw material per kg in USD 

    = 0.3   maximum cost of fully sorted raw material per kg in USD 

     = 300   wage and benefits of employee at collection point per month in 

USD 

    = 10   cost of disposables per collection point and month in USD 

6.8 Final Result 
The final result of the study includes data retrieved from the entire iterative process. By 

continuously analyzing the material flow distribution and the corresponding impact on the 

total financial incentive, stations could be added under the condition that the overall operation 

reached profitability. It is important to note that this study does not aim to present a single 

solution to the stated problem, but rather to present the different combinations of accessibility 

and incentive possible for profitable collection.     

 

Summary of Results 

The first step was to analyze the iterative process including Mr. Obert Mambwe‟s preference 

of a fixed number of two employees per collection point. Table 16 shows the collective 

incentives and costs as a result of the number of collection points chosen for the operation. 

Structure type 8 represents building a house on rented plot as the preferred combination from 

the collection point analysis. 

 

Table 16. Total cost for each number of collection points using two employees at each with 

according incentive. Structure type represents building a house on rented plot. 

Col. Pnts. Incentive Cost/kg Cost/day Cost/month Shop type Shop size Plot size 

# USD/kg USD USD USD #  m
2
  m

2
 

4 0.1747 0.13 100.23 2572.56 8 17 18 

5 0.1439 0.16 124.88 3205.33 8 17 18 

6 0.1127 0.19 149.82 3845.31 8 17 18 

7 0.0815 0.22 174.82 4487.07 8 17 18 

8 0.0505 0.25 199.60 5123.02 8 17 18 

 
 

Marked red in Table 16 are the resulting incentives that do not reach up to the minimum level 

of the reservation incentive. This first study showed that six collection points was the 

maximum number that could be operated with two employees with regard to the collective 

incentive. The financial incentive that could be offered the individuals was then 11.27 cent 

per kg. Though, if Petrec chose to have only four collection points the financial incentive 

could be 17.47 cent per kg.  

 

By further analysis of the collection points, their individual contributions to the collective 

incentive were calculated. This gave a more detailed overview of the result from the iterative 

process of adding collection points. The results are presented in Table 17. 
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Table 17. Possible incentive offered by each collection point using two employees at each. 

Notice the red marks indicating insufficient incentives. 

Col. Pnts. City M New S Chach Lubur Chibo Mwam Libal Kaund 

# USD/kg USD/kg USD/kg USD/kg USD/kg USD/kg USD/kg USD/kg 

4 0.1888 0.1889 0.1571 0.1560 - - - - 

5 0.1519 0.1520 0.1175 0.1163 0.1684 - - - 

6 0.1338 0.1339 0.0951 0.0940 0.1523 0.0149 - - 

7 0.1175 0.1176 0.0751 0.0739 0.1379 -0.0128 -0.0493 - 

8 0.1138 0.1139 0.0705 0.0694 0.1346 -0.0191 -0.0563 -1.2506 

 

According to Table 17, five collection points proved to be the maximum that could be 

operated whilst maintaining profitability with regard to the individual contribution to the 

financial incentive. The price range between the five collection points would be 11.63 to 

16.84 cent per kg. For only four collection points the maximum price increased to 18.88 cent 

per kg.  

 

Due to the low volume flow of material to stations six, seven and eight, Mwamba Luchembe, 

Libala and Kaunda Square, it was considered important to also analyze the impact of using 

only one employee at each of these collection points. The results are presented in Table 18. 

 

Table 18. Total cost for each number of collection points using one employee at collection 

point six, seven and eight, with according incentive. Structure type represents 

build house on rented plot. 

Col. Pnts. Incentive Cost/kg Cost/day Cost/month Shop type Shop size Plot size 

# USD/kg USD USD USD #  m
2
  m

2
 

4 0.1747 0.13 100.23 2572.56 8 17 18 

5 0.1439 0.16 124.88 3205.33 8 17 18 

6 0.1273 0.17 138.13 3545.31 8 17 18 

7 0.1107 0.19 151.44 3887.07 8 17 18 

8 0.0943 0.21 164.53 4223.02 8 17 18 

 

The average incentive indicates that this change made it possible to use seven collection 

points in order to increase the accessibility, with a financial incentive of 11.07 cent per kg. 

This meant an addition of one station compared to the previously mentioned conditions 

without substantial loss in financial incentive. Following the same procedure as before, the 

individual contributions to the collective incentive were calculated. Table 19 shows the 

revised individual contributions in the case of one employee at Mwamba Luchembe, Libala 

and Kaunda Square.  
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Table 19. Possible incentive offered by each collection point using one employee at collection 

point six, seven and eight. Notice the red marks indicating insufficient incentives. 

Col. Pnts. City M New S Chach Lubur Chibo Mwam Libal Kaund 

# USD/kg USD/kg USD/kg USD/kg USD/kg USD/kg USD/kg USD/kg 

4 0.1888 0.1889 0.1571 0.1560 - - - - 

5 0.1519 0.1520 0.1175 0.1163 0.1684 - - - 

6 0.1338 0.1339 0.0951 0.0940 0.1523 0.1477 - - 

7 0.1175 0.1176 0.0751 0.0739 0.1379 0.1331 0.1129 - 

8 0.1138 0.1139 0.0705 0.0694 0.1346 0.1298 0.1093 -0.5204 

 

As shown in Table 19, the revised number of staff had no impact on the number of collection 

points that could be operated with regard to the individual contribution. Thus, the choice of 

reducing the workforce needs to be considered in terms of collective incentive. 

 

Final Assessment 

The overall assessment of this study supports the viability of using between four and seven 

collection points to operate the planned collection. Both extremes each represent a way of 

dealing with the problem addressed in this project. Four stations located in the city center 

provide a high potential of covering the 72.73 % share of registered businesses in that specific 

area. This results in low costs for collection and consequently a high incentive to the end 

customer, as shown in Table 18. However, this requires the higher incentive to outweigh the 

disadvantages that this entails in terms of reduced overall accessibility. To be able to handle 

the resulting material flow, these four stations need two employees each in order to maintain 

high productivity and operational quality. Seven stations on the other hand increase the 

accessibility and offer the possibility to cover 90.65 % of the overall consumption. Though, 

this also increases the overall operating cost, consequently resulting in a lower incitement to 

the end customer. This option also requires a reduction of the workforce in order to maintain 

overall profitability. According to the staff and operation analysis, the option of reducing the 

number of staff at Mwamba Luchembe and Libala from two to one is supported by the lower 

material flow at these locations.  

7 Final Remarks 
This chapter presents Mr. Mambwe‟s opinion on the final results regarding the future of the 

collection points business. Also found in this chapter is a discussion of the economical impact 

the individual collection would have on the target group based on the final results. 

7.1 Mr. Mambwe’s Opinion on the Final Result 
Since this project has been made in collaboration with Petrec Zambia Limited, it was 

important to get Mr. Mambwe‟s opinion on the final result. During the final presentation of 

the project, Mr. Mambwe stated that he would prefer to commence the collection point 

business using the four collection points located in the city center [35]. This would be done 

because of two reasons. Firstly, the possibility of collecting the raw material needed would be 

high enough since a high percentage of the registered business is covered in the city center. 

Also, by using four collection points to start with would allow the business to analyze the 

impact of the individual collection and later develop in accordance.  If the collection point 

business would prove to be viable, additional collection points would be added in the order 

suggested in this report, according to Mr. Mambwe.  
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7.2 Impact of the Individual Collection on the Target Group 
Having found two possible incentives to be offered, it was important to analyze the social and 

economic impact the individual collection would have on the target group, the low-income 

holders in the high-density areas of Lusaka. According to the survey made on poverty in 

Zambia, 24.4 % of the population of Lusaka had an income lower than the moderate poverty 

line in 2010. The average income of these people was 25.34 USD per month, in comparison to 

the moderate poverty line of 27.55 USD. Consequently, in order to get an income above the 

moderate poverty line, an additional income of 2.21 USD would be required per month. 

Looking at the final result of this project and the possible incentives to be offered by Petrec 

Zambia Limited, it can be discussed what amount of PET bottles that would be required to be 

collected per month in order to raise the income above the moderate poverty line.  

 

The maximum incentive possible of being offered by Petrec, 0.1747 USD per kg, would mean 

low collection point accessibility for the target group since the collection points would be 

found only in the city center. In order to get the required 2.21 USD to have an income above 

the moderate poverty line, 12.65 kg of PET bottles would have to be collected per month. 

This equals 0.42 kg per day, which is approximately 13 bottles [27]. 

 

The lowest incentive that Petrec could offer, 0.1107 USD per kg, would mean as high 

collection point accessibility as possible for the target group. In order to get the 2.21 USD 

required 19.96 kg of PET bottles would have to be collected per month, which is 0.66 kg per 

day or approximately 20 bottles. 

 

Looking at the range of bottles required to be collected per day, it can be concluded that it 

differs seven bottles between the two incentives. Since the accessibility increases when the 

incentive decreases, it could be suggested that the chance of finding and collecting bottles 

throughout the city would increase since the target group would have more collection points 

to go to. Thus, finding seven more bottles could be possible due to an increased area of 

interest in the city. Still, no examples presented in this report suggest that the lowest incentive 

would be enough for the target group to feel motivated to collect PET bottles. 

 

As a final conclusion it can be considered that the number of bottles required of being 

collected per day, regardless of the incentive, is of a reasonable amount.  
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Appendix 

I. Ranking of Markets 
On the next two pages the complete ranking of all 25 markets run by the Lusaka City Council 

is found.  
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II. Names of Parameters and Variables in Matlab 
The table below presents all variables and parameters used in the Matlab code with the proper 

translation of their names. 

 

Description Name Matlab name 

Truck PET volume in m
3 

Vv V_v 

Storage capacity of collection point in m
2 

Ssq S_sq 

Wage of employee in USD Cwc C_wc 

Operating days per year odpy odpy 

Mass PET collected through collection points in kg mc m_c 

Price of fully sorted raw material in USD per kg cf c_f 

Reservation incentive in USD iR i_r 

Cost of disposables in USD cd c_d 

Cost of collection point storage in USD Ccps C_cps 

Total cost of all collection points in USD per month Ctot C_tot 

Total cost of all collection points in USD per day Cday C_day 

Total cost of all collection points in USD per kg Ckg C_kg 

Incentive in USD i i 

Table 1. Parameters and variables used in the Matlab code with the proper translation of 

their names. 

III. Matlab Code 
Below is the complete Matlab code used to calculate the final results. The green texts to the 

right  are short descriptions of the code. 
 

clc; clear all; 

  

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

  

%Define parameters 

  

V_v=11.19;                           % Truck PET volume in m^3 

 

S_sq=S_v+5;                          % Minimum storage capacity per  

                                     % collection point in m^2 

                                      

S_sq=ceil(S_sq);                     % Round squaremeter size of shop  

                                     % towards infinity 

                                      

S_sq2=18;                            % Size of plot in m^2 

h=8;                                 % Used shop type 

p_bs=0.7;                            % Price of shop per squaremeter in USD 

                                     % per month 

                                      

p_rp=0.63;                           % Rent for a plot per squaremeter in  

                                     % USD per month 

  

c_wc=300;                            % Wage of employee in USD per month 

odpy=308;                            % Operating Days Per Year 

m_c=800;                             % Mass PET collected through  

                                     % collection points 

c_f=0.3;                             % Price of fully sorted raw material  

                                     % in USD per kg 

                                      

i_r=0.0945;                          % Reservation incentive in USD 

c_d=10;                              % Cost of disposal in USD per month 
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%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

  

%Define matrices 

  

table=[]; 

table2=[]; 

  

% Mass PET for each CP in kg per day   

A=[225.055679,225.055679,174.944321,174.944321,0,0,0,0;                                   

 168.418259,168.418259,136.571125,136.571125,190.021231,0,0,0; 

 149.881908,149.881908,121.539915,121.539915,169.107227,88.049126,0,0;  

 136.385128,136.385128,110.595315,110.595315,153.879218,... 

 80.120352,72.039544,0;133.6562763,133.6562763,108.3824768,... 

 108.3824768,150.8003370,78.5172704,70.5981466,16.0067397]; 

  

 % Total cost of transportation for each CP in USD per month  

 B=[9.2371027,8.4608801,8.3871250,13.5159167,0,0,0,0;                    

 6.9124972,6.3316185,6.5474495,10.5512654,8.7822435,0,0,0; 

 6.1516980,5.6347517,5.8268280,9.3899783,7.8156574,11.0541042,0,0; 

 5.5977411,5.1273455,5.3021254,8.5444161,7.1118619,10.0586884,... 

 12.6469448,0; 5.4857392,5.0247554,5.1960383,8.3734558,6.9695648,... 

 9.8574299,12.3938993,3.8038101;]; 

  

 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

  

j=1;                                % Set counter j 

  

for n=4:1:8                         % Set number of collection points 

      

C_cps=S_sq*p_bs+S_sq2*p_rp;         % Cost of collection point relative to  

                                    % squaremeter size in USD per month 

        

for k=1:1:n                         % Set counter to find proper value in  

                                    % matrices A and B 

            

C_cp2(j,k)=2*c_wc+C_cps+c_d+B(j,k); % Vector with total cost of each CP in  

                                    % USD per month (2 employees) 

C_cp1(j,k)=2*c_wc+C_cps+c_d+B(j,k); % Vector with total cost of each CP in  

                                    % USD per month (2 employees) 

             

i_cp2(j,k)=c_f-(C_cp2(j,k)*12)/(odpy*(A(j,k))); % Vector with incentive for  

                                                % each CP in USD per month  

                                                % (2 employees) 

i_cp1(j,k)=c_f-(C_cp2(j,k)*12)/(odpy*(A(j,k))); % Vector with incentive for  

                                                % each CP in USD per month  

                                                % (2 employees) 

             

if (k==6 || k==7 ||k==8) % if statement used for calculating cost of one  

                         % employee in CP 6, 7 and 8 

                

C_cp1(j,k)=c_wc+C_cps+c_d+B(j,k); % Vector with total cost of each CP in USD 

                                  % per month (1 employee) 

i_cp1(j,k)=c_f-(C_cp1(j,k)*12)/(odpy*(A(j,k))); %Vector with incentive for  

                                                % each CP in USD per month  

                                                % (1 employee) 

end 

end 

         

if (k==6 || k==7 || k==8)    % if statement used for calculating cost of  

                             % one employee in CP 6, 7 and 8 
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C_tot1=sum(C_cp1(j,:));  % Total cost of all CP per month when using  

                         % one employee in CP 6,7 and 8 

C_day1=C_tot1/(odpy/12); % Total cost of all CP per day when using one 

                         % employee in CP 6,7 and 8 

C_kg1=C_day1/m_c;        % Total cost of all CP per kilo supplied raw 

                         % material when using one employee in CP 6,7  

                         % and 8 

i1=c_f-C_kg1;            % Average incentive in USD per kilo when using 

                         % one employee in CP 6,7 and 8 

  

end 

  

C_tot2=sum(C_cp2(j,:));      % Total cost of all CP per month when using  

                             % two employees in each CP 

C_day2=C_tot2/(odpy/12);     % Total cost of all CP per day when using two 

                             % employees in each CP 

C_kg2=C_day2/m_c;            % Total cost of all CP per kilo supplied raw  

                             % material when using two employees in each CP 

i2=c_f-C_kg2;                % Average incentive in USD per kilo when using  

                             % two employees in each CP 

  

table(j,1)=n; 

table(j,2)=i2; 

table(j,3)=C_kg2;            % Matrix saving all variable values for each  

table(j,4)=C_day2;           % number of CP when using two employees in  

table(j,5)=C_tot2;           % each CP 

table(j,6)=h; 

table(j,7)=S_sq; 

table(j,8)=S_sq2; 

  

table2(j,1)=table(j,1); 

table2(j,2)=table(j,2); 

table2(j,3)=table(j,3); 

table2(j,4)=table(j,4);     % Matrix saving all variable values for each  

table2(j,5)=table(j,5);     % number of CP when using one employee in CP 6, 

table2(j,6)=table(j,6);     % 7 and 8 

table2(j,7)=table(j,7); 

table2(j,8)=table(j,8); 

  

  

if (n==6 || n==7 || n==8)   % if statement used for saving total cost when 

                            % using one employee in CP 6, 7 and 8 

  

table2(j,1)=n; 

table2(j,2)=i1; 

table2(j,3)=C_kg1; 

table2(j,4)=C_day1; 

table2(j,5)=C_tot1; 

table2(j,6)=h; 

table2(j,7)=S_sq; 

table2(j,8)=S_sq2; 

  

end 

  

j=j+1; 

  

end 

  

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

  


