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ABSTRACT

The study assessed the current reverse logistics practice in selected residential and commercial
areas of Addis Ababa, focusing on recyclable and reuseable waste, and mapped the roles of actors
with the challenges they face. Data was collected through questionnaires via Kobo Toolbox, field

visits, and secondary sources. Analysis was conducted using SPSS and Excel.

Findings revealed that despite the growth in recycling rate in both areas 83-90% of waste is still
landfilled. In residential areas, micro and small enterprises (MSEs) collect waste door-to-door
while private companies collect from commercial centers and transport the waste to the landfill.
However, the collection of recyclables and reuseable waste was dominated by informal collectors.
In residential areas, the storage areas were relatively larger, but the storage duration is larger due
to scarcity of materials, distance from the main road, and limited informal collectors. In
commercial areas, due to higher density of informal collectors, the storage duration was shorter,
though space shortage and congestion were the main constraints. Crucially, the study found that
collection actors operate without systematic route optimization, relying instead on arbitrary,
unstudied route paths. Furthermore, primary collection hubs are allocated arbitrarily without any
spatial or logistical engineering studies, resulting in a fragmented network that lacks a centralized
hub. This structural inefficiency is further compounded by a critical lack of bailing technology,
which results in poor vehicle payload utilization. Additionally, transport schedules fail to account
for severe urban traffic constraints; in high density commercial areas, loading and transportation
activities overlap with peak daytime hours, severely exacerbating traffic congestion. Consequently,
these factors directly lead to high transportation cost. The study concluded that current practices
are fragmented, reactive, and inefficient, and increasing logistics costs. To improve efficiency and
to support the city transition towards a circular economy, the system should shift from a pull to a
push system, prioritize route optimization, adopt differentiated practice based on land use,
establish transfer stations for recyclable materials, invest in bailing technologies, collection and
transport timings must be strategically shifted to off-peak periods (specifically late evenings, early
mornings, or Sundays), promote coordination, integrate digital tools, formally recognize the

informal actors, and strengthen source segregation is necessary in both areas.
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CHAPTER ONE
1. INTRODUCTION

1.1.Background of the Study

In most countries, waste management is an issue and it relates to the economic, social, and political
statues of the country and it is more challenging for low and middle-income countries (Cheru,
2016). According to the World Bank (2023), Ethiopia is categorized as a low-income economy.
This economy status affects the infrastructure available for waste management so this leads the
city to depend on labor-intensive reverse logistics activities driven by small and micro enterprises

and informal collectors.

Addis Ababa, the capital city of Ethiopia, has 11 sub cities. The city is experiencing rapid growth
and urbanization. The population of the city has exceeded five million with annual increment
(World population Review, 2025). Among developing, cities Addis Ababa is one of but the
implementation of solid waste management has not increased as the city expanded and there is

population growth. Thus, all sub cities are facing challenge to manage the generated waste.

The population growth led to a parallel rise in waste generation, as waste is generated by human
activities. However, a study conducted in Czestochowa by Bajdor et al. (2016) demonstrated that
population size is not the only driver of waste. The research found that even if the population size
remains stable, waste generation rate can still increase due to change in human behavior, such as
increased purchasing power and lifestyle changes that leads to a rise in the consumption of goods
and food. Supporting this LSE Cities (2022) mentioned that economic growth in Addis Ababa has
improved household income and change the lifestyle of the people’s which led to high waste
generation in the city. In other word when people earn more, they often change their living
standards. Many families are now using more packaged and disposable products, which creates a

“use and throw” culture.

Due to these factors the amount of solid waste generated in Addis Ababa has increased rapidly.
However, due to poor managed collection system most of the waste end up in open dumps, even

though most of the waste could be recycled (JICA, 2024).
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According to legal framework Directive 2008/98/EC, which manages waste across the EU, the
definition of “Waste” is any substance or object that has been discarded after use when it no longer
usable and considers as worthless, defective or not to be used. Its classification is based on origin,
type, and characteristics. From these classifications, this study focused on Municipal Solid Waste,

which is defined by its urban source.

In the city most of the solid waste is generated from residential areas, followed by commercial
centers, street sweeping, industry, hotels, and hospitals. Managing this is becoming significant to
overcome the social and environmental challenges that emerges due to the solid waste. According
to Gelan (2021), approximately on average 0.15 kg/day/person municipal waste is produced in
Addis Ababa between 2016 and 2020 G.C, an average only 80.28% of the generated waste was
collected and 19.72% of the waste was uncollected. To mitigate the effect of the waste it must be
properly managed. Solid waste management is the process of collecting at the source, sorting, and
transporting to facilities where waste is recycled, recovered, or disposing at the land fill in
controlled and proper way, which is the final alternative. At this stage, it becomes clear that

effective solid waste management is linked to Reverse logistics.

In the local context, Directive No. 157/2016 which governs the solid waste collection and
transportation service defines solid waste as any solid or semi solid material that is discarded
because it is no longer wanted or its utility has ended. This waste is generated from residential

homes, commercial centers, industry and different institutions through human or animal activities.

Effective solid waste management is crucial for Addis Ababa, without it, the city faces
environmental pollution, public health risks, impact on the economy, and decline in urban

cleanliness.

In according with the private cleaning organization’s solid waste collection and transportation

service provision procedures directive No. 157/2016, door to door collection is divided as follow:

e Residential Areas: Managed by organized Micro and Small Enterprises (MSEs)

e Non-Residential Areas (Commercial & Institutional): Handled by Private companies.
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By this regulatory framework, many private cleaning companies has been registered legally to

collect and transport the solid wastes throughout the city.

Besides this, to reduce the pressure on the Koshe landfill, the city has implemented Directive No.
158/2016, which provides guidelines on implementation Incentives for Solid Waste Recycling and
Recycling Activities. These directive focuses on the wastes that can be recovered for other purpose,
which is turning waste in to new. It aims to integrate waste management with economy to

protecting the urban environment.

Eventually, the solid waste management should prioritize the following hierarchy (Directive

2008/98/EC), Preservation-Reuse-Recycling-Recovery-Disposal.

And according to the nine development bands by Whiteman et al. (2021), Preservation-Reduction-

Reuse-Recycling-Recovery-Landfill-Controlled Disposal- Uncontrolled disposal.

e Prevention: This focuses on stopping waste at the source or origin. For instance, In Addis
Ababa the manufacturing and use of plastic bags is restricted, this policy halts the production
of the plastic bag from its sources.

e Reduction: This is reducing the waste generated by using less. For example, buying in bulk
using one large bag than using small plastic bags for a number of days.

e Reuse: This is using a material again. For example: using a durable plastic bag

e Recycling: This is a process of breaking down of waste to make a new one or converting the
waste into a new. For instance, melting down or shredding to pieces a plastic bottle to create
new raw materials or to create handicrafts.

e Recovery: This is used to extract value from waste by converting the waste into composting or
energy conversion.

e Disposal: safe landfilling of the waste.

Reverse logistics has been primarily dealt with the reverse flow of mainly defected goods from
consumers to production. However, recently it includes the flow of waste to various destinations.
Reverse logistics is vital for solid waste management as it involves planning, implementing, and

controlling of goods, finance, service and information efficiently and effectively from point of
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origin (source) to the point of recovery or recycling (Recyclers) or safe disposal (landfill). It helps

collect and return used materials into the economy.

Mbago et al (2025) also defined “Reverse Logistics involves planning, implementing and
controlling the efficient and effective inbound flow and storage of secondary goods and related
information, moving opposite to the traditional supply chain direction, with the purpose of

recovering value or ensuring proper disposal,”.

In developing cities like Addis Ababa, recyclable waste collected by informal collectors include
metal, plastic bottles, glass, and other materials from various locations, including dumping sites
and rivers. They are normally not organized and depend on recyclables collected. Despite their
importance to the supply chain, they lack coordination and formal support. This creates a
significant gap in information flow which is an essential component of logistics. This results in
unclear map on the waste movement through the city, leading to inefficiencies, low recovery rate

and missed opportunities for reuse and recycling.

If reverse logistics is done in sustainable ways like by encouraging source segregation to ease
sorting and grading it can have environmental and economic benefits (Kinobe et al., 2015).
However, in Addis Ababa, waste is mixed up even when it is collected from the source so materials
that can be recycled become contaminated and eventually end up in the landfills with the rest of

the waste.

Recent study by Adem (2024) shows that the waste recovery rate in Addis Ababa has an upward
trend. As shown in Figure /.1, through the reuse and recycling the materials the volume increased
from approximately 35,727 tons in 2012 E.C to over 86,757 tons by 2015 E.C. This shows the
increasing importance of the reverse logistics in the waste management and highlights the crucial

role of informal and small-scale actors in the urban economy.
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Figure 1.1. Solid waste for reuse and recycling ton/year (Addis Ababa Cleaning Management
Agency, cited in Adem (2024))

1.2.Statement of the Problem

Municipal waste generation in Addis Ababa has risen rapidly between 2,400-3000 tons of solid
waste daily generated per day from households, commercial centers, institution, and industries.
From the total 70% of waste generated is organic and 15% of generated waste is recyclable. (IGC,
2024). Despite this large amount of recyclable waste only small portion is actually recycled. Most
of recyclable materials are collected together with organic waste and transported to the landfill
creating pressure on the landfill and causing significant environmental and economic losses. This
highlights a critical failure in the transition from linear collection model which is collect and dump

to a circular reverse logistics system.

Previous studies have identified various barriers to waste management and assess the process.
Getachew (2023) mentioned that the topography and fragmented road networks act as logistics
bottlenecks, while Dea (2024) stated that due to lack of infrastructure and incentives keeps
recycling rate low. Despite the volume of recoverable waste reaching 86,757 tons by 2015 E.C
(Adem, 2024), the core issue is not a lack of material but a logistics failure to efficiently move

waste from the source to the recyclers.
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Dametew (2015) identifies MSEs struggle with lack of well-defined collection mechanisms, lack
of training, lack of storage, and inefficient secondary transport links. This results in leakage of
valuable materials into the city drainage systems and river banks. As Desta (2022) observes, this
illegal dumping causes waterway blockage and in rainy days it causes flooding in the city roads.
This flooding leads road deterioration, directly impact the city’s transport infrastructure. Moreover,

an information gap also affects the reverse logistics effectiveness (Kinobe et al., 2015).

While study by Abdissa et al. (2022) acknowledge the vital role of informal collectors and the
weakness of data system, there is a significant research gap there is no comparative study in
Ethiopia that assesses reverse logistics efficiency based on urban dominance (Commercial and
Residential). Addis Ababa cannot transit to a circular economy if there is no effective logistic
framework. According to Ellen MacArthur Foundation (2025) keeping materials in use for as long
as possible, reduce waste, and regenerate natural systems is the aim of circular economy.
Recyclables fail to reenter the production cycle, and the city misses opportunities for resource
conservation and green job creation. This research fills that gap by using a mixed methods
approach including field surveying and Kobo toolbox data collection to assess the current practice
and actor roles, and challenges in the system. By assessing the two areas, the study provided
practical recommendations to optimize transport efficiency, reduce landfill pressure, and support

Addis Ababa’s transition towards a sustainable, resource efficient circular economy.

1.3.0bjective

1.3.1. General objective
The main objective of the thesis was to assess and evaluate the efficiency of reverse logistics
practices for recyclable and reusable waste materials generated from residential and commercial

arcas.

1.3.2. Specific objective

The specific objectives were to:

e Assess and examine the current practice of reverse logistics for waste management in
residential and commercial areas;

e Identify and map the key stakeholders and actors involved in the reverse logistics chain.
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e Investigate the challenges hindering the effectiveness of the actors of waste collection and
handling in the residential and commercial centers.

e Compare material flow of waste between residential and commercial centers.

1.4.Research questions

e How does reverse logistics for waste management currently work in residential and
commercial areas?

e Who are the actors in the reverse logistics chain, and what roles do they play?

e What are the challenges (logistics, institutional, and infrastructure) that affect or limit the
efficiency of waste recovery practices in the residential and commercial centers?

e s there a difference in material flow in residential and commercial areas?

1.5.Scope of the study

The study focuses on comparing the recovery of recyclable and reusable waste in residential and
commercial areas. Addis Ketema was selected to represent high-density commercial centers with
significant traffic congestion, while Kolfe Keranio represents residential areas with challenging
topography. The research examined the operational roles of both formal Micro and small
enterprises (MSEs) and informal actors. The scope is limited to urban areas with visible recycling
activity, where informal collectors and cooperatives are active. The study utilized mixed methods
approach, incorporating Kobo Toolbox surveys and field visit. The study emphasized reverse
logistics practice, rather than broader waste management issues. Therefore, it didn’t cover the

chemical processing of recycling or the management of hazardous and medical waste.

1.6.Limitation of the Study

The study focused on a comparative analysis of selected two sub cities. Some data were difficult
to assess, especially from the informal actors who do not keep records. Finally, the study was
limited by existing information gaps, as the absence of a centralized digital database for first mile
collection routes restricted the ability to perform high precision spatial mapping of all transport

movements within the study area.

1.7.Significance of the Study

The findings of this study could be significant for several reasons:

Addis Ababa University Page 7



THESIS REPORT

e It supports cleaner streets, reduced landfill pressure, and better use of resources, contributing
to Addis Ababa’s sustainability goals.

e [t provides recommendations that can help municipal authorities improve coordination and
efficiency.

e [t fills a knowledge gap in Ethiopian research by comparing the reverse logistics system for
recyclable waste recovery in residential and commercial areas.

e Itshows how circular economy principles can be applied in Addis Ababa helping policymakers
design strategies that reduce waste and create green jobs.

e By recognizing the role of informal collectors, the study highlights their contribution to the

city’s waste recovery system and suggests ways to support them.
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CHAPTER TWO

2. LITERATURE REVIEW

2.1.Municipal Solid Waste Management

In the local context, Directive No. 157/2016 which governs the solid waste collection and
transportation service, defines solid waste as any solid or semi solid material that is discarded
because it is no longer wanted or its utility has ended. According to the origin of solid waste, they
are often categorized as shown in the Table 2./. A study in Uganda by Kinobe et al., (2015) stated
that the source of the waste includes households, commercial centers, restaurants, markets and
street sweeping through human or animal activities. However, much of this waste has been

managed without source segregation.

Table 2.1. Source and type of solid waste (Adem, 2024)

and Demolition

renovation sites, demolition of
buildings

Source Typical Waste Generator Types of Solid Waste
Food waste, paper, cardboard, plastics, textile,
leather, yard waste, wood, glass, metal, ashes,
Residential Single and multifamily dwelling special wastes (such as bulky items, consumer
electronics, white goods, batteries, oil, tires)
and household hazardous wastes.
. Stores, hotels, restaurants, markets, Paper, cardboard, plastic, wood, food waste,
Commercial 1 .
office building etc. glass, metal, special waste, hazardous wastes
Light and heavy manufacturing Housekeeping waste, packaging, food wastes,
Industrial fabrication, construction sites, power construction and demolition materials,
and chemical plant hazardous wastes, ashes, special wastes
Institutional Schools, hospitals, prisons, Paper, cardboard, plastics, wood, food wastes,
government centers glass, metal, special waste, hazardous waste
: New construction sites, road repair,
Construction

Wood, steel, concrete, dirt, etc..

Street cleaning, landscaping, parks,

Street sweepings, landscape and tree

feedlots, farms

Municipal . L

unicipa beaches, other recreational areas, trimmings, general wastes from parks,

Service .

water, and waste treatment beaches, and other recreational area, sludge
Heavy and light manufacturing,
Process refineries, chemical plants, power Industrial process wastes, scrap materials, off
plants, mineral extraction and specification products, slag, tailings
processing
: Crops, orchards, vineyards, dairies Spoiled food wastes, agricultural wastes

Agrlculture p b b V y 2 2 p W 2 g u u W b

hazardous wastes (e.g. pesticides)
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“Solid Waste Management broadly refers to the material flow stream of waste generation to
ultimate disposal, and comprise storage, collection, transportation/transfer, processing (reuse/

recycling/composting), and disposal.” (Gelan., 2021))

According to Addis Ababa Cleaning Management Agency, for more than 50 years in the city waste
collection, transportation and finally disposal at open landfill method was practiced. So, to reduce,
reuse, sort, collect, transport, recycle, treat and properly disposal of the collected solid waste from
the city, Cleaning Management Agency was established. The agency extends its administrative

structure to the sub city and woreda level to achieve its goal.

2.2.The Solid Waste Management Ecosystem in Addis Ababa

The amount of waste generated has increased yearly and which leads to filling the landfill more
than its capacity. According to a study by GIZ in 2020, the increase in the amount of wastes creates
an opportunity for waste management and circular economy businesses in Ethiopia. In Ethiopia,
waste management is the responsibility of local authorities which reflects a decentralized structure.
This helps to shift responsibility and action from large central authorities to local authorities.

However, the local authorities face challenges due to financial and infrastructure constraints

In Addis Ababa on 2020, the municipality solid waste is around 750 tons/year. 85% of the collected
waste ends up in landfill which is Koshe and the rest of the waste will be sent to Reppie which is
waste incineration plant. The waste collection fee is included with waste and sewage bills, but it is
low. It doesn’t cover operational costs, and it doesn’t allow subcontractors to develop initiatives

for waste treatment.

2.3.Waste Characterization and Generation

A study conducted in Kampala indicates that 92.1% of the total volume of collected solid waste
consists of organic waste, such as food and garden waste. This represents a large portion of the
collected waste. The study further demonstrated that waste composition is influenced by seasonal
changes. Only 40% of the generated waste is collected and managed through controlled disposal
at the Kiteezi landfill. The remaining 60% of the waste is dumped in an uncontrolled way which
poses environmental and public health risks. The study suggested that the current system which is

landfill based is insufficient, so it is suggested to shift toward the resource recovery like
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composting and energy generation to convert the waste to a valuable environmental and economic
asset. (Komakech et al., 2014). In Addis Ababa 76% of waste generated is from household and
followed by 9% from different institution. And from the household waste 74.29%, 17.41 % and
8.27 % are biodegradable organic, recyclable, and hazardous waste respectively. (AACMA, 2022)

This shows that the city needs to work on the recycling wastes.

Furthermore, Bajdor et al., (2016) noted that waste generation heavily dependent on the purchasing
power and lifestyle changes. Just as seasonal fluctuation affects the waste characteristics, human
behavior and economic growth also have an impact on the volume and type of waste generated.
As the lifestyles change, people often start using more “use and throw” materials, which rises the
waste volume. Furthermore, as the purchasing power increase, the consumption of goods and food
rises, leading to increase the waste volume that must be managed. And also, Martinez et al. (2019),
mentioned several environmental problems have arisen due to rapid growth of world population
to overcome the negative impact of the waste, proper management is relevant. And the final aim
of proper waste management is to give green space and recreation area for the citizens. Supporting
the above studies Addis Ababa Cleaning Management Agency mentioned that in Addis Ababa, the
generation of waste has increased in kind and amount due to rapid population and economic growth

in the city, this growth changes the lifestyle and consumption patterns of its residents and visitors.

The major method for disposal of the waste is landfilling so it becomes a burden even if there are
other ways like waste reduction, reuse, and recycling for wastes like plastics, paper, aluminum,

glass, steel, cardboard, and yard waste. (Kinobe et al., 2015)

2.4.Definition of Reverse Logistics
“Reverse logistics is defined as it the process of planning, implementation and effective control of

the efficient flow and warehousing of products which are to be recovered.” (Mesjaz-Lech, 2019).

De Brito and Dekker (2002) define reverse logistics as the process of planning, implementing, and
controlling the backwards flows of raw materials, in process inventory, packaging and finished
goods from manufacturing, distribution, or use point to point of recovery or point of proper

disposal. In reverse logistics, the returned products will go through these processes: collection,
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inspection, separation, and others: to be recovered, remanufactured, recycled, or reuse. Reuse is

an old practice according to the study.

2.5.Evolution and Framework of Reverse Logistics (RL)

Traditionally, logistics focuses on the “forward flow” which is the movement of goods, services,
information, and finance from point of origin (manufacturers) to the point of consumption
(consumers). According to a study by Kinobe et al., (2015), manufactures of goods are responsible
only for the traditional forward logistics which means when the goods go from the factory to the
customer but the activities that are after the customer (end user) are not being considered which
led to different problems so the reverse logistics concept emergence when the pressure increases
on the logistics managers from government policies of deregulations and globalization to find
solutions to problem of location, allocation and transportation so this put pressure on the logistics
managers to also develop system for the “backward flow” of materials, information, service, and

finance to manage and recover the value.

Waste collection from the sources, transportation, reprocessing, value addition and final disposal
of products are activities that are involved in reverse logistics (Kinobe et al., 2015). These materials
are moves backwards from the end user and processes include information flows associated with

tracking and transaction processes.

In the beginning of the reverse logistics activity, it was viewed as costly related to waste disposal.
However, according to Mesjasz-Lech (2019), attention shifted to the creation of a “closed loop
system” which means materials or products after use should not end up in the landfill but should
go back to the point of recovery. Closed loop supply chain was introduced which is using old

products to produce a new one.

The main goal of reverse logistics is creation of waste flows characterized by both ecological
efficiency and economic effectiveness by creating closed loop system by integrating and
coordinating the activities and information on the waste material. Therefore, this evolution aligns
with Zero Waste Cities concept, where reverse logistics serve as tool to bridge the gap between
waste generation and resource recovery. By introducing the reverse logistics concept to the waste

management, one can reduce the quantity of waste and enable waste recovery. It is also linked with
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environmental protection by handling waste safely. In addition to this the study in Poland shows
that the economic use of municipal waste help to eliminate the negative impact of the waste on the

environment.

According to De Brito and Dekker (2002), Due to the scarcity of material in past materials
recovery, reuse was the option but after that the emerging of new technology and cheap materials
the waste was increasing in western societies. Then again, the waste becomes concerning so the
academicians, politicians, media, and society address the issues then again, the system like
recycling, reuse, reduction, and other emerged again. One of the best practices was in Europe
since the mid-nineties by enforcing legally the recovery or proper disposal of products. And other
example in mobile phone manufacturing factories shows that the recovery activities which is
remanufacturing is profitable. Moreover, marketing, competition, or strategic has led the

companies to the reverse logistics.

According to De Brito and Dekker (2002), reverse logistics is not the same as waste management
and green logistics. The waste management focus only on the collection and processing waste,

green logistics focus on the environmental aspect on the forward logistics.

According to the study to understand how reverse logistics works these questions has to be

answered:

e Why material returns and institutions involve in the reverse logistics?
Either the product is do not function properly, end of its time, their function is not needed any
longer. One of the returns is from the customer because of reimbursement guarantees, Warranty

return, service return, end of use, or end of life

Under this there are three driving forces that create supply chain loop:

o Economics (the company will have economic benefits)

o Legislation (enforcing companies to take back its products to recover),

o Extended responsibilities (bringing the organizations to engage with reverse logistics).
e What is returned?

e How are the reverse logistics works in practice?
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Actors and processes: Actors are independent intermediaries, specific recovery companies, reverse
logistics service providers, municipalities taking care of waste collection, public private

foundations.

Supporting this a study by Kinobe et al. (2015) highlight that the reverse logistic is driven by three
drivers, these are:

e Government legislation

e Economic value to be recovered when the product returns

e Environmental concerns.

In addition to this, Mbago et al. (2025), highlights key drivers of reverse logistics as follow:
e Environmental concerns
e Economic incentives
e Regulatory pressures and

e Technology advancements

which are same as Kinobe et al. (2015), but add one additional driver which is Technology

advancement.

Management commitment, strategic partnerships, and technological investments are the primary
source of effective reverse logistics system by collaborating with stakeholders and engaging

community on the activities. (Mbago et al., 2025)

2.6.Theoretical Framework:

2.6.1. Complex Adaptive System (CAS) Theory
Mbago et al. (2025) stated that CAS theory is used to explain the non-linear functioning of reverse
logistics system, where various independent actors such as informal collectors, MSEs, and

municipalities must adapt to shift waste volumes and market prices.

2.6.2. The Nine Development Bands (9BDs)
The Nine Development Bands (9BDs) framework was developed by Whiteman et al. (2021). It
used as a road map to identify where a county or a city is currently in the global spectrum of waste

and resource management. This model has been tested in different countries, including Ethiopia.

Addis Ababa University Page 14



THESIS REPORT

This framework was developed on the Integrated Sustainable Waste Management analytical

model, which is represented by two interlocked triangles.

e The Physical Triangle: this focuses on the operational parts including: Public health
collection, Environment Recovery & disposal, and 3Rs (Reduce, Reuse, Recycle).
e The Government Triangle: this is the driver of the physicals by the policies such as citizens

and MSEs in Ethiopia context, financial sustainability and strategic policies

2.7.Waste Management Hierarchy

Within this Nine Development Bands (9DBs), the waste management hierarchy prioritized action
order as follow:

o Prevention

o Reduction

o Reuse

o Recycling

o Other recovery

o Landfill

o Controlled Disposal

o Uncontrolled Disposal

By using the Ladders of Control along with this hierarchy, a city’s transition can be seen as it

moves from uncontrolled dumping towards the professional service level aiming circular economy.

On the other hand, According to Directive 2008/98/EC the waste management hierarchy
prioritized action order as follow:

o Prevention

o Preparing for reuse

o Recycling

o Other recovery

o disposal

The EU Directive focuses on the final goals like Zero waste and high recycling rate and it is more

for developed countries. The 9DBs is for developing countries like Ethiopia because it focuses on
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the current situation and also its breakdown the Disposal into Uncontrolled, Controlled and

Landfill which is still challenge in developing countries.

The EU Directive says “Stop dumping” so this goes from top to down on the other hand the 9DBs
says “Stop uncontrol dumping and move to the controlled first” this is bottom up because it starts

by looking the situation on the ground and provide a ladder climb up towards that top-down goal.

Research in Czestochowa city was conducted to see how well the city follows the waste hierarchy
by analyzing the waste that was been recovered and how much was end up in the landfill. Addis
Ababa Cleaning Management Agency is promoting the 5Rs, these are: Rethink, Reduce, Reuse,
Recycle and Refuse the use of single use items (AACMA., 2022). Ending up the wastes in the
landfill is the popular method of handling wastes most of the time. According to JICA (2024),
study reduction of waste dumped at the landfill is the priority initiative of the city other than the
other initiatives since the remaining capacity of the landfill is serious issue. Desta (2022), stated
that in Addis Ababa the implemented option is the least preferable which is disposal but the most
preferable option from the waste management hierarchy is prevention and minimization the

followed by recycling, reuse and resource recovery.

2.8.Reverse Logistics and Zero waste Cities

According to Mesjasz-Lech (2019) “the zero waste cities concept assumes a 100% recycling index,
whereas the concept of reverse logistics focuses on the forming economically effective and
ecologically efficient economic system” for both concepts recovering and recycling processes are
the root processes aiming to minimize landfill disposal. When implementing the concept of zero

waste cities it is necessary to have proper infrastructure to help the material flow efficiently

The waste collected from different area differ in terms of physical and chemical composition. A
study in Poland by Mesjasz-Lech (2019), shows that the zero waste cities concept is required to
reduce waste in urban areas. And mentioned that reverse logistics is the basic part of the zero waste
cities concept since the reverse logistics help to organize the waste flow and infrastructure. In

Europe circular economy is sustainable use of resources.

The study shows how the reverse logistics can be used as a tool to achieve zero waste cities by

collecting, sorting and recovering the waste. And to make the reverse logistics effective
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coordination should be there that involve all the stakeholders. The processes of recovery and
recycling are fundamental to both concepts. With respect to this it can be said that reverse logistics
supplies specific tools for the realization of the goal of zero waste cities. By increasing the
recycling rate of waste, one can reduce the negative impact of waste management system on the

environment.

2.9.The Concept of Urban Logistics in Waste Management

According to study in Mexico by Martinez et al. (2019), urban logistics involves all the processes
and operations that provide essential service to a community, such waste collection with lowest
possible economic, social, and environmental cost for the city sustainability. In the context of
reverse logistics, this involves the efficient and effective flow of materials from point of
consumption back in to the supply chain. For cities like Addis Ababa, applying the urban logistics
principle is important to mitigate the negative impact of waste on the environment, economy and

social.

2.10. Optimization of Urban Logistics

In the study by Martinez et al. (2019), two primary strategies were identified for effective waste
collection: Micro routing and Macro routing strategies. Macro is about which truck goes to which
place (neighborhood) on the other hand Micro is about the specific street to street path. Their
research in Mexico utilized a Mixed Integer Linear Programing (MILP) model to address the
Vehicle Routing Problem. The study found that by mathematically balancing the collection
territories and by ensuring each collection truck has equal workload and optimized path a city can
significantly reduce both fuel consumption and the time vehicles spend in the traffic. Moreover,
Martinez et al. (2019) states that urban logistics must consider the stochastic (unpredictable)
variables, such as fluctuating traffic volumes and varying waste generation rates across the city.
This suggest that a static or fixed collection route is often inefficient in a growing city. Instead on
the study it is proposed a dynamic model where routes are adjusted based on the specific

constraints of each sector.

2.11. The Circular Economy Framework in Waste Management
According to Mesjasz-Lech (2019), By promoting reuse and recycling, and by reducing the landfill

use reverse logistics support the circular economy principle.
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2.12. Supply Chain Actors and Stakeholder
In many developing countries such as Mexico, the government is responsible for managing urban

solid waste and cleanup of green and public spaces (Martinez et al. ,2019).

Mbago et al. (2025) highlights that actors that involve in the reverse logistics are heterogeneous,
including consumers, receivers, collectors and processors. In developing countries, the reverse
logistics chain is often hybrid of formal and informal actors. According to Kinobe et al. (2015) the
primary actors are waste collectors, street children, waste loaders, small scale, merchants, small
scale recycling plants, agents, and factories. This study mentions that in developing countries the
waste collectors of the reuseable and recyclable materials are informal collectors like street
children, meaning the chain must include them. Due to high market value five categories of waste
dominate the recycling chain these are plastics, soft polyethylene, paper, textiles, and metal

(Kinobe et al., 2015).

The presence of the informal recyclers in the chain help to reduce the load at the landfill. However,
in developing counties there is information flow gap that makes decision making for recycling

challenging (Kinobe et al., 2015).

In Addis Ababa the waste management has evolved from a centralized to decentralized system
which involve Micro and Small Enterprises (MSEs). Desta (2022), mentioned that while the city
administration manages secondary transport from the transfer station to the landfill, the MSEs are
the primary door to door collectors. Furthermore, In Addis Ketema Sub city acts as “nucleus” for
informal recycling activities, particularly for metal. Evaluating these actors is critical as the
informal network provides a logistical solution where formal infrastructure is absent. In Addis
Ababa this creates a hybrid first mile collection system where informal actors and MSEs bridge

the gap between households and formal transfer points.

2.13. Formal and Informal Actor Dynamics

Van de Klundert and Lardinois (1995) define the formal and informal sectors based on their
regulatory status. The formal private sectors operate under the government regulations with official
business licenses. On the other hand, the informal private sectors consist of unregistered activities

carried out by individuals or community enterprises, that engage in small scale value adding
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activities with minimal capital. The study mentions that without the integration of the formal and
informal sectors the system cannot succeed and will remains a challenge for Addis Ababa’s current
logistics. Waste collection and recycling are often driven by poverty and a struggle for survival,
frequently involving rural immigrants. While most generated waste is organic waste, collectors are
attracted to materials with high market value such as paper, metal and plastic because they are
easier to extract, handle, and transport. Women and children are often involved on the primary
sorting activities. Despite the essential role of the informal actors in the reverse logistics chain
their integration with the formal municipal system remains limited due to negative perceptions of

informality and lack of commitment to implement the integrated framework.

Tilaye (2014), defines informal sector activities as activities not controlled or regulated by the
government. These sectors served as missing link in the reverse logistics chain by moving wastes
from the sources where the formal sectors cannot reach. Tilaye (2014) noted that informal actors
are more often flexible and responsive to the community needs. The flexibility of the informal
collectors is significant logistics advantage in Addis Ababa. Unlike the formal collectors, who
relies on large vehicles and fixed schedule the informal collectors can navigate the city’s every
road network and adjust their collection time as per the residents. Because the informal collectors

use non-motorized transport.

Cheru (2016) observed that the government has sometimes viewed informal actors as vermin while
those actors see the government as a potential enemy. The study also notes that the main place for
informal recycling process in Addis Ababa is Merkato Minalesh Tera. In this place there are many
whole sellers and middlemen who sell the collected materials to factories or industries. In addition
to selling there are craft men who transform waste to materials like sandals, ropes, chairs, washing
container and metal stoves for charcoal. While this creates job opportunities, it is not supported by
the government (Cheru, 2016). Finally, Desta (2022) mentions that prior to 2003 lack of
coordination between the formal small and micro enterprises and the municipality leads to
uncontrol dumping such as disposing the wastes surrounding the municipal containers, drainage

lines, riverbanks, and street.
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2.14. Empirical Review: International & Industry Lessons

2.14.1. Global Best Practices

In the city of Czestochowa, a major reform took place in 2013 that is often called the “Waste
Revolution.” Before this reform, the city’s waste data was invisible because residents had to sign
private contracts with trash companies. To save money, many people chose uncontrolled dumping.
The reform changed the system completely by giving the Municipality the mandate to manage the
waste. Under this new system, residents pay waste fee directly to the city not to the private
companies. In addition to this this reform introduced sorting at the source. If the residents sort their

waste at home, they pay a lower fee than those who dispose of mixed waste. (Bajdor et al., 2016)

The best practices from this case includes:
e Improving Visibility
¢ Financial Incentives

e Reducing work load by sorting at the source

According to Waste management and Circular Economy Policy in Japan by Ko Matsuura, (2024),
on Home Appliance Recycling Act, Consumer, Retailer and Manufacturer/ importer are
responsible in recycling four type of household electrical appliances, these are: air conditioner,
refrigerator TV and washing machines. The retailers are responsible to take back used appliances,
manufacturers are responsible to take back and recycle the used appliances and the consumers are

required to pay collection, transportation fees and recycling charges when disposing it.

International brands like Adidas and Nike apply reverse logistics by taking back shoes and clothes
and recycle them to produce a new product so that not to rely on raw virgin materials. (Mbago et

al., 2025)

2.14.2. Circular Economy Business Models in Ethiopia

There are initiatives in circular economy such as Building blocks from reused plastics by a
company named Kubik, they create environmental friendly, low carbon, low cost building material
from plastic waste by recycling and reusing, solutions for paper recycling by a company called

Penda paper , and PET recycling a company called COBA impact manufacturing in Addis Ababa
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collects PET and HDPE collect and reuse it to produce flakes for export and produce brooms and

brushes. (GIZ., 2020). These business shows the growth in demand for resource recovery.

2.15. Classification of Plastic waste
Enache et al. (2025) and Gnatowski and Kijo Kleczkowska (2025), mentioned that now a days
polymer materials solves issues such as corrosion, weight, flexibility, and other additional

challenges so it is replacing metal and ceramic materials.

Plastics are classified based on their physical properties and chemical composition. Identifying
which type of plastic waste are in the municipal waste stream is crucial. Below listed types of
plastic wastes are often used in Addis Ababa by their common household and commercial

applications. These are:

e PET (Polyethylene Terephthalate): is petroleum-based polymer which is used as packaging
materials for beverages. It is transparent, light weight, unbreakable compared to glass bottle.
It doesn’t decompose in the land. (Benyathiar et al., 2022). As noted by Benyathiar et al.
(2022), since PET can be processed multiple times without losing its physical properties it is
highly suitable for mechanical recycling. In addition to this the paper notes that the collected
PET should be clean enough to reuse for waster or soda bottles and it must undergo a strict
decontamination. So, if it is not clean it can be recycled into polyester fiber which is used to
make another material.

e PE (Polyethylene): is thermoplastic which is inexpensive, light weight and durable. There are
two types:

o HDPE (High Density Polyethylene): is hard and does not break down under exposure to
sunlight or freezing. (Murat et al., 2020). Its properties are high density, rigid, & strong.
Example: Jerrycan, pen cap, bottle cap... Because it is rigid it maintains its volume so to
transport this material efficiently it requires crushing or baling machine.

o LDPE (Low Density Polyethylene): its properties are lower density, highly flexible and
transparent. For example: plastic wraps. It is less toxic than other plastics but not
commonly recycled (Murat et al., 2020).

e PP (Polypropylene): Its properties are light weight and durable, unlike other plastics PP can

withstand high temperatures and it is flexible and can bend a lot of times with breaking. The
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polymer chain combination is heterogeneous (De Jesus et al., 2023). For example: Plastic bags

(Sack) for grains and construction materials (locally known as Madaberiya)

Beyond municipal waste reduction recycled polymers also have advantage in road construction.
As a study by Meena & Rathore. (2023) shows that the LDPE waste can be used as bitumen
modifier to enhance pavement stability and resistance to moisture damage. Murat et al. (2020) also
investigate the properties of plastic wastes such as HDPE and LDPE to be used in bricks,

pavement, and roof tiles.

2.16. Challenges of Solid Waste Management and Reverse Logistics
There are several barriers that block the transition toward to Zero Waste Cities through effective

reverse logistics in developing countries like Ethiopia.

2.16.1. Socio Technical and Operational Gaps

The success of reverse logistics and the achievement of zero waste cities goals heavily depend on
source segregation which remains a primary challenge in municipal solid waste management.
According to Mesjasz-Lech. (2019), even when a city works towards zero waste cities goals, the
amount produced directly by the households is increasing in many regions, making the reverse
logistics difficult because of unsorted wastes. Therefore, reverse logistics must engage households
and create awareness. Supporting this JICA (2024) and Kinobe et al. (2015), noted that because
waste segregation at the source is not implemented in developing countries, composting activities
and other recycling activities faces challenges. Furthermore, Mesjasz-Lech (2019), in the study
identified lack of infrastructure and deficiency in advanced technology as barriers to recycle solid

waste effectively.

Cheru (2016) highlights that poor relationship between the informal actors and the government
leads to fragmented supply chain because they informal actors operates outside of official
regulations; their collection route and volume is not tracked. This leads to Information gap. Beyond
physical infrastructure, in developing counties, an information flow gap makes accurate decision

making for recycling challenging. (Kinobe et al., 2015).
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Kinobe et al. (2015) also revealed that 23% of the waste remain buried in the Kiteezi landfill due
to lack of data, lack of market value, limited knowledge and limited value addition activities, which

results resource loss.

2.16.2. Institutional and Policy Barriers

According to Gelan (2021), in Addis Ababa the main challenge in the solid waste management is
that the government gives insufficient attention to policy and planning. This results in a scarcity
of land to different activities such as sorting, temporary storage, and transfer station, alongside an
inadequate supply of waste facilities. Similarly, Hirpe and Yeom (2021) and Adem (2024),
mentioned that policy weakness, lack of effective enforcement, inadequate infrastructure, lack of
skilled workers, lack of proper awareness regarding waste prevention, reduction, reuse and
recycling are the main barriers whereas Martinez et al. (2019) highlight that limited funds for urban

solid waste management have made the cleanup of green and public space difficult task.

2.16.3. Infrastructure and Topographical Barriers to Logistics

The major challenge in urban logistics is the physical infrastructure. Due to poor domestic
recycling infrastructure and incentives, the recycling rate is low which is estimated around 4%.
There are a lot of informal collectors and a few plastics and paper recyclers. The informal collectors
travel around the city to collect recyclable materials, like plastic bottles, cardboard, and metal
scraps. The 3Rs (reduce, reuse and recycle) and circular economy models are still on progress and
evolving. The goal of the country to reduce, reuse and recycle the waste brings business
opportunities in different areas. However, collection of waste throughout the cities is challenging
because of logistics and transportation issues. In addition to this the lack of machineries like
machine which is used to compress and make it manageable bundles the collected plastic bottles

while storage and transport.

According Desta (2022), waste collection system in Addis Ababa has faced shortage of containers,
poor access to some parts of the city and lack of proper land to place the container. Furthermore,
due to lack of awareness, lack of easy and attractive alternatives and inadequate waste collection
and transport system, the residents dump waste in any accessible places like drains, roadsides, river
banks and empty sites, which creates scattered sources that are much harder to collect than

centralized points.
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The geographical and urban structure of Addis Ababa with the socio-economic status of the
population makes the collection process challenging. Variations in topography make some areas
inaccessible for collection trucks especially where proper road networks are lacking. This is
important when comparing resident areas like Kolfe Keranio sub city where steep terrain is a factor
to commercial centers like Addis Ketema sub city where there is high traffic jam and road
blockage. Additionally, the condition of the fleet itself hinders the operation. Cheru (2016) noted
that lake of maintenance, poor condition of roads and shortage of paved roads in the city have
reduced the number of functional trucks, the reverse logistics interrupted, causing waste to

accumulate at the transfer station and primary collection points.

2.17. Small Enterprises and Sub city Specific challenges

According to Dametew (2015), small and medium enterprises in Ethiopia faces a lack of technical
knowledge, inadequate storage area, and poor internal collection system. Due to these logistic
obstacles the enterprises do not involve in the recycling but they sell the materials to local
collectors. Similarly, Desta 2022, mentioned in recycling activities getting land to build recycling
facilities, financial barriers, technological and human capacity constraints, in adequate support are
challenges the MSEs faces. In Kolfe Keranio sub city the primary bottlenecks are topography and
poor road networks that forces the waste collators to carry waste manually, which slow down the
process (Getachew, 2023). Dea (2024) estimates the recycling and composting rate in Addis
Ketema were estimated to be only 5 %, a low rate is due to poor domestic recycling and composting
infrastructure and lack of incentives. Finally, JICA (2024), highlights the working environment
and conditions is challenge such as the transfer depot is utilized on a temporary basis, and daily
disposal at landfill is challenging due to limited availability of heavy machineries and insufficient

skilled operators.

2.18. Synthesis of Literature and Research Gap

While the existing literatures covers the general reverse logistics and solid waste management,
there is a significant research gap regarding the comparison between two different types of areas
based on their dominance (residential and commercial area) on the reverse logistics system on the

solid waste management.
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CHAPTER THREE
3. RESEARCH METHODOLOGY
This chapter describes the methods used for the data collection and analysis to answer the research

questions and to achieve the stated specific objectives of the study.

3.1.Study Area

The study was conducted in Addis Ababa, where two sub cities were purposively selected based
on their dominance in residential area and commercial areas. Addis Ketema is designated as the
commercial center due to the presence of Merkato. The sub city represents Addis Ababa’s
commercial core and informal recycling center (Desta, 2022). Kolfe Keranio is designated as
residential area based on high residential density. The selection of residential area was further
supported by waste generation data from Adem (2024) study. The data shows Kolfe Keranio is one

of the sub cities with the highest waste generation in the city due to its high residential density.

Addiy Ketema Sad City

Kolfe Kevami Sub Clry

Figure 3.1. Map of Addis Ababa showing sub city divisions
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Table 3.1. Population Size of the Sub-cities

Sub-city Population (2022 G.C)
Kolfe Keranio 604,226
Addis Ketema 359,735

Source: Central Statistical Agency of Ethiopia (2022)

3.2.Institutional Framework
Solid waste management is decentralized system that involves different bodies under Addis Ababa
Cleaning Management Agency such as sub cities, woredas, MSEs to have proper solid waste

collection, disposal and recycling.

3.2.1. Administrative Chain of Command
The structure of supervision and chain of command for the waste management in Addis Ababa is

as shown on Figure 3.2.

Cloanng Oumseurcod Tanaponation
Management Ofice m » Service Providets (From Tianshe
Subs cloes » . Seon 10 fhe Landtil)
A
Y
Ceanng
Management Ofice i
Wiredas
& |
v s
Fonmal Unons' Associaten & Micro Simall
Lcenond indhadual cobecion Entenprises [Doot 10
(Werking o Recyciatml Maariah) Doot Colwcyors)
4
Intormal
Caliectons
- Supenison
Report Flow > fow —

Payrment request >

Paymeni Fow
barw

Figure 3.2. Structure of Solid Waste Management in Addis Ababa
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As shown in Figure 3.2, the structure of waste management in Addis Ababa follows top to down
admirative hierarchy. In reality through field visit the system involves Informal collectors. They
collect recyclable materials from different areas including from drainage and rivers and sell them

to the formal small enterprises by weight.

1. Addis Ababa Cleaning Management Agency (AACMA)

Addis Ababa Cleaning Management Agency is the responsible body to manage the waste
generated in the city and responsible for the waste management service in the city. In all sub cities
and woredas there is an office called Cleaning Management Office which work closely with

AACMA on the solid waste collection, transportation, and recycling.

2. Sub cities
In Addis Ababa there are 11 sub cities. The sub city act as a bridge between the AACMA and

Woredas and the main responsibilities of the sub cities are:

o Supervise the Woreda Cleaning and Management office works

o Transport the waste collected by the Small micro enterprises from the depot to the landfill
o Supervise the transportation company (Outsourced) when assigned by the AACMA

o Create market linkage

o Manage road cleaning service

3. Woreda
The woreda team work under the control of the sub cities. The main responsibility of the woreda

is monitoring and controlling MSEs and formal unions.

4. MSEs

They are grouped workers that are registered and start working under the woreda supervision like
door-to-door collection of solid waste generated from households, then transport to the depot or
temporary station then they sort the waste at the depot. After that they sold the recyclable materials
like plastic bottle, metal... and the remaining waste will be sent to the landfill by the sub city
vehicles or outsourced transport company then by the volume of waste they collected (kilogram)
they will request payment and after the approval of woreda, sub city and AACMA the payment

will be done.
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5. Formal unions

They are working as a group only on the recycling materials. They will purchase the materials

from the informal collectors then they will accumulate and sell to recyclers or factories.

5. Transportation service outsourced

AACMA outsource the transportation of collected waste from the transfer depots to the landfill

especially when for the transportation distance is longer for the sub cities and sub cities will

manage the transportation service.

Table 3.2. Average distance to landfill and percentage of waste transported by sub city and

outsourced (JICA 2024).
Average Distance | Waste Amount Transported (%)
Sub city to Landfill Site
(km) By Sub city Outsourced

Addis Ketema 10.3 71% 29%
Akaki Kality 17.7 60% 40%
Arada 12.7 24% 76%
Bole 17.9 16% 84%

Gulele 16.7 100% 0%

Kirkos 8.2 100% 0%

Kolfe Keranio 4.8 99% 1%
Lemi Kura 23.7 3% 97%
Lideta 7.6 57% 43%
Nifas Silk Lafto 7.3 89% 11%
Yeka 20.4 36% 64%
Total 57% 43%

6. Private companies

For the collection and transportation of waste from different commercial centers and institutions

to the landfill AACMA assigned private companies and they are supervised directly by AACMA.
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3.2.2. Mapping of Logistics Actors

In Addis Ababa assigned collection MSEs in each woredas provide coverage for nearly the entire
city. According to the schedules arranged by the woreda to collect waste from various locations,
the MSEs manage the collection process. However, as no formal studies have been conducted on
this, the MSEs currently determine their own routes.

Table 3.3. Roles and Responsibilities of Solid Waste Collection and Transportation Actors in
Residential Areas and Commercial centers

Oversight
Activity Type | Service Provider Operational Mechanism and Route Bod
ody
Primary Door to Door | Door to door waste collection from
_ _ ‘ Woreda
Collection Collection MSEs households to transfer station (depot)
Sub city government
Secondary Transport waste from transfer station ‘
‘ trucks or Outsourced Sub city
Transportation (depot) to the landfill
trucks
Direct collection and transport from
Collection and | ) ) o
) Private companies commercial centers and institutions | AACMA
Transportation
to the landfill

3.3.Study Design and Data Collection
In this study Mixed Method was used, by integrating both quantitative survey data and qualitative

field observations.

3.3.1. Target Population
e Administrative Leaders: at the Sub city and Woreda level
e Formal Unions and Micro and Small Enterprises

e Recyclers
3.3.2. Sampling technique
Selection of Sub cities

Two sub cities were selected based on their dominance on residential area and commercial center

(Purposive sampling).
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e Addis Ketema

e Kolfe Keranio

Selection of Woreda

From the two selected sub cities, five woredas from each were purposively selected based on their

dominance in either commercial center or residential area.

Selection of Formal Unions & MSEs

Census sampling was applied, all registered and active formal unions and MSEs were selected

from the selected 10 woredas. Total of 58 unions.

Table 3.4. Distribution and Sampling of Formal Unions and MSEs

No of Active Formal Unions

Area Type Woreda & MSEs Sampling Method
Residential W4, W5, W6, W8, W10 35
- Census
Commercial W1, W3, W5, W8, W10 23
Total 58

Selection of Sub cities and Woredas Respondents

Key respondents were selected from

e Recycling and Reuse department

e Solid waste Collection and Transport department

These respondents are targeted because they directly involve in managing the reverse logistics

chain in the sub cities and woredas.

Table 3.5. Staff Composition of Targeted Municipal Departments

Under Cleaning Management Office

Solid Waste Collection and

Transport Recycling and Reuse Total Population
Sub city Level 1 Leader, 10 expertise 1 Leader, 7 expertise 39
Woreda Level 1 Leader, 5 expertise 1 Leader, 2 expertise 90
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e Sub city Level Sampling

For the sub city level officials, the entire population was invited to participate which represents

census sampling technique because the population size is small and manageable.

e Woreda Level Sampling

For the woredas to determine the sample size Yamane (1967) formula was applied at a 95%

confidence level.
n=N/1+ N(e)?

Where:
e n= Requires sample size
e N=Total Population of the targeted departments

e ¢= Level of precision (Margin of error), 5%

n= 90/ (1+(90*(0.05%)))

n= 90/ (1+0.225)
n=90/1.225

n= 73.47= 74 Respondents.

Table 3.6. Summary of Population and Sampling Outcomes

. Population Sampling Sample Actual Response
Target Population Size Method Size Responses Rate %
Sub cities Level 0
Officials 39 Census 39 32 82.05%
Woreda Level Yamane o
Officials %0 Formula 7 72 97:30%

Selection of Recycler Respondents

The selection of recyclers was conducted using snowball sampling. The unions and sub city
officers were asked to identify the recyclers to whom they most frequently sold the collected

materials. Based on that and willingness to participate in the study seven recyclers were selected.
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3.3.3. Data Collection Tools

Data were collected from both primary and secondary sources:
e Primary data: collected using structured questionnaires by Kobo Toolbox and field visit.

e Secondary data: gathered from past published papers, AACMA, and sub cities.

Table 3.7. Summary of Questionnaire

Stakeholder/ Actor Focus Areas in Questionnaire

Incentives for formal unions, recovery centers planning, integration of
Sub-city Officers informal collectors, allocation of trucks, GIS route optimization, transfer
station upgrades, coordination gap, institutional challenges

Scheduling of collection, monitoring, coordination with formal unions,
Woreda Officers . . .
transport barriers, support to unions, records of informal collectors

Road accessibility, material flow, contamination issues, transportation
methods, minimum volume requirements, communication with
recyclers, facility size, collection methods, types of materials collected,
machinery availability, operational challenges

Formal unions and MSEs

Source of raw materials, supply chain reliability, machine availability,

Recyclers challenges

3.3.4. Data Collection Procedures

e Sub city and woreda officers: questionnaires were distributed directly to the targeted
population by visiting each office. Response was recorded using Kobo Toolbox.

e Formal unions and MSEs: data collection involved visiting all 58 unions hubs. Structured
questionnaires were administered face to face, with response recorded using Kobo Toolbox.

e Recyclers: questionnaires were distributed and collected during visit to recycler hubs.

In addition, secondary data were gathered and compiled from AACMA, sub cities and woredas

records. Field observation was also conducted during site visit.

3.4.Data Analysis and Presentation
Before the analysis the answers from Kobo Toolbox were exported to Excel. The Statistical

Package for Social Sciences (SPSS) computer software was used to analyze the collected data.
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3.4.1. Normality Test
For continuous and discrete data normality check was applied to check if it is normality distributed

or not.

Table 3.8. Normality test results (Kolmogorov-Smirnova and Shapiro-Wilk) for area of facility
and number of informal collectors in the two sub cities.

Kolmogorov- Shapiro-
Variable Area Type df Sig. df Sig.
Smirnova Wilk
Area of Commercial 0.289 22 <.001 0.761 22 <.001
oqe 2
facility (m”) | Residential 0.242 35 | <001 0.768 35 | <001
Number of Commercial 0.265 21 <.001 0.826 21 0.002
informal
Collectors ReSldentlal 0 1 81 35 0005 0894 35 0003
PET Commercial 0.324 16 <.001 0.573 16 <.001
collected
Ko/da Residential 0.203 26 0.007 0.874 26 0.004
(Kg/day)

From Table 3.8 the normality test shows that area of facility, number of informal collectors, and
PET collected violated the normal distribution assumptions (p< 0.05). Therefore, non-parametric

tests were used in the analysis.

3.4.2. Descriptive Statistics
Percentages were calculated for categorical responses to provide a clear picture of the distribution
of responses between residential and commercial areas. for ordinal and numerical variables,

median and interquartile range (IQR) were used to describe central tendency.

3.4.3. Inferential Statistics

e Single answer categorical questions: analyzed using Chi Square test. Fisher’s Exact Test
result was used as a more reliable alternative if there is remark under the table that mention
cell counts were small the assumptions of Chi Square were not met, when applying the
Pearson’s Chi Square test to assess the difference between the sub cities.

e Multiple answer categorical questions: the questions were transformed to binary variables

(selected=1, not selected= 0) and analyzed each answer with Chi Square test.
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e Ordinal and Numerical questions: analyzed using Mann Whitney U test to compare
medians between residential and commercial areas.
e Open ended questions: were included to capture perceptions and experiences. These

questions were analyzed thematically.

P values and Effect Sizes
A threshold of p < 0.05 was used to determine statistical significance along with Cramer V value
and r.
e According to Cohen (1988) for Mann Whitney U test,
effect size (r) = Z/\/n, where: 0.1-small, 0.3- medium, 0.5- large
e For Chi square/ Fisher’s Exact test, Cramer’s V value was reported on SPSS result, where

<0.2= weak; 0.2-0.4= moderate; >0.4= Strong

Table 3.9. Statistical Test Applied

Type of Data Statistical Test Applied Effect Size

Numeric (continuous and discrete) Normality tesggfggzéig}a?ﬁsrov-Smlrnova -

Continuous and Discrete Mann Whitney U 1 (Cohen's)
Ordinal Mann Whitney U 1 (Cohen's)
Nominal Pearson Chi Square/ Fisher's Extract Cramer's V
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CHAPTER FOUR

4. RESULT AND DISCUSSION

This chapter presents the data collected from different actors and stakeholder across the municipal
solid waste reverse logistics networks of Addis Ababa. Building upon the research methodology
outlined in the previous chapter, this chapter evaluates current operational practices, key actors,

challenges, and flow of materials within commercial and residential areas.

4.1.0verview of Waste Generation in The Sub Cities

Addis Ketema Sub City Kolfe Keranio Sub City
80,000.00 120,000.00
70,000.00 100,000.00
60,000.00
50,000.00 80,000.00
40,000.00 60,000.00
30,000.00 40,000.00
20,000.00
10,000.00 20,000.00
2013 E.C2014 E.C 2015E.C 2016 E.C2017 E.C 2013 E.C2014 E.C2015E.C2016 E.C2017 E.C
Volume of Waste Sent to Landfill (Tones/year) Volume of Waste Sent to Landfill (Tones/year)
Volume of Waste Recycled (Tons/Year) Volume of Waste Recycled (Tons/Year)
Linear (Volume of Waste Recycled (Tons/Year)) Linear (Volume of Waste Recycled (Tons/Year))

Figure 4.1. Annual waste disposal vs Recycling in Addis Ketema and Kolfe Keranio (2013-2017
E.C)

Source: Compiled by the author from AACMA, Addis Ketema and Kolfe Keranio Sub City
Cleaning Management Office reports (2013, 2014, 2015, 2016, and 2017 E.C).

As shown in Figure 4.1 the waste generation and landfill disposal volume is higher in Kolfe
Keranio due to its dominance in residential area, where as the volume of waste recycled is higher
in Addis Ketema due to its commercial center dominance. The data shows change in 2015 E.C,
where four woredas from Kolfe Keranio moved to Addis Ketema and one to Gulele sub city so the
volume of waste generated decrease on this year in Kolfe Keranio. The recycling rate in Addis
Ketema in 2017 was 16.83% whereas in Kolfe Keranio it was 9.26%, this shows that commercial

areas are more involved in recycling activities than residential areas. The result also show over
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83% to 90% waste is still being sent to landfill. This indicate that despite growth in recycling,

disposal remains the dominant pathway.

4.2.Current Reverse Logistics Practices

Waste characterization

To make things clear municipal wastes are categorized in to these groups:

e Direct reusable: items that can be used again without processing, like packaging materials.

e Recyclable: items that need processing before reuse, such as plastics, paper, metals and glass.
e Compostable: organic wastes that can be turned into bioenergy or fertilizer, like food scraps.
e Dangerous goods: hazardous waste that needs special handling.

e Non-Recyclable: non-hazardous waste that cannot be recycled or compost.

e Ashes and Fines

Recyclable and Reuseable Material collected at the hub

Types of waste collected by Formal unions and MSEs
e Polyethylene Terephthalate (PET) e High Density Polyethylene (HDPE)

Figure 4.2. PET waste collected and stored Figure 4.3. HDPE waste collected and stored
at the hub at the hub
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e Polypropylene (PP)

Figure 4.4. PP waste collected and stored Figure 4.5. Metal collected and stored at the
at the hub hub
e Cardboard and Paper e Glass bottle

Figure 4.6. Cardboard waste collected and Figure 4.7. Glass bottle collected and stored
stored at the hub at the hub

e Low Density Polyethylene (LDPE)

e Compost

According to different studies 60% of the waste is organic which is the major component of the
solid waste generated and collected is organic waste. This waste can be transformed into compost
which helps the waste reduction at the source and create job opportunities. So far very little is

worked on compost and currently in all sub cities they are working on it.

Figure 4.8. Compost preparation at the site
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Primary Recyclable and Reusable Waste: Materials List, Collection Method, and Processing

The percentage represent the recyclable and reusable waste, not total municipal solid waste.

Table 4.1. Collection Sources, Material Types, and Processing

Variable Category Commercial Residential p value C\l]‘?:l?:’;s
Ciﬁg(ljgn Iréformal cc?lllect(zlrs 73.90% 62.90%
souree Insittions 430% 5.60% 0.393 0.242
(R;Cglfslzgz & Door to Door 0.00% 11.40%
waste) Other 21.70% 17.10%
Plastic Bottle 73.90% 77.10% 0.779 0.037
Metal 47.80% 74.30% 0.04 0.269
Glass bottle 26.10% 54.30% 0.034 0.279
Materials Paper 47.80% 40.00% 0.556 0.077
collected Cardboard 69.60% 68.60% 0.936 0.011
Jerrycans 60.90% 80.00% 0.111 0.209
Organic 4.30% 11.40% 0.639 0.123
Electronics 0.00% 2.90% 1 0.107
Only Sorting 91.30% 94.30% 1 0.058
Material Cleaning/ Washing 0.00% 0.00% - -
g) mﬂ;zfiﬁi & | Crushing/ Grinding 0.00% 0.00% - -
hub Baling/ Pressing 0.00% 0.00% - -
Other 13.00% 11.40% 1 0.024

Table 4.1 shows that in residential and commercial areas the majority of unions purchase the
materials from informal collectors (73.90% in commercial and 62.90% residential). However,
none of the actors involved in the collection and transport apply route optimization. Instead, they
decide individually which path to take, often without coordination. This leads to overlapping

routes, increased travel time and the operational cost.

Some union formed by women and mothers are supported by the sub city collect papers from
governmental institutions such as from sub city office, woreda office and post office. There are
also individual legal collectors that purchase from household’s door to door this was observed in

residential are (11.4%) this is because of the distance from the main roads which leads to limited
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access to informal collectors. The Other is for the organic collectors they collect from Markets
Atekelt Tera, fruit shop. The finding shows (Fisher's Exact, p= 0.393; Cramer’s V= 0.242) no
statistically significant difference in both areas with weak association which means the recyclable

materials collection primarily rely on the informal collectors in both areas.

Figure 4.9. Informal collectors selling materials by kg to formal collectors

The most commonly collected material in both areas was plastic bottle with no significant
difference. However significant difference was observed for Metal and Glass bottle, where both
materials were collected more in residential area than commercial. The effect size is moderate
association. Other materials such as paper, cardboard, jerrycans, organic and electronics shows no

statistically significant difference in the two sub cities with negligible to weak effect sizes.

Dominant activity in the material processing practice in both areas was only sorting (commercial
91.3% and residential 94.3%). In addition to this no respondent reported value addition activities
such as washing, grinding and bailing activities, this reveals that there a significant bottleneck in
the service flow. The Fisher’s Exact test result (p=1.000) also confirms that there is no statistically
significant difference between the two areas. The effect size (Cramer’s V) indicate there is

negligible association. These finding indicate there is uniform practice in the two areas.

Transfer Station and Formal Unions Hubs (Logistics Node)

Transfer station and hubs serve as an intermediate place between the source and the final
destination. In each woredas there is one transfer station or depot which is used to sort the collected
waste and store it before transporting it to the final disposal place. In this station the collected
waste stays only up to 24 hrs. The MSEs also use this station for sorting and store the recyclable
materials until it reaches the minimum amount to sell. In one woreda the transfer station area is

not comfortable for the truck due to poor road condition and this leads for the truck to stop working
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continuously and they informed this leads to delay and the maintenance cost is so costly. And in
other woreda the transfer station has taken for temporary it was given on the road which is not
right. All the transfer station are open only one is covered or in building. Desta (2022), stated that
AACMA has not yet finalized the set up to select transfer stations based on road accessibility, area,
slope, sensitive area such as schools, churches, mosques, etc. in the city. Currently the land
allocation for formal unions was not based on a study of transport accessibility, logistics efficiency
or other demand. As a result, many unions operate from locations that are lacking proximity to
major collection points. This increases the transportation distances. Field visit further revealed that
many unions hub are located near to the river, which raises environmental concerns and complicate

logistics.
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Figure 4.11. Transfer station in Kolfe Figure 4.12. Transfer station in Addis
Keranio Ketema
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Facility Capacity and Daily PET Collection

Over all, within the study area, a total of 58 hubs (including the transfer stations) were identified.
Of these, 35 hubs are in residential areas and 23 in commercial areas.

Table 4.2. Number of Hubs in each Woredas

Area Type Woreda 1:1(:1[(:: Area Type Woreda E‘:ﬂ‘))sf
W4 7 W1 5
W5 6 W3 7
Residential Area we 10 Commercial W5 4
W38 6 Area w8 5
W10 6 W10 5
Total 35 Total 23

Table 4.3. Comparison of Facility Capacity and Daily PET Collection in Commercial area vs
Residential area

Mann
. . IQR (Q1- . Z Effect
Variable Area Type | Median Q3) Whgney value | P value size (r)
Area of Commercial 70 36.25-212.5
facilit ) 307.5 -1.274 0.203 0.169
acility (m) | pegidential | 100 40-500
PET Commercial 45 22.5-160
collected 202.5 -0.143 0.886 0.019
(Kg/day) Residential 50 30-85

As shown in Table 4.3 in commercial area the facility area median was 70 m? (IQR=36.25-212.5),
where as in residential the median was 100 m? (IQR=40-500). The result shows that in residential
area facilities tended to be larger and more variable than those in commercial area. However, the
Mann Whitney U test indicate there is no statistically significant difference between the two areas
(U=307.500, Z=-1.27, p=0.203, r=0.17). The effect size also indicates small effect which means
there is difference but it is weak. The boxplot in Figure 4./3 illustrates that residential area has

several larger facilities extending up to 1000 m? and a wider spread. On the other hand, facilities
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in commercial areas are more concentrated below 400 m? this is because of high urban density and

land scarcity.

When looking at the daily collected PET amount, the median volume collected daily in commercial
area was 45 kg/day (IQR= 22.5-160) and 50 kg/day (IQR=30-85) in residential. The Mann
Whitney U test result (U=202.500, Z=-0.143, p=0.886, r=0.019) show there is no statistically
significant difference between the two areas. The effect size was negligible; this indicate that in
residential and commercial areas the volume of PET collected daily broadly is similar. In addition
to that Figure 4.7/4 Figure 4.1/4. Boxplot of Daily Collected PET Volume (kg/day) in Residential
and Commercial areashows in commercial area have a wider spread where there are unions that
collect extreme volume up to 1000 kg/day, while in residential the volume is concentrated below
200kg/day. This finding indicates that even if there are some unions in commercial area that collect
high volume of PET. Overall, daily PET collection doesn’t differ significantly in the two area and

also it shows that having bigger facility doesn’t mean waste will be collected more.

100 -1
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Figure 4.13. Boxplot of Facility Area (m?) in Residential and Commercial area
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Figure 4.14. Boxplot of Daily Collected PET Volume (kg/day) in Residential and Commercial area

Storage Duration

Table 4.4. Mann Whitney U test result for storage duration

Mann
. Mean . . Z Effect
Variable | Area Type Rank Median Whgney value p value size (r)
Commercial 20.91 3
S;?Zien 205.000 | -3.811 | <.001 0.5
Residential 35.14 4

Table 4.4 shows the storage duration of collected materials in the hub in the two areas. The result

indicates the median storage duration in commercial area was 1-2 weeks (mean rank=20.91),

where as in residential area was more than 2 weeks (mean rank= 35.14). The Mann Whitney Test

result (U=205.000, Z=-3.811, p=<.001, r=0.5) shows there is statistically significant difference and

the effect is large which indicate that there is strong difference between the areas. This indicate

that the recyclable materials remain longer in storage in resident areas than commercial areas

which increase the risk of contamination or cause damage to the materials.
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Standards and Control Practices for Value Preservation

These responses were from sub-city and woreda officers on practices they enforce or provide, and

also reflect the perceptions of them based on institutional experience and oversight, not household

compliance.

Table 4.5. Analysis of Quality Standards, and Value Loss Points (Response from sub-city and
Woreda officers, perception based, not measured)

1
Variable Category Commercial Residential p value Cramer's
V value
0 V)
Standards to Yes 43.80% 73.30% 0,005 03
prevent value loss ’ ’
No 56.30% 26.70%
Segregation at Source
different sacks provided | 87.50% 93.30% 1 0.099
( p
by sub city officers)
Color/Type sorting 6.30% 13.30% 0.6 0.12
Standards/ Practice ) )
Baling/ compacting 0.00% 0.00% - -
Cleaning/ washing 6.30% 13.30% 0.6 0.12
Other 0.00% 0.00% - -
Source 37.50% 53.30%
Location of major | Transport 6.30% 6.70%
value loss in the 0.85 0.17
supply chain Market 25.00% 20.00%
Storage 31.30% 20.00%
v o 0
Reasons for mixed Household mixing 66.70% 72.70%
yvaste at sortl.ng Collector mixing during 20.50% 24.20% 0.402 0177
sites (as perceived | transport
b da offi
y woreda officers) No separate containers 12.80% 3.00%

From Table 4.5 Chi Square test result for the standard to prevent value loss was X?p=0.095, which

is greater than 0.05. This indicate there is no statistically significant different between the two

areas. The Cramer’s V result was 0.3 which indicate there is moderate association between the area
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type and the presence of standards. In practice residential areas (73.3%) more likely to have

standard compared to commercial area (43.8%) which is more divided.

For the practices adopted to ensure recyclables don't lose value due to contamination the result
shows that segregation at source was the most common practice in both areas with 87.5% report
in commercial and 93.3% in residential area. The Chi Square Tests shows (p=1.000, Cramer’s V=
0.099) no significant difference and indicating very weak association. During site visits in
residential area, woreda officers were observed distributing two types of sacks door to door and
raising awareness to sort waste in to bio degradable and non-bio degradable categories. In addition,
waste disposal bins were placed along roads separated into residual and recyclable. Other practices
such as color/ type sorting and cleaning were reported at very low rate while bailing/compacting
were not practice at all. Over all the finding shows in both areas segregation at source is the

dominate practice while more advanced processing methods are not being practiced.

29 Dec 2025 3:46: 10 am
S OO06EN 38.46990€E

; 112%E

Kolfe Keranio

Acldis Ababa
Altitude: 2472 Omenm
Speaed:O0.0km/h

Figure 4.15. Woreda officers distributing two types of sacks door to door

For the location of major value loss in the supply chain Fisher's Exact Test result was 0.850 which
is much greater than 0.05. This indicate there is no statistically significant different between the
two areas. The Cramer’s V result was 0.170 which indicate there is weak association between the
area type and perception of value loss. This result shows that both areas more agree on the main
source of value loss is at the collection stage (no sorting at source) though (53.3%) of Addis

Ketema officers also emphasize storage constraints, while 20.0% of Kolfe Keranio officers’ places
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less emphasize storage limitation. This indicate commercial areas are also more concerned with

storage challenges while their perceptions are broadly similar.

The Fisher's Exact Test result for mixed waste at sorting sites was p= 0.402, which greater than
0.05. This result indicates there is no statistically significant difference between the two areas. In
addition, Cramer's V result was 0.177, suggesting weak association. This shows that most woreda
offices in both sub cities (66.7% in commercial and 72.7% in residential) confirmed household
mixing was the dominant reason. Collection mixing during transport was also reported, though at
lower levels. According to the MSEs sometimes the waste comes mixed so they sort there on the
other hand some woreda staffs inform that sorting problem is not only the household but also the
MSEs they said when collecting the waste, the MSEs put the sorted waste together in the truck.
Overall, this suggest that there are similar perceptions in the two areas, with household practices

being the primary source of contamination.

4.3.Stakeholders and Actors in Reverse Logistics

Analysis of the Reverse Logistics Phase

Field data collection in residential and commercial area confirmed that the final recovery stage in
Addis Ababa is not a single destination. Instead, as visualizes in Figure 4./6 and Figure 4.17, the
reverse logistics divided in to two flows. The first is formal flow which is monitored and controlled
by AACMA, sub cities and woredas. Whereas the other flow is informal path which operate outside

from formal oversight.
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Figure 4.16. Municipal Waste Management and Recovery Flow Chart

Addis Ababa University Page 46




THESIS REPORT

Formal Unions &
Legal Indhidual
Caollectors
= A \
~ - \ ; ,
L__—% ’ ( \
Houssholds Transport on Fool % A= ‘
’ |
. R : ; , |
—_— .. ; i I
~ ; !
S ; !
. A P v
Individual Informal |
Caommercial cmm} - Euv o {Street -——pl Trarsport o Fool Middemen & Brokers ~ — — --’ Traneoord by Truck - — — = & e SIS
Bl chikdren._..) | Sl
\ | S
- < N ? :
~ N
, § | |
. Dece ) A . 1 v
nialized | Infoemal Unians and | Direct Revisal
. Indvidusls  — — % Transporiby Tuek - = ~ - Repurposing (e,
r Drtergert Packaging) |

\

—p Formal Link

- — — » Informal Link

| Waste Generation Source

Depot

Formal Actors. Final Disposal Site

Informal Actors
Recyclers/ Factory
Middlemen/ Broker

Reuse Market/ End user Energy Recavery

10000

Transport

Figure 4.17. The Multi Actor Reverse Logistics Network for Reuseable and Recyclables

In residential areas waste is collected door to door by MSEs, where houses receive service twice
per week and condominium blocks are serviced three times per week to manage higher
accumulation rate. In commercial areas such as Merkato, waste collection is restrictive. Private
companies are assigned to collect from each commercial buildings once a week on Sunday.
Because of severe urban traffic congestion in the area the vehicle access is not possible during the
rest of the days. So, this forces the commercial building operators to use the basements as
temporary transit point to store the waste for the week. This increases the risk of material

contamination.

Figure 4.18. MSEs collecting waste
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The system has four logistics phases, which represent the movement of materials from upstream

(the point of generation) to downstream (point of recovery or disposal).

Phase 1: Upstream Collection

This phase is the first mile because it is the starting point of the whole process where informal and
formal actors such as MSEs, legal individual collectors, informal collectors interact with the source
directly. Mostly in these phase large sacks are used to carry the recyclable waste but trucks are also
used by MSEs when collecting the waste door to door. Finally, in this phase the waste is gathered

and stored in depots or collection hubs.

Phase 2: Mid-Stream Point and Transport
In this phase the gathered materials are sorted by type and manually compacted into sacks by small
unions are then moved to large unions or middlemen like in Merkato using trucks. Since there is

no bailing machine the trucks end up being filled with air than the actual weight of the materials.

Phase 3: Value Addition
In this phase the collected materials are moved to recyclers. The actors add value to the materials

by washing, grinding and melting to produce raw materials.

Phase 4: Downstream Recovery

This is the final stage and has three main pathways. These are:

e Reuse Path: The material such as jerrycan will be sold locally to businesses such as detergent
makers.

e Manufacturing: The materials that are recycled are going to be used to make new materials.

e Disposal: This one is the least preferable option. Waste that cannot be recycled or reused will

be sent to Reppie where waste is covered to energy.
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Operational and Comparative Flow

Table 4.6. Comparison of reverse logistics path way

Formal MSE system | Formal Union/ Associations

Feature Door to Door and Licensed Individual Informal Actors
collectors collectors
Logistics Trigger Fixed Schedule No schedule Market value/Price (On
demand)
Transport Mode Handcarts and Trucks Rental truck Sacks, p 1::51;3?5, rental
Sanitation, waste .
. : Resource recovery & income Resource recovery &
Primary Goal removal & income . . .
. generation Income generation
generation
Infrastructure Transfer Stations Storage Hub Informal hubs

(depot)

Table 4.6 highlights the difference between the pathways. The formal unions purchase from the
informal collectors and also in some areas the people who live around there bring to their place
and sell to them. There are also women and elders who collect from different areas like institution
and sell to them. So, the formal unions store the materials until it fills one truck or reach the
required weight then they will sell it to other big union or directly to recycling factory. Legally
registered middlemen are licensed for trading material and pay tax this is differ from the unions
since this is individual. For some formal unions land is provided by the sub city but some of them

in commercial areas rent another place since it is not enough to store the materials.

Licensed individual collector (Legal Korale) possesses the mobility to navigate dense urban areas
like commercial areas. They function as both collectors and small-scale buyers. All the unions
perform manual compaction (Volume Reduction) to make transport more efficient before selling

to larger broker or factories

From the field observation and interviews the fundamental pathways are similar in residential and
commercial areas but their operational characteristics vary. In residential area the flow is
dominated by formal unions but the volume of recyclables is relatively low, whereas in commercial
areas informal union or actors dominate the sector handling different types of materials like
cardboards, electronics, metal, plastics, and others. For instance, the informal actors collect

discarded tires and convert it to functional basins as shown in Figure 4. 79 then sell it to rural areas
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to use it as washbasins and animal feeding troughs. This indicate that they are performing value
addition to the non-biodegradable materials. And also, there are other informal actors that collect
and sell electronics that was discarded. This highlights the innovative role of informal actors in

commercial centers; the informal unions are strongest because there are so much material and cash

moving quickly.

Figure 4.19. Informal Activities in Commercial Areas

Post Disposal Recovery and System Efficiency

The waste transported to the landfill is not the terminal waste, a highly organized network of
landfill collectors (scavengers) acts as a post disposal recovery mechanism, they extract materials
that were not sorted by formal door to door MSEs. These materials are then aggregated at the
landfill and then sell to brokers or recycling factories. This shows that the efficiency of sorting at
source in Addis Ababa remains low, pushing the logistics burden of recovery to the very end of the

supply chain.

Unfair Market Competition in Reverse Logistics

Field interviews revealed a significant logistics and economic tension between formal and informal
actors. Formal unions are burdened by tax obligation and municipal service requirements. The
informal unions on the other hand operate without tax overhead, allowing them to offer a higher
purchase price per kilogram to individual informal collectors. This creates a leakage in the formal
reverse logistics chain, where high value materials are diverted away from formal union,
threatening their financial sustainability and ability to invest in better transport equipment. If the
formal union cannot get the high value recyclables, the transportation cost will be higher than their

income.
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Number of Informal Collectors

The figures represent estimates that is provided by the formal unions regarding number of informal

collectors who frequently supply materials. Since the unions do not have formal record so these

values are rough estimation rather than precise counts.

Table 4.7. Comparison of Number of Informal Collectors between Residential and Commercial

Area
IQR (Q1- | Mann |, p | Effect
Variable Area Type Median Q3) Whgney value | value | size (r)
Number of | Commercial 10 5-37.5
informal 240.000 | -2.181 | 0.029 | 0.291
Collectors Residential 7 0-12

Table 4.7 shows the estimated number of informal collectors that bring frequently materials to the

union and sold as per the result commercial area with median of 10 (IQR=5-37.5) have the highest

number of informal collectors compared to residential area with median of 7 (IQR=0-12). The

Mann Whitney U test result also confirmed that there is statistically significant difference

(U=240.00, Z= -2.181, p= 0.029, r= 0.291). The effect size also shows moderate effect. In Figure

4.20 shows that in commercial area the distribution is wider with several large values up to 70

collectors compared to residential area. This finding indicates that there are more informal

collectors in commercial centers, so this complicate coordination in commercial centers compared

to residential areas.

PLimiser of reguler Forales
= &

Figure 4.20. Boxplot of Number of Informal Collectors in Residential and Commercial area
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Data Availability and Status to Integrate Informal Collectors

Table 4.8. Availability of Data and Integration Status of Informal Collectors

. . . . Cramer's
Variable Category Commerecial Residential p value V value
Yes recorded 33.30% 42.40%
Number of
informal collectors’ Estimate only 25.60% 24.20% 0.708 0.098
data availability
No data 41.00% 33.30%
. Yes, active link 20.50% 21.20%
Existence of formal
system to link the | 1 e Link 46.20% 33.30% 0.494 0.140
informal collectors
with formal unions )
No link 33.30% 45.50%

From Table 4.8. Availability of Data and Integration Status of Informal CollectorsTable 4.8 Chi
Square test result for the data availability on how many informal collectors operate in the areas
was X?p=0.708, which greater than 0.05. This result indicates there is no statistically significant
difference between the two areas. In addition, Cramer's V result was 0.098, suggesting very weak
association. In commercial area most officers (41.0%) reported there is no data recorded whereas
in residential area 42.0% report there is data recorded. This indicate both areas are broadly similar
with slight differences. Overall, the finding suggests that although some woredas have begun
documenting informal collectors, there are woredas with lack of data which hinder integrating the
informal actors in to the reverse logistics chain. Several woredas officers mentioned that collecting
data is challenging because many informal collectors migrate from rural areas without Id and do
not have permanent working places, moving instead to locations where income opportunities are
greater. The other Chi Square test result was for the existence of formal system to link the informal
collectors with formal unions which was X*p= 0.494. This result indicates there is no statistically
significant difference between the two sub cities. In addition, Cramer's V result was 0.14,
suggesting weak association. The finding shows that in committal area most officers reported there

1s informal links 46.2%. Overall, in both sub cities there is no formal link.
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Sub city and Woreda perception of informal collectors

Table 4.9. How do the Woreda Officers and Sub city Officers View Informal Collectors (Sub city

vs Woreda Levels)

Woreda perception of informal collectors
. Viewed as ,
Area Type Essential Tolerated unauthorized p value Cramer's
partners V value
operator
Commercial 38.50% 28.20% 33.30%
0.161 0.225
Residential 36.40% 12.10% 51.50%
Sub city perception of informal collectors
3 1
Essential Unauthorized Neutral/Ignore p value Cramer’s
partners V value
Commercial 43.80% 50.00% 6.30%
0.024 0.479
Residential 6.70% 93.30% 0.00%

From Table 4.9 Chi Square test X*p= 0.161, which indicates there is no statistically significant

difference between the two areas according to the woreda officers report. In addition, Cramer's V

result was 0.225, suggesting weak association. The finding shows significant proportion of woreda

officers acknowledge the importance of informal actors in the chain. Whereas the Fisher's Exact

Test result from the sub city officers report for how sub city categorize informal collectors was

0.024, which indicate there is statistically significant difference between the sub cities. The

Cramer’s V result was 0.479 which shows moderate association, this means there is some

difference (In residential areas 93.3% of officers categorize informal collectors as unauthorized

while in commercial areas officers were more divide with 43.8% categorize as essential partners

and 50% as unauthorized) but also there is still overlap. This shows meaningful difference. This

also show there is information gap between the sub city and woreda officers in both areas.
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Future plan to integrate informal collectors into the system

Table 4.10. Plan to integrate informal collectors (Sub city vs Woreda Levels)

Sub city officers
. . No plan ,
Yes, there is an It is under Not Cramer's
Area Type . . . at the . p value
active plan discussion considered V value
moment
Commercial 46.20% 15.40% 35.90% 2.60%
0.562 0.17
Residential 33.30% 12.10% 48.50% 6.10%
Woreda officers
Yes, being In discussion Cramer's
Area Type implemented phase No plan p value V value
Commercial 31.30% 43.80% 25.00%
0.902 0.115
Residential 33.30% 33.30% 33.30%

From Table 4.10 the Fisher's Exact Test result for the sub city officer’s response was p= 0.562,

which greater than 0.05. This result indicates there is no statistically significant difference between

the two areas. Cramer's V result was 0.170, suggesting weak association between the area type and

future plan to integrate informal collectors in to the system. And also, the Fisher's Exact Test result

from the woreda officers’ response was 0.902 which is much greater than 0.05. This means there

is no statistically significant difference between the two areas. The Cramer’s V result was 0.115,

which indicate there is weak association between area type and the presence of directives. In both

areas mixed approaches were reported.
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Facilitation of market linkages between formal unions and recycling factories

Table 4.11. Facilitation of market linkages (Sub city vs Woreda Levels)

Sub city officers
Area Type Yes No In progress Fisher's Exact (p Cramer's V value
value)
Commercial 81.30% 6.30% 12.50%
1.000 0.177
Residential 86.70% 0.00% 13.30%
Woreda officers
Area Type Yes No Fisher's Exact (p Cramer's V value
value)
Commercial 94.90% 5.10%
0.235 0.169
Residential 84.80% 15.20%

From Table 4.11 the Fisher's Exact Test result for the sub city responses was 1.000 which is much
greater than 0.05. This indicate there is no statistically significant different between the two sub
cities. The Cramer’s V result was 0.177 which indicate there is weak association between the area
type and facilitation practices. Both area officers confirmed the existence of market linkage
between formal unions and recycling factories. And according to the woreda officers report
Fisher's Exact Test result was p= 0.235, which greater than 0.05. This result indicates there is no
statistically significant difference between the two sub cities. In addition, Cramer's V result was
0.169, suggesting weak association. This shows that most woreda offices in both sub cities reported
that the woreda provides such support by coordinating with sub city (94.9% in commercial area &
84.8% in residential area). A small portion indicated that it is the responsibility of the formal
unions. Overall, the finding indicates that there is similar perception on the facilitating market

linkage for recyclables.
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4.4.Coordination and Institutional Roles

Coordination Gap

Table 4.12. Coordination gap between sub city and woredas

Sub city vs Woreda
Area Type Excellent Good Fair / Moderate Poor
Commercial 6.30% 37.50% 56.30% 0.00%
Residential 13.30% 20.00% 53.30% 13.30%
Woreda vs Unions and Factories
High Gap-No Medlun.l Gap- Low Gap - No link with
Area Type regular Occasional Regular .
. . .. e es factories at all
communication coordination coordination
Commercial 17.90% 46.20% 20.50% 15.40%
Residential 6.10% 54.50% 33.30% 6.10%
Table 4.13. Mann Whitney U test result for coordination gap
Mann
Level of Mean . . Effect
Coordination Area Type Rank Median Whgney Z value | p value size (r)
: Commercial 14.94 3
Sub city vs 103 | -0.747 | 0455 | 0.3
Woreda Residential 17.13 3
Woreda vs Commercial 35.41 2
Unions and - - 601 -0.52 0.603 0.061
Factories Residential 37.79 2

Table 4.12 and Table 4.13 shows perceptions of coordination gaps. Mann Whitney U test revealed

that coordination gap between the sub city and woreda was significantly same in the two areas.

Both sub cities reported a median of 3 (Moderate), U= 103.000, z=-0.747, p=.455. The eftfect size

was small (r=0.13), which indicate there is only negligible practical difference. The mean rank of

residential area (17.13) is slightly higher than commercial area (14.94), this shows residential area

respondents tend to lean more towards fair/poor rating. However, this difference is not statistically

significant. This suggest there is coordination challenge in both residential and commercial

centers.

Addis Ababa University

Page 56




THESIS REPORT

For the coordination gap between Woreda, Unions and Factories the Mann Whitney test result
(U=601.00, p= 0.603) shows that there is no statistically significant difference between the two
areas in their perception of coordination gaps. The median value for both areas was 2.00,
corresponding to Medium Gap. The effect size (0.061) indicates that the difference between the

area is negligible.

Sub city’s and Woreda 's waste management priority

Table 4.14. Sub city’s and Woreda’s Current Waste Management Priority

Respondent . Wz?ste. Recycling Disposal/ | Balanced p Cramer's
Area Type | Minimization/ & .
Level . Dumping | Approach | value | V value
Prevention | Recovery
Sub city Commercial 31.30% 37.50% 0.00% 31.30%
0.467 0.32
officers | Residential |  26.70% 20.00% | 1330% | 40.00%
Commercial 38.50% 28.20% 7.70% 25.60%
“g.’reda 0.739 | 0.145
OHICELS | Residential 33.30% 39.40% | 3.00% 24.20%

Using responses from sub cities officers, the waste management priority in the two areas was
examined with the Fisher Exact Test result as shown on Table 4.74. The result was p=0.467, which
indicate that there is no statically significant difference in waste management priorities between
commercial and residential areas. In addition to this to assess the strength of the relationship,
Cramer’s V was calculated, the result was 0.320, These shows moderate association between area
type and waste management priority. This means even if commercial area lean more towards
Recycling & Recovery while residential area leans more towards Balanced Approach, there is still

overlap.

The Fisher's Exact Test result from the responses from woreda officers was p= 0.739, which
indicate there is no statistically significant difference between the two areas. In addition, Cramer's
V result was 0.145, suggesting weak association. The findings show that woreda officers in both
areas reported similar waste management priorities. In commercial area waste minimization/
prevention (38.5%) and recycling/ recovery (28.2%) were the most reported priorities, while in

residential area recycling/ recovery (39.4%) and waste minimization/ prevention (33.3%) were
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dominant. This suggest that both areas share comparable priorities, with prevention and recovery

being the main focus areas of the current waste management strategies.

Administrative Roles, Data Collection Frequency and Training

Table 4.15. Administrative Roles, Data Collection Frequency and Training

: . . . Cramer's
Variable Category Commercial | Residential | p value V value
Operational /Collecting 20.50% 21.20%
Primary role of o N o
Woreda Regulatory/ Monitoring 66.70% 72.70% 0.698 0.114
Financial Support 12.80% 6.10%
Daily 48.70% 42.40%
Weekly 17.90% 15.20%
Data collection Every two weeks 0.00% 3.00% 0.774 0.192
frequency
Monthly 33.30% 36.40%
Irregularly / No schedule 0.00% 3.00%
i Yes 93.80% 53.30%
Training to woreda ° ° 0015 0462
staff No 6.30% 46.70%

From Table 4.15 the Fisher's Exact Test result for primary role of woreda was p= 0.698, which
indicate there is no statistically significant difference between the two areas. In addition, Cramer's
V result was 0.114, suggesting weak association. This shows that most woreda offices in both areas
(66.7% in commercial and 72.7% in residential) confirmed that the main role of woreda is

regulatory/ monitoring is dominant.

The Fisher's Exact Test result for data collection frequency was p= 0.774, which greater than 0.05.
This result indicates there is no statistically significant difference between the two areas. In
addition, Cramer's V result was 0.192, suggesting weak association. This shows that most woreda
offices in both areas confirmed that frequency of data collection is on a daily and monthly basis,
which emerged as the dominant approaches. The Fisher's Exact Test result for training to woreda
staff was 0.015, which indicate there is statistically significant different between the two areas.
The Cramer’s V result was 0.462 which indicate there is moderate association between the area
type and providing training. In practice, 93.8% of Addis Ketema officers reported that they had

been providing training on recycling whereas only 53.3% of Kolfe Keranio offices reported they
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had been providing. This shows meaningful difference in commercial areas it shows there is strong

commitment to technical training compared to residential areas.

4.5.Challenges Hindering Effectiveness

Logistics Barriers, Operational Gaps, and Road Accessibility

Table 4.16. Perceived RL Challenges and Operational Gaps, Transport Barriers, and Road
Accessibility

. Commercial Residential p ,
Category Variable (%) (%) value Cramer's V
Traffic Congestion 50.00% 20.00% 0.135 0.313
Lack of sorting space 75.00% 33.30% 0.032 0.418
Institutional Low market price 43.80% 26.70% 0.458 0.178
Challenges Distance to factories 25.00% 20.00% 1 0.06
Lack of coordination 50.00% 46.70% 1 0.033
Other 18.80% 0.00% 0.226 0.317
Traffic Congestion 43.60% 39.40% 0.719 0.042
Transport Narrow Roads 41.00% 54.50% 0.252 0.135
Barriers Slopes 17.90% 30.30% 0.219 0.145
Lack of Trucks 61.50% 39.40% 0.061 0.221
Collection gap 35.90% 51.50% 0.182 0.157
Sorting gap 51.30% 30.30% 0.072 0.212
Transportation gap 38.50% 33.30% 0.652 0.053
Operational Gap Market gap 35.90% 33.30% 0.82 0.027
Lack OIflgﬁilir‘ll;‘ta and 5.10% 0.00% | 0496 |  0.155
Lack of communication
and coordination with 20.50% 21.20% 0.942 0.009
informal collectors
Accessible 69.60% 65.70%
ACCSS‘;?gili iy Narrow/ Crowded 8.70% 17.10% 0.781 0.125
Very Difficult 21.70% 17.10%

Table 4.16 summarizes reverse logistics challenges faced by the two areas. Lack of space more
affect commercial areas (75%) compared to residential areas (33.3%), with Chi Square test

(p=0.032, Cramer’s V=0.418) shows there is significant difference in the two sub cities. Traffic

Addis Ababa University Page 59



THESIS REPORT

congestion was also challenge in commercial areas (50%) than in residential areas (20%) though
there is no statistically significant difference. Other challenges such as low market price showed
practical difference but were not statistically significant. In contrast, the distance to factories and
lack of coordination were perceived similarly in both areas. Finally, there are additional issues
mentioned only in commercial areas such as lack of market linkage, minimum volume
requirements for sending collected material to the recyclers, and vehicle time restriction for heavy

trucks.

All the listed barriers have no statistically significant difference (all p> 0.05) and also the

association between the area type and the barriers were weak (Cramer’s V<0.25). However,

commercial areas are more constrained by truck shortage (61.5% vs 39.4%) while residential areas

struggle with narrow roads (54.5% vs 41%) and slopes (30.3% vs 17.9%).
@

Figure 4.22. Narrow Road and Slope Areas in Residential Areas

The operational gap was reported differently in the two areas. In commercial areas (51.3% vs
30.3%) sorting gap was the major gap, however there was no statistically significant difference
(X?P=0.072, Cramer’s V= 0.212) where as in residential areas (51.5% vs 35.9%) collection gap
was reported as major but not significant. The remaining gaps were similar in the two areas. This
shows the more challenge faced in commercial areas is sorting whereas in residential areas more

with collection. Most of the roads are reported as accessible in both areas (69.60% in commercial
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and 65.70% in residential). Narrow road was reported more on residential areas while very difficult

road condition was more common in commercial areas. The statistical test (Fisher's Exact, p=

0.781; Cramer's V= 0.125) indicate there is no significant difference between the areas, with weak

association.

Operational Challenges, Market Barriers and Financial Constraints

Table 4.17. Operational Challenges, Market Barriers and Financial Constraints for MSEs and

Formal Unions

Catego Variable Commercial Residential alue Cramer's
gory (%) (%) p valu V value
High Transport Cost 69.60% 88.60% 0.071 0.237
Lack of storage space 69.60% 60.00% 0.458 0.097
. Traffic Congestion 39.10% 22.90% 0.183 0.175
Operational
Challenges Payment Delay 13.00% 28.60% 0.165 0.182
Poor quality/ mixed 26.10% 8.60% 0.072 0.237
waste
Other 30.40% 22.90% 0.519 0.085
Transport cost 78.30% 88.60% 0.289 0.139
Challenges Low price 21.70% 25.70% 0.729 0.045
when selling
materials Poor quality 17.40% 11.40% 0.7 0.085
Long distance 39.10% 71.40% 0.015 0.321
High Transportation cost 65.20% 85.70% 0.067 0.24
Payment Delay 13.00% 25.70% 0.244 0.244
Financial High Rent 21.70% 28.60% 0.561 0.076
problem Low selling price 30.40% 22.90% 0.519 0.085
Lack of capital 60.90% 22.90% 0.004 0.383
Other 17.40% 2.90% 0.075 0.253
Changes weekly 0.00% 8.60%
Material prices Stable 13.00% 14.30% 0.445 0.193
stability
Unpredictable 87.00% 77.10%
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From Table 4.17 the results indicate the challenges the unions face has no statistically significant
difference (X*p> 0.05) in both areas. The Cramer’s V value also indicate there is weak to very
weak association. One of the challenges reported more in commercial area was mixed waste

supporting this on field visit as shown in Figure 4.23 it was observed that mixed waste reach at the

hub in commercial areas than residential area.

Figure 4.23. Mixed Waste Sorting at the Hub

The most frequently reported challenge in the two sub cities is transport cost (78.3% & 88.6%).
And there no statistically significant difference in the two areas with weak association (X*p=0.289,
Cramer’s V= 0.139), whereas distance to the factory was reported more frequently in residential
areas (71.4%) than commercial areas (39.10%), the result (X?*p=0.015, Cramer’s V= 0.321) shows
there is statistically significant difference in the two sub cities with moderate association. Other

challenges showed no significant difference and the effect size is negligible.

The most common financial challenge in the two areas is also high transportation cost. The result
(X*p=0.067, Cramer’s V=0.240) shows there is no statistically significant difference in the two
areas. On the other hand, clear difference is shown in lack of capital (commercial (60.9%) &
residential (22.90%)), with moderate association. The other additional financial challenges
reported by the MSEs in residential areas is frequent vehicle maintenance due to poor road
condition which causes delays in waste collect schedules. For price stability the results (Fisher's
Exact p=0.445; Cramer's V= 0.193) indicate there is no significant difference in the two areas with

weak association. This indicate that price instability is a common challenge in both areas.

As shown in Figure 4.24 in commercial areas cardboards are temporary stored on pedestrian
walkways due to lack of designated depots. And the informal collectors manually transport the

materials.
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Figure 4.24. Primary Collection and Temporary Storage in Commercial Areas
Factory Requirements, Impact of Transport Delay, and Material Profitability

Table 4.18. Factory Requirements, Impact of Transport Delay, and Material Profitability

. Commercial | Residential p Cramer's
Category Variable (%) (%) value | V value
Yes, we must wait until we have a o o
iy full truckload 87.00% 74.30%
Minimum
volume Yes, we must reach a specific weight 8.70% 11.40%
re%ulred for No, we are the ones who transport it 0.00% 2.90% 0.769 0.178
traCtOI‘yrt ourselves regardless of amount e e
anspo
No, they collect l\;;lz]aétever amount we 430% 11.40%
Frequently 0.00% 2.90%
Impact of X
transport delay Sometimes 47.80% 34.30% 0.56 | 0.164
Never 52.20% 62.90%
Plastic Bottle 56.50% 51.40%
Jerrycans 0.00% 5.70%
0 0
Most profitable Metal 26.10% 17.10%
material for Cardboard 8.70% 8.60% 0.864 0.259
unions Paper 0.00% 2.90%
Organic 8.70% 8.60%
Other 0.00% 5.70%
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Table 4.18 shows majority of the unions (87% in commercial and 74.3% in residential) reported
that they must wait until they have full truckload to transport the material. The statistic test (Fisher's
Exact p=0.769; Cramer's V= 0.178) shows there is no significant difference in the two areas with

weak association.

The impact of transport delay was not reported as frequent issue. The majority reported it never
impacts the material (52.2% in commercial and 62.9% in residential). The statistic test (Fisher's
Exact p= 0.560; Cramer's V= 0.164) confirmed there is no significant difference in the two areas

with weak association.

In both areas the most profitable material is plastic bottle (56.5% in commercial and 51.4% in
residential). The statistic test (Fisher's Exact p= 0.864; Cramer's V= 0.259) shows there is no

significant difference in the two areas with moderate effect size.

4.6.Communication and Logistics
Transportation to factory

Table 4.19. Current Communication Method, Logistics, and Safety Standards

Catesor Variable Commercial Residential value Cramer's
gory (%) (%) P V value
Own truck 4.30% 0.00%
Tr"‘nsfgggigon to Rented truck 69.60% 65.70% 0.457 0.179
Buyer's truck 26.10% 34.30%
Personal Phone Call 82.60% 82.90%
Communication In person visit 13.00% 14.30% 1.000 0.043
method unions use Through a
0 )
Middleman/Broker 4.30% 2.50%
0 )
Availability of Yes, all 0.00% 5.70%
adequate worker Partially 13.00% 40.00% 0.027 0.346
safety gear No 87.00% 54.30%

Table 4.19 shows most of the unions transport materials to factories using rented trucks (69.6% in
commercial and 65.7% in residential). The statistic test (Fisher's Exact p= 0.457; Cramer's V=
0.179) shows there is no significant difference in the two areas with weak association. This shows

transport challenges in the absence of fixed schedules; unions wait until they reach the required
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volume before renting vehicles. As a result, trucks often operate without route optimization and

sometimes even starting trip empty. This practice increases the transportation costs and reduces

efficiency.

Most of the unions communicate with recyclers through phone calls (82.6% in commercial and

82.9% in residential). The statistic test (Fisher's Exact p= 1.000; Cramer's V= 0.043) shows there

is no significant difference in the two areas with very weak association. This leads to information

gap since there is no digitalized system.

Majority of the unions (87% in commercial and 54.3% in residential) reported that they don’t have

adequate worker safety gear. The statistic test (Fisher's Exact p=0.027; Cramer's V= 0.346) shows

there is no significant difference in the two areas with moderate association.

4.7.Future Planning and Infrastructure

Critical facility needed to improve RL

Table 4.20. Infrastructure needed and Land allocation Plans

. Commercial Residential Cramer's
Categor Variable value
gory (%) (%) p V value

More Land/Sites 69.20% 48.50%

Critical facility needed to Baling Machinery 5.10% 24.20% 0.036 0.345

improve RL ) )

Better Trucks 5.10% 15.20%
Training 20.50% 12.10%
Existence of master plan to Yes, active plan 50.00% 86.70%

allocate land for recovery No. land is a maior 0.029 0.392
centers (Sub city Officers) ’ 1 may 50.00% 13.30%

constraint

Existence of master plan to Yes, active plan 23.10% 45.50%

allocate land for recovery No. land is a maior 0.045 0.237
centers (Woreda Officers) ’ + My 76.90% 54.50%

constraint

Plan to upgrade transfer Yes 75.00% 66.70%

station into value addition 0.704 0.092
centers No 25.00% 33.30%
Yes 6.30% 13.30%

Use oi.GI.S t;(?r route 0.600 0.120
opftimization No 93.80% 86.70%
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From Table 4.20 the Fisher's Exact Test result for critical facility needed to improve RL was p=
0.036, which indicate there is statistically significant difference between the area. In addition,
Cramer's V result was 0.345, suggesting moderate association between the area type and perceived
facility needs. The finding shows that in commercial areas, the majority of the woreda officers
emphasized the need for more land/ site (69.2%), followed by training (20.5%). In contrast, in
residential areas emphasize the need for more land/ site (48.5%) but also considerable importance
to bailing machinery (24.2%) and better trucks (15.2%). This suggest that land availability is
common concern for both areas while residential areas officers perceive infrastructure gaps like
truck and bailing machine. This reflects difference in operational challenges and priorities because

in residential area there is more diverse needs.

The Chi Square test Pearson X?p result for the existence of master plan to allocate land specifically
for Recovery centers within each Woreda was p=0.029, this indicate that there is statical significant
difference between the two areas. The Cramer’s V test result was 0.392 which indicate that there
is moderate association between the area type and the presence of master plan. From residential
areas 86.7% of the officers reported there is active plans compared to commercial areas (50%).

This shows there is meaningful difference in planning.

From the above table Chi Square test X?p= 0.045, which less than 0.05. This result indicates there
is statistically significant difference between the two areas. In addition, Cramer's V result was
0.237, suggesting moderate association between the area type and perceptions of future facility
development. Most of Addis Ketema officers (76.9%) reported there is no plan to build additional
transfer station or recovery center while In Kolfe Keranio (45.5%) of the officers reported there is
plan. Overall, this suggests residential areas appears more engaging in planning for infrastructure

expansion.

The Fisher's Exact Test result for plans to upgrade transfer stations into value addition centers was
p= 0.704, which greater than 0.05. This result indicates there is no statistically significant
difference between the two sub cities. In addition to this Cramer's V result was 0.092, suggesting
very weak association between the sub city type and planning. This shows that most of the sub
cities offices in the two areas (75% in Addis Ketema and 66.7% in Kolfe Keranio) confirmed there

is plan.

Addis Ababa University Page 66



THESIS REPORT

The Fisher's Exact Test result for use of GIS for route optimization was 0.06, this indicate that

there is no statistically significant difference between the two sub cities. The Cramer’s value was

0.12, which indicate there is weak association between the area type and the use of GIS. This

means in both sub cities most of the officers (in commercial 86.7% and In residential 93.8%)

reported that GIS is not used in the areas

4.8.Support and Incentives

Institutional Support and Budget Allocation

Table 4.21. Institutional Support, Incentives, and Budget Allocation

Catesor Variable Commercial | Residential alue Cramer's
gory 1 (%) (%) pvalu V value

Yes, regular support 52.20% 77.10%

Umonsvigfe%‘;“ed by Rarely 34.80% 20.00% 0.098 0.28

Never 13.00% 2.90%
Land 71.80% 72.70% 0.930 0.01
Machinery 5.10% 3.00% 1.000 0.052
Transport 17.90% 12.10% 0.493 0.081
Logistics Support
Facilitating linkage
with recycling 48.70% 66.70% 0.125 0.181
factories

Monitoring/regulation 48.70% 57.60% 0.453 0.088
Incentives for woredas and Yes 68.80% 60.00%

formal unions (Sub city 0.611 0.091
officers) No 31.30% 40.00%
Incentives for formal Yes 28.20% 36.40%

i Woreda Officers) 0.459 0.087
unions ( No 71.80% 63.60%
Yes 17.90% 21.20%

Budget allcigated for 0727 0.041
recycling No 82.10% 78.80%

Table 4.21 shows that the majority of the unions (52.2% in commercial and 77.1% in residential)

reported that they received regular support from the woreda such as monitoring. The statistic test
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(Fisher's Exact p=0.098; Cramer's V= 0.280) shows there is no significant difference in the two

sub cities with weak association.

In both areas (71.8% in commercial and 72.7% in residential) most of the woreda officers reported
land provision as logistics support. Minimal support reported in both sub cities (5.1% in
commercial and 3% in residential) was providing machinery. Other form of support was reported
at varying levels. None of the differences between the areas were statistically significant difference
(all p>0.05). Cramer’s V< 0.25 which shows there is weak association that indicate the logistic

support is broadly similar in the two sub cities.

The sub city officers mentioned that the incentives are provided by coordinating with Addis Ababa
Cleaning Management Agency. the Chi Square test Pearson X?p result for providing incentive was
p=0.611, which indicate that there is no statically significate difference between the two sub cities
in incentive provision. The Cramer’s V test result was 0.091, which indicate there is very weak
association between the area type and incentive practices. This means both areas show similar

tendencies in providing incentives.

Addis Ketema sub city officers highlighted the incentives include certificates, trophy, subsidies for
formal unions engaged in recycling activities of compost, cardboard and paper. Kolfe Keranio
officers mentioned similar incentives, but also include material support such as equipment
(hammer, PPE), and performance-based payment, including 15% additional zoning payment for

door-to-door collectors (MSEs) when their area is kept clean.

The Chi Square test X?p=0.459, which greater than 0.05. This result indicates there is no
statistically significant difference between the two areas. In addition, Cramer's V result was 0.087,
suggesting very weak association. This shows that most woreda offices in both sub cities reported
that there is no reward system for formal unions. Overall, this suggest a similar perception in both

sub cities that there is no structured reward system being the dominant reality.

The Chi Square test X?p=0.727, which greater than 0.05. This result indicates there is no
statistically significant difference between the two sub cities. In addition, Cramer's V result was
0.041, suggesting very weak association. The findings show that majority of woreda officers in

both sub cities reported there is no specific budget dedicated to recycling. This suggest that in both
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sub cities the recycling activities are under general cleaning budget, which may limit the

effectiveness of recycling activities.

4.9.Comparison of Material Flow and Income Generation

Table 4.22. Six Months Volume of Recyclable Material and Income Generated in Residential and
Commercial Area in (2018 E.C)

Paper & Glass Unions
Area Type Woreda PET (kg) HDPE (kg) | Metal (kg) | Cardboard generated
Bottle (kg) | . .
(kg) income (Birr)
W 157,016.00 206,023.00 | 135,560.00 75,630.00 10,418.00 15,018,410.00
W5 177,389.00 144,402.00 | 182,798.00 75,625.00 18,192.00 21,200,930.00
Residential W6 102,074.00 151,323.00 71,616.00 44,416.00 7,821.00 9,987,836.00
Area w8
140,236.00 144,083.00 | 137,945.00 119,045.00 8,102.00 22,810,678.00
W10 332,600.00 354,750.00 | 318,400.00 | 288,100.00 13,150.00 19,162,400.00
Total 909,315.00 | 1,000,581.00 | 846,319.00 602,816.00 57,683.00 88,180,254.00
Wi 466,997.50 | 89,999.97 586,764.64 3,718.00 45,837,006.00
W3 365,400.00 182,608.64 | 149,999.95 167,647.04 2,188.00 6,816,490.00
Commercial Ws 226,720.00 182,608.64 59,999.98 i ) 4,907,220.00
Area w8
318,900.00 91,304.32 28,965.50 171,823.52 2,124.00 6,158,400.00
W10 405,725.00 136,956.48 | 119,999.96 | 429,558.80 ) 6,404,020.00
Total 1,783,742.50 | 593,478.08 | 448,965.36 | 1,355,794.00 8,030.00 70,123,136.00

Source: Compiled by the author from Addis Ketema and Kolfe Keranio Sub City Cleaning
Management Office Report (2018 E.C)

As shown in Table 4.22, there is clear difference in the material volume between the areas. In the

commercial areas there is higher volume of PET and Cardboard, where as in residential area there

is higher volume of metal and glass bottle compared to commercial area. This discrepancy is likely

because metal is predominantly collected by informal actors in commercial area and these figures
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represents the volume collected by the formal unions. The total income in both areas indicate that

the logistics system is a significant economic driver for the unions.

4.10. Analysis of Downstream Reverse Logistics Chain

In the data collection stage, the formal unions were asked to which factory or recycler they gave
the materials they have collected so according to their response they don’t have fixed place so
these are the places they send: Kolfe Keranio, Addis Ketema, Addisu Gebeya, Holets, Adama,
Bishoftu and others so to understand the final stage of revers logistics data is collected from 6

recyclers/ factories from mentioned places.

Table 4.23. Profile of recyclers

Recycler 1d Location Experience Primary Materials Capz[c(;?;l(l"llyons)
AK-01 Addis Ketema 6 Plastic shoe 15
AK-02 Addis Ketema 4 Plastic shoe 5
AK-03 Addis Ketema 4 HDPE (Jerrycans, Cap) 7
AK-04 Addis Ketema 2 PET Plastic Bottle (Highland) 40
. HDPE (Jerrycans, Cap..), LDPE

KK-01 Kolfe Keranio 10 shrink wrap (to pack water bottle) 20
HDPE (Jerrycans, Cap..), LDPE

KK-02 Kolfe Keranio 18 shrink wrap (to pack water bottle), 50

PP Bag
PET Plastic Bottle (Highland),

GK-01 Gullele 4 LDPE shrink wrap (to pack water 260

bottle), HDPE (Jerrycans, Cap..)

According to the data collected from the recyclers the most problematic stage of the chain is the

last mile transport which is from the union to the recycling center. The challenges include:

1, High Transport and Fuel Costs

Every recycler mentioned that high transport cost due to fuel price as primary bottleneck.

2, Lack of centralized Collection hubs
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Most of the recyclers mentioned that the absence of the central collection hubs makes the collection

challenging.

3, Supply Chain Consistency and Middlemen

The flow of materials is unpredictable and irregular this prevents planning production schedules
and the use of their full capacity. For instance, unions reported that collection of plastic bottle
increases during rainy season because flood carry bottles from drainage system into the river where
informal collector collects them. On the other hand, cardboard supply decreases during rainy
season because it becomes unusable when wet. Dependence on middlemen create inconsistent
supply because unions and collectors don’t deliver directly so the materials pass through brokers

who controlled the flow.

Beyond seasonal fluctuations, recyclers also mentioned that security issues in the country affects

the material flow from regional areas to recycling center.

Analysis of Recyclers Operations and Output
In the study area there is no single path, but multi-tiered system
v’ Circular Manufacturing

Case Example: Plastic Shoe Recyclers in Addis Ketema Sub city

Machineries used for recycling:
e Weighing Scale
e Crushing / Grinding Machine,

e Injection molding machine.

Process: used plastic shoe are collected from across Ethiopia and then transported to the recycling
center then using the machines. The waste will be crushed and melted and shaped in to a new shoe

sole which is then sold to other shoe manufactures.

This is circular with in the center which reduce the need for secondary transport of semi-finished

goods.
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Figure 4.25. Plastic Shoe Recycling

v' Intermediate Processing (Value addition)

Machineries used for recycling:
e Weighing Scale
e Baling Machine / Compactor
e Washing Line
e Sorting Conveyor Belt

e Crushing / Grinding Machine

These recyclers do not produce final consumer product. Instead, they only wash and crush the
materials in to small pieces. This process is crucial part they add value by cleaning and crushing

but they require secondary transport to move the flakes to a pelletizing factory.

There are also some unions that manual washing and sorting they are performing value addition

early in the chain.
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Figure 4.26. Material washing and crushing process
v’ Specialized Pelletizing (Raw material Production)
Machineries used for recycling:

e Weighing Scale

e Pelletizer/ Recycling Machine

Process: These recyclers only focus on the raw material production

The study found that these facilities sometimes bypass the local union system and import the
crushed materials from outside Ethiopia such as Djibouti, Kenya, and Yemen. This shows that the

local supply is sometimes less efficient or consistence than importing form other countries.

Figure 4.27. Raw material production process
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v All in One Industry Recovery
Machineries used for recycling:
e Weighing Scale
e Baling Machine / Compactor
e Washing Line
e Sorting Conveyor Belt
e Crushing / Grinding Machine
e Pelletizer/ Recycling Machine

e Extruder

Output: Finished goods such as tables, chairs, brooms, and other household items.

All interviewed recyclers confirmed that the recycled output is not used in food or drink packaging

due to contamination risks.

Entreprenures

During the study visit there are entrepreneurs that works on the recycling at home one of the

recyclers visited, fabricate local recycling machinery to produce brooms from PET bottles.
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Figure 4.29. Creative recycling and reuse in Addis Ketema and Kolfe Keranio
Logistics Strategy

According to Zhang and Zhao (2008), pull supply chain is when the production is triggered by the
consumers demand (storage capacity limit). In these consumers are taken as core so production is

organized based on consumer demand. This is information led system.

From the data collected from the recyclers and unions the collected materials will be transported
to the recycling center only when the formal or informal unions call and report the have full vehicle

materials which is Reactive (Pull) Logistics Model.

As shown in Figure 4.30 The model is dependent on the unions collection and storage capacity
rather than optimized transport schedule. This might create emergency transport. This result in
trucks going empty to collected materials, materials overflowing and becoming contaminated

while waiting for a pickup.

Several recyclers mentioned they are operating below 50% of their capacity. The under operating
is directly result of the pull system since the recyclers cannot predict or plan their production

schedule because the supply flow is inconsistent.

As mentioned before some recyclers import materials from other countries this shows that the

current pull system is too slow or inconsistent.

Current Pull Strategy
{(Demand Led)

‘ Recycler ‘

Information Flow (Call) | Material Flow (Reactive Delivery)

Formal Unions/ MSEs

Figure 4.30. Current Pull strategy
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4.11. Comparative Analysis and Synthesis

Overall, the results show that both areas (residential area and commercial area) have similarities

but also differences in the reverse logistics system.

e Commercial areas are characterized by high number of informal collectors, shorter storage
duration, innovative informal recycling practice, but there is also space constraint and
congestion challenges.

e Residential areas show longer storage durations, fewer informal collectors, stronger

institutional support, but weaker integration of informal actors.

Even if PET collected volume is higher in commercial areas, the statistical analysis shows no
significant difference across the two area. However, the storage duration in commercial areas was
shorter, due to higher number of informal collectors operating in the commercial area compared
to residential area. Since the collected materials reaches the required volume and it sold quickly
without storing them for long periods. On the other hand, in residential areas collected materials
are stored for longer period due to fewer collectors and slower accumulation of required volumes.
In both areas PET dominate material collection in addition to this in residential areas metal and
glass were also major material collected compared to commercial areas. There are no value
addition activities in the hubs only sorting was done and it is identified that household mixing is
primary source of contamination. Both areas heavily relay on informal collectors. Therefore, the
results shows that the revers logistics practices in Addis Ababa are heavily dependent on the

informal collectors and also confirmed that the system is limited in value addition capacity.

The system operates through dual pathways: formal way under municipal and informal without it.
There was also a difference in perception of informal collectors under the sub city. In residential
areas the officers viewed them as unauthorized operators on the other hand in commercial areas
most of them viewed then as essential partners. There is weak data on informal collectors and there

are no formal linkages.

Space constraint is more issue in Addis Ketema which limit storage capacity, and many officers
reported there is no plan to construct recovery center due to lack of available land in commercial
areas and also unions frequently asked to relocate due to the constraint. Traffic congestion is also

a significant challenge in this area, as vehicles could not park near by the hub to load the collected
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materials day time, forcing unions to delay loading until night time. Capital constraint limited the
ability of the unions to invest in value adding activities such as cleaning, bailing, or crushing. As
a result, in both areas materials were manually compacted and transported without reaching full
capacity of the vehicle, which increase the transport costs. Transport cost was reported as major

challenge in both sub cities.

Figure 4.31. Manual compaction of plastic bottles into sacks

There is also moderate communication gap in both areas and waste management prioritization was
also different in woreda and sub cities this misalignment in prioritization weakened the

institutional collaboration and integrating informal actors.

In commercial areas integration of informal collectors is under discussion while in residential areas
lean to there is no plan. Market linkages were facilitated but uneven. There are critical
infrastructures needed such as recovery centers, transfer station upgrades, trucks, machineries and
GIS for rout optimization. Structural and institutional gap were also observed. There is no central
hub for coordination, there are brokers involve in the activity, and most of the factories are outside
Addis Ababa. Current union formation rules requirements are Addis Ababa Ids and members of
the unions which exclude many participants who migrate from outside the city. Consequently, they

will form union and operate informally.
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CHAPTER FOUR
5. CONCLUSION AND RECOMMENDATION

5.1.Conclusion

This study evaluated the efficiency of reverse logistics system in selected commercial and
residential areas of Addis Ababa. The results showed that the performance of reverse logistics rely
on the land use. Commercial areas achieved a recycling rate of 16.83%, while residential area
reaches only 9.26%. Despite the growth of recycling rate in both areas majority of waste (83% to

90%) end up land fill.

The assessment of the current reverse logistics practice in both areas showed that the system relies
on informal collectors, while unions mainly perform sorting at their hubs. In residential areas, the
storage area is relatively lager. However, the material storage duration remains longer due to
material scarcity, distance from the main road and minimum informal collectors. In commercial
areas there is higher density of informal collectors so the storage duration is less but the storage

area is smaller. In both areas the largest volume of waste collected and most profitable is PET.

Stakeholder analysis showed fragmented network of actors, involving MSEs, unions, licensed
individual collectors, informal actors, and private companies, outsourced transport companies,
AACMA, sub city and woreda officers. The formal system operates under the municipality
oversight, whereas the informal actors remain outside of the regulation. In commercial areas there
is larger informal networks which complicate the coordination but enhancing recovery. The
informal sectors dominate high value recovery because they have higher purchase prices and lower
overheads than formal unions, which creates logistics leakage by divert the materials from the
formal to the informal actors. Institutional perceptions of informal collectors remain divided

ranging from essential partners to unauthorized operators which reflects there is weak integration.

In commercial areas challenges are space shortages, traffic congestion, and reliance on temporary
storage such as pedestrian walkways and basements, whereas in residential areas struggle with
longer storage duration due to material scarcity, distance from the main road, and poor road
condition which increase the contamination risk and reduce the efficiency. Across both areas,

common challenges include the absence bailing technology due to lack of capital identified as
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constraint which leads to high transportation cost and reduces fleet productivity because the
vehicle reaches it volumetric capacity not its weight capacity, weak segregation at the source is
still inefficient because there is still recovery network at the landfill. This leads to material
contamination, and it increase the logistics cost, reliance on pull system, lack of storage space,
unfair competition, fragmented communication with no reliable data on the informal actors. In
addition, a critical challenge identified in the study is the absence of optimized route selection for
waste collection. MSEs and also informal collectors currently select their own path without formal

studies.

Material flow differs in the two areas, in commercial areas there is higher volume of PET and
cardboard, whereas in residential areas there is more metal and glass than the commercial areas.
the reverse logistics system is generating income for both formal and informal actors. This proves
that logistics for waste management does not only protect the environment but also create job for
many people in the city. And is economic driver as it generates 158,303,390.00 Birr across the

study areas within 6 months in 2018 E.C.

Overall, the reverse logistics system in Addis Ababa succeeds in diverting recyclables and
generating income but remain constrained by weak coordination, minimal value addition and
reliance on informal recovery. In line with Complex Adaptive System Theory, outcomes emerge
from the interaction between formal and informal actors rather than central control this shows that
there are information gap and fragmented communication in both areas where there is no central
data base or digital platform where waste volume is tracked. Studies (Kinobe et al. (2015) and
Mbago et al. (2025)) identified the key drivers of RL and these align with this study finding, where
the significant income generated by the unions confirm that economic value is the major motive
for the actors, environmental concerns also driver since the system is implemented to make the
city clean. However, the study also shows that there is gap in regulatory pressures such as
integrating informal actors to the formal system and also there is lack of technology advancements.

These missing drivers hinders the city’s transition process to circular economy.
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5.2.Recommendations
Based on the study findings to improve the reverse logistics system in Addis Ababa the following

recommendations are proposed:

Operational Improvements:

e The current system should transit from Pull system to Push system. According to Zhang and
Zhao (2008), push strategy is when the materials are delivered based on the supplier capacity.
Since consumers’ demand cannot be known or predicted. As shown in Figure 5./

e The transport vehicles for recyclable materials should operate with fixed schedule like the
door-to-door collection based on forecasting the unions capacity instead of waiting for a trigger
call.

e Assigning trucks to collect from multiple unions in one trip to optimize route and fuel cost.

e The city should stop using same approach. Specifically, in commercial centers such as
Merkato, the waste collection system should be modernized so that the high frequence waste
generated will be handled properly since the area is a major trade center.

e Route optimization must be prioritized for waste collection to reduce duplication and minimize
costs.

e For the Transportation of recyclable materials in high density commercial areas such as
Merkato, it is recommended to shift collection schedules to off peak hours and specific low
traffic days such as late evening, early in the mornings or Sunday. This will improve the reverse

logistics efficiency.

Proposed Push Strategy
(Plannuing Led
Recycler

Matwrial 1 iow (Optreced B oute

Y

Formal Umong/ MSE <

Figure 5.1. Proposed Push strategy
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Infrastructure Requirement:

Baling/ Compaction machine to ensure that the scheduled route maximizes the vehicle’s weight
capacity, not just its volume.

To prevent overflow during factory downtime such as due to machine maintenance the
proposed push system should include centralized collection hub that act as buffer to store the
materials temporarily when the recycler is offline.

The city must improve road maintenance.

The selection of hub location be governed by a strict, criteria-based evaluation framework. Site
selection must prioritize high transport accessibility, environmental safety, and distance from
the source and recyclers to minimize the logistics costs.

Frequent relocation of unions from one workspace to another should be avoided.

Digital system should be integrated to bridge the information gap so that waste volume in real
time can be tracked, allowing unions and recyclers communicate better and ensure that the
supply of the material much the demand.

The city should encourage recyclers to locate their factories nearby unions

Policy and Economic Support:

The government should integrate the informal actors to the system to reduce logistics leakage.
The government should facilitate loans and search for sponsors to support the unions
purchasing value adding machineries.

The use of plastics waste for road construction should be promoted.

Work on market linkage

Environmental Awareness and Enforcement:

Stronge enforcement is required on source segregation.
Continuous awareness creation and training on value addition is required
Working on the source, provide materials like machineries for recycling by searching sponsors,

provide training
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Appendix A: Questionaries

Appendix A.1. For Sub City Officers
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Appendix A.2. For Woreda Officers

Questions for the Woreda Officials
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Section 6: Gap & Recommendation

(OCAS (PN BS AR SAUFTF ot o 24 P 0643 (Coordination Gap) 3 £=iua? (How would you describe the
coordination gap between the Woreds, the Mahbers, and the recycling factories?)

-Cl ISH 1 o2 AT e (High GapNo regular communication)

‘Cl SRR IS AR AN ¥TEH M (Medium Gap-Occasional coordingtion)

() Wt o 1 Low G el conrdimarion)

O MHAGET X FH IR NS v (No Ink with factories &t al)
7Y i) B 44h N e 153 |Supplly Chaim) 0t 3 i1 64 302 (In the process from waste collection to
reaching the factary (Supgly Chain), what is the biggest gap?)

:_J 3P VIR ot ey s [Callection gap)

m TG 1P S M7 AAPPT At (Sorting gap)

j AL ARIET AT 0 ot ams Pehs e (Transportation gapl)

LJ BLSIAM $AI0F X 1 o1 T S et (Market 2ap)

_I T AP AS b A0 AT (Lack of digital data and monitering)

[ | 0o o MRPT (#0aF) 2 1A PIERS TR e {Lack of commrunication & coordination with infoemal

callctors)

@240 BT 04 MIRCT eaDe AR #R'D 70 MRt ? (What Is the single biggest policy change needed to make the Woreda
2 "Zero Waste" medel?)

Y h&A hbo? £8a7 AAa0S +17°CH1 (Reverse Logistics) 7404 PACA? hivi£et 9329027 (What is your recommendation to
improve the reverse logistics of waste in this specific sub-city?)
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Appendix A.3. For MSEs and Formal Unions

Section 1: (Basic Information)

0% 17 |Name of the Mahber)

35 e Subity

~ )
| ) el 4t KoFe Keranio)
Ay

D

U KA bt (Acs Ketema)

A (Woredz)

oo 20t 227 (The Respondent Rele)

Fhade &2 (Gender of the Resgondent]
F\r o (4=
\J RN

o
-y

0 T O AT S PP B A Rk AT (How long s this Mahber Been working in solid waste

coliectisn/management?)

S AL 21 (The Resgendent ke

thpée 2 (Gender of the Respondent)
() o v

W
)
/

| i Femaly

24 A RS PP B2 A 10 242 o ong has this Maber been morking in solid waste
collction/managemast’)

A 7 (GPS)
latitude (xy °)
L]
’
_— . % .
longitude (x.y °) - %
L
B
\
altitude (m) S .\,
<
.
S i \
accuracy (m) e
N .
-

e e ity Pt

Clck here to unioad il (< 10NS)

el v R i A 6 o (Totalmumber o rmeal memsbersiemplopees?)

(4 7 i i (Number ofregular Korales

TURAK- TS MERT MM 1, ™2 (What is the peimary collection meched of this Mahber?)
li':. #11 e (Door22-Doce)
I AL ot (Buying from Korakestnformal)

() w0 5 et Commancia and Instinugons)

() siCthen)

¥ yaur amewer is other, please menticn

TG BONOOT EIT L COSFF 2T 168 AN 0 Mo (Does the Madber awn vehidles for transporting waste to the
recyclers?)

() arps)
) e iNo)

N MRT R E Ao ON (ML Y MU NPT £adn? (How many operational vehicles does the Mahber
currently use for waste transpart?)

Section 2

Road Access (Vooyiss o-x9)
(:_-D Acce=ssible (9997)
C__ __> Narrow/Crowded (-0 / C-amss i)

C D Very Difficult (AmM9e AaTs)
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MG PYAESH 0 2ASK Matesal Processing)
[ oysoingit
D Oeanirg/Mesting (e
D (rushing\Crinding (=vad)
D BargPrecsrg [TRieied)

(] o

¥ yoar answer s ocher, pleasz margion

WAL YT (0 4 10 00 80233 1% this hub lecated in 2 Market or Residensial area®)
!:1 NarbetiCommertid et ng)

-~
| ) Restentiol ot it

b
fat

N

() Nordstomelpast
M ’

) R eomavcal

() st

[T0A PO A 8 0 10 I ol 19 (How = the waste ysusy received from hoasedelds furing ceordn
doer catlection’)

P A AL e (oo Nost)
M M Panidly Soosd|

e SRR E) ot o4 L o ) 0 U L4302 (R colecting mined waste, how much i
does the Madber spend sorting t nta recyclabies”

W12 i P s than d ours 2 daa)

T - 4t 2 g )

ke 2 s of e kg )

EVee I it s we dum it miseg 2t e e

DU 2FF 121 (Fe7 (Which materials do yeu collect at this hub?)
(7] avan veon prassic Scuse) plighiand]
[3 e Metal)
[] s tgtass bossia
[ serripapen
[3 W (Cardoosec)
E Eon (errytans)
[(] musieeea
D MR IHONENK)
[:’ MU [PRones, computers, Cabies)
(7] it oid chothes/Texties)
[ evareasnomess raaardons: Bamerias, chamicals, ol
[:! M ASFRLONC (0K furmiture)
O

=4 (Expred medidines|
m Other

i your anywer is other, plezse manties

Section 3 (Operation & Quality)
0 MG AT 435 077 S00 27 BEDAFAAT (How often do you receive waste that is already dean and sorted?)
O anaysoem
Y
k J sometimes (At M)
C' rarely (Vo Mok sy
O never (Teet)

BULNTO #5120 tR 11 75 95 "I 1icF 0 5707 (What are the most common “dirty” materisls mixed with the
recyclables?)

n food_waste i k]

O Tkt waste {Diapers, Tissue) (Wi a4 e a5y
[ dust it iuws ey

n madical_waste fute™ $7)

(7] chemicats 0. Paier, Decargents) e 0xeb: sae: mstp
[7] other
T FTT o0 19 o) 2 fn? (Does receiving mixed waste increase your daily operational costs?)
O W 9P e (Yes sgnificantly)
() w e s ves digheiy
() narcrno
70 AF AP (A £005) TR AR DL 9962 NP 14907 (What is your biggest physical barrier to sorting more
waste?)
O Waste arriving miectombined HT- b o)
O Lack of sorting space [fen? 13 A
O No water for deaning {he red)
O Distance from source (e ha: o4

Ao PTTI ST T (97 (1 0o (%6) PR oA PF 997 (Roughly what percentage (%) of your recyclable materials
is supplied by informal collectors (Korales)?)
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Section 4: Infrastructure and Machinery

16T ovpard? 4103 Mo (Do you have a baling/pressing machine to reduce transport volume?)

() ot

O e - g @4 2 (No, too expensive)

O e - e ket i (No, no electricity]

Section 5: The out put

AT 1S A PPLATTO 0 (R A2YH 107 (Which material Brings the most money for the Mahber?)
() anth e (Prastic Bortle) (Hghtznd)
™

() 0 Metal)

() moma(Glass bome)
)

) et |Paper)

N - . N
s he# (Cardboard)
) Xony (Jerrycans]
J Ty (PP Eagl
MUrreh (Phanes, computers, cables)

~
/
l/\ NP M nhweF (Hazardous Batteries, chemicals, als)

Ny

e
p—

@enld (Ofd dothes/Teatdes)

brrai{Organic)

OO

M AePF O (0K furniture)

.(:).

oo fe#F (Explred medicines)

I
-

Qther

I the answer is other, pheass mentian

SPY EThE IO T WAL (PET) £adbir? (Daily collected PET Volume (kg))
e @ (07 £? (Buying Price)
WO B 1 e TAER (9 707 (Buying Price (from Korale))
a4-0¢h 1 e TANER 0¥ £ima? (Selling Price (to Factory))
WO B 1 e o 10 27107 (Buying Price (from Korale))
1 e x6m) 09 £ (Selling Price (to Factory))
1 e @24 a3 ema? (Selling Price (to Factory))
1 e ners (0% £ain? (Buying Price)
1 e wekd (% £Bma? (Selling Price (to Factory)
1 et % £ (Buying Price)
1 ez a3 gma? (Selling Price (to Factory))

1 0 mcovh (7% £2107 (Buying Price)

1 b mcovt (4 £TmA? (Selling Price (to Factory))

i NIN0% 03 IRE N 1 2007 [iteage Duration)
e
WAL
n’\l 5
(V) A
O 1amess
Fa
s

Eow stable & the price of these matenials? 1> myion|

el
sk e

™
A4

) thanges ety e Lamosd)

~
apreduistie (\ASNAP L0%)

Section 6

of v NGH e (Transpartation to Factory)
Cl Qur o ruck (e o)

AI

9 Rankad truck (et #h)

'a)

) Bupers odh [ee-oh)

0 CasiUther (1w

Ay

FR0) bedlmedth AAGHPY 20 ST (91,997 (How o yeu communicate with the facteey to amasge a ideap]
C! Pasona Phon: Gl e e

(\I J

Iv. Irepersan vt A fewit)

I:i Thiosgha N sleman/Broker (Lt b

!:: The Factary hes 2 regulr schedul (e =88 TE36* e

i:i O )

fthe answe b ather, plasse ereetion

BT 400 S (P DO (Veies FINTE LN 20 NPT ({ENS8F) I FLred s bt o100 (Dees the delay s
pee cause the ks te get or rejected by buyers?)

() Fresuernty i rra)
l:) Somenmes e AR
() Nrsar war Arsrew)
TEV O AN At MLE mAT £AA0 HRAT s JLEY £ (nY) MEs thare a minimum velume (welight or quantity) you
muat reach before the Factory agrees to transpart the materiala?)
() Yes, e st Wt Ll we hane 3 Tull TUSH0aD AP ALE st w115 AV womdP AT
() Ves, me must reach a spacific welght (e.2. S00KZ1 NP Han by =20 hast)
() No, they coliect mhatwser amount we harss (FAF1 JAY3 ) (PTRO 28 LAVAY

O, Wt e TN 0NeS WhHO TNSEOM L cursehees regarabess oF MNCUNL IR suk 570" 24 571 A5S LAFT Maren)

FO0 ST 400 LY T A I “THC 2007 (How Bar is the nearest recycling factary from this hd? kmi)
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MFOFT MANFF Areer Hog 415 32507 (What s the biggest challenge when selling collected materials?)
E transport cost (WM 20 cenfR)
C bow price (NS vty 92)

|| poor qualty (¢@Re: 223 T ey

(] tong distance (né-acnets anc)

AN PR e T P02 (What is the main financial problem for this Mahber?)
PePONE am (High trarspert cost)

hes et (Delayed payment)

OO0

> ne (High rent)
W s 90 (Low seling prices)

2% N read wret (lack of caphtal)

O 0OI

Qther

If the Answer is 'Other’ Please mention

DEET AN Moh TP A0 LEF ST FO0- RHENMZCHIETEHA FaC 12 ? (What is the biggest challenge in the "Reverse
Logistics® process (from collection to selling)?)

(] High FueiTransport Casts [E/Frema o w2 soaes)
—

| Latk of storage space (vear hvet)

3 Traffic congestion in the City (Fhéash s

3 Delayed payment from factories (AT hes owtit)
3 Poor quality/mixed waste (FE0- fac (0 1FEE ory)

(7] otheran

If the Answer is 'Other’ Flesse mention

hoZAe- YHeee AL 2% PHa? (Do you receive any support from the Woreda?)
O NP - weic [Yes, regular support)
() rar o Rarely)
O e (Never)

ACATE (N TEVTR o2 FF (A9 =il (- =*7) MAF0? (Do workers have enough safety gear (Gloves, Masks, Boots)?)

Y
) W [Yes, all)

C» e (Partislly)

() v oy
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