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INTRO DUCTION TO VOLUME ONE

1 Background

The Greater Accra Resilient and Integrated Development (GARID) Project is a World Bank
sponsored project being implemented by Mhaistry of Works and Housing (MWH)Ministry of
Sanitation aniVater Resources (MSWR) and Ministry of Local Government and Rural Development
(MLGRD), across 17 Metropolitan and Municipal Assemblies (MMAS) in the Greater Accra
Metropolitan Area (GAMA) that fall within the Odaw River Catchment. The Project is expected t
be implemented within a siyxear duration (20112025).

This isthe first of three volumes. This Volume Onefsa compilation of all reportthatconstitute
Task 1i Assessment of Municipal Solid Waste Management Sysitethe Termsof Referenceof
the assignment

2 Structure of the Report
The report is presented in paatsd sectionsThe structure of this volume depicted in the chart
below:

{ Literature Review of
Municipal Solid Waste
Management

9 Beneficiary Satisfaction
and Willingness to Pay YT OAT 61 oUu 2/
Survey Report
1 Knowledge, Atitudes and
Practices Survey Report
9 Anti-Littering Survey
Report
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SECTION | T LITERATU RE REVIEW ON MUNICIPAL SOLID WASTE
MANAGEMENT

1 Introduction

This report (Literature Review on Solid Waste Management) presents the findings of the Consultant
after reviewing relevant local reports and the scholarly literature on Solid Waste Managenaant. It h
been prepared in accordance with the expectations of the Greater Accra Resilient and Integrated
Development (GARID) Project, which seeks to address the solid waste management challenges along
the Odaw River Basin of the Greater Accra Region throughtsdsased community incentive
mechanisms and improved recycling behaviours. The purpose of this review is to understand the
framework for Municipal Solid Waste Management (MSWM), and the best locally appropriate
approaches to MSWM modernization. Findingsni the literature are essential to the development

of a sustainable Municipal Solid Waste (MSW) Strategy; which is part of the deliverables of the
GARID Project.

1.1 Approach to the Conduct of Literature Review

The scholarly literature, grey literature apdblicly available Solid Waste Management (SWM)
related reports form the sources of information for this review. Search was conducted on databases
such asAcademia.edu, Science Direct and Google Schdlarfacilitate the online search for the
most relevanof information, various keywords based on the key issues and themes identified were
used in different combinations. These included Municipal Solid Waste Management, Institutional
Arrangement, Results Based Financing, CommtiBaged Solid Waste Manageme@ommunity
Participation, MSWM Assessment, Solid Waste Modernization, Solid Waste Management
Frameworks, Waste Characterisation, Recycling of Solid WasteEmRnoonmental Behaviours,
Willingness to Pay for Solid Waste Services, Littering, among oth&nsuge volume of literature

was available for the exercise. However, 127 documents were reviewed and referenced.

1.2 Scope of Literature Review
The scope of the review in this report is limited to the themes anthsaites of the project,
namely:

1 Municipal Solid Waste Characterization

Municipal Solid Waste Collection, Disposal and Recycling
Assessments of Municipal Solid Waste Management Systems

Solid Waste Recycling Behaviour

Municipal Solid Waste Management Financing, Institutions and Policies
StakeholdeParticipation and Inclusivity

Litter Management

Resultsbased Financing

1 Solid Waste Improvement Plans and Strategy

= =4 -4 -4 -4 4 9

However, because the main goal of the project is to develop a plan to improve the SWM of selected
low-income communities within the 17 mauaipalities of the Greater Accra Metropolitan Area
(GAMA), we open this literature review with a definition of MSW and in particular, discussions of
the available SWM frameworks upon which real and sustained improvements in service delivery can
be achievedlhe aim is to guide stakeholders to be on a single platform towearalkieng definition

of MSW and thdundamental framework to be considered in a participatory manner for system
improvement in this project.
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The paragraphs in italics at the end of soofithe themes and sudbemes provides the
preference of the Consultant towards the implementation of the project deliverables.

2 Findings and Analysis

The findings from the review of relevant literature is presented in here by first putting MSW in
context; h terms of its definition and composition. This is followed by a brief discussion of the
origins, similarities and contrast between the two major frameworks within the MSWM sphere, with
justification for the suggestion and selection of the framework ietéfat use in this GARID Project.

The literature that follow is situated within the requirements and expectation of the selected
framework.

2.1  Definition of Municipal Solid Waste (MSW)
There are several definitions to MSW in the literat(Fehobanoglous et al., 1998orld Bank
Group, 2018and in different municipalities across the world. It is therefore important to establish at
the outset just hat definition is being adopted for the purposes of this GARID Project and also in
conformity with the definitions (if any) of the various municipalities under consideration within the
GAMA. A working definition of MSW for this project is adapted from Soberg et al., (2010)
which is:

6solid wastes gener at edf albigilarmatwres ehol ds,

generated by commercial and industrial premises, by institutions such as

schools, hospitals, care homes and prisons, and from public spaces such as

strees, markets, slaughter houses, public toilets, bus stops, parks, and

g ar d(&ahanberg et al., 201Pb
This working definition includes most commercial and business wastes as MSW, with the exception
of solid waste from industrial processes and other hazardous wastes.

2.2  Solid Waste Management Frameworks/Concepts

The scholarly literature is replete with \@ws recommendations of potential strategies to modernise
the SWM of developing countri¢slarshall and Farahbakhsh, 2Q@Guerrero et al., 20)3Notably,

most of these recommendations partly or wholly fall under the Integrated Waste Management (IWM)
and the Integrated Siagnable Waste Management (ISWM) concepts which, for more than two
decades, have gained prominence in the SWM systems of low and -mcluiee countries
(McDougall et al., 2008Scheinberg et al., 2010baskalopoulos et al., 1998chubeler €al., 1996.

2.2.1 The Integrated (Waste) Management Concept

The IWM concept evolved in the 1980s in early adopter-imgbhme countries in Western Europe,
North America, Oceania, and higihcome Asia. It advances a systems approach to SWM in which
the sywtem elements (storage, collection, transportation, recovery, recycling, treatment and disposal)
are considered in a holistic manner with the ultimate goal of achieving environmental effectiveness,
economic sustainability and social acceptab(Mghite et al., 201R In a developing country context,

an IWM strategy systematically recommends the:

1 separation at source of biodegradable kitchen and garden waste from all other waste to
promote composting and anaerobic digestion for potential treatment and energy recovery
options

1 further separation of the ndnodegradable streams at designated central sorting points to

support recycling and alternative treatment options

collection and transportation of the separated waste for treatment and disposal

gradual shift from usef dumpsites to controlled and sanitary landfill sites for solid waste

disposal purposes

E
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The IWM concept further advocate for all beneficiaries (local government, businesses, individuals,
etc.) to equitably contribute towards the payment and financiaisability of the systenfOduro
Appiah et al., 2020b

2.2.2 The Integrated Sustainable (Waste) Management Concept

The ISWM framework (developed in relation to low and middeme countries and emerging
economies), however envisions a cityods SWM sy
(Wilson et al., 20195athe physical components and the governance agjpégtse 1) The edges of

the physical triangle comprise collection, congdltreatment and disposal, and resource recovery as
drivers of public health, environmental control, and resource management respectively.

The extent to which users and providers of the physical services are involved in deaking; the
budgeting proesses and schemes adopted to achieve financial sustainability, and the proactive
policies and sound institutions put in place to support the delivery of dumelioning SWM system

form the edges of the governance triangle. Attention to these appraosciwsyellestablished in

the municipalities in lower middisacome Ghana and other developing countries ofSatmaran

Africa (Asase et al., 200DtengAbabio et al., 201,3Henry et al., 2006 Whilst some literature,

based especially on the ISWM concept suggests that there are structural improvematestion
(Wilson et al., 2018 the GAMA is experiencing recurring challenges in all the physical indicators
and the governanceects of SWM, and especially in relation to modernising disposal and making

a policy commitment to diversion of recyclab{€@durcAppiah et al., 2017a

6: Sound Institutions
& Pro-active Policies

1: Public healthg
Collection

2: Environment
¢ Treatment
& Disposal

5: Financial
Governance Sustainability

4: Inclusivity
¢ User and
Provider

3: Resource Value
Reduce, Reuse, Recycle
(3Rs)

1

B: Background
Information

Figure 1: The simplified version of the Integrated Sustainable Waste Management (ISWM) analytical
framework as developed by Wilson et al., 2013.

For the purpose of this Project, we are adopting the Integrated Sustainable SolelMé&mstgement
Concept. We however must emphasize that the IWM and ISWM are not different in their outcomes,
but whilst the IWM is a technical concept used to convey a system in which recycling and waste
management are complementary management approdetle&ougall et al., 2008 the ISWM is a
participatory planning framework, which provides a lens for understanding urban waste management
(Van de Klundert et al., 20Q1to enable the developmaeuit locally appropriate interventions for
modernization; an expectation of the GARID Project.
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2.3 Assessment MSWM Systems

Assessment of a citybés MSWM system provides m
opportunity to reevaluate and improve perinance data to sustain service improvement and policy
adjustment decisions for longer ter@srbrigg et al., 2014 Assessment methods for solid waste
management (SWM) systems are classified according to: the goal of the assessment; the object of
investigation; and the sustainability domains to which the assessment gpldissh and Brunner,

2014.

Prominent methods include life cycle assessment (LCA), fadléria decision making, creating a
participatory ISWM baseline and benchmarking. Benchmarking allows comparative assessment
between cities; a baseline creates a monitoring floor, and the others tend to be-beeear@nd are
employed to evaluate single solid waste (SW) streams and dothdins | and :Milekch | i | ,
and Brunner, 2004 The ISWM framework and the Wasteaware benchmark indicators allow for a
comprehensive assessment loé system elements, the stakeholders, and the governance aspects
required to deliver a wefunctioning solid waste and recycling system in a (Bghubeler et al.,

1996 Wilson et al., 2015a

First elaborated in the 2010 publication fASol
ideals of good practice such as universal collection coverage, controlled disposal, régoiemeye
activity-based budgeting, service provider and user inclusivity, and sound institutions and proactive
policies constitute the basis for the indicat@sheinberg et al., 2010brhe indicators (which come

with automated shareware to compute scores) have proved useful and responded to the robust demanc
for a unified, freely available and retine diagnostic tool. Because of their global applicability
across all income levels, broadage and coverage; they are increasingly utilised by consultants and
public authorities to assess SWM systems, identify strengths and weaknesses, and to make informed
decisions for improvement. Since their introduction, more than 50 cities, including, Avercapital

city of Ghana, have been assessed using the indi¢atison et al., 2015aKabera et al., @19,
OduroAppiah et al., 2017a

The research to this Project is making use of the ISWM Wasteaware benchmark indicators to assess
and benchmark the performance of the 17 municipalities in thsiqai and governance aspects of
MSWM. The Wasteaware tool will help stakeholders to know the real performance (in quantity and
quality) of the system to enable the determination of what is working that needs strengthening and
what is failing that need fimg. As a systems analysis tool, it will provide the baseline upon which
locally appropriate interventions and scenarios can be developed to modernize the(€ysiam

et al., 201). The use of indicators as an assessment tool in SWM is a highly recommend approach
(Cervantes et al., 2018

2.4 Municipal Solid Waste Characterization

Municipal Solid Waste (MSWM) characterisation, which forms part of the Waste Related Data of
Figure lis the series of processes used to determine the quantities, compositions and some other
relevant properties dhe solid waste generated in homes, markets, institutions, restaurants and hotels.
Some of these properties include the moisture content, the bulk density, the nutrients analysis, and
the various chemical and mechanical properties of the \{[2sste et al., 2005Worrell and Vesilind,

2011)). The following provides brief reasons for carrying out a characterization study.

1. Know how much waste is generated per person pert@anable solid waste managing
authorities plan an effective and efficient solid waste collection process.

2. Establish essential baseline data needed to support management decisions and policy
development.
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3. Provide waste composition and quantification datsupport investors, development partners
and NonGover nment al Organi sation (NGOG6s) to d
support of the MSWM system.

4. Support managing authorities and the private sector towards the selection and implementation
of locally appropriate and environmentally sound treatment technologies that will also reduce
emissions.

There is paucity of literature on the Characterization of MSW in Ghana. However, we identified four
articles. Three of these are situated in single muritgs within the Ashanti and Upper West
Regions of GhangBowan and Tierobaar, 20;1Mlonney et al., 201:30setMensah et al., 2008The

most comprehensive study in solid waste characterisation throughout Ghana remains that of Miezah
et al., 2015, but that is limited in scope to only households. Howavecently validated report of

the Accra Metropolitan Area (AMA) provides the first ever comprehensive study on MSW
characteristics within the project study af@duroAppiah andAfful, 2020), in which the scope
involves households, markets and institutions over two seasons; the wet seas@etriyber,

2019) and the dry season December 2B&Bruary, 2020).

This project will rely on the findings ¢Miezah et al., 202,50durc-Appiah and Afful, 202fin
addition to the sampling and analysis of data from other municipalities to confirm or otherwise the
authenticity and reliability of the two most recent relevant literature on MSW characterization, in
addition to filling gaps.

2.4.1 Scopeof MSW Characterization

The scope of municipal solid waste characterisation depends mostly on the expected use of the data
required and availability of resourcéSdurcAppiah andAfful, 2020). However, a basic MSW
characterisation exercise may include the determinationWakte Generation and Waste
Composition. A thorough waste characterisation analysis will however involve the determination of
the following parameters:

=

Waste Gearation (WG) Rates

Waste Composition (WC) Analysis
Bulk Density (BD) Measurements
Moisture Content (MC) Determination
Particle Size Distribution (PSD)
Nutrient Analysis (C, N, P, H, K, etc.)
Carbon to Nitrogen Ratio (C:N)
Phosphorus to Nitrogen Ratio (P:N)

. Hydrogen and Ash Content

10 Heat Value or Calorific Value

©o Nk~ WDN

The research to this study is focusing on the generation rates and the composition analysis of the
MSW of the municipalities within the GAMA.

2.4.2 MSWM Generation Rates

This refers to the total quantity ofaterials and products in the MSW stream generated by a city,
even before any handling or treatment takes place. It is measured in Kilograms (Kg), Tons or in Litres
(L) and Cubic metres (fp The focus of measurement and reporting, however, is theagiemerate

per capita for households and institutional waste, and the generation rate per store/stall/shop for
market waste. A knowledge of the quantities of MSW generated supports decision making in the:
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1 design and selection of the appropriate primary sewbndary MSW storage facilities
(bins)

1 determination of labour requirements

1 selection of collection vehicles and equipment

1 determination of the volume requirements for transfer stations and landfill void space
The literature in Accra and the GAMA poirtts an average generation rates of 0.7Kg and 0.83 kg
per capita for households and institutions respectively, and 1.32kg per shop for r{faduets
Appiah and Afful, 202 The esult for households is closer to the averages obtained by Miezah et
al., 2015 (0.72 kg) and Odu#ppiah et al., 2017 (0.71 kg) in earlier solid waste characterization
studies for metropolitan cities of GhafMiezah et al., 20130durcAppiah et al., 2017gbut above
the average 0.54 kg estimate for developing counkasa et al., 2013

The study to this research and the subsequent field measurements and amalyd adopt the
Kilograms and Tons system of measurement

2.4.3 MSWM Composition
Composition refers to the various different materials within the MSWstream. Examples of the
different composition are:
i1 Biodegradables such as Food Waste and Garden waste
PlasticS(PET 1, PET 2, HDPE, LDPE, PVC etc.)
Metals (Ferrous and NelRerrous)
Glass (Green, White, Brown etc.)
Paper and Cardboard
Sanitary Materials (Diapers, Menstrual Pads etc.)
1 Inert material such as Ash, silts and fines
A full knowledge of the composition dfie wastes is essential to the:
1 selection of the type of storage and transport most appropriate to a given situation,
1 determination of the potential for resource recovery,
1 choice of a suitable method of disposal,
i1 determination of the environmental impawoterted by the wastes if they are improperly
managed,
estimation of the calorific value of the waste, and
1 estimation of the Greenhouse gases likely to emanate if the MSW is to be landfilled.

= =4 4 4 A

=

The three most significant components within households MSWorgianics (53.91%), plastics
(16.15%) and inorganics (12.67%©durcAppiah and Afful, 202] Inorganics mentioned in here

are virtually (silts and ash) swept from dirt floorsddetched from coal pots respectively in low
income areas of the ci{odurcAppiah et al., 2017aThe high organic component is indicative of
similar repors in developing countries that points to a large percentage of biodegradables in the
household MSWUNEP, 2018 Wilson et al., 20150Wilson et al., 2018

2.5  Municipal Solid Waste Quantity Projections

Projection of MSW generation is a prerequisite and an essential step for the planning and management
of MSW(Ri mai t yt a). ltesarvesaas the bask inibdernization and sustainability purposes.
While adequate projection of waste quantities equips authorities with the basis to plan capacity
requirement and imprement, inaccurate forecasting of waste quantities creates challenges for
collection and transportation, treatment and disposal of MSW; which can lead to the realization of
insufficient or excessive infrastructufi@uenrostro et al., 2001
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There are severahodels for projecting MSW generation rgi®uenrostro et al.,, 200Pan et al.,

2019 Ri mai t yt a; QavusuSeKyere et &.,(20)ZThe models are broadly classified into
regression, material flow models, grey models, support vector macdhime series models, and
artificial intelligence models. However, the regression models have widely been used for waste
generation rate projection due to its wadiveloped theory and its ability to identify the relationship
among different influential fators with solid waste generation projecti@wusuSekyere et al.,

2017).

According toRimaityte et al., 2012 the choice of model for MSW generation rate forecasting is
dependent on factors such:

1 amount and quality advailable data (e.g. generation of waste, seatahomic indicators)
1 type of the data (e.g. continuous or random data)

1 relationships of various parameters of waste generation and-soci@mic indicators and,
1 expected changes in the field of waste agament

The recent publication of the World Bank A Wh
projection of MSW generation rate based on the gross domestic product per capita as shown in
equation 1 below.

01 ¢ O VAL QI AV Qo &
POBX T pFSOEO0H Qb O QO &
¢ @ OF006 Qb O 0 B p

The total annual waste of the target of study (suburb, community, and municipality) is computed as
a product of the projected waste generatate and the population of the target.

This Project will adopt the regression model for the necessary projection of MSW generation.

2.6 Municipal Solid Waste Collection and Transport

Public health remains the global driver for MSW collectidharshall and Farahbakhsh, 2013
Wilson, 2007. The concept of universal collection coverage is a global idegobofl practice
(Scheinberg et al., 2010Wilson et al., 20150 By this, reference to collection is not expected to be
only on the quantities of MSW collected within cities, but rather on the percentages of residents
(including low income residents), institons and business enterprises who enjoy regular, quality and
equitable collection services. The literature points to a significant Private Sector Participation (PSP)
in MSW collection within the GAMA and similar cities in developing econorfi@durcKwarteng

and Van Dijk, 2013 OtengAbabio, 2010. Three main MSW collection systems, namely:

1 houseto-house collection by formal private service providers,

1 combined house to house collection, street simgepnd related services (including some
separate collection) provided by the informal solid waste service providers (referred to here
forthwith as Informal Service Providers (ISPs)

1 communal collection in most low income communities and slums, wherecshiginers,
mostly of capacity (12 @) are provided at vantage points within communities to allow for
secondary collection by formal service providers

The average collection coverage within the GAMA is reportedly estimated a{@0%€rnment of

Ghana, 201) ISPs are reportedly filling collectiongs pushing collection coverage to an average

of 90% within metropolitan cities like Tema and Ac¢@durcAppiah et al., 2010 The collection

rate is estimated at 75% of all generated MSW. This means that about 25% of all generated MSW
might end up on beaches, in drains, on vacant plots, or in unofficial dumpsitesharmdthere are

no other options, it may be burned within households. The ISP actors alone contribute to an average
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MSW collection rate of 46% within the GAMEdurcAppiah et al., 2020aAll collected waste are
sent directly to landfill sites, composting plawtsindirectly to the landfill sites via bulk transfer
stations.

2.7  Municipal Solid Waste Treatment and Disposal

Landfilling and dumping remains the largest and inevitably preferred MSW disposal method in most
cities of SubSaharan Africa(lUNEP, 2018 Wilson et al., 2018 The literature reports of one
engineered landfill with leachate collection systems, one -sentrolled landfill and several
temporal and permanent disposal sites that receives the MSW of the Odaw Catchment Area
(Government of Ghana, 20L7With exception to the dumptss, the two landfills received a total of
688,482.65 metric tons of MSW from the project area in ZQuroAppiah and Afful, 2020 An
estimated 300 tons of organic matergsis valorized in two statef-the-art composting and recycling
plants, one windrow composting and two feacal sludge digestion plants within the GAd#AG

Appiah et al., 2020b Reportedly, routine landfill operations such as daily covering, compaction and
leachate recycle are seldom adhered to in the managemém &dndfill sites within cities of
developing economies; a characteristic of the landfills in Ghana and also of the projéOwarsa

Nimo et al., 2019

This, in addition to poor management and unsustainable financing in operations and maintenance,
contribute to the deterioration aneclassification of engineered landfills to controlled of2durc

Appiah et al., 2013 Most landfills and disposal sites usually exceed their full capacities, leaving
municipalities in a precarious situation with regards to disposal of \iS@vernment of Ghana,

2017). Years of poor governance and a lack of system user inclusivity in planning of MSWM facilities
have denied the caplit city, Accra, of a planned engineered landfill under the erstwhile Urban
Environmental Sanitation Proje¢OtengAbabio, 2011 OtengAbabio, 201%; compelling city
authoities to rely on landfills within neighboring municipalities.

2.8 Resource Recovery

2.8.1 Municipal Solid Waste Recovery, Recycling and the Informal Waste Sector

The Informal Waste Sector (IWS) is responsible for significant recovery and recycling activities
within the GAMA and most cities of developing econom{@engAbabio, 2012 Wilson et al.,

2009 Wilson et al., 2006 The IWS refer to private individuals and mienterprises who are
involved in SWM and recycling activities, but are not necessarily acknowledged and/or supported by
the formal waste authities (Scheinberg et al., 201PaThey are categorised into two: informal
recyclables collectors (IRCs) working within the value chain and informal sgrxasgders (ISPs)
working within the service chain.

In Ghana, ISPs have been widely reported to offer-usgrdly and reliable services at affordable
rates to their waste collection clieri@durcAppiah et al., 20170duroAppiah et al., 2019 while
informal recyclables collectors (IRCs) are the main extractors of valuable recy¢@targAbabio,
2012 Rockson et al., 2033Through their activities, IRCs supply secondary (recycled) materials to
intermediate processors and arser manufacturing industries. The service and vethaeén activities
of the IWS around the globe and especially in cities of developing countries ctantabu

1 the attainment of the sustainable development goals and the circular ec@raemncia,

2019 NavarreteHernandez and Navarrekéernandez, 2018

9 strengthening of livelihood@veyer,2019 OdurcAppiah et al.2019

1 savings in municipal operations and maintenance bu@getsonato et al., 2020

1 extension of useful landfill life, energy benefits and to subsequestaGtprint reduction
(Linzner and Lange, 2013yodele et al., 2013

Page |11



In the GAMA, while the total MSW recycling rate is estimated a®@.4he IWS is known to
contribute to 74% compared to the formal waste se@aurcAppiah et al., 2020a In most
municipalities, much of the material is recovered by waste pickers on the disposal sites and sold to
recycling companies via junk dealers and promessAlthough these and other evidence of the
contribution of the IWS is a known reality, those charged with MSWM and degisadimg seem

not to recognise such form of inclusive private sector participation to be beneficial to the cause of
MSWM modernisabn (OtengAbabio etal., 2017. Locally appropriate interventions within some
municipalities of the GAMA appear to have shifted the status of the IWS from neglect to recognition
(OdurcAppiah et al., 201 Integration of the informal sector remain a complex issue; and the fear
of losing access to clients and materials remain a chalterthe sector.

Understanding what recyclables and organics have vagpecifically what can be valorised and
marketed to the value chaing equi res more accurate informati
data sourceso. T hi s ofdhe |IWSssecfooin planiing ané mtgraegtierme n t
development processes as part of the Participatory Action Research approach to support the gathering
of reliable data on the activities of the IWS; a fact in reality that can lead to the tapping of IWS
experences and support towards future source separation and recycling activities within the GAMA
(Matter et al., 2013

2.8.2 Reduce, Reuse, Recycle and Recycling Behaviour

The 3Rs (reduce, reuse and recycle) and segregation at source of biodegradable waste is considerec
crucial to integrated and sustainable MSWM system modernizéifmbougall et al., 2008
However, these are rarely practiced (formally) within loweddle income municipalities of
developing countries. The wisdom and much of the scholarly literature ascribes weak governance
systems and pleaps the lack of priority in the midst of a system that is still grappling with the
challenge of achieving equity in solid waste collection covetagal Filho et al., 201pMmereki et

al., 2016 OduroAppiah et al., 2020b Thus the 3Rs, though supported in laws and pol{G&sna
Government, 2010 is not a practice in the MSWM system of the GAMA; neither is there formal
MSW segregation at source at the household and institutional levels in (&duraAppiah and
Aggrey, 2013. However, the market value of recyclables inspires some householders ttesepar
plastics for sale to itinerant buyers. The exception, however, is a private formal collection company,
Jekora Ventures, which encourages its clients (within one of the municipalities under the project study
area) to separate MSW before collection.

A significant amount of recyclable material travels as mixed MSW to formal and informal disposal
sites. Current discourses, however, is shifting the attention of deaisikars towards separation at
source(Alhassan et al., 2020Improving recycling behaviour among residents, institstiand
commercial enterprises is considered a sustainable and working strategy towards increased recycling
and diversion of MSW from disposal sit@8durcKwarteng et al., 2006 Ideally, planning for the
necessary investments in recycling infrastructure along the implementation of a separation at source
progran is a winwin and sustainable considerati@ousta et al., 20}7

There is scarcity in the scholarly literature on the determinants of behavioural intentions on solid
waste separation at source and recycling behaviour in Ghana. Generally, there are five studies relating
to MSW separation at source behaviour. Three afetstudies which are limited to a municipality,

are not based on any socio cognitive model of behaviour and the data involved were analysed with
descriptive, logit and probit regression mod@gbefe et al., 201;9Alhassan et al., 202@wusu et

al., 2013. The remaining two studies uses the Theory of PlaBetdviour(Alhassan et al., 2018
TweneboakKoduah et al., 200)9but none of them undertakeagation study, a crucial aspect of the
theory.
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Using an extended version of the theory of planned behaviour with the inclusion of moral obligations
and/ or personal norm as a fourth exogenous Vva
towardspro-environmental behavioyGhani et al., 201,35toeva and Alriksson, 201@tengPeprah

et al., 202D. The literature however raises the peculiar need of cities of developing countries to refrain
from source separating fractions for which there exist no readily available end user or market at a
convenent distanc€Cossu et al., 2019Vorld Bank Group, 20081n most developing country cities,

public education, convenience to recycling in terms of accessibility and economic and/or
environment al benefits are known t @Knickmeydr,u e n c ¢
2020.

2.9  User Inclusivity and Participation in MSWM

Successful waste management strategies in developing countries requirggfoearvolvement of

the concerned stakehold€fdamgir et al., 2012Joseph, 2006 Service users the households and
businesses whose waste is removed for disposal are seldom involved in the planning or
implementation of MSWM decisions and programs in developing countries. More cdiemak,
there is a chronic absence of a stakehol der ds
and improved MSWM governance. These do not stimulate the feeling of ownership that may lead to
compliance with norms and other forms of good setidte behaviours and practices. It is therefore,

not surprising that littering, illegal dumping, resistance to pay user charges and the prevalence of the
O60Not I n My Backyardé (NI MBY) syndrome towards
facilities within developing country municipalities are recurrent issues. Participatory Action Research
(PAR) approaches however supports system users to:

1 freely articulate their opinions and perceptions of the MSWM system

1 gain a comprehensive understanding ha# activities, contributions and challenges of the
MSWM system

1 promote trust and transparency towards reliable data and information gathering

1 build competencies and further improve upon inclusive governance

9 build consensus on what works and to identify apmities to drive decisiema k er s 0
commitment at charting a sustainable pathway towards inclusive MSWM systems

Evidence and lessons abound on the benefits of community participation and public awareness
creation in MSWM especially of cities of developioguntries(Shukor et al., 20%1Rathi, 2006
Zurbruggand Rothenberger, 2018lofid-Nakhaee et al., 2020

2.10 MSWM Financing and Cost Recovery Mechanisms

Solid waste financing remains a major challenge to national and local authorities in maspidgvel
country citieg(Okot-Okumu, 2012 Loans and grants from development partners and international
financial institutions constitute the major source of capital funfiatpeinberg et al., 2010Wilson

et al., 2015h and user pays systems are underdeveloped, and, where they exist, the revenues seldom
cover the full cost¢Kaza et al., 2018

Tax revenues from municipalities, supplemented by user fees, theoretically cover budgeted operation
and maintenance costs for collection services, especially in urban centres of the country, but this does
not Ar eacho ilarexpedsesstchds clearing away illegalwaste heaps and dumpsites,
even when such activities are technically part of the collection service. Subsidy schemes for landfill
operations are politically popular, but they hide the true cost of the servicei$ens) so that there

is no incentive to divert recyclables from disposal, nor any perceived financial advantage for waste
prevention. The result is that waste disposal is chronically underpriced, leaving the local and national
government in a vicious cyelof debt to service providers and landfill operat@durcAppiah et
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al., 2019. The absence of a MSWM strategy, political hesitation to charge the full cost for disposal,
and the lack of activitpased budgeting means that the total cost of MSWM within the GAMA and
most developing country cities may not be known.

2.11 |Institutional Framework and Policies in MSWM

Sound policies translated into strong legislative and regulatory frameworks coupled watttipeo
institutions form the backbone of effective SWM systgR d i | and MAcHarkeng, , 20
2003 UNEP, 2018. The MSWM system of the GAMA and most other municipaliieSub Saharan

Africa appears not to be based on any wlefined framework; neither are they geared up to an
integrated and sustainable ggAkase et al.2009 Government of Ghana, 20171n Ghana, as in

most places in the world, significant progress in legislative reform and/or system upgrading and
modernization are triggered by crisis magement of disasters and disease outbr@agsmadu

Sakodie et al., 2016

SWM operations in most countries of the developing world is the responsibility of a fragmented
institutional and bureaucratic landscgpeheinberg et g12010h Wilson et al., 201B In Ghana for
example, three separate ministries are responsible for SWM, namely the:

1 Ministry of Environment, Science, Technology and Innovation (MEST]I)
1 Ministry of Hedth (MoH)
1 Ministry of Sanitation Water Resources (MSWR)

All three formulates policies and develops plans and strategies for the management of different
aspects of solid waste with frequent overlap in interests and responsibilities. As part of effods towa
decentralization, waste management and Environmental Health Departments within Metropolitan,
Municipal and District Assemblies (MMDAS) are the implementing agencies for MSW policies and
action plans. In most instances, there are no strategic MSWMailtms national leveéAsase et al.,

2009. However, there is a policy document on environmental sanit@ibana Government, 20110

with supporting strategic and investment plé@svernment of Ghana, 20flMut the absence of
comprehensive legislative frameworks and sustained funding source hamper its operational
usefulness to the waste management sy@&marrero et al., 201 3/arshall and Farahbakhsh, 2013

The municipalities, the governanaestitutions tasked with the implementation of the policies for
waste management, are undesourced and oweommitted. Cities and towns have limited
budgetary authority and too little highly trained staff, but the core problem is the seemingly absence
of political commitment and space to develop ldagn strategic plans. Waste Management
Departments (WMD) do not enjoy the requisite autonomy to seek research support nor are they
supported to take politically difficult but economically and environmensaitainable decisions for
system modernization.

The new ministry for Sanitation and Water Resources shows some promise, having recently bucked
this trend by showing an appreciable level of commitment to develop new waste policies and master
plans, and avillingness and capacity to open decisioaking to involve relevant stakeholders. There

is a sustained action towards the strengthening of capacities of MSWM personnel as initial steps
towards a continuous and integrated MSWM strategy. The MSW systeanaged with a limited
number of acts and guidelines, which are also scattered in different documents within different
departments.

2.12 Difficulties and Constraints in the Governance Aspects of MSWM

A review of the scholarship on SWM in Ghanaian cities andaimities of developing economies,
enriched by the Consultantds experience with
suggests the appearance of recurrent challenges in MSWM. At the top of the hierarchy of these
challenges are the:
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1 political unwillingness of decisiemakers to take structural measures for improvement,
complicated by the tendency to wait for crises and then to look for overnight solutions to fix
the systenfOtengAbabio et al., 2013Ali, 2010)

1 absence of a consistent and realistic strategic policy and regulatory framework for
implementation of waste magement system improveme(@uerrero et al., 2033

1 vulnerability of political authoritiesto accefptd onat i ons o of unsustain
developed countries without knowing what operating costs they are committing to, and in
general without analysing their usefulness given the characteristics and composition of local
solid waste stream(@li, 2010; OtengAbabio et al., 2013

1 lack (or absence) of commitment to charge forrded cost of SWM (even when there is

evidence of userso ability t o pay) t o e
overdependence on donor financial support for both capital and recurrent invegtients
2010

financial constraints and underfunded infrastruc{itzsah and Roberts, 2012

chronic lack of data to plan and develop locally appropriate andténg interventions

(OdurcAppiah et al., 2017a8JNEP, 2018

1 lack of sustained research into Idgalesponsive treatment optiof&uerrero et al., 2013
Marshall and Farahbakhsh, 2013

1 weak and limited human resource capacity, especially in the SWM and sanitation sectors

(Bundhoo, 2018Wilson et al., 2018

It is clear, that these observations and the evidence from recent city specific assessments show that
governance, administrative and institutional constraints prevail as recurring nemesis to sustainable
SWM systers delivery in Ghana and other developing coun{ifégson, 2007 Wilson et al., 2013

Tot et al.,, 2017 OdurcAppiah et al., 2017aOdurcAppiah et al., 2020b Finding a path to
addressing tbse governaneelated challenges will potentially sustain the outcomes of this Project,
which is highly relevant to the modernization of MSW and reduction in MSW littering and its related
flood-prone risk to life and property within the GAMAVilson et al., 201}

= =4

2.13 Litter Management

The presence and accumulation of litter in public spaces is a widely recognized pdsisii@nn
many countries because of its impact on different aspects of the envirq@i&iatib et al., 2009
MufiozCadena et al., 20)2Litter has a clear environmental impact; if uncollected, it washes into
storm drains and river systems and ends up in oceans aserflsgting gyres that cause a danger to
seabirds and marine lifarker et al., 201Malik et al., 2019.

In the greater Accra region of Ghana, littering is reported to be a contributory factor to perennial
floods, with attendant loss of properties and liggmesimeku, 2019 Gaisie et al., 2019Tabiri,

2019. The fast pace of growing urban litter is steadily attracting great concerns amongst the public,
sclholars and government institutioi§sagbey et al., 200Wanjohi, 201¢. Urban littering has a

relation to marine littering and both are knownht@ve impacted cities in many ways including
making cities aesthetically unattractiflau et al., 2013. It is a potential health hazard to humans
since the putrefying contents of bottles and tins most often serves as a breeding ground for pathogenic
organisms and injuries at beacli€ampbell et al., 201@ sagbey et al., 2009

The development of litter management strategies for various urban cities is thus nééesstage

et al., 200} In this, assessing the role of attitude of residents on the subject of littering is significant
(Ojedokun, 2011 Several studies on urban littering have been conducted to either understand the
behaviour pattern or the remote cause of this enwiemal canke{MufiozCadena et al., 2012
Ojedokun and Balogun, 20;1Wanjohi, 201%. Furthermore, identifying the factors that influence
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littering behaviour is critical for designing effective strategies to reduce or prevent li{ieraig et
al., 2019. The following have been recommended as the most common sources of littearin urb
areag Armitage and Rooseboom, 2000

J antisocial behaviour of individuals dropping litter on footpaths, throwing it from vehicles,
and dumping household wastes

J excessive packaging
failure of street sweeping services to rid pavements and public areas of litter

J inadequate disposal facilities, including a breakdown in littdlection practices or the
provision of inappropriate bins

3 open bins and collection vehicles leading to windblown littering onto streets and within
domains

J failure of authorities to enforce effective penalties to act as a deterrent to littering offenders

(%)

Aside understanding the behaviour of residents, the ability of city authorities to quantify the amount
of litter is important for planners and designémmnitage and Rooseboom (2008ated that without

data from the specific catchment, estimates of the amount of litter that comes from the catchment are
l' i kely to be conjectural. I n the anngdawatervay ef f
in South Africa, the following formulae was developed as a guide;

Y M w 6 0888888¢

Where:

T = total litter load in the waterways tfyear)

fsci = street cleaning factor for each land use (varies fromot .f&§ular street cleaning to about 6.0
for nonexistent street cleaning and/or complete collapse of services)

Vi = vegetation load for each land use (varies from G/@aryear for poorly vegetated areas to
about 0.5 ¥ha/year for densely vegetated ajeas

Bi = basic litter load for each land use (commercial = B/hatyear industrial = 0.8 Htha/year
residential = 0.01 Atha/year)

Ai = area of each land use (ha)

2.13.1 Steps to Design a Litter Management Plan
The city council of Dublin suggests the followingopedure for the drafting of litter management
plan:
1 Consult with all stakeholders on the issue of litter
1 Collect and assess data on litter management
1 Review previous litter management plans and evaluation of performance against previous
targets.
1 Dratft litter management plan
Review draft plan internally
1 Review litter management plan with stakeholders.

=a
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3 Results Based Financing (RBF)

ResultBased Financing (RBF) in MSW is a financing mechanism through which payment for SW
services is conditioned to the &yement and verification of pi@greed target@Vorld Bank, 201

The RBF mechanism is gainipgominence in development aid cont@bpez, 2018 The ultimate

aim of RBF is to enable donor agencies amtling organizations demand value for funds provided

for projects(Grittner, 2013. RBF in SWM mostly make incentives available to services providers,
municipalities or beneficiaries to innovate towards achieving contract and project targets. In contrast
to the conventiorldunding schemes, RBF payments are not based on inputs or expenditures; instead,
funds depend on demonstrated and independently verified r@dditisige and TeKolste, 2016The

World Bank report on ResultsasedFinancing for MSW outlines the following as potential RBF
instruments:

1 Outputbased Aid (OBA)

Outputbased Disbursement

Performancéased Contracting

Resultsbased Financing in Health

Carbon Finance and

1 Conditional Cash Transfers (CCT§Yorld Bank, 2014

= =4 4 A

While this is not exhaustive, the adoption of the appropriate RBF instrument, collectidficodrsu
baseline data and active involvement of all stakeholders at early stages of the project, remain critical
to the successful implementation of any RBF project.

3.1  Solid Waste Management Financing Mechanism in the Odaw River Basin of the GAMA

As discused above in Section 2.1fe main funding mechanism for MSW service provision is a
shared responsibility between the municipality, the central government and the service beneficiaries
(users). Service users pay for collection services and the municigaditor the central government

on the other hand subsidizes disposal from t he
government to promptly pay for these costs to service providers, undermines the environmental and
financial sustainabily of the system.

Despite the existence of a crem#sidy scheme, most service providers have been reluctant to
provide service coverage for the urban poor in-ioeome areas due in part to low user charges and
poor road networKOdurcAppiah et al., 20190durcAppiah et al., 2017a The challenges in
financing MSW management is compounded asatlithors found that the full cost of the SWM in

the study area is unknown and this hampers the effective planning of MSWM within the Odaw river
basin (OdurcAppiah et al., 2017a)The quest to modernize thdSWM system means that new
financing schemes need to be explored to ensure sustainability in service provision.

3.2 Consideration for RBF in MSWM

The application of RBF in MSWM is gaining popularity because it has been demonstrated to be a
viable option for onsideration in improving service delivefyorld Bank, 201%in the following
situations:

1 where here is serious shortfall in the delivery of the basic service of MSW collection and
processing, particularly in poorer areas where residents are unable to afford private service
provision
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1 where there are few or no incentives for cities to improve MSWicgsvinnovate and
increase efficiency in what is often considered to be apoority sector; and

1 where there is limited revenue collection, such as user fees, for MSW services, which affects
the financial ability of the city to provide these services

3.3 Categories of RBF Instruments

There are several types of RBF instruments for consideration in MSWM but broadly, these are
categorizedin Figure 2 (Lopez, 2018 These categories are largely informed by two reasons
(Eldridge and TeKaolste, 20} ,6hamely:

1 Who is the target of the incentive mechanism? and
1 What is the purpose the incentive mechanism?

For instance, RBF instrument targeting national government are categorized as Perf@asaace

Aid whist those targeting household and individuals are Conditional Cash Transfer. While the
different instruments mentioned Figure 2are usually used independently from one another, they
can also be combined; especially when working with governments. Combining instruments can
provide an opportunity for funders to focus on performance along chains of interactions and
relationshipgLopez, 2018

WHO IS INCENTIVIZED APPROPRIATE RBF BRIEF DESCRIPTION OARSFRUMENT
INSTRUMENT

National 1. Performance-Based Invalves transfer of funds between a bi/multi
Aid lateral donoranda government at least partly
Government based on nerformance
Local 2. Performance-Based Involves transbfsr ofI f_:Jnds ?ztween adnatlionall
government, bi/multilateral donor and a local
Government Transfer government at least partly based on performance
Service 3. Performance-Based T yaFSNI 2F FdzyRa FTNRBY I aN
. C Government) to one/ more service providers (Public or
PrOVIdeI‘S ontract Private. NGOS) at least nartiallv hased on nerformance

Payments made to an investor by a service provider

Investors 4. ImpaCt Bonds based on results. The investor bears all financial
risks, while the service provider is responsible for
Households & 5. Conditional Cash Involves transferring cash to eligible individuals or
- households when they complete defined actions (e.g.
|nd|V|dua|S TranSferS anrnllina thair childran at erhnnl

Figure 2: Types of RBF instruments. Adapted from (Lopez, 2018).

3.4 Key Design Features of RBF
Despites differences in the various forms ategories of RBF schemes, the following are key
features of any RBF scherfitoonen et al., 201 Zrémolet, 201}

3.4.1 Definition of the Objective and Evaluation of RBF Applicability
The purpose for designing the RBF is defined at this stage and the objectives are desigdesks
the identified gapgToonen et al., 202 After identifying the objectives, it is important to assess
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whether RBF is a feasible option in achieving the objectives and what type of RBF instrument can be
used to mitigate the existing gap in service delivery.

3.4.2 Identification of Incentivised Agent

Every RBF schemmust establish who to incentivize, this will inform the choice of RBF instrument

to adopt(Lopez, 2018 This may include governments, service providers, households, and private
enterprises, NGOs/CBOs. It is important to note that the entities to be incentivized are not always the
same and thus, it must be guided by the objectives. The scholarly literatureehpamis out that,
incentives alone do not play a major determinant in households attitudes towaetlvippaomental
behaviours and system improvem@dtvusu et al., 2033 u et al., 2015

3.4.3 lIdentification of Key Actors and Functions

In setting out an RBF scheme there is the need to analyze the service value chain and identify the key
actors. Based on this, the scheme would define the obleach actor to ensure that they have clear
separate functions in the RBF scheffieonen et al., 2012Xu et al., 2015 This will provide the

needed checks and balances that are required to ensure the efficient implementation of the scheme,
in addition to opening up the scheme for transparency towards the delivery of results. For RBF
schemes to be efficient, it is expected that the functiond eftidrs would be separate from each

other and clearly defined.

3.4.4 Transparency and Accountability

In an RBF scheme, any form of risks transfer, -abstring, benefit sharing or incentives must be
documented in a formal agreement. Toonen et al, (2012) posih at #Ar ecogni zi ng t
not an operational, but a strategic purchasing concept helps to understand that a lot of work is needed

to make it operational 0. Fundament al to opera
differentactrs.] n s i mp koatrattiegrisiihe hearf) resutiased planning represents the blood
circulati on, and monitoring and veri f(lTooreem i on
etal., 2012

3.4.5 Definition of Payment Trigger

Payment trigger is an indicator within an RBF scheme that necessitates the poighfenpahe
payment trigger can be in the form of input (e.g. equipment, money, and expertise), output (e.qg.
construction of waste treatment facility) or outcome (e.g. improving waste collection coverage).
These payment triggers must be established right the onset of the scheme, and recipients must
agree and sign on to it before undertaking any form or activity or s€iviémolet, 2011

3.4.6 Definition of Payment Amount and Payment Schedule

Payments and incentives in an RBF scheme needs to be attractive to trigger a change in behaviour or
influence the actions needed for the desired r¢Befirson et al., 2010t is important to define the
payment schedule to avoid any future delays in the payment of subsidy. The payment should not be
pegyed too high such that it is unaffordable for the donor or overly profitable for recipients. A way

to optimise payment is to introduce competitive bidding for RBF mechanisms on the supply side
(Trémolet, 2011 Trémolet, (2011)further suggested that for service providers who may face
difficulties in prefinancing, payments can be splitlveen exante payment and an-@ost.
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3.4.7 Definition of Performance Verification Mechanism

It is essential to clearly define the schedule for evaluation which will constitute: the time for the
evaluation, who or which actor will carry out the evaluationemwho deliver feedback on the
evaluation, to trigger paymen{3rémolet, 2011 This can be done using existing performance
verification mechanisms or new ones developed by the donor. As much as possible, the process
should be transparent and must reflect the clear objectives of the RBF scheme.

3.4.8 Definition of Fund Transfer Mechanisms:

Another critical element in ensuring an efficient R&fheme is the medium for funds transfer. It is
important to understand the financial mechanisms and at what level the intervention will be
implemented (i.e. national government, ministry, local government @cmolet, 2011 The
medium for fund transfer can be an existing specific acomunéw account. It is not enough to just
assume that the local authority can pay service pravitieough its accounts. There may be existing
fund transfer systems in place with peculiar requirements, and it is important to ensure that it is
feasible for the RBF arrangement before beginning implementation.

3.4.9 Establishment of Community Engagement Mechaism

The relevance of community involvement in designing an RBF scheme has received a lot of attention
in literature(Pearson et al., 2018Vorld Bank, 20134 The role of the community in local priority
setting is essential to ensure that the resdted planmig is responsive to the local needs and
demands of the beneficiaries. Community actors could play a role in customer satisfaction surveys,
beneficiary assessments etc. and provide support in verifying the deliverables of service providers
(Lopez, 2018

3.5 Steps for the Design and Implementation of RBF

Various experts have suggested different approaches to shgg dand implementation of an RBF
instrument for different projectd.opez, 2018 Toonen et al., 20tZTREMOLET et al., 2015 As
discussed earlier, fundamental to any approach is the decision about who (Actors) to incentivize and
for what purpose (Objectives) you want to incentivize such actors to dséveargets (Results).
Toonen et al., (201roposes eight (8) steps for designing and implementing an RBF s(figome

3). They suggest that the steps do not necessarily follow a chronological order, hovesugg amy

of them would likely undermine the effectiveness of the final RBF model.
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m Adopt an action-research approach with all key actors >
m Strengthen the understanding of the waste management sector by all act>

Step3 : Develop an appropriate institutional Framework to manage RBF

Step 4 > Match National, MMA and Community Waste management Priorities >

m Design result-based plans for Solid Waste Management
Step 6 > Design & negotiate Performance Contracts for Service Providers >

Step 7 > Establish Transparency & Performance Verification Mechanisms >

Pay incentives, provide avenues for learning & renegotiating

Figure 3: Steps for designing and implementing an RBF framework

4 Solid WasteManagementimprovement Plans

Developing a workable MSWM improvemestrategy is no easy task. It partly depends on the
framework for system modernizatigian de Klundert et al., 20010 which improvements are to be
designed, implemented and evaluated. Two main paths (based on the IWIVdN] to the
development of strategic plans for MSWM have been advanced in the scholarly litéfatuesi

and Gorelick,2018 Wilson et al., 200l These paths themselves are not separate points in a
continuum but interactive. While these paths are to provide the necessary guidance tool for the
development of a plarthere is no one size fits all solution and appro@fison et al., 2018 A
reliable approach to system i mprovement i s to
and adapt the solutions that walbrk in the local contextScheinberg et al., 2010lVilson et al.,

2007, Cossu et al., 2039

Perhaps the most significant el ement of the d
MSWM is a systemo and that any intervention n
system weoks. Successful interventions framed using the ISWM approach need to begin by actively
seeking to identify what is working, what is precious, and what should be maintained in the system,
and also what is incomplete, broken, inadequate, unfair, and/ogfdilom the point of view of the

main system stakeholdgiScheinberg et al., 201ptbecause any inteention, to be sustainable, has

to build on and reinforce the functionalities, when it purports to correct the inadequacies.

In waste management (as in other urban services) the main stakeholders are the users or potential
users of the system, and theoyiders of the service€Schuibeler et al., 1996In recycling and
recovery, the main stakeholders are the collectors, traders, and processors and in some cases the
producers or users of titems that are recovered. But the development of a plan must bring together

a working group of all relevant stakeholders in academia, research institutions, municipalities, NGOs
and CBOs including the users and providers (both formal and informal) séithiee and decisien

makers to develop locally appropriate paths for continuous modernization of the Gystesmet al.,

2009 OdurcAppiah et al., 2020b

Generally the development of a sustainable MSWM plan requires the:
1 mobilization of relevant stakeholdgislamgir et al., 2012lJgosse et al., 200doseph, 2006
Lupo and Cusumano, 20118
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1 collection of réevant background and wastelated data preferably in a participatory action
research approadKaza et al., 20L8JNEP, 2018

1 participatory assessment of the physical and governance aspects of thg Systdr®Opareh
and Post, 20Q20durcAppiah et al., 2017&cheinberg et al., 201Zurbrigg et al., 2014

1 assessment of the strengths, weaknesses, opportunities and threats to system improvements
(IJgosse et al., 2004

1 participatory development of intervention scenarios in all the physical components and the
goverrance aspectéElSaid and Aghezzaf, 202®Ragossnig and Tunesi, 2Q1Bunesi and
Gorelick, 2018Wilson et al., 2001

1 selection of locally appropriate scenarios that are financially sustainable, environmentally
friendly and socially acceptable

1 implemenation of the selected scenarios

1 monitoring and evaluation of the implemented interventions

Participatory development of objective and researaénted SWM strategic plans which takes into
account the following set of point provides a huge potential tdemse and deliver a sustainable
SWM systemWilson et al., 2017So00s et al., 2037

1 the right mix of publi@nd private (formal and informal) actor involvement in service delivery

(Wilson et al., 201;7Cossu et al., 2039

1 the right mix of locally appropriate and sustainable treatment and recycling technologies
(Grossule and Lavagnolo, 2018
the charging of r@istic cost for service provision, treatment and disposal
the establishment of a capable, strong and transparent client base working within realistic and
flexible policy and regulatory frameworkSoos et al., 2037
1 the integration of all relevant stakeholder intervention projects and support

T
T

5 Conclusion

The reviewed literature and discussions have provided the consultant with corsehen
information and an appreciation of the extent of available data and gaps in both the local and scholarly
literature on MSWM. The essence is to use the lessons gleaned to guide the implementation of the
current assignment regarding the preparationcamdiuct of studies, analysis of findings from the
studies, and the development of proposals for implementation. In all, we have 240 citations, 149
citation groups and 127 references in this literature review report. Out of the 127 referenced literature,
33% is directly from Ghana and more than 70% within-Salharan Africa. At least 93% is related

to the SWM systems of developing country cities. The referencing materials virtually covers all the
themes and suthemes of the GARID Project assignment. Howgteese reference materials are

not an end in itself due to the dynamics and wide scope of the Project. This means that more and new
literature will be referenced in the course of the assignment; which are likely to be captured, where
necessary, in the ssquent deliverables related to the Project.
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SECTION | - MUNICIPAL SOLID WASTE CHARAC TERIZATION

1 Introduction

This section of theeportis onthe Municipal Solid Waste Characterizatiomethods It presentshe

results of the municipal solid waste characterization exercise and the projected waste quantities in
relation to Task 1.2 of thessignment.

1.1 Objectives
Theobjectives of thexercise comprised the:
1 field determinatiorof solid waste generation rates,
9 field composition analysis
1 the projection of waste quantities in the municipalities within the Odaw Drainage Basin

1.2 Key Activities Undertaken
The following activities were undertaken towards the characterization exercise:
1 procurement of the necessary logistics (scales, receptacles, tarpaulins, canopies, personal
protection equipment etc. for the assignment)

1 arrangement ofhe venue (pacel of land adjacent to the MSW transfer station, Zoonk Pa
Achimota) for the analysis

selection of households, institutions, and markets for the exercise

training of Solid Waste (Personnel) to capture and record data

distribution of receptaclestoparfice t i ng househol dsé, institut
collection of demographic data from the households, institutions, and markets

collection of waste streams of households for analysis

analysis of the datecorded

projection of the quantities of waste withiretddaw Drainage Basin

= =42 =4 -8 _-48_-9_-9

2 Sampling Scope, Distribution of Receptacles and Collection of Demographic
Data

TheMunicipal Solid WasteNISW) for the exercise was collected randomly from households within
12 out of 17 municipalitiesfrom traders within the threatgest markets with the catchment and

from workers within 19 institutions (Figud). Twenty households were randomly selected in each

of the 2 municipalities (grouped into three income divides) for the analysis. A totabOf Samples

of different weghts and sizes (2600 samples from households, 700 from markets and 450 from
institutions) were analysed for 10 dagsAugust 2@0.

A 3-member teaneachof Solid Waste (SWpersonnel, a survey analyst and an informal solid waste
collector sought the conseof the various households, institutions and markets in each municipality
to distribute labelled polyethylene bags of volumes 30 ml, 240 ml and sacks (150 ml) regpfectivel
the daily storage of theasteof participants

The demographic data (nameukse number, household siz® of workers and clientgjc.) of the

various participants were taken in the process of distribution of the receptacles and each participant
was introduced to the informal solid waste collector tasked to collect the storedeM&SWmMorning

from the participants. Each participant was expected to use one receptacle per day, but records were
taken each day of collection to providem formore receptacles to participants/institutions/traders

who needed more than orexeptaclen a day.

Participants were provided telephone numbers and were encouraged to ask questions about the
process where the need arose. Participants also@advised to opt out of the process if they felt to
do so.
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SAMPLING SITES FOR MSW CHARACTERISATION WITHIN THE ODAW CATCHMENT
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Figure 4: Samping Sites for MSW Characterization Exercise within the Odaw Drainage Basin

2.1 Preparation of Venue and Assembling of Logistics

A period of two days was left between the end of distribution of the receptacles and the collection of
the first set of samples fanalysis. In between the two days:

1
1
1
1
il

the site for analysis was prepared

tarpaulin on which the sortimgf wastewas to becarriedwere laid

canopies, tables, and chairs to provide shade and convenience were installed
manual and digital scales fthre measwement ofweights were installed and calibrated
plastic containers of different volumesreceive sorted MSWere labelled and weighed

The same period served the purpose for rehearsals to the characterization team on the expected daily
routines including e distribution of procured coveralls and other personal protective equipment
(PPEs). The demographic data collected from the households were also amadygexdfied through
telephone calls to the households duringsémeperiod. Selected representas were taskednthe

last day before collection of samples to remind all participants offitisé day and the duratioaf
samplecollection.

2.2 Collection of MSW Samples for Analysis

A combination ofticycle operators from the informal waste seetdh support of vehiclesollected
the MSW from the various households, markets, and institutions acros2 tmericipalities.
Collected samples were sent each day tptbparedsite for the various characterization analysis.

Page |34



3 Approach used for the Analyss

3.1 Determination of MSW Generation Rates

Samples received were weighed on an OHAUS Defender 3000 Digital Bench Scale (model
D31P150BX) of maximum capacity 150 kg and readability of 0.02 kg and recorded against the
identities of the various household, margarticipants and institution$he various quantities were
divided by the corresponding household sizes and the weighted average daily quantities per capita be
day was computed.

3.2 MSW Composition Analysis

A total of 3 participants, informal waste pickeasdinformal wastecollectors were divided into
threeteams for the segregation of the weighed MSW samples into various fractions. Segregated
fractions were placed into labelled containers, weighed, and recorde8\W personnel supervised

and recorded bdaily measurements/weightsitially on paper and later onto field lapsgEach
daydés wor k was stepmevanthacklog ofentries ahdatpidentify and address any
possible challenges in the daily data recording prodeesorded data \galater analysed using
Microsoft Excel All samples for thecomposition analysis were based on the recommendation of
(ASTM, 2008.

4 Results and Implications of the Characterization Exercise

This section describes and discusses the results of the VeligWsgeneration rateend composition
analysisperformed.

4.1 Generation Rate

The analysis in the GAMA points to an average MSW generation rate of 0.70kg per capita per day
(Table 1)and 078 kg per capitgper day(Table 2)for households and institutions respectively.
Markets reorded an average of 1&y per shop per dgyfable 3) The result for households is closer

to the averages (0.72 kg) and (0.71 kg) respectively in earlier solid waste characterization studies for
metropolitan cities of Ghaniezah et al., 201,50durcAppiah et al., 201)7 but above the average

0.54 kg estimate for developing countr{&aza et al., 2018 Whilst average per capita generation
rates within lowincome aras is 0.51 kg, that of their highcome counterparts is 0.91 kg; confirming
already known trends in which the affluent in society is reported to generate more MSW than their
urban poor counterparfgvorrell and Vesilind, 2011

Table 1. Daily Average MSW generation rates per capita for the various municipalities
Municipality Community Income Number of  Waste Generation

Classification Households Rate

1  Accra Metropolitan James Town Low 127 0.57
2 | Ablekuma West Chorkor Low 103 0.59
3  Ayawaso East/North Nima /Mamobi Low 111 0.38
4 La Nkwantanandladina Madina Low 85 0.79
5 Ayawaso Central Avenor Low 106 0.50
6 | Ga North New Achimota Middle 111 0.80
7  Korle Klottey Asylum Down Middle 113 0.50
8 | Ablekuma North Odorkor Middle 95 0.77
9 GacEast Ashongmang Middle 83 0.61
10 | Korle Klottey North Ridge High 93 1.03
11 Ayawaso West Roman Ridge High 110 1.06
12 | Okaikwei North Tesano High 100 0.66
Weighted Average 0.70
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Table 2: Daily average MSW generation rates per capita for the various institutions
Name of Institution Type of Institution Total Waste Generation

Contributors  Rate (Kg/Cap/day)
1 Papaye Eatery & Restaurant 150 1.04
2 Auntie Grace Eatery & Restaurant 30 1.41
3 Godwin Restaurant Eatery & Restaurant 18 0.18
4 Okala Bar & Restaurant Eatery & Restaurant 100 0.20
5 Downtown Pub & Eatery & Restaurant 80 0.13
Restaurant
6 Asumafour Food Joint Eatery and Restaurant 86 0.21
7 Leatherwood Restaurant = Eatery & Restaurdn 40 0.21
8 Coconut Groove Hotels & Guest House 185 1.64
9 Mavis Hotel Hotels & Guest House 46 0.51
10 | Zeus Hotel Hotels & Guest House 9 0.31
11  Norcross Guest house Hotels & Guest House 22 0.53
12 | Odawna Polyclinic Hospitals & Clinics 40 0.56
13  Adabraka Polyclinic Hospitals & Clinics 50 1.25
14 | Environmental Protection | Government Institution 80 0.68
Agency
15  Ministry of Sanitation Government Institution 40 0.99
16 First Atlantic Bank Bank 20 0.67
17  Agricultural Development = Bank 25 0.70
Bank
18 University of Cape Coast, @ Hotels & Guest house 6 2.01
Accra Office
19  Cibusco Secondary School School 25 0.16
Overall Weighted Average 0.78

Table 3. Daily average MSW generation rates per shop for the various markets

SN Market Name Section Dominant Activity Contributors Generation
Rates
(Kg/shop/day)
1 Kaneshie Market | Ground Food items, vegetables, 98 1.65
Floor fish meat etc.
2 Kaneshie Market | Floors 1 & | Provisions/grocery 68 0.50
2 stores, clothes and
cosmetics; Dress makin
andTextile
3 Makola Market Floors 1 & Mixed items; provisions 135 0.80
2 food, etc.
4 Agbogbloshie Open space Food items, vegetables, 63 2.38
Market fish meat etc.
5 Agbogbloshie Stalls Mixed items; provisions 75 1.63
Market food, etc.
Weighted Average 1.31

The waste generation trends within each income divide is providEdjire5). There is a reasonable
deviation about thaverageMSW generation along lovand middleincome trends but not for high
income areas. The significantly high geatéon rate for the first in higincome areass a possibé
contributory factorThere is a high generation per capita for the first day for high income areas. This
is likely due to the suspicion that the first day MSW received for analysis might natigeraflection
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of the pr eviThersis athagat@escorwglationt between generation rate and household
size(Figure6) which is also indicative of earlier research findings in which smaller household sizes,
mostly in single family dwellings whin sparsely dense and affluent areas generate more MSW per
capita per day than thaielatively poor urban counterparts multifamily dwellings (locally known

as compound houses) within densely populated &véagell and Vesilim, 201).
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Figure 5: Household generation trends within the income divides along the Odaw Drainage Basin
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Figure 6: MSW generation rates as a function of household size

4.2 Composition Analysis

The threemost significant components within households MSW are organicS9%%), plastics
(16.69%) and inorganics @90%). Inorganicsefer tosilt and ash swept from dirt floors and fetched
from coal pots respectively in low income areas of the(€GgurcAppiah et al., 201)7and organics
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refer to both household biodegradable waste, pruned branches and grass. dutgngarious
components and their percentage wesgireshown in(Figure7). The high organic component is
indicative of similar reports in developing countries that point to a large percentage of biodegradables
in the household MSWUNEP, 2018§.

MSW Composition (%), Households
m Paper

Plastics
0

m Organics

.37
.25

m Glass
= Metal
® Aluminium

m Styrofoam

0

1.97

Textiles
u Leather
m Sanitary

® [norganics

Figure 7: MSW composition of the municipalities within the Odaw Drainage Basin

System managerand other stakeholdemsould needto consider the development af locally
responsive intervention not to only reduce the biodegradable content of the oiSWe
municipalities, but also to find sustainable handling and treatment options to reduce its climate change
burden on the environment. There is however significant variation in the MSW composition of
institutions(Figure8). Whilst there isarelatively higher percentage of plastics within the MSW of
government agencies27.90%6), hospitals (8.13%) and schools 23.80%), the MSW of
restaurants/eateries349%), hotels (4.76%) and banks &16) are rather dominated by organic
wastes. Expectedly, schoaenerate the highest of paper was8@.4%0) followed by government
institutions (2167%) and banks @.84%). The MSW from markets is highly composed of organics
(56.27%) followed by plastics (18%), textiles (13.6%) and paper (8.75%{Figure9).
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Figure 8 MSW composition of institutional solid waste within the Odaw Drainage Basin
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4.3 Waste Quantity Projection and Scenario Analys
The models for projecting MSW are broadly classified into regression, material flow models, grey
models, support vector machine, time series models, and artificial intelligertEds(Buenrostro et
al.,, 2001 Pan et al., 2019Ri mai t yt a; GwtusuSeKkyere et &.,020)ZThe research has
adopted the regression model, also used by the World Bank to proj&¢tiM& publication titled
iWhat &00WasTthee r egr es s i o 6GrosshmmesticProdust(GDR)geecdpitao n t h
as shown in equation 1 below.
01 ¢ DI WOE Q1 VL QO O
P PBY T pRFOLO0 G Qb QO O
¢ @ OO0 5 Qb w1 Q8 8B p

The total annual waste of the target study (suburb, community, and municipality) is computed as a
product of the projected waste generation rate and the popudatioat timeof the target.

4.3.1 GrossDomestic Product Growth
The regression model of equation 1 uses the GDP per capitathasing Power ParityPPP
(constant International $) instead of GDP per capital (nominal) to establish a relation between GDP
growth and waste generation. The GPDgagital(PPP)comparesiving standarddetween nations,
while nominal GDP (nominal) compares national ecomamon the international markgtall, 2019.
GDP per capital, PPRonstant International $) data from 1990 to 2019 was sourced from World
databasgTable 4)which has been projected further to 2045 using the polynomial regresfsion
(Equation 2).

01 € QOGO Gn QO hd oX wip T W P pT WS 88888¢
WhereX is the difference between the reference year (1990) and the year of interest (e.g. 2030). In

this scenarioX = (2030:1990)=40

Thus,the GDP (PPP) for @30is computed from Equation 2 as shown below:

(X wwm TBPXT pT BLW YKXp @K

Table 4. GDP per Capital (PPP) data
Year 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

GDP | 1220 1290 1340 1390 1430 | 1480 1530 1580 1640 1690 1740 1810 1880 1960 @ 2080

Year 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

GDP | 2220 2380 2490 2700 2780 2920 3270 3590 5150 5280 5050 4800 4860 5210 @ 5510
Source: World Bank, 2020

The pld of the various GDPs against their corresponding ypesgctedo the year 2045 is as shown
in (Figurel0).
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Figure 10: The polynomial regression model for GDP projection

4.3.2 Population Growth

Population growth has been establgh®haveadirect relationship with waste generation quantities.
Hence, projecting the population of the OdRiver Basin remains a prerequisite for quantification
of expected waste in the near future. The current population of the Odaw RiverhBadiren
computedby adding the population of all the fritunicipalities that contribute to tH&asin. The data
on the populatioras referenced from theabsite ofthe Ghana Statistical Servig@able 5)andhas
beenprojected to the year 2045 usitige geometricgrowth formula and the outcome presented in
(Figure 1).

0O Dép 1088888 ¢
Where, Pt is the population at future time t, Po is the current population and r is the population growth
rateand t is the difference between the reference year angktr of interestExample:

O¢nmonOcmcpu o®db pm th olgp 1

Table 5: Population (2020) of the municipalities within the Odaw River Basin

Municipality Ga Central Ablekuma North Ablekuma West Ablekuma Central
Population 147,820 232,877 75,254 294,022

Municipality Accra Metropolitan Korley Klottey ~ Ayawaso Central ~ Ayawaso East |
Population 555, 767 153,452 179,422 105,546

Municipality Okaikoi North GaNorth GaWest GaEast La Nkwantanang Madina |
Population 287, 820 131,129 127,841 186,342 141,124

Municipality Ayawaso North  La Dade-Kotopon Adentan  Ayawaso West Total
Population 125, 789 231,306 98,682 89,225 3,163,418
Source: Ghana Statistical Service, 2020

Theprojected population for the Odaw River Basin is show(frigure 1J.
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Figure 11: Projected Population for the Odaw River Basin

4.3.3 The World Bank Waste Generation Regression model
The projected GDP per capita (PPP International $/year) (1990 to B@45heerusedin the
regressior{Equation 1)
01 £ i VOE Q1 GEOBEHH QO O
P OB T pRSOEOO G Qb O "Qoced 00 b Qd ) Q8 8B p

Examplep i ¢ @i ®OE Qi NOEHH W ig momp ¢ BY
T OépmoPpp C @ Oépmogpp cydT™

Using the same equation above, the proxy waste generation per capita fea@d0computed as

227.69 The waste generation rdta each yeacan bethen beprojected using the equation below
001 BAHAOOAT AOAABRAIT
0 0T BAOOAT ACARBAI | AODADOAT AOABBAT 8 1
001 BAUOOAT AOAMBAT '

Thus for the yeaR03(Q the projected MSW generation is cortgaias 0.88 kg per capita per day as shown
below. The generation rate per capita per day for 2020 has been determined @ habl6.%).

8

7 AO0AT AOABBAI S T T Tiap P

The projectedMSW generation rateof 0.88 kg for the year 2030 has beemwltiplied by the
correspondingprojected populatioof the OdawRiver basinfor the same yea#(464,314 to arrive
atthe expected total daily wasgeantity, whch comes t@591.39 tons.

4.3.4 The Expected Waste Quantity under the Existing Recycling and Forecasted Rates
The recycling rate of the Greater Accra Metropolitan Area is reported to be(@ddoAppiah et
al., 2020. The expected waste quantiyith the current recycling rate of 8.5% andaageted
recycling rate of 17% has bepresented ifFigurel12).
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Figure 12 Projected Population for the Odaw River Basin

5 Conclusion and Recommendations for consideration

The average daily househdWiSW generation rate per capita of 0.7. Kdnis value higherthanthe

global estimaten the developig world isstill of great concernin additionSW generation rates in
lower-middle income cities like Accra is projected to increase by more than threefold b{Kz(%s0

et al., 2018 against the background of population growth, urbanization, improved living standards
and inadequacies in system service delivery. Decoupling generation rates from economic growth is
the way to go, but that is no easy tés&ll et al., 2010 A holistic mix of policies that address citizen
education and awareness, responsible production and consumption, and extended producer
responsibility may provide a pathway. Charging of service user fees based on tonnages generated and
collected (different from what is currently practiced) can prove to be a successful intervention towards
MSW minimization within the municipalities of th@daw Drainage Basin.

The composition data shows that a significant amount of the municipalities MSW stream is
putrescible organics (in household, market, and institutional solid waste streams) in addition to
increasing plastics. A planned diversion of thesmponents from disposal has the potential to reduce
the GHG emission burden of thercent MSW handling practice®Ve will recommend further
deliberations among the proposed working groups and stakeholders towards the development of
locally appropriatenterventions for organic waste valorization and plastic recycling purposes. This
would be developed as part an action plandigersion from disposatithin the project deliverables

The action plan may include among others:

1 introduction and piloting ch two-stream separation of biodegradable waste, plastics and all
others at source (the point of generation)

1 investments into infrastructure for locally appropriate and low cost composting and

anaerobic digestiof(Rousta et al., 2037

establishment of bringack centres to encourage recycling behaviour

recognition and integtion of the informal waste sector (both in the servared value

chains to play an integral role in the collection and recycling of segregated materials

1 training of municipal staff aridr system handlers in the processes of recycling, composting,
and anarobic digestion

= =4
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SECTION II - THEMATIC MAP OF REFUSE

1 Introduction

This section presents and discusses the incidence of refusethwtlddaw RiveCatchment and its
implications forCleaningCampaigns, LittelPrevention andSolid WasteCollection improvement
towards the attainment of cleaner municipalitidsps were prepared from fieldwork to present an
accurate situational case.

1.1 Objectives
The objectives of the thematic map of refuse were to:
1 locate, quantity and map both temporal and permanent refuse sites within the catchment
1 understand the origins, sources and reasons for the incidence of refuse within the catchment
1 recommengbractical actions for the systematic removal of all refuse points and the prevention
of new ones within th€atchment

Although not initially planned to be, the map has been identified to serve as a baseline to support
municipalities assess their statect#anliness, especially after the implementation of interventions to
systematically remove refuse from identified sites. The thematic refuse map and descriptions
provided in here cover the incidence of MSW on the ground within communities, markets, public
spaces and vacant lots within the 17 municipalities of the Odaw Catchment. Weeds and the
occurrence of MSW in tertiary and secondary drains within the catchmentuatareluded in the
mapping processes.

2 Method and Approach to the Development of the Thentac Maps
The following activities were undertaken in the conduct of the development of the thematic map of
refuse for the Odaw catchment, namely the:

1 development of a simple questionnajfsmnex A) for the gathering of relevant data about
each refuse sit&ithin the Catchment

1 engagement and training of 17 investigators: Nation Builders Corps (NABCO)
representatives from within the 17 municipalities on the questionnaires (on digital platforms),
specifically using the Kobaoollect App.

i training and engagemeof two informal service providers (waste collectors) each with at
least 10 years working experience in each of the 17 municipalities to work together with
NABCO representatives in locating all temporal and permanent refuse points, communal
container sis and dump sites within

1 use of a handheld Global Positioning Sys{&RPS)Equipment for the determination of the
coordinates and area of the refuse points

The mapping process involved the traversing of each municipality byess®dn team of informal
service providers and a NABCO representative to locate, take coordinates, dimensions and pictures
of all refuse and communal container sites. The NABCO representative then administered the
guestionnaire to nearby residents to solicit information aboutrigegns and history of the site. All

data and information collected were synchronized and monitored by a team of GIS experts in real
time. The mapping was undertaken for four consecutive days between 8:00 and 16:00 GMT
concurrently in each municipality with the catchment. The data obtained were analyzed with
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Microsoft Excel and ArcGIS after random field triangulation and verification of some selected refuse
sites.

3 Discussion of Results of the Thematic Maps of Refuse

3.1.1 Location of Refuse Sites

A total of 9 refuse sites were identified within the Odaw River Catchiiegtire 13. An estimated

48 of these sites were classified as temporal with the rest (43) being permanent. The largest
concentration of refuse points occurs within the downstream end of the Qder/Drain from
Ofankor to the outfall at Korle lagoon. Significant number of refuse points also exist along secondary
drains constructed along major roads.

The distribution of the refuse sites within the Land Use of the Catchment is shdwgurme 5.

Overall, 38 sites were located along road reservations, 5 within residences, 2 along railway
reservations, 12 in open spaces, 5 within markets, 5at transport terminals (lorry parks), 5 at bus stops,
2 behind school facilities, 15 within the buffer zooéslrains and one within a drain.

3.1.2 Location and Condition of Container Sites

In total, 35 container sites were identified within the Odaw ba3irt. of these only two communal
containers were located at the upstream end of the River. Seven are withiddhe part and 26

were located within the downstream end. Approximately 75% of all communal container sites within
the municipalities are characterisedv®yy high incidenceof littering (overflowing MSW) Figure

16), some of which leak into drains parlly means of windblown litter and rainwater.

About 15% of such sites havegh incidence of littering with 5% characterized bymreedium
incidence of littering. The ineffectiveness of the prevailing MSW collection system, the limited
number of communal céainers, constraints at disposal sites leathrigng queues before the tipping
of waste, and absence of education of citizens towards the promotioresfyironmental behaviour
have been identified as the cause of overflowing containers.

3.1.3 Estimated Volumes of Waste Generated

The estimated volume of MSW at the various refuse sites is depidfeidume ¥).The smallest and
biggest volumes estimated were ¥ and 30331 ) respectively. These have been further grouped
into accumulations of 1#rto 60 n¥, 60 n¥ to 360 ni, 360 n? to 900 ni, 900 ni to 3,646 M, 3,646

m° to 8,113 i and 8,113 riito 30,331 M representing yellowhrown, green, purple, pink and red
circles, respectively. The largest volumes of refuse points occur wlthidownstream ends ofeth
Odaw Channel.

The relatively high incidence of both legal and illegal (ghstite) settlements and/or commercial
activities in addition to gaps in MSW service delivery within the Okaikwei North, Ayawaso Central,
Ayawaso East, Ayawaso Central, Ablekun@entral Municipal Assemblies and the Accra
Metropolitan Assemblies are contributory factors. Magiuse accumulations include an estimated
3646.4 mi on the Accra to Nsawam railway line at Ofankor, about 150m closer ©dhw drain
(Figure B). Critical refuse sites however are within the Agbogbloshie, Old Fadama, #inarket,
Makola Number 2 market, Onion market and Timber market en¢fagere b).

There is the incidence of temporal refuse points along the entire railway stretch of the Odaw drai
which are frequently burned or washed directly into the drain during ra{figlire ¥).This in
addition to the incidence of littering by vendors on principal streets of the catchment were not
considered as major refuse sites, although such haveicagniéffects on the littering of the Odaw
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channel. There is also a high incidence of the incomplete burning of household waste and waste of
business along the drafRigure 13.In most of the aforementioned enclave, there is the practice of
informal senice providers collecting waste from service users, markets and business operators, only
to use the sides of the drains as the final dumping grounds for the waste cofepteel ¥). This

is a common practice within Agbogbloshie Onion Market and OldrAota Charcoal Station.
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Figure 13: The distribution of major refuse sites within the Odaw River Catchment
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Figure 14: Land Use of major refuse sites within the Odaw River Basin
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REFUSE QUANTITY OF MAJOR REFUSE SITES WITHIN THE ODAW BASIN
=== — ‘ P - 7 “_ \ w'\‘/, \ Tty v \:"1;‘: 7
=3 f Y LIS
2] : 4{}}13 =
fﬂ B w
z z
£ )
31 3
o w
~ Pantang 5‘,
o j 1L
e % ggbugbf:/”.l\dcmu Wwest) | NS
< ! i,
= =
= S o
o - e 1 o
Y Y Community B
Ly Kasffan | ¢ - - @ Communal Container a
b \ - 3
Loni Ry R Refuse Volume (m?)
* p— P Egliesor @ 1-60
- ok | %y ] @ 60-360
N < loshydo™" @) 360 - 900
( R ew R e ?
T e redie Penpza il . @ 200 - 3646
; TR SRR . ol v B -
i Nii Boi Towg SN 1 8fe \ = v“"\f’/
i St ¥ 3646 - 8113
L N‘n ]‘Sml A ;5* npke M,An/@ort Iﬁsidem' £ .
i N o e . i . -
2 : : o A A 8113 - 30331 g
8 2 Drainage oIk
K Primary -
%\rkuman‘:':? \%4‘ YORTE NewrToniedt 7L /' gl /ol 05 ke T Secondary B
3 ) y rth l%ne?‘h{ i — Tertiary s
> Ay Cp ¥ orl ndustryd
wie§ ’G%uhmshlc Ao ) g
N S primary L1
S secondary
4 tertiary
I 3 » —— trunk
I Korle_Lagoon
; ‘ [CJobAw_CATCHMENT
=z | GULF OF GUINEA =
=) o
ISR Kilometers [|&Y
1’ G ; Q 2 4 6 8 o
0°16'0"W 0°12'0"W 0°8'0"W

Figure 15 Estimated volumes of MSW at major refuse sites and the distribution of communal container
within the Odaw River Catchment
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Okaikwei North Municipality

line stretch at Ofankor ithin the Okaikwei North
Municipal Assembly
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Figure I?: A permanent refuse point Iong the railway

Page |50



_& U, % 3 : A i e 3 =

Figure 18: Very high incidence of littering at various refuse sites within the Agbogbloshie, June 4th Ma
and Old Fadama enclave
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4 Recommendation for reducing the incidence of refuessites and littering at

Container Sites
TheConsultant recommends the following interventions (taGlent and theMiunicipalities) for the
reduction in the incidence of refuse sites and littering at container sites. These recommendations have
been furtler expounded in the Options for the Management of Litter developed as part of the
deliverables to the project.

1.

Reduce (in a declining manner) and or terminate the use of communal containers for the
receipt of household and commercial waste within comnasniBupport informal service
providers to form cooperatives that will collect waste directly from service users,
especially in losincome communities

Where communal containers are inevitable to be used, as in some markets and or transport
terminals, assigthe management of the MSW containers and the entire collection system
to leaders, influencers and their representatives; supporting them to form a task force and
providing oversight responsibilities through capacity building and monitoring.

Rezone munipalities and assign loancome neighbourhoods (where there is
significantly high number of refuse sites, and where formal MSW concession holders
have continuously failed to deliver equitable services) to informal service providers to
unleash their full pential towards collection service improvements.

Improve MSW collection coverage, transportation and recycling through further
engagement and involvement of the informal servée® valuechain actors to support
central separation of MSW at briligick cefres, after a threstream separation of waste

at source.

Conduct periodic cleanp campaigns at all refuse sites and support community members
to form MSW teams (reminiscent of the Water Boards and Sanitation teams of the
Community Water and Sanitation &gcy) to assume responsibility for the prevention of
littering at already cleaned sites. Special cleaning exercise is however recommended for
the Agbogbloshie, Old Fadama, Gamashie, Jihmdrket and Makola No. 2 Market
enclave.

Improve inclusive MSW gaernance by supporting communities to assume significant
responsibilities for the collection of their MSW.

Reward openly clean communities to promote responsiblemproonmental behaviour

of Anti-littering.

Enact byelaws and enforce them to the lettesetoe as a deterrent to offenders

Cover the downstream end of the Odaw Channel and construct commercial stores
(supermarkets) to improve the land use of the aforementioned enclave.

10.Support markets, transport terminals, roadside vendors, street sellesnainf

settlements to assume greater responsibility towardtleetion of MSW they generate
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SECTION Il - HYDROLOGICAL AND DRAINAGE SYSTEMS

1 Introduction

This section presents and discussesitrological and drainage systems of the Odaw River Basin.
This in addition to the thematic refuse map report, the Litter Survey report and the Municipal Solid
Waste Management (MSWM) Assessment Report have informed the Litter Management Strategy
which is captured as part of the Solid Waste Management Improvétian{SWMIP)developed
towards the goal and sustainability of Litter Prevention within the Odaw River Catchment. The
consultant has traversed the entire stretch of the Odaw River (from Danfa to the outfall weir near
Korle Lagoon), in addition to all secdary and tertiary drains discharging stewater, greywater

and MSW to the Odaw Riverhis report (developed partly from field observations and partly from
review of relevant literature on the Odaw River) is to fulfil the requirements of Task 1.3 (Litter
Management Strategy) of the Terms of Reference of the project.

2 The Odaw River - Brief Description and Elevations

The Odaw Rivehas its origins from Berekuso within the Akuapim South Municipality of the Eastern
Region anduns through th&reater Accra Mebpolitan Area, flowing through 17 municipalities out

of the 25. The Odaw River finally discharget the Atlantic OceaniatheKorle Lagoon The Odaw
Catchment covers an estimated area of 245Rngreater part of the basin lies between 18.3 m to 95

m above mean sea lev@tigure 19. The highest parts of the catchment can be located between
Kwabenya (Ga East Municipality) and Berekuso (Akwapim South, Eastern Region) and Ayi Mensah
with elevations ranging between 210 m to 325 m above mean seallegetgions with elevation
between 18.3n to 56.7m and20m to 18.3ntonstitutethe lowest pagof the Odaw basinThere is

the occurrence of flooding in most of these low parts of the catchment.

3 The Odaw River- Surface Water and Drainage
The Odaw Rivereaceives stormwater and wastewater from two main streams namely:
1. The stream running from Aburi Mountains though Berek(swmih in the Akuapim South
Municipality of the Eastern Regiodpwn to Kwabeny#n the Ga East Municipality
2. The stream runninthroughDanfato Kweiman in the Greater Accra Region.

The dainage system within the Odaw catchment cossihatural drains andhajor stormwater
drains(Figure D and Figure 2). There is also the existenceadhetwork of small drains (gutters),
along major oad network which serve as conduits stormwateiand greywater

The major streams that drain into t@elaw River aréhe Kutubor, Ado, Dakobi, an@nyasia The
Kutubor stream, which drains communities including Kwabenya, Pokuase ACP and Ofankor flows
downstream to join the Odaw River at AchimotéieOfankor drairalso joins the Odawaround Taifa
Junction. The Dakobi stream which drains parts of Abokobi and Pantang is joined by the Ado Stream
which drains Kweiman and Oyarifa and also the Laador draiicjvemains the other parts of Pantang

and Adenta West. These stresane additionally joined by the Ashongman, Haatso and Madina
drains before joining the Onyasia stream at Achimota.

Other drains that form part of the tributar@snecting tathe Odaw Rer include the Nima drain,
theAkweteyman draintheMukose drain which drains greater parts of ®kagi South and Ok&wvei
Centra] theSouth Kaneshie drain which includes the Kanesiagket drain, thdwudome emetery
drain and the Mataheko draitie Agbogbloshie and the Alajo drawhich drains parts of Legon,
Achimota, Dzorwulu, Abelempke and Alajo

There is some level of drain construction at some points as the stream meandersithanugéntres

and within the catchmentPrimary drains such athe Alajo drain transports stormwater and
wastewater from some communities to join other streams that connects to the Odaw River or at
sometimes the Odaw itself. Most of the secondary drains are located along major tarred roads, which
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often connect to thprimary drains. Those that usually run along secondary and tertiary roads are
often designed as open drains while those that run along the trunk and primary roads are often
covered. The tertiary drains also transport both-affirand wastewater from resdces to the
secondary drains. They are often characterised by 0.6m diameter an@ @4depth. Among these

open canals, include ditches which are unlined channels dug along roadside or created as a result of
movement of water. Details of the variousids joining the Odaw River has been provided@able

6.

4 The Odaw River Basin- Climate and Vegetation

The Odaw catchment lies within the coastal savannah zone. The catchment experiences two major
rainfall patterns within a year. The first starts from ik June with a peak in June for the major

rainy season, while the minor rainy season runs from September to the middle of November with a
peak in October. The average annual rainfall in a year is 809 mm.

The average annual temperature ranges betwe&fi@8wvhich is the warmest in April, to 24.2°C,
which is the coldest in the month of August. The average humidity figures are about 94 percent and
69 percent at 6:00 and 15:00 hours, respectively.

The catchment area experiences the same cloud covasagenost parts of Accra. The average
percentage of the sky covered by clouds experiences significant seasonal variation over the course
of the year. The clearer part of the year begins around the latter part of June and lasts églatbout

(8) months, enohg around early February. The latter part of December presents the cleasedt day

the year where the sky is clear, mostly clear, or partly clda@®p of the time, and overcast or mostly
cloudy 41% of the time. The cloudier part of the year begins dr&ebruary 11 and lasts fiour

and a half months (4.5¢nding around June 26. The third week in April presents the cloudiest day

of the year. The sky is overcast or mostly cloudy 85% of the time and clear, mostly clear, or partly
cloudy 15% of the time.

The catchment area experiences a mild seasonal variation in average hourly wind speed over the
course ofthe year. The windier part of the year lasts for 4.4 months, from May 31 to October 11,
with average wind speeds of more than 11.4 kilometres per Hloewindiest day of the year is July

29, with an average hourly wind speed of 13.6 kilometres per hour. The calmer time of year lasts for
7.6 months, from October 11 to May 31. The calmest day of the year is December 3, with an average
hourly wind speedf 9.3 kilometres per hour. The predominant average hourly wind direcitioin

the Odaw catchment is from tls®uth and West SouWest towards the North and North Nerth
Eastthroughout the year.

There are three distingegetatiorwithin the OdawCatchnent(Figure 2). Thebasin predominantly
consists of coastal scrub and grassland at the middle portion. Themasttpart is occupied by
moist semideciduous forest whiles the south most part is occupied by the mangrove swamp.
However, there is nearlytlie to no vegetation in especially the middlehe southern part, where
vegetation cover is been replaced with human settle(Regure 23.
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Figure 19: The elevation map of the Odaw River
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Figure 20: The drainage system (types) of the @dRiver Catchment
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Figure 21: The drainage system map of the Odaw River Catchment
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