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Abstract

Most cities in developing countries are currently experiencing a rapid increase in
urbanization which has stressed out the ecosystem and environment. Human activities have
resulted in a myriad of problems of which management of solid waste is one of the top on the
list, though not always highlighted. However, effective solid waste management strategies are
crucial in addressing this issue and promoting sustainable urban development. This study,
therefore examined the recent pattern of growth of the Greater Accra region between 1991 and
2021. Therefore, understanding the interaction between the region’s inhabitants and the changes
in the region’s landland cover time depended greatly on land use and land cover change analysis.
A remote sensing tool was implemented to run an unsupervised classification analysis and to
reveal the growth of the region over the years specifically from 2000 to 2021 using unsupervised
classification analysis. The results showed that the urban vegetation in the region decreased from
63.4% in 1991 to 12.9% in 2021, while the built-up features increased from 6.4% in 1991 to
52.2% in 2021. Additionally, the study evaluated how this growth has affected the region’s solid
waste management. This was crucial for identifying current practices and strategies and enabled
the researcher to determine its effectiveness. Recommendations were made on the identifiable
areas of solid waste management that needed improvement to ensure a healthy and sustainable

environment for future generations.
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Chapter 1: Introduction and Study Area

1.1 Introduction

The global population is increasingly migrating from rural to urban areas making
urbanization one of the most significant factors in the transformation of cities. The 2022 report
from the World Population Prospects reveals that more than 55% (4.3 billion) is urban
population, even though only 3% was reported in the year 1800 (World Urbanization Prospects,
2018). By 2030, for the first time in history, 43 megacities with more than 10 million people are
expected to exist throughout the world, with the majority of them anticipated to be located in
developing countries (World Population Prospects Revised, 2018); therefore, making issues of
urbanization crucial, particularly with the need for spatial management and society’s adaptions to
this change. The consequence of rapid population growth accompanied by a high rate of
urbanization has caused an increase in human engagement in economic activities resulting in a
deteriorating environment visible in all cities around the globe (Levis et al., 2013).

Africa and Asia are anticipated to experience unprecedented urban population growth by
2050 due to natural growth, and rural-urban migration reclassifying the towns and villages (World
Population Prospects 2022). Predominantly, there has been a significant evacuation of labor from
traditional industries and rural areas for employment prospects in urban areas. This exodus has not
necessarily affected the improvement, living standards, or overall economic growth of persons in
cities (Ebeke & Ntsama Etoundi, 2017), instead, it has impacted people’s consumption rate mostly
in developing countries (Aleluia & Ferrdo, 2016). However, with rapid population growth and
unplanned urbanization, many developing countries are struggling to manage all sorts of

anthropogenic wastage, especially municipal solid waste (Ara et al., 2021).



One of the significant consequences of urban life is municipal solid waste, which is
generated faster than urbanization itself (Tawfik et al., 2022). Many cities in developing countries
are providing unhealthy environments due to overcrowding and poor sanitation conditions
accompanied by high frequencies of contagious diseases yet, challenging healthy habitable urban
conditions (EImqvist et al., 2013). This is usually due to their underdeveloped economies, inability
to uphold environmental regulations, financial mismanagement, and inadequate administrative
capabilities resulting in problems with solid waste management (Muniafu & Otiato, 2010).

Municipal Solid Waste (MSW) management has become a major concern globally as a
result of increased industrialization and urbanization, particularly for emerging nations (World
Bank, 2022). This is a major influence on the achievement of sustainable development especially
in less-developed countries (Zhou et al., 2015). Due to this, it is anticipated that 4.3 billion people
would live in urban areas throughout the world by 2025, producing 2.2 billion tons of MSW
annually at a rate of 1.42 kg per person each day (Addo-Fordwuor & Seah, 2022; Priti & Mandal,
2019) (Priti & Mandal, 2019) resulting in an adverse effect on human health and their surrounding
environment.

As cities grow, their management becomes more complex. Therefore, it is important to
recognize and appreciate the overall range of benefits derived from cities while ensuring they
function ceaselessly. Cities can create economic and social advantages, yet they can also cause
inherent challenges to the well-being of urban inhabitants and their environment. For this reason,
the efficient management of rapid urban expansion to produce sustainable cities could be
significantly dependent on sustainable planning and development. For instance, with the
development of the Sustainable Development Goals (SDG) as a means of providing a shared

blueprint for people and the planet's peace and prosperity now and in the future, several countries



have put in diverse efforts to instill sustainable measures into their national and developmental
agenda (Bayulken & Huisingh, 2015; United Nations, 2015). Therefore, a way of making cities
habitable without compromising the environment and social systems, while ensuring maximum
satisfaction of developmental demands of both the present and future generations (Rufus &
Olugbemiga, 2018).

Urbanization is often essential for the development of every country, but Ghana's rapid rate of
urbanization has severely strained the nation's resources and the environment. More than half of
Ghana's population currently lives in urban areas as a result of the country's rapid rate urbanization
since 2010, which has resulted in a striking shift in the country's demographics from rural to urban.
(Ghana Statistical Service, 2021). According to the Ghana Statistical Service's most recent
population and housing census report, the country's urban population has been steadily growing
from 12,545,229 (50.9%) in 2010 to 17,472,530 (56.7%) in 2021, and it is expected to reach 72.3%
by 2050, despite a serious infrastructure and service backlog. Ghana’s increasing rate of
urbanization is a common situation in many African countries as a result of the combination of
two main factors, a high rate of natural increase of the country’s population and net in-migration
to urban centers (Ardayfio-Schandorf et al., 2012). Undoubtedly, Ghana's population is continuing
to grow without keeping up with the need for infrastructure services, leading to adverse challenges,
especially in the nation's largest towns and cities.

The Greater Accra region of Ghana, which includes the nation's capital Accra, was
identified as the region with the highest level of urbanization in the most recent census report.
(Ghana Statistical Service, 2021). Accra has been the focal point for economic growth, innovation,
and employment in the country, therefore, resulting in a substantial alteration of its urban

landscape (Anarfi et al., 2020). With significant government and corporate buildings, Accra serves



as Ghana's Central Business District (CBD), making it the busiest location for commercial and
political activity in the region (E. Agyemang, 2017) as shown in Figure 1.1. The city of Accra is
struggling with indiscipline, haphazardness, and a lack of an appropriate and well-maintained
infrastructure due to a lack of comprehensive planning and the absence of developmental

regulations amidst its growing population.
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Figure 1. 1 Accra’s Sprawl and Congestion. Source: (Ofori, 2021)

However, the most urgent issues resulting from the rapid rate of urbanization in the country
must be addressed (UN-Habitat, 2022) while capitalizing on the growing rate of urbanization.
During the past few decades, a large portion of Ghana’s Greater Accra region’s natural
environment has been transformed into a built-up area with an increasing spatial extent due to

rapid urban expansion (Wemegah et al., 2020a). Deforestation, loss of habitat, creation of slums
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and squatters, poor air, and water quality, flooding, extreme climate changes, and waste
management issues are all challenges faced by the region, and this is mainly attributed to its nature
of population expansion (Deku, 2020). There is no doubt that the absence of effective solid waste
management in Ghana’s developmental plans has resulted in several negative repercussions for
urban residents and their surrounding urban environment, especially in major towns and cities
across the country. Municipal Solid Waste Management is one of Ghana’s most pressing
environmental issues, and the unlawful disposal of uncollected municipal solid waste in open
spaces, water bodies, or along the sides of roadways poses a severe environmental concern for the
country. The present waste management facilities, especially in Accra and Kumasi, are inadequate
for meeting the expanding requirements of the urban inhabitants.

The current situation of solid waste management in the Greater Accra region of Ghana presents
an opportunity for a thought-provoking conversation about potential implications and solutions
among stakeholders within the country. However, the growing solid waste management issue
identified in Ghanaian urban areas due to the significant rise in the volume of solid waste produced
occurs concurrently with the concentration of people and commercial activity. In Ghanaian cities,
this MSW issue is becoming worse and majorly unsolvable. Institutional, technological, and
budgetary limitations at the different levels of government, including the private sector and those
at the national and municipal levels often make it challenging to provide the right quality of service
in response to the growing demand for acceptable sanitation services (Adorsu-Djentuh, 2018;
Amoah & Kosoe, 2014). For instance, trash collection vehicles sometimes find it difficult to access
certain areas within the Greater Accra region of Ghana due to the lack of well-laid-out streets and
too tiny untarred roadways, usually in slum areas (Oteng-Ababio et al., 2013). Again, the rapid

rate of urbanization has increased the average distance that collection vehicles must travel because



of urban expansion while adding to the expense of trash management. All these have resulted in
the accumulation of heaps of solid waste of all kinds which have been untidily spread across almost
everywhere within the cities in the region (Adorsu-Djentuh, 2018) resulting in a threat to public
health while endangering the quality of the urban environment. In each of these instances, the
ability of the local governments to provide even the most fundamental services under their
authority in the face of the nation's expanding solid waste generation in the various sectors of
municipal solid waste management comprising of generation and composition, collection and
transportation, and disposal and treatment (Sharholy et al., 2008) has been severely hampered
mainly by the unanticipated rapid population expansion.

Yet, before recent times, there was a dearth of reliable data quantitative data regarding
waste management practices in urban areas of developing countries (Wilson et al., 2009).
Locally, potential advantages and future directions are being constrained by a lack of knowledge
of the proactive strategy required to reduce urbanization difficulties including solid waste
management, especially in the cities of Ghana. Notwithstanding, solid waste management in
Ghana's Greater Accra region is becoming more serious and is predicted to worsen if not
addressed, making further urban development and solid waste management essential. Given this,
to achieve the worldwide objective of achieving inclusivity in urban areas and settlements, while
making them safe, resilient, and sustainable for all, it is essential to promote resilient and
sustainable cities globally, especially as part of the Sustainable Development Goal 11's key
objectives (United Nations, 2015).

Currently, several research studies have examined the benefits and drawbacks of solid
waste management within the Greater Accra region in great detail (Amoah & Kosoe, 2014,

Deku, 2020; Miezah et al., 2015; Oduro-Appiah et al., 2017; Oteng-Ababio et al., 2013). But no



study was found that links solid waste disposal to the increasing rate of urbanization within the
region. Keeping this in mind, the focus of this study will address three research questions on this
topic:
Q1. How much has the Greater Accra region grown over time?
Q2. How is Greater Accra’s rate of urbanization impacting Municipal Solid Waste Disposal
(MSWD) in the region?
Q3. How could MSWD in the Greater Accra Region be improved and incorporated into urban
planning and development?

The study aims at analyzing how much the Greater Accra region has grown over the years,
analyze the impacts of urbanization on SWM and establishing the foundation for yet more effective
and efficient responses to forthcoming urban expansion. The study employs techniques based on
geographic information systems (GIS) and remote sensing for spatial analysis to determine how
the rapid population growth of Greater Accra has affected the region’s land use land cover features
with the analysis of limited built-up areas, bare lands, vegetation, and water bodies within the
region. Consequently, analyzing urban growth will help people comprehend the significance of
how urban areas change shape and form and they influence the creation of programs and policies
necessary for development and planning (Mundhe & Jaybhaye, 2014). Also, this study aims to
clarify the scope, nature, and links between fast urban population change, urban growth, and
MSWD and its management within the region. However, to achieve a sustainable urban future and
a comprehensive balanced national development, the study further highlights a few parameters that
must be met as a nation with emphasis on how important it is for local government officials to
create suitable techniques for effective solid waste management. This will be essential for a better

understanding of decision-making while ensuring the incorporation of sustainability



assessment regularly into the development and planning goals of the country at large in the future
since the country’s urban population keeps increasing year after year. The studies will also serve

as precedents for the development of similar research in the future.

1.2 Study Area

Ghana's Greater Accra region as shown in Figure 1.2 has been selected as the research
location for this study. This is because, Greater Accra is the nation's fastest-growing urbanizing,
populating, industrializing, and commercializing area (Ghana Statistical Service, 2021) and its
capital, Accra is one of the fastest-growing cities in Africa (UN-Habitat, 2022). The region
encompasses 16 administrative districts as well as neighboring linked built-up areas in the Central
and Eastern regions (F. S. K. Agyemang et al., 2017). Accra is the country's largest urban
agglomeration, accounting for about a quarter of the national GDP (Gaisie et al., 2019).

The region is situated in Ghana's coastal region, with geographic coordinates lying between
6°6°34.07> N and 0°30°28.76°> W to the North-East and 5°28°25.76”” N and 0°37°28.21> W to
the South-West (Osman et al., 2022). Its southern border is formed by the Gulf of Guinea and the
Atlantic Ocean, while its northern boundary is formed by undulating hills that rise 20 meters above
sea level. Since the land slopes down to the Atlantic Ocean, the drainage system drains into the sea
in a southerly direction (Nyarko, 2002; Wemegah et al., 2020b). Greater Accra experiences bi-
modal seasonal rainfall patterns with the minor rainy season extending from September to
November, and the major wet season spanning from March to July (Baidu et al., 2017). The coastal
zone's average annual rainfall ranges from 740 mm to 890 mm (Manzanas et al., 2014). The
warmest months are February and March, with average temperatures ranging from 24 to 33 degrees
Celsius, while the coldest months are June to September, with average temperatures ranging from

22 to 29 degrees Celsius (Wemegah et al., 2020Db).



Figure 1. 2 Greater Accra regional map showing all the districts in the region.
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The Greater Accra region has the highest concentration of employment and economic
prospects in the nation, according to a government labor force report, thus luring young people to
move from rural areas or other towns to this area (International Labor Organization, 2015). Urban
sprawl is prevalent outside of Accra's congested core area. Greater Accra now has a population of
5,455,692 people, up from 4,000,000 in 2010; its total land area is 3,245 km2, and a population
density of 1,681.3 people per km2. Greater Accra is made up of 1,702,160 households comprising
a total household population of 5,384,268 people, 71,424 non-household populations, and an

average household size of 3.2 people (Ghana Statistical Service, 2021). Greater Accra recorded the



highest increase in population density from 445 persons per square kilometer in 2010 to 1,681 in
2021 while that of the entire country increased from 26 persons per square kilometer from 2010 to
129 in 2021 (Ghana Statistical Service, 2021).

The region is the home to the most significant seaport in the nation (Tema), it also houses
the only international airport in Ghana (Kotoka International Airport), hospitals, schools, stadia,
administrative offices, industries, market centers, and many more making it Ghana’s primary center
for politics and economics. The population of Greater Accra has grown quickly as a result of natural
increase, in-migration from other areas and the rural hinterland, and an outward urban built-up
expansion, which has frequently resulted in conversions from diverse land-cover types (Akubia et
al., 2020). The region’s population is expected to double to 10.5 million people by 2040, according
to a growth projection by the Ghana Statistical Service (Ghana Statistical Service, 2021). This
directly implies that the region will face tremendous pressure to urbanize further in the years to
come due to the region’s accelerated rate of urbanization leading to a reduction in environmental
quality and its associated impact on the urban inhabitants making it crucial to take appropriate

measures timely.
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Chapter 2

The Growth of the Greater Accra Region of Ghana Overtime

2.1 Urbanization Background

History reveals that the human population first clustered together in small numbers
primarily depending on agriculture and hunting (Ugwuanyi & Isife, 2012), but gradually they
started to settle down and congregate forming urban centers over the centuries (Roser et al.,
2013). In 2007, more people were living in cities than in rural areas worldwide (Griffiths et
al.2010) resulting in a shift in rural to urban population in the developing world too (The World
Population Prospects, 2015). Consequentially, the concept of globalization has harmed
urbanization leading to changes in the quality of life and utilization of resources, policies, and
laws about immigration and emigration, importation and exportation of goods and services, and
management of solid waste, especially in African cities (Achankeng, 2003). This is mostly
caused by the high rate of population increase, shrinking prospects in rural areas, and migration
from the stagnating and low-paying agricultural industry to more lucrative urban jobs (Vlahov,
2002).

Usually, urban pull factors and interconnected globalization serve as the reasons for the
origination of megacities, which are sometimes plagued with mismanaged resources as so many
people are moving to urban areas at a rapid rate (Griffiths et al. 2010). Generally, cities serve as
centers for contemporary society where women make up the majority of the labor force (Cohen,
2006). Also, cities normally operate as the major hubs for the provision of important economic,
political, social, and cultural centers that houses industries, better education health care facilities,
museums, art galleries, film industries, cinemas, fashion houses, recreational facilities,

transportation, telecommunication, and broadcasting service to the urban inhabitants which turn
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to attract more people to live and settle there. On the other hand, cities are usually known to have
terrible roads, obstructed drainage, traffic congestion, unkempt trash dumps, poor hygienic
practices, unpleasant odor, and a high crime rate (Okeke, 2010). Despite these, cities continue to
attract new immigrants, who often contribute to the development of slum communities and
shanty towns (Cohen, 2006).

Generally speaking, the capacity of most cities particularly in developing nations to
provide their residents with basic necessities has been greatly outpaced by the massive influx of
people from rural areas into urban areas, which normally lead to the threats of the immediate
environment, local natural resources, health impacts, sociocultural cohesiveness, and personal
rights in these urban centers (Cohen, 2006). Urbanization refers to the situation where cities grow
in size, density, and heterogeneity (Vlahov, 2002). Urbanization is caused by two main factors;
rural-urban migration and natural increase (birth rate-death rate) (Jedwab et al., 2017). The
movement of people from rural areas to urban areas is usually propelled by four main reasons
comprising of economic, sociocultural, political, and environmental factors (Semenza & Ebi,
2019). These reasons can be broadly grouped into push and pull factors (Elgin & Oyvat, 2013).
Pull factors are the factors that attract migrants, often the rural populace into the urban areas. It
consists of educational and employment opportunities and religious or political freedom
(Phuttharak & Dhiravisit, 2014). The urban pull factors are usually marked by subsistence
resulting in an increase in human population swiftly in the urban areas. The driving forces behind
people's migration from their home regions to urban areas are known as "push factors" (Fan &
Zhang, 2019; Gizelis et al., 2021). Notable among these factors are rural poverty, unemployment,
poor education, medical care, and religious or political prosecution. The history of human

settlement has completely changed as a result of the recent huge migration of people from rural to
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urban regions (Liu et al., 2012; Roser et al., 2013). This can be attributed to the epidemiological
change of the 20th century resulting in lower urban mortality far earlier in the development
process, even while fertility in the developing world has remained high, therefore, causing urban
areas to grow at a rapid rate naturally, which in turn seems to have exacerbated the impacts of
migration (Jedwab et al., 2017).

In most African countries, the increasing population in major cities leads to everyday
problems but forging the right conditions for a habitable urban environment in these cities is very
challenging (EImqvist 2013). Several recent literature reveal urbanization and its related impact
on urban environmental quality, biodiversity, and land use planning as major primary elements
driving Africa's urban growth (Asongu et al., 2020; Darkwah & Cobbinah, 2014; Kassouri &
Okunlola, 2022; Obi-Ani & Isiani, 2020). For this reason, it is crucial to ensure efficient,
inclusive, and sustainable African cities in the presence of urbanization, the implementation of
sustainable technology, and population growth awareness programs are to be made possible by
smart urban planning measures complemented by fundamental infrastructure expenditures and
avoidance of check-in investments that could prove impossible to change in the future (Effiong,
2016; Freire et al., 2015).

Urban sprawl is the most visible marker of change recounted as any widening of the
residential fringe, expansion of growth onto delicate green spaces and agricultural soils,
escalating traffic on the roads, and a surge in the number of homogenous, limited, single-family
dwelling complexes (Jelena et al., 2012). Even though urban areas are the plight of change to the
environment over a great scale (Grimm et al.2008), considering the general neglect for cities in
the current national and international discussions on development (Ivan Turok & Gordon

McGranahan, 2013), it is crucial to acknowledge the role that urbanization plays in economic
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and social growth (Beall & Fox, 2009). The revised edition of the 2018 World Urbanization
Prospects reveals that, well-managed urbanization informed by long-term population patterns
can assist to maximize benefits of agglomeration while limiting environmental degradation and
other possible negative effects of the growing population in cities (World Urbanization

Prospects, 2018).

2.1.2 Ghana’s Urbanization Process

The development of urbanization in Ghana can be categorized into three different periods

namely, a) The pre-colonial period b) The colonial period, and c) The post-independence period.

2.1.2.1 The Pre-Colonial Period (16th Century AD to 1850)

Urbanization in Ghana started during the medieval period in Sub-Saharan Africa. Here, nations
in Sub-Saharan Africa including Ghana featured a diverse range of civilizations with religion
(predominantly Islamic) playing an important role and forming the foundation for the ultimate
transition and growth of urban centers like Kumasi, Begho, Salaga, and along major routes in the
Northern part of the country. The great majority of the ethnic groups that comprise the
contemporary Ghanaian population had settled in their present areas by the end of the 16th
century (Ghana’s Urbanization, 2010). Once more, the coming of the traders from Europe in the
middle of the 15" Century led to the emergence of towns and cities along the shore which had
raw material sources (Songsore, 1979). As a result, clusters of towns sprung up around these

trading centers of the country and its interior, some of which still exist.
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2.1.2.2 The Colonial Period (1945 to 1957)

The colonial era was the second stage of Ghana’s urbanization and development. The 20"
Century’s British rule over the Gold Coast saw considerable advancement in the country’s social,
economic, and educational growth (Gocking, 2005). This growth was unbalanced and favored
resource-rich areas which caused growth division between the country's southern and northern

areas (Fuseini & Kemp, 2015).

2.1.2.3 The Post-Independence Period (after 1957)

In Ghana, changes brought about by independence in 1957 made cities more attractive (Ghana’s
Urbanization, 2010). Rural-urban movement increased as a result of initiatives to industrialize,
the expansion of public service, and the elimination of the last remaining inflow control
measures (Songsore, 2009). Several new towns appeared on the outskirts due to the
concentration of the main urban hubs, politics, and administration, which served as an additional
draw for investors who needed access to the governmental machinery. Because of this, the
country's rural-urban migration has intensified, and urban centers have continued to grow

(Ghana’s Urbanization, 2010).

2.1.3 Urbanization in the Greater Accra Region: Historical and Spatial Development

The Ga people established Accra (Yankson & Bertrand, 2012) as a little fishing
community in the sixteenth century, but it quickly expanded after the British had chosen it as the
location of their administrative headquarters in the late nineteenth century. After the Europeans
arrived in Ghana, they aided urban expansion by establishing trade forts and castles along the
coast (Yankson & Bertrand, 2012). With this, the Danish built the Christiansburg Castle in 1651,

the Dutch constructed Ussher Fort in 1650, and the British constructed James Fort in 1673
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(Amesimeku, 2019). All these were situated in Accra leading to the commencement of Accra’s
development mainly after the Christiansburg Castle was chosen as the seat of the British
administration on the Gold Coast in 1877. This decision strengthened and secured Accra’s
future growth following its selection as the Eastern Railway’s maritime terminus (Yankson &
Gough, 1999). Again, the improvement in accessibility of the railway increased Accra's
geographical impact and triggered the region’s expansion (Yankson & Bertrand, 2012).

Ghana neither has a long history of physical planning nor a solid framework for
managing urban environmental issues. Physical planning efforts only took place during the
colonial era when colonial officials and expatriate workers resided. Beyond such places, the
city's expansion was chaotic, leading to a fragmented urban structure and an entirely unregulated
pattern of urban development (Larbi, 1996). According to the Ghana Statistical Service's 2021
Population and Housing Census Data Report, the country's overall population is 30,832,019,
which is five times the population in 1960 as shown in Figure 2.1 and Table 2.1 respectively.
With this, the Greater Accra region alone constitutes 17.7% of the entire population. Figure 2.1
shows how Ghana’s urban population as well as the Greater Accra region has continuously
increased from 12,545,229 (50.9%) in 2010 to 17,472,530 (56.7%) in 2021 with a higher female
population than the male population as shown in Table 2.1.

Almost half of Ghana’s population increase (47.8%) has transpired in the Greater Accra
and Kumasi regions out of the 16 regions in the country. The Greater Accra region is the most
highly urbanized in Ghana with 91.7% of its populace living in urbanized areas while the
remaining 8.3% live in rural areas (Ghana Statistical Service, 2021). The region has been
experiencing a rapid rate of urbanization since 2010 and all this has led to significant alterations

in the country's landscape and demography (Anarfi et al., 2020). The region has a population
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growth rate of 2.9 percent from 2010 to 2021 with more than 70% of the populace as migrants
(Ghana Statistical Service, 2021). Much of the population of the region is concentrated primarily
within the Greater Accra Metropolitan Area (GAMA) which serves as a place where migrants
settle and emigrants commute (Addae & Oppelt, 2019b) as well as the greatest urban
agglomeration to neighboring West African countries, particularly Nigeria between 1973 and
1983 (Songsore, 2020).

Accra is referred to as "No man's land™ or the "Home for everybody." With time, this
flood of people prompted the sale of properties, stores, and open spaces that made room for new
economic operations (Obi-Ani & Isiani, 2020) which also prompted the construction of
unauthorized homes. The preceding directly implies that the region will face tremendous
pressure to urbanize more in the next years if the current issue remains unattended (Akubia et al.,
2020). In Accra, the prevalent land tenure system is the family land tenure, where families own
the great majority in terms of the total land area. Even with that, the government has purchased
substantial amounts of land for urban development over the years for commercial, residential,
and industrial purposes (Songsore et al., 2004).

Ghana’s largest urban agglomeration, Accra, contributes over a quarter of Ghana’s total Gross
Domestic Product ( GDP) and attract an enormous 83% of all direct foreign investments (DFI) in
the country (Musah et al., 2020). Previous studies have shown that the ongoing economic growth
in the country accompanied by an increase in the standard of living has resulted in the rising
demand for goods and services and a corresponding rise in per capita waste generation (Oteng-
Ababio et al., 2013). Rapid urbanization and population growth, insufficient trash cans, and lack
of waste transportation infrastructure are the primary barriers to effective waste management in

Ghana. Greater Accra's urbanization trend has reached saturation, with almost the entire
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population expected to be urbanized in the coming years. (Addae & Oppelt, 2019b). All these
constitute to make Accra the research hub for researching urban growth, the security of natural
resources, and related socio-environmental and demographic challenges in recent years (Addo-
Fordwuor & Seah, 2022; Bixby et al., 2022; Chapman-Wardy et al., 2021; Gaisie et al., 2019;
Magller-Jensen, 2021; F. N. K. Ofori, 2021; Wemegah et al., 2020).

Figure 2. 1 Population growth in Ghana and the Greater Accra region from 1960 to 2021
(Ghana Statistical Service, 2021).
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Table 2. 1 Population growth in Ghana and the Greater Accra region from 1960 to 2021 (Ghana
Statistical Service, 2021)

Year Total Population of Ghana Total Population of Greater Accra Region
1960 6726815 541933

1970 8559313 903447

1984 12296081 1431099

2000 18912079 1431099

2010 24658823 4010054

2021 30832019 5455692
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Figure 2. 2 Population sex structure of both urban and rural Ghana and the Greater Accra
Region. Source: Ghana Statistical Service, 2021 Population and Housing Census Report.
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2.1.2.4 Causes of Urbanization in Ghana

The growing pattern of urbanization in Ghana has been attributed to the following demographic
trends (Ghana’s Urbanization, 2010).

e Natural increase: The spatial variation between the birth rate and the death rate is
responsible for determining population growth which aids in deciding the rate of
urbanization in localities in Ghana. As a result, areas that see significant population
growth with a high number of fertility than mortality each year are a greater likelihood of

moving from a rural to an urban (Ghana’s Urbanization, 2010).
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Rural-urban migration: The rate at which a region gets urbanized is influenced by the
number of migrants entering the region since migration increases population at a rate that
Is necessary for a region to meet Ghana's criteria for urban localities (Ghana Statistical
Service, 2021). In Ghana, internal migration has always played a significant role in
population redistribution. As there is often a north-south development gap, people tend to
migrate from less developed regions in the northern part of the country to those that are
seen as more developed (the southern part of the country) and have more socioeconomic
prospects for improving living standards (Ghana’s Urbanization, 2010).

Decentralization and Reclassification: In Ghana, the implementation of the
decentralization system of government has led to the creation of many more districts.
This is accompanied by the provision of some basic infrastructure, which frequently
occurs in conjunction with the promotion of a community to serve as the district capital.
For instance, currently, there are 216 districts in Ghana as compared to 110 districts in
1988 (Ghana Statistical Service, 2021). This is done purposely to ensure effective
planning and development but ends up intriguing enormous growth in their population,
which results in the reclassification of these areas as urban. In Ghana, an area is
reclassified as urban once they reach the 5,000 criteria for population (Ghana’s

Urbanization, 2010).

2.2 The Growth of Greater Accra and its Impact on the Region’s Land Use Land Cover Change

2.2.1 Land Use Land Cover

Land is a critical component of the ecosystem which serves as the foundation for various

ecological processes and also provides natural resources that are essential for human

survival(Abebe et al., 2021). The alteration of the earth's surface happens as a result of the
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interaction between anthropogenic and biophysical factors comprising environmental and
biological processes that could be measured by landscape patterns (Chen et al., 2021). Recently,
changes in land use land cover (LULC) are one of the most significant themes for discussion
when it comes to issues of urbanization, migration, and industrialization (Arsiso et al., 2018;
Nath et al., 2021; Zhou & Chen, 2018). Land cover change refers to a shift in some constant
features of the land, such as plant type, soil conditions, and water, among others, whereas land-
use change refers to a shift in how a specific piece of land is utilized or controlled (Kevin J.
Gaston, 2010; Patel et al., 2019). Urbanization can result in the modification of the natural
ecosystem. For instance, natural habitats are permanently altered by the processes of
urbanization and urban growth (Jiménez-Pefiuela et al., 2019). It is noteworthy that this change is
causing several problems across the globe, including species extinction and the degradation of
ecological systems, as well as resource depletion and the resulting consequences on human
health (Patel et al., 2019a). Urban expansion is the main factor influencing changes in land use
and cover globally, and it is crucial currently for developing and underdeveloped nations (Chen
etal., 2021; Hyandye & Martz, 2017; Rindfuss et al., 2007).

Analyzing global patterns of land-use change requires a thorough understanding of the impact
of humans on the modification of land cover and land use (Biney & Boakye, 2021; Kullo et al.,
2021). LULC changes are so inevitable that, when they add up globally, they fundamentally
affect important components of the global framework such as the environment and regional
climate (Al-Bakri et al., 2013; Lambin & Geist, 2008). Yet everyone with concerns about the
preservation of natural resources, including researchers, conservationists, urban planners,
entrepreneurs, and legislators, should be interested in understanding LULC change (Gennaretti et

al., 2011; Kullo et al., 2021). With this, the International Human Dimension Program (IHDP)
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emphasizes the significance of effectively modeling techniques, projecting, and comprehending
land patterns from a global to local scale, concentrating particularly on the spatial formalization
of the procedures and effects as a result of the tremendous effects and ramifications that the
LULC has introduced (Islam & Ahmed, 2011).

Urbanization, excessive reliance on land-based resources, agricultural practices, and
deforestation are examples of human-induced variables that contribute to LULC change in Africa
(Kullo et al., 2021). For instance, Ghana’s economy relies extensively on natural resources,
therefore, leading to the over-exploitation of LULC (Frimpong, 2015). Changes in land use are
impacted by several variables, including economic, political, demographic, and environmental
factors, however, political and economic factors are also known to be important variables due to
their threshold of the effect they can cause (Addae & Oppelt, 2019a; Ampim et al., 2021). For
instance, the government of Ghana’s micro-economic initiatives and industrialization measures
have facilitated the expansion of Accra and Tema, resulting in the clustering of industrial parks
and corporate offices in the Greater Accra region. This has therefore served as a pull factor to
attract people into the region while contributing to the already existing urbanization issue and its
associated influence on the region's land use and land cover, resulting in degradation, habitat
destruction, and loss of farmland (Ampim et al., 2021). All of these make it significant to

monitor LULC changes to detect difficulties and take steps to ensure sustainability.

2.2.2. Land Cover Change of the Greater Accra Region

The Greater Accra region, which began as a collection of coastal fishing settlements has
grown to be Ghana's economic center, with Accra being the basis of Ghana's urbanization
process. The region draws visitors from all around Ghana and other countries to its diverse

population mostly as a result of the abundance of job possibilities (Ghana Metropolitan Cities,
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2016; Ghana Statistical Service, 2021). Accra and Tema serve as the Greater Accra region's
economic hubs whereas the Greater Accra Metropolitan Area operates as the most economically
active district in the region. Due to the high cost of land and the scarcity of housing options in
Accra, migrants and low-income citizens have been forced to live in slums and squatter
settlements many of which lack basic amenities like water and sanitation (Yankson & Bertrand,
2012). Problems about urban sprawl have given rise to new approaches for achieving an
appropriate urban shape as well as monitoring and analyzing its impacts, and this includes LULC
analysis.

Land use/land cover (LULC) changes through is best quantified with the use of remote
sensing and Geographic Information Systems (GIS) techniques (Mukesh Singh Boori & Vit
Vozenilek, 2014) In several places of the world, GIS and remote sensing have emerged as crucial
tools for performing change analysis. While traditional inventories and surveys may be used to
track changes in land use and land cover, satellite remote sensing offers advantages in terms of
cost and time savings for regions with a regional scale as well as more comprehensive details on
how these modifications are distributed geographically (Yuan et al., 2005). It is important to
know that, remotely sensed images offer an effective way to gather data on temporal patterns and
the geographical distribution of urban centers for studying, predicting, and projecting land
change (Weng, 2012).

The objective of this research aims at analyzing how the Greater Accra region of Ghana
has grown over time. By so doing, this study used GIS and remote sensing technology to
examine the urban land use and land cover changes of the Greater Accra region from 1991 to
2021 using satellite imagery. The effect of the growth of the region on the urban land use land

cover in the area is anticipated to result in an increase in human activities, therefore placing more
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demands on the earth’s finite supply of arable, pastoral, urban, and industrial land, considering it
appropriate for this study. The assumption is that urban areas are more urbanized, and this is
generally based on the idea that urban areas are usually characterized by a high level of
development accompanied by a concentration of people and infrastructure. However, the study
hypothesized that the rapid urbanization and population growth in Greater Accra region will lead
to an increase in urban built-up areas in the region. Therefore, causing a significant decline in
vegetative cover and an abundance of built-up features in the region. The overloaded
infrastructure in the Greater Accra region can result in various problems including environmental
degradation, periodic floods, destruction of natural vegetation, and loss of biodiversity, habitat,
and soil fertility. The study's findings will aid in understanding how such expansion affects the
local ecology, therefore serving to decipher the causes and possible solutions to the issues of
sustainable development. Again, the findings of this study will aid in urban land use planning
and development by demonstrating the influence of increasing urbanization on the urban land

cover of Ghana's Greater Accra region.

2.3. Methodology

2.3.1. Data

2.3.2 Satellite Imagery

Using the geocoding technique, data from the Landsat 4-5 Thematic Mapper (TM), Landsat 7
Enhanced Thematic Mapper (ETM), and Landsat 8-9 Operational Land Imager and Thermal
Infrared (OLII/TIRS) satellites images were obtained from the United States Geological Survey
(USGS) online data repository. The geocoding technique in remote sensing entails creating a
pleasant image size to a universal pixel size and map projection. The geocoding is important

because incorrect registration results in artificial colors or characteristics in multisensory data
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sets, which subsequently distort the interpretation (Pohl & Van Genderen, 1998). These satellite
images were gathered for the years 1991, 2001, and 2021 in an attempt to be used in the land use
land cover analysis. For additional processing and analysis, the images were gathered in Tiff
format which is widely recognized in the scientific community. Table 2.3 below provides a
summary of the specific image attributes. To generate quality images with cloud free and
minimize differences in land cover reflectance from influencing of seasonal variation, the images
were obtained for the months of December and January, which are part of Ghana's dry season.
All these were done mainly to improve the generation of analyzable Landsat images to facilitate
easier distinction between land cover types. Characteristics of multitemporal Landsat 7 and 8
data utilized in the study can be seen in Table 2.4. Because this study employed single-date
images in all the years for the LULC classification, atmospheric correction had little impact. As a
result, no extra atmospheric correction was implemented. In addition, the associated classified
images served as the source of the classification training data , therefore atmospheric adjustment

in these circumstances cannot improve classification accuracy in this instance (Song et al., 2000).

Table 2. 2 Utilized Landsat Satellite Data Characteristics

Date of Landsat Sensor Path/Row Spatial Number of
Acquisition Resolution Bands
1991/01/10 Landsat 4 ™ 193/056 30m 7
2001/12/07 Landsat 7 ETM 193/056 30m 8
2021/12/22 Landsat 8 OLI/TIRS 193/056 30m 11
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Table 2. 3 Characteristics of multitemporal Landsat 7 and 8 data utilized in the study (Oliphant et
al., 2019).

Band Name Landsat 7 ETM Spectral Range | Landsat 8 OLI Spectral Range
Blue 0.45-0.52 0.452-0.512

Green 0.52-0.60 0.533-0.590

Red 0.63-0.69 0.636-0.673

NIR 0.77-0.90 0.85-0.879

SWIR 1 1.55-1.75 1.566-1.651

SWIR 2 2.09-2.35 2.107-2.294

Thermal 10.40-12.50 10.60-11.19

2. 3.3. Software Used

The software listed below were utilized for the overall processing and data analysis for the
purpose of the study (Tilahun, 2015).

a) ERDAS Imagine 13: Utilized for categorizing images.

b) Arc GIS 10.1: Preparation of the study area’s location and creation of a data base

c) Google Earth Pro: For the verification of points that were generated randomly.
2. 3.4 Image Pre-Processing
The GeoTIFF Data product was downloaded. The downloaded files were processed to obtain the
individual band TIFF files. Several individual single band images were obtained but preferably,
single multispectral images for performing three different layer stacks for the three years were
used for the study while ERDAS imagine was further used to create the layer stacks for the three

images using TIFF extension with the addition of the individual bands.
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2.4. Method of Data Analysis and Classification

To obtain the land use land cover of the Greater Accra region over the past years, the
study focused on three different years, 1990, 2001 and 2021, to run an unsupervised
classification analysis using an ISODATA algorithm. Unsupervised classification is a form of
classification that yields an output image in which a few classes are identified, and each pixel is
assigned to a class (M.S. Boori et al., 2018). For the purpose of using the unsupervised
classification, the ERDAS ribbon in the ERDAS imagine, a raster graphics editor and remote
sensing application was used. The input file, the output file and the signature editor were all set
on the unsupervised classification dialogue box image and ISODATA was also set as the method
for each year’s classification. The maximum number of iterations was set to 10. The minimum
and maximum number of classes assigned to each year were 20 while the color was set-to gray
scale which ERDAS further examined the data and assigned each pixel to a spectral class. The
classified images were loaded to other viewer to display the spectral clusters identified by
IMAGINE. The land cover classes represented by each cluster were further determined. The
Attribute table for the second viewer was displayed purposely to load the table containing the
attribute information for each of the 20 classes. To determine the land cover type for the classes,
both viewers were viewed by matching up specific pixels in each viewer by linking the two
viewers. After the viewers were linked up, the inquire cursor was used to match up specific
locations for each viewer. On the map, longitude, and latitude (WGS84) were selected for the
values of the geographic coordinates to be displayed. Google Earth Explorer was used to display
the landcover type or feature of the selected classes comprising of water bodies, built up,

vegetation, and bare land for all the years under study. The color of the classes was changed to
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represent the color of the classification scheme, blue represents water bodies, dark green
represents vegetation, red represents built-up, and sienna represents bare- land.

Information labels were assigned to all the 20 spectral clusters while using a table
documented in word to record the class designations. This is because the documented table
needed to reclassify (recode) the images to the designated class schemes. The file was then saved
after assigning all the 20 classes to a specific land cover type among the four land cover features
considered for the purpose of the study in the raster attribute editor and recorded in the table.
Using the information recorded in the table in the document, a reclassified image was produced
using the recode function. A recode was then set up for the input file. Each of the classes were
assigned the new values based on the analysis and information recorded in the table to be able to
run the recode. The reclassl.img was opened in a new viewer in pseudo color, the raster attribute
editor was also opened, and the colors were changed to the color scheme in the raster attribute
editor where the class names were also added. The images from 2001 and 2021 underwent the
same procedure. Figure 2.5 shows the final output maps that were created for the three different
years.

Table 2. 4 Land use and Land Cover Types Classification (Anderson, 1976)
Land-Use/Land-Cover Type Description

Built-up Residential areas, Mixed urban areas
Industrial and Commercial units, Transportation facilities

Vegetation Evergreen Forest land, Mixed Forest land,
Forest reserves, Deciduous Forest land, bush areas,
Grassland Herbaceous vegetation,

Mixed grassland with few scattered trees.
Bare-land Beaches, Sandy areas, Exposed rocks, Riverbanks,
Quarries and gravel pits, transitional areas
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Water bodies Lakes, Rivers, Streams, Canals, Reservoirs, Estuaries,
Bays, Forested wetlands, Aquaculture facilities

2.5 Results and Discussion

2.5.1. Geographical Change of the Greater Accra Region from 1991 to 2021.

The land use land cover maps of 1991, 2001 and 2021 of the Greater Accra Region are shown in
Figure 2.1 Vegetation, bare land, water and built up were the major land cover taken into
consideration in this study. The figure shows a great transformation of the region’s vegetative
cover from 1991 to 2021. It could be seen that, there were few built up features around the
Northeastern and the Southwestern part of the region specifically in the Shai Osudoku, Greater
Accra Metropolitan Area, and Tema area while almost everywhere in the Northwestern area was
covered with vegetation while most part of the Southernmost area of the region was covered with
bare land and water body in 1991. However, in 2001, the built-up area increased in the southern
part of the region while spreading through the entire region in 2021 except the Northeastern part
which had majority of the land covered with vegetation and some portion of the areas left bare
after the vegetative cover had been cleared.

Primarily, there was an increase in bare land from 1991 to 2021 in the region mainly by
activities of urban planners and real estate developers for creating a potential use of the land for
building and construction purposes in the areas mentioned above including the Old Ningo. There
was also bare land that was present in the region in 1991 which has been turned into built-up
features in 2021. Again, the water bodies present in the region have been narrowed from 1991 to
2021 and replaced with built up features especially for recreational purposes mainly due to the

concentration of such features in the region comprising of Beach Holiday Resort, Maranatha

35



Beach Camp, Bojo Beach Resort and Tsaley Kopey Beach Resort which are mainly concentrated
in the Accra metropolitan area. Overall, the change detection maps of the region can help justify
how the region has changed significantly between 1991 and 2021. All these are as a result of
human encroachment for settlement associated with increase in human population, urban growth,
and urbanization in the region (B. Y. Ofori et al., 2022). Figure 2.1 is a land use land cover maps
of the Greater Accra region of Ghana showing the growth of the region from 1991 to 2021.

Figure 2. 3 Land Use Land Cover Change of the Greater Accra Region from 1991 to 2021
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2.5.2 Statistical Change of the Greater Accra Region from 1991 to 2021

As evident from figure 2.1, built-up features have seen a significant increase in the Greater Accra
region and bare land from 1991 to 2021 as shown in table 2.6 with a corresponding decrease in
the region’s volume of vegetation. While an estimated area of 23,457km? of land was built-up
during 1991, its scope has extended 193163km?2 during 2021. In a similar manner, the proportion
of bare land expanded from 79,623km2 to 103,521km? from 1991 to 2021. In contrast, the area of
vegetation shrunk from 235,558 kmz2 during 1991 to 48006 kmz2 in 2021. The overall land cover
of the region in 1991, 2001, and 2021 have been represented in figure 2.2, figure 2.3, and figure
2.4 respectively. The observed modifications in the region's land usage and land cover can be
associated to increase in human settlement in the area resulting in the conversion of the urban
vegetation cover to built-up features. The study adequately demonstrated the application of
multi-temporal Landsat TM data to analyze land-use/land-cover dynamics in an area subject to
human intervention (Dwivedi et al., 2005).

Table 2. 5 Landcover types and their percentage change from 1991 to 2021

Land Cover Area of Land Cover in Percentage (%)

Type Land Land Cover Land Cover Land Cover Land Cover
Coverin | in 2001 in 2021 Changes Changes
1991 from1991to | from 2001 to

2001 2021

Water Bodies 8.74 8.46 7.1 -3.08 -16

Built-up 6.4 14.03 52.2 121.922 271.065

Vegetation 63.4 58.09 12.9 -8.4904 -77.7
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Bare land 21.46 19.42 27.8 -9.54 43.7314

Figure 2. 4 Graphical Representation of Land Cover Type of Greater Accra in 1991

Greater Accra Region's Land Cover in 1991

Land Cover Type ™ W \Water Bodies MBuilt-up M Vegetation M Bare land

Figure 2. 5 Graphical Representation of Land Cover Type of Greater Accra in 2001.

Greater Accra Region's Land Cover in 2001

Land Cover Type ™ MW Water Bodies M Built-up M Vegetation M Bareland
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Figure 2. 6 Graphical Representation of Land Cover Type of Greater Accra in 2021

Greater Accra Region's Land Cover in 2021

Land Cover Type ® M Water Bodies M Built-up M Vegetation M Bareland

2.5.3. Accuracy Assessment of the Greater Accra Region

Accuracy assessment is one of the significant steps in image classification because it helps in the
determining the precision of a thematic map created from a satellite image (Frimpong, 2015b).
Figure 2.1 shows the multi-temporal Landsat TM data-based land-use and land-cover maps of
the Greater Accra Region for the years 1991, 2001 and 2021. The categorization technique used
previous Google Earth images from the "Google Earth Pro™ application as a reference. A
comparison of the classification results with the actual reference point for a particular land cover
was made using an error matrix approach. In addition, the study quantified the kappa coefficient,
a measurement used to determine how much more accurate the categorization is randomly. The
user’s accuracy was also quantified to be 75% in 1991, 100% in 2001 and 83% in 2021 as shown

in Table 2.7. The user’s accuracy is the percentage of pixels in a given class that have been
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correctly classified out of the total number of pixels in that class (Enderle & Weih, 2005). The

user accuracy is significant to the user because it reflects how closely the classified image
matches the actual conditions on the ground. Lastly, the producer’s accuracy was quantified to be
100% in 1991, 75% in 2001 and 83% in 2021. Producers’ accuracy is the total number of
correctly classified reference pixels (Gomez-Sapiens et al., 2021). The producer’s accuracy also
helps in understanding how well the algorithm performs in detecting the land cover features
under the study. Additionally, the overall accuracy of the of the categorized images were 90%
for 1991, 95% for 2001 and 90% for 2021 showing how good and reliable the overall precision
is. This is so because , if the overall accuracy of a categorized image/map is said to be 73

percent, the figure indicates the correctness of the entire product (Story, 1986).

Table 2. 6 Accuracy Assessment Result for the classified output

Category Years

1991 2001 2021
Overall accuracy 90% 95% 90%
Kappa value 0.80 0.91% 0.84%
Producers Accuracy | 100% 75% 100%
User Accuracy 5% 100% 83%

2.5.4 Other Problems Associated with Urbanization in the Greater Accra Region of Ghana

a) Traffic Congestion
Economic development and urbanization can have consequences such as traffic
congestion as well as environmental health issues (Armah et al., 2010). In Accra, increasing

traffic and associated congestion are two main factors that slow down movement (Mgller-Jensen,
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2021). Traveling within the city remains challenging amidst recent and ongoing
advancements of the major highways within the city due to the functional connectivity between
both the city center and burgeoning periphery as well as the inadequate operations of urban buses
"trotro”, (Agyapong & Ojo, 2018) which aggravate peak hour tension and restrict roadway for
picking up passengers. This can cause tension, dissatisfaction, and future problems resulting in
strained relationships and financial distress (Agyapong & Ojo, 2018; Quarshie, 2007).

b) Seasonal Flood Hazard

Research conducted on the study area reveals that frequent flooding which occurs
annually in Accra is attributed to climate change, excess river overflow, and influences of human
actions mainly by unmanageable solid waste disposal methods propelled by the rapid rate of
urbanization (Abeka et al., 2020; Afeku, 2005; Damte et al., 2023). A study conducted by
(Damte et al., 2023) reveals that the primary causes of flooding disasters in Accra were evaluated
to be a lack of vegetation cover, inadequate drainage systems, storm surges, and heavy rainfall.
Accra's susceptibility and exposure to flood risks is as a result of the unchecked expansion of
unplanned housing development mainly squatter settlements in flood-prone low-lying areas in
the region (Abeka et al., 2020). Another study by (Afeku, 2005) reveals that buildings in Accra
become susceptible to floods and subsequently flood after severe downpours as a consequence of
urbanization and a lack of effective spatial planning, drainage, and waste services. Further study
suggested that, the use of drainage systems for the collection of rainwater to deal with Accra's
ongoing water supply constraints as part of Accra’s urbanization's concerns in context of
seasonal rainfall and impervious surfaces could help address the issue of flooding in Accra
(Amoako & Frimpong Boamah, 2015).

¢) Pollution of water bodies
An in-depth literature review on the study area reveals that rapid rate of urbanization in

the region is a key cause of pollution of two major water bodies in the jurisdiction. For instance,
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research conducted by (Boadi & Kuitunen, 2002) titled “ Urban waste pollution in the Korle
Lagoon, Accra, Ghana” reveals that the discharge of untreated industrial and municipal waste
into storm drains has increased due to heightened levels of industrial activity as well as the
consumption patterns by the growing urban populace. Also, (Aglanu & Appiah, 2014) in their
paper titled “The Korle Lagoon in Distress: The Stress of Urban Solid Waste on Water Bodies in
Accra, Ghana” also reveals that the high amounts of trash dumped into the Korle lagoon has
made it impossible to sustain lives of aquatic animals and plants over the years as a result of
lack of dissolved oxygen, and other hazardous compounds due to the high degree of pollution.
Therefore making the Korle Lagoon in Accra one of the world's most contaminated water bodies
(Boadi & Kuitunen, 2002). Based on this literature-based research, this study establishes that
prioritizing issues of solid waste amid growing rapid urbanization is a critical step toward
protecting our water resources and fostering environmental sustainability.

d) Creation of Slums
The research findings by (Addi & Ayambire, 2022) reveals that neoliberalism has

actively and passively influenced Ghana's housing market through the commercialization of land
and the commaodification of homes which has led to the growth of slums in the Greater Accra
region and this is one of the major consequences of uncontrolled urbanization, therefore resulting
to an impact on human settlement. Many residents in Accra are confronted with pervasive nature
of slum settlements which adversely have a negative social, economic, and health impact on
urban dwellers (Ghana Demographic and Health Survey, 2008). A recent study that reveals that
slum residents in Accra are identified as the most prevalent to encounter infectious, respiratory,
and skin disorders during the past two years, as substantiated by information on illness
prevalence that the Municipal Health Directorate of the La-Nkwantanang Madina Municipality

(Damte et al., 2023). Many of these issues are the result of clogged gutters, inadequate drainage,

42



and hygiene issues that are aggravated by climatic conditions all as a result of the increasing rate

of urbanization in the region.

2.6. Discussion
The major objective of this study was to examine the growth of the Greater Accra region

over the years using classified Landsat imagery. It was hypothesized that, due to the region's
expanding population and accelerating rate of urbanization, there would be an expansion of the
urbanized area on the city’s landcover which will cause a significant decline in the urban
vegetation. As evaluated by human settlement expansion, the result showed that the dominant
land use and land cover of the Greater Accra Region was built-up features. It was found that
urban vegetation decreased by 63.4% in 1991 to 12.9 in 2021, while the urban built-up features
increased from 6.4% to 52.2% from 1991 to 2021 respectively. The vegetative degradation
intensified significantly between 2001 and 2021 as vegetation was decreased by extra 45.19%
from 215558.26km2 in 2001 to 48005.55km2 in 2021. All of these confirms the findings from
(United States Geological Survey, 2017) that, the rate at which Ghana's forest resources are
being lost is detrimental to ecology. As anticipated, the results showed an increase in the urban
built-up area on the city’s landcover causing a significant decline in the urban vegetation
(12.9%). Again, the study's observation of increased urban built-up (52.2%) is consistent with
the findings of other research that contend that urbanization is a key factor in the loss of urban
greenery or vegetation (Carlson & Traci Arthur, 2000; de la Barrera & Henriquez, 2017; Luo et
al., 2021; Scherner et al., 2013; Yin, 2022; Zhao et al., 2016). In figure 2.9.1.2 above, the built-
up area comprises of low, medium, and high-density, residential neighborhoods, mixed-use
developments, industrial and commercial units, and transportation infrastructure (Assiam, 2020)
as well as other man-made features that has witnessed a great increase comparing the difference

between the land use landcover change map of 1991, 2001 and 2021 of the Greater Accra
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Region. The difference is due to the rapid population growth coupled with it rate of urbanization
in the region which has caused a great demand for built-up affecting the land use land cover
available in the area. Tropical forests once dominated Greater Accra, but agricultural clearing
and urban expansion have altered the region's ecology, with herbaceous and shrub vegetation
predominating in less populated regions and fast regrowth in places with little residential
development (Stow et al., 2013). The main water bodies present in Accra are lagoons, rivers, and
a lake. Also present in the region is the Weija lake which is the only lake situated in the Greater
Accra region of Ghana. Most of the water bodies have been obstructed by activities of man
mainly with influences from construction activities and solid waste disposal with the Odaw river
being at the forefront of this improper waste disposal in the region.

These hindrances to the flow of the river cause a seasonal flooding in the respective areas
whenever it rains heavily, hence making flooding an annual problem in some parts of the region.
Figure 2.9.2.6 clearly shows that the built environment has certainly had the most direct impact
on the geomorphology of the land use of the Greater Accra Region. Urbanization in the region
has greatly modified the regions landscapes making population growth (Adeyemi Michael &
Addo Kwasi Appeaning, 2013) and deforestation key factors for the conversion of natural cover
like vegetation to artificial cover like built up in the Greater Accra Region. All of this is
consistent with the findings by (Agyarko, 2001) which claims that land use land cover issues are
a concern in Ghana and many other nations whose economies rely heavily on the usage of
natural resources. Rapid urbanization of the Greater Accra region is due to natural and human
factors such as high birth rate and migration of people from all walks of the country and
foreigners for various purposes, including employment, education, tourism, health care,

transportation, commercial and political infrastructure (Ghana Statistical Service, 2021). This has
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therefore led to major problems like overpopulation, environmental deterioration, pollution,
congestion, diseases, and other socio-economic problems. Even though (Van der Geest et al.,
2010) argues that the Greater Accra Region's population growth is due to in-migration rather
than natural growth. Urbanization could also have an impact on the global climate. Rapid
urbanization and elevated dangers from climate change are converging on the African continent
(Finn & Cobbinah, 2022).

This necessitates universal acknowledgement of the importance of urban sustainability in
achieving sustainable development globally. Population increase, migration, urbanization, and
mining pressures all cause changes in land use and land cover (Kullo et al., 2021). Human
actions and environmental sources are the primary drivers of LULC, with political and economic
issues being the most influential (Ampim et al., 2021). These demographic fluctuations, together
with growth has outpaced and technological developments, and as well altered the planet's
surface in both disadvantageous and advantageous ways (Addae & Oppelt, 2019a). Ghana's
population increased by 26 million throughout the course of its 64 years as a sovereign state,
from 5 million in 1957 to 31 million in 2020.This rise has been accompanied by significant
changes in land use and cover (LULC), particularly the growth of cities (Ampim et al., 2021).
Again, migration-driven urbanization and population growth have also forced migrants into peri-
urban regions with insufficient access to pipe-borne water services, such as Abokobi,
Amasaman, and Kpone, as well as Nima, Maamobi, and Sabon Zongo as slums or unofficial
communities (Tetteh et al., 2022).

Formerly porous and humid surfaces become impenetrable and dry. Urban areas grow
warmer than their rural surrounds as a consequence of these modifications, creating an "island"

of hotter temperatures in the environment. The danger of several additional ailments rises when
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exposed to high temperatures comprising of poor reproductive results - Respiratory disease -
Kidney disease - Cardiovascular disease, behavioral and mental health disadvantage (Mitra,
2014). Moreover, poorly executed land use and spatial planning regulations have made the
housing crisis worse and caused the region to develop unevenly. It is important to note that ,
unplanned informal dynamics have a significant impact on urban development resulting to
haphazard development which is encouraged by the uncertainty brought on by inadequate
spatial planning (Korah et al., 2017). To appropriately address the urban development challenges
confronting the Greater Accra region of Ghana, this study promotes awareness and incorporation
of conscious efforts and multivariate mechanisms in spatial planning initiatives in subsequent
two chapters. African cities' spatial planning must go beyond producing several formal plans,
giving cities the chance to take a variety of factors into account in a way that allows them to
formulate and incorporate formal plans while allowing for self-organization as a crucial step in

the decision - making process, especially in terms of planning (Roo, 2010).

2.7 Conclusion and Recommendation

This study demonstrates how the combination of GIS and remote sensing offers a potent tool for
tracking changes in land use and cover over time and space. Without considering geographical
information like population density, income, and employment distribution, the LULC change
analysis identified the major shift trajectories in the Greater Accra area. The study found that
there was an increase in the urban built-up area in the region’s landcover from 6.4% to 52.2%
from 1991 to 2021 respectively and a significant decline in urban vegetation from 63.4% in 1991
to 12.9 in 2021. The ability of the land use land cover change study to forecast the future may be
enhanced by integrating socioeconomic data, land-use policy, and human variables. Being

geographically and functionally connected, Kasoa and the Greater Accra region of Ghana are
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anticipated to combine in the upcoming years. To further comprehend how interrelated and
interdependent the Greater Accra Region and its satellite towns are, future studies should take
into account the neighboring regions (Musa et al., 2017). Also, local developers may need to use
multidimensional modeling approaches to solve the problem of dependency on individual
outcomes when measuring urban or rural as a community-level attribute “if the study is not

already ecologic in nature”(Hall et al., 2006).
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Chapter 3

Assessment of Solid Waste Management in the Greater Accra Region of Ghana

3.1. Introduction

Solid waste management (SWM) has been known to be a global concern as the urban
population keeps increasing, and consumption patterns change (Marshall & Farahbakhsh, 2013).
A report from United Nations Habitat in 2016 revealed that global municipal solid waste
generation is anticipated to reach more than 4 billion tons by 2050 from 2 billion tons in 2016
(Hoang et al., 2022; United Nations Habitat, 2016). This is an outcome of the increasing rate of
urbanization, population growth, and industrial advancement which affects various aspects of
livelihood including health, productivity, and cleanliness (Ahmed et al., 2023). Solid waste
constitutes the non-liquid or nongaseous everyday items that people no longer have value for
because it has already fulfilled their mission (Leton & Omotosho, 2004). The Ghana Statistical
Service (GSS) defines solid waste as a variety of waste products that are abandoned as
undesirable and pointless and that result from both human and animal actions (Ghana Statistical
Service, 2021). Solid waste is sometimes referred to as “rubbish”, “crap”, “garbage”, “filth”,
“trash”, “refuse”, or “junk” (Zurbrugg, 2003). Wood, plastic, paper, glass, food scraps, and yard
debris, among others, are all examples of solid waste. Even though excreta from animals or
humans frequently finds its way into the stream of solid waste materials, such items are not
typically considered to be part of solid waste (Zurbrugg, 2003).

Improper solid waste management is of significant concern to the world, especially in cities
of developing countries owing to the imbalances between solid waste generation and collection
(Hussien & Meaza, 2019; Muheirwe et al., 2022). Solid waste management is the process of

attempting to minimize the detrimental consequences that solid waste has on the environment,
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human health, and obtrusive aesthetics (Ogbonna et al., 2007; Zurbrugg, 2003). Typically, all
waste produced in a community is known to be municipal solid waste (MSW), except waste
produced by municipal services, treatment facilities, and industrial and agricultural operations
(Tchobanoglous & Kreith, 2002). The United Nations Environment Protection Agency (EPA)
defined municipal solid waste as waste made up of everyday items that are discarded because they
are no longer useful (Staley & Barlaz, 2009). The definition of MSW, however, differs across
nations, representing the various waste management techniques (Kawai & Tasaki, 2016). MSW
usually ends up in municipal solid waste landfill (MSWLF) (Tan et al., 2015). The United
Nations EPA defined MSWLF as a specific location on earth or pit where refuse from households
is dumped (US EPA, 2016). Recently, the threat posed by hazardous, non-biodegradable single-
use plastics has spread globally and as a result, excessive plastic waste production in cities might
cause drainage to block during the rainy season, resulting in urban floods (. Kumar & Agrawal,
2020). Also, improper management of solid waste can lead to a reduction in environmental
quality, pollutes the oceans, clog sewers, spreads infections, worsens respiratory issues, harm
animals, impedes economic progress, and bring about social concerns (World Bank, 2022).
The management and disposal of MSW is an integral part of urban expansion and human
economic activity, and this has become a global problem for municipal administration due to
expanding waste generation and growing environmental and health issues (Khan et al., 2022).
Management of solid waste is highly problematic, especially for low- and middle-income
countries owing to the lack of resources and knowledge for planning, contract administration,
and operational monitoring, lack of competent labor, inconsistent waste collection services and
inadequate equipment, and insufficient legislative requirements (Kamaruddin et al., 2021;

Khanal et al., 2023; Song et al., 2022; World Bank, 2022). Usually, the quantity and quality of
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waste, dietary habits, cultural norms, geographical conditions, and collecting points significantly
affect the composition of MSW (Joseph et al., 2018; S. Kumar, 2016). In the industrialized
world, MSW is appropriately processed using a systematic procedure to generate energy and
lessen environmental effects, but the treatment of urban MSW is still carried out in
underdeveloped nations using outdated, inefficient technologies that impact the environment
negatively (Shah et al., 2023). Consequentially, several households are more vulnerable to
environmental health risks including respiratory conditions, typhoid, diarrhea, hepatitis, and
other waterborne infections because of these unsatisfactory waste management practices
(Cruvinel et al., 2019). Unfortunately, waste management infrastructure which is essential for
healthy living has not been given the same attention as electricity and water, particularly in
developing nation’s leading to adverse effects on the residents in these places (Vergara &
Tchobanoglous, 2012).

Waste management systems involve a wide range of factors comprising social, political,
environmental, and technological factors. These factors are all linked together and evolve
throughout time (Ahmed et al., 2023). The six organizational functions of waste management
include waste generation, collection, transportation, disposal, treatment, and reform
(Tchobanoglous & Kreith, 2002). Also, data on MSWM provides valuable information for
improving waste management, especially in cities (Zohoori & Ghani, 2017). It is however
important to note that, efforts to manage solid waste effectively must go along with waste
reduction which involves actions like source reduction, recycling, and reusing materials (Dawda
Badgie et al., 2012). Similarly, efforts to preserve the environment and human health must
include Integrated Solid Waste Management (ISWM). ISWM is a comprehensive solid waste

management approach that concentrates on solid waste prevention, and recycling (US EPA,
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2014). These actions can lessen the quantity of waste that has to be processed and disposed of in
various places, therefore, lessening its impact on the environment and human health.
Solid waste management issues have become very challenging in Ghana, one of the

African countries that are urbanizing at a rapid pace (World Urbanization Prospects, 2018). In
Ghana, large amounts of solid waste have been produced in main urban centers as a result of the
country's fast urbanization and population increase, outpacing the capacity of the local
government to handle and dispose of waste in a hygienic way (Lissah et al., 2021a). The
uncontrolled dumping of waste in public spaces demonstrates the country’s officials’ weak waste
management capabilities. In the five main cities of Ghana, Accra, Tema, Kumasi, Takoradi, and
Tamale, the percentage of solid waste that is collected and dumped in sanitary landfills was 79%
in 2015, 70% in 2017 and 85% in 2021 (Ministry of Sanitation and Water Resources, 2021).
Currently, the Greater Accra region which houses Ghana’s capital Accra is facing several
challenges including solid waste management (Tutu, 2014). The quantity of solid waste
generated in the region is increasing as the region’s population grows and the population density
rises.

With the substantial volume of waste produced from many sources within the Greater Accra
region, the urban leadership is still under tremendous struggle to manage waste in an
environmentally friendly manner. The unlawful formation of informal settlements and congestion
in cities has led to careless waste disposal practices in such areas (Omona & Maderu, 2022).
SWM demands of high-density low-income settlements are frequently unmet owing to a lack of
space and the inability to provide alternative measures for waste disposal, although these
communities have the greatest need for such services (Marshall & Farahbakhsh, 2013). For

instance, as Greater Accra’s population keeps growing, more people, especially the urban poor,
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are forced to live in slums, where the living conditions are poor and there are no facilities for
disposing of trash. Consequentially, wastes generated by people who live in such areas are been
deposited in open areas, resulting in mosquito breeding grounds and leaching into soil and rivers,
leading to contamination of food, water, and soil, which may result in major health and
environmental impacts (S. Kumar, 2016; Marshall & Farahbakhsh, 2013). In the long run, these
challenges have an impact on the wellness of all urban residents as well as the standard of living
of urban impoverished people (Oduro-Kwarteng, 2011). Sadly, the poor suffer disproportionately
from the effects of inadequate waste management because they are frequently uninvolved in or
have little control over the official or informal waste disposal site which is often known to be
sited in the surroundings of such individuals (Serge Kubanza & Simatele, 2020).

Management of urban solid waste could be very expensive due to its complex operation
ranging from generation and composition to disposal and treatment (Kaza et al., 2018). Policy
barriers add to 75% of solid waste mismanagement in developing countries (Aparcana, 2017).
Most developing countries have recognized the dangers of pollution from poor management of
solid waste and have begun to consider improved technology and low-cost efficient solutions (S.
Kumar, 2016) but MSWM has received less attention in underdeveloped nations due to limited
resources and technological availability. Typically, the sector responsible for the management of
waste is solely unable to adequately get rid of this trash, resulting in a pollution concern for the
inhabitants especially surrounding neighborhoods of landfill sites. For instance, the stinking,
rotten waste around the community and residences near the trash dump may pose health risks that
affect the quality of life ((Phuttharak & Dhiravisit, 2014).

Ghana's planning for SWM has been unsuccessful due to inadequate reliable data on solid

waste generation and thus substantially contributes to the improper disposal of solid waste in the

66



country (K. O. Boadi & Kuitunen, 2003). Also, inadequate regulation, widespread opposition, a
lack of appropriate and well-maintained infrastructure, lack of systematic land use planning,
hinders proper waste and sanitary management strategies in Accra, Ghana (K. O. Boadi &
Kuitunen, 2003). Nonetheless, the growing volume of MSW constitutes a significant
environmental risk as a substantial volume of MSW takes up precious land area (Cheng et al.,
2020). Unattended solid waste could lead to serious health impacts if the appropriate facilities
needed for its management are not provided (Douti et al., 2017). Although environmental issues
affect all urban dwellers, the urban poor are exposed to higher risk than the ordinary urban
resident because, usually they cannot afford the amenities and services that provide a healthy
living environment (K. O. Boadi & Kuitunen, 2005). Waste from decades of economic
expansion that has gone unmanaged and badly handled, needing immediate attention at all levels
of society to ensure sustainable living while contributing to goals 6 of the sustainable
development goals (clean water and sanitation) and 11 (sustainable cities and communities)
(UNDP, 2015). Therefore, it is significant to put in place efficient management systems and
policies, especially in urbanizing cities to accomplish MSW reduction. Thus, the motivation
behind this study.

This study focuses on the impact of the rapid rate of urbanization on municipal solid
waste management in the Greater Accra region of Ghana. It is therefore hypothesized that the
rapid rate of urbanization in the region places an excessive strain on solid waste management
challenges because of inadequate sanitary facilities and governance to accommodate the
expanding needs of the urban dwellers. Primarily, this effort is necessary for a holistic and
integrated approach collaboratively between government officials, cooperating entities, and

inhabitants, especially in the Greater Accra region to address the challenges the region is facing in
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managing its solid waste. This could be done through further incorporation of matters of MSWM

in their decisions while ensuring effective urban planning and development.

3.2. Background of the study

3.2.1 Generation and Composition of Municipal Solid Waste

The generation of waste is a fundamental aspect of human activity that is affected by social
processes and economic growth (Ayuba et al., 2013). The intense drive of human civilization
toward modern urban living creates vast volumes of municipal solid waste since the rate of its
generation outpaces the rate of urbanization across the world, particularly in emerging countries
(Sujauddin et al., 2008). Generally, there is more waste generated than a disposal system can
handle, and the amount of waste generated keeps growing as cities grow and the population
density rises (Jenna R. Jambeck et al., 2015). Municipal solid waste (MSW) is a natural
consequence of human activity that originates because of inefficient use of resources and energy.
Due to the possibility that certain MSW may be harmful to human health, they cannot be directly
reused for societal benefit (K. D. Sharma & Jain, 2020). Table 3.1 shows various sources of
generation of MSW.

Table 3. 1 Sources of Generation of Municipal Solid Waste

Domestic Waste Kitchen waste, old documents, wrapping,
bottles, earthenware: plates, dishes waste,
furniture materials, and lawn clippings are

examples of household waste.

Commercial Waste Naturally produced, inorganic substances,

chemically reactive, and toxic waste produced
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in commercial buildings, retail stores, offices,
marketplaces, and department stores (paper,

wrapping materials, spoilt rejected items.

Institutional Waste Waste from institutions such as schools,
hospitals, hotels, restaurants, markets,

community centers, and houses of worship.

Street sweeping Unperturbed throwing, littering from
pedestrians, vehicles, stray animals, tree
leaves on the side of the road, trash from

cleaning the drains, and debris.

Industrial waste Waste is generated by the manufacturing and

material processing industries.

Construction rejects Frequent road construction activities involve
the use of different utilities using brick,

stones, logs, etc.

Waste offal and dead animals Offal waste is generated by cold storage
facilities, food-packing plants, and

slaughterhouses.

Source: Dr. Adrain Coad (2001), Swiss Center for Development Corporation in Technology and
Management (SKAT), Switzerland, cited in (Tchobanoglous & Kreith, 2002).
The issue of urbanization has a direct impact on waste generation. Poor management of
this could hurt both the urban environment and human well-being. In 2018, the World Bank

Projected that by 2050, the generation of solid waste will double globally, especially across two
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key continents, Africa and Asia (Wilson & Velis, 2015). The amount of waste produced annually
in emerging nations would rise to 480,000,000 tons, compared to 86,000,000 tons in
industrialized nations by 2025 (Deku, 2020). For example, India alone generated 52.9 million tons
of solid waste in 2018 and 53.2 million tons in 2019 (Ministry ofHousing and Urban Affairs
India, 2019). In 2025, waste management will require a total investment of $375 billion with the
amount of waste produced by urban dwellers predicted to nearly double to 6.1 million metric
tons/day in 2025 compared to 3.5 million metric tons/day in 2002 (Khandelwal et al., 2019).
Several kinds of literature reveal that a large proportion of the solid waste generated in developing
nations has its sources between (55 and 80 percent), markets (10 to 30 percent), organizations,
and a few other sources from homes (Nabegu, 2010; Nagabooshnam, 2011; Okot-Okumu, 2021).
The amount of solid waste produced is mostly proportional to a society's economic status
(Shekdar, 2009). Also, the rise in living conditions brought about by the industrial revolution and
subsequent economic growth has fundamentally altered peoples' consumption patterns (Gour &
Singh, 2023) which likewise has an impact on solid waste generation.

The composition of the MSW of a country changes according to the country's developmental
status and gross national revenue (Sondh et al., 2022). Table 3.2 shows various types of waste and
their characteristics. In addition, economic growth, societal standards, geographical location,
energy sources, and climate all have an impact on the composition of the waste (Cheremisinoff,
2003).

Table 3. 2 Composition and Characteristics of Types of Waste

Types of waste Waste components

Old newspapers Magazines, comics, and newspapers
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Paper and cardboard

Paper goods including wrapping paper, bags
made of paper, paper towels, writing paper,
cigarette packaging, books, and corrugated

paper boxes are also common.

Food waste Eggshells, spoilt food, leftover vegetables and
fruit, bones from meat and fish, etc.

Plastic Toys, Styrofoam, plastic containers, bags, etc.

Textiles headgear, carpets, rags, clothes, and other

materials

Rubber and leather

Leather purses, shoes, and tires.

Petroleum products

Glycerin, oil, etc.

Yard wastes

Clippings from plants, flowers, and grass

Wood

Branches from trees, furniture, plywood

boxes, toys, and other materials.

Aluminum cans

Cans and other containers made of aluminum

Metals

Iron, steel, wire, automobile components, etc.

Glass

Jars, bottles, shattered glass, etc.

Inert material

Sand, dirt, ashes, cinder, tiles, bricks, tiles,

pottery, etc.

Hazardous wastes

Pesticides chemicals, batteries, etc.

Source: Soncuya and Viloria, 1992 cited by (Tchobanoglous & Kreith, 2002).

The generation and composition of waste vary from one region to another owing to the

various sources of waste production. MSW is generated in substantially greater quantities in




developing and underdeveloped countries with low and moderate incomes (Kumar & Agrawal,
2020)While countries with sophisticated infrastructure and high levels of affluence produce more
plastic, glass, metallic trash, and paper (Hasan et al., 2021). Organic waste accounts for
158,000,000 tons of waste produced in developing countries each year (Deku 2017).Various
activities that involve the management of municipal solid waste are usually sources of short-lived
climate pollutants (Kanhai et al., 2021), and prioritizing this will lead to the reduction of the
content of greenhouse gases and average global temperatures will be moderate (Portner &
Roberts, 2021).

Therefore, it is very important for generated solid waste to be managed properly. For instance,
in Ghana, the rate of waste generation varies from a geographic region. The waste generated in
the northern savannah areas is higher as compared to the coastal and forest areas (Miezah et al.,
2015). The lack of studies on the composition of local solid waste makes effective management
problematic in developing countries (Buenrostro et al., 2001). Therefore, effective solid waste
management requires appropriate policies and regulations right from the global level through to

the local level (Muheirwe et al., 2022).

3.2.2 Collection and Transportation

The collection and transportation of solid waste vary from one region to the other and are usually
due to differences in geographical location (Deku 2017). Collection and transportation of waste
can be defined as the process of gathering unwanted materials and conveying them from their
source of generation to the point of destination for disposal or treatment (Momodu et al., 2011).
Waste collection is an important step before its treatment and utilization. One of the most
expensive procedures in solid waste management is the process of collecting and transporting

waste and this is the reason why it is significant to have an optimized system to operate these
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activities smoothly and efficiently as possible while ensuring cost reduction (Afzal et.al.2022). In
developing countries, there is a high percentage of records for uncollected waste mainly due to
challenges associated with urban planning (Faten Loukil & Lamia Rouachad, 2020) including
poor institutional, legislative, and participative strategies (Hettiarachchi et al., 2018). Waste
collection systems can be grouped into formal, informal, and formalized techniques (Gutiérrez et
al., 2019). The informal or traditional techniques are when citizens separate their waste for it to
be collected by city officials or quality private services. The informal technique is when the
waste is separated by recyclers without any formal process (Tong et al., 2021). The formalized
technique is a combination of both the formal technique and the informal technique with an
authorized system (Kashyap & Visvanathan, 2014).

Most developed countries have made huge sums of investment towards efficient
management of solid waste, which constitutes collection and disposal of solid waste while
developing countries are still struggling to attain effective management of their solid waste
(Deku 2017). Comparably, most developing countries lack appropriate technological skills and
infrastructure or tools and equipment for waste management (Singh et al., 2022). Solid waste can
be collected and transported by trucks, tricycles, central containers, push carts, wheelbarrows,
and others. Usually, waste collection vehicles collect waste and transfer it to haulage vehicles for
transportation to a disposal facility (Chaerul et al., 2007). For instance, in Ghana, 13.2% of solid
waste is collected using tricycles, and Greater Accra is the region where this practice is most
common. Ghana only has a 33.4% household solid waste collection rate, with a significantly
higher urban 51 percentage than a rural 33.4% percentage. 57.3% of rural households in Ghana
use an open area or public landfill for the dumping of their solid waste whereas urban households

constitute 24.6% (Ghana Statistical Service 2021).
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3.2.3 Disposal and Treatment

An unorganized municipal solid waste (MSW) disposal system stresses ecosystems and
disrupts multiple natural cycles as well as human health (Abir et al., 2023). The places available
for the disposal of solid waste are decreasing as regions grow more urbanized at the same time as
the amount of waste produced by residents is generally rising (Leao et al., 2001). Therefore,
maintaining a healthy urban environment requires a system that is effective at disposing of solid
waste (Yankson & Gough, 1999). The rising amount of waste needs to be disposed into landfills
despite all attempts to minimize, recycle, and reuse waste. Unfortunately, sanitary landfilling
procedures have not been successfully implemented, most likely as a result of ineffective
operational management and bad design (Shekdar, 2009) even though several countries are
increasingly acknowledging its importance.

Solid waste can be disposed of in a variety of ways and when selecting the best one, it is
important to take local factors into account (Schindler & Demaria, 2020). Usually developing
countries dispose of their solid waste in either engineered landfill sites (Shaker & Yan, 2010) or
nonengineered landfill sites (Rana et al., 2017; A. Sharma et al., 2019). Engineered landfill sites
are often known to include an impermeable liner and drainage system at the ground level of the
dump purposely to prevent leachate from seeping into the subsurface (Mor et al., 2006). On the
other hand, non-engineered landfill sites are known for the movement of leachate under and
around the dump site in these which usually results in the degradation of the adjacent surface and
sub-surface water resources (Ghosh & Kartha, 2022).

Means of solid waste disposal and treatment include:

e Landfilling: Landfilling is a method of waste disposal where solid waste is dumped

directly on the ground (Ojha et al., 2007). This is very common in urban centers where
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solid waste is dumped directly on the ground which is geographically a low-lying area
located outside the city without following any sanitary landfilling principles. As a result,
methane, a potent greenhouse gas that influences global warming, may be produced
(Pazoki et al., 2015).

Recycling: Recycling is another form of waste treatment. It can be defined as the process
by which unwanted materials can be converted or recovered into new forms of material
,products, or substances either for the original or other purposes (Humaid et al., 2023). It
contributes to the conservation of natural resources and minimizes the quantity of waste
that must be disposed of in different ways. Again, recycling offers an additional
advantage by decreasing pollutants, improving mineral recovery, and lowering energy
costs for solid waste treatment. Yet, recycling has made solid waste management
extremely complicated (H. Wang et al., 2020).

Composting: This is a means of disposing of solid waste where organic waste can be
transformed naturally into a nutrient-rich soil additive by composting. It is a sustainable
and efficient method of disposing of organic waste (Gajalakshmi & Abbasi, 2008).
Incineration: Incineration is the process of burning waste at high temperatures to
minimize the volume of waste and create renewable energy in the form of heat or power
(Udomsri et al., 2011). Nevertheless, incineration can emit dangerous chemicals into the
atmosphere. Notwithstanding, efforts to minimize (GHG) emissions from the waste
sector demand more efficient trash collection and waste treatment systems and these are

required, particularly in most developing countries (Oteng-Ababio et al., 2013).
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Every method of disposal has benefits and drawbacks, and the best option will be
determined by several elements, including the kind and volume of waste produced, local laws,
and the accessibility of infrastructure and resources. To minimize the amount of waste that must
be dumped in landfills or incinerators, a mix of techniques such as waste reduction, recycling,
and composting can be used. Landfills sites are the traditional means of municipal solid waste
disposal in Ghana (Amano et al., 2021). Many urban places in Ghana are currently battling solid
waste disposal due to the failure of allocation of lands for landfills during urban planning. As a
result, landfill sites are chosen inconsistently specially to meet the increasing waste generation
associated with population growth without appropriately specified criteria. However, this puts
other SWM systems under pressure and as well contributes to making solid waste management a

key environmental issue.

3.3 Current Solid Waste Management in the Greater Accra Region

Management of solid waste comprises all the systematic approaches ranging from generation,
separation, collection, transportation, disposal, and treatment (Abila & Kantola, 2017). Ghana
neither has a long history of physical planning nor a solid framework for managing urban
environmental issues. In Ghana, the Ministry of Local Government, Decentralization and Rural
Development (MLGDRD), the Ministry of Sanitation and Natural Resource together with the
Town and Country Planning Department (TCPD) oversee establishing policies and guidelines for
the use and development of properties, as well as creating comprehensive development plans and
recommendations to guide development. Even though there have been several attempts to address
the problems associated with SWM in the country, it is still not being approached holistically.
Accra’s per capita waste generation of 0.70kg per day from households, markets, and institutions

(Accra Metropolitan Assembly, 2020). It is saddening to know that only 10% of the country's
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daily solid waste generation, which is estimated to be 12,710 tons, is collected, and dumped in
approved landfills (Lissah et al., 2021b). Most of the waste is biodegradable (organics and
papers), while the least typical is non-biodegradable (metals, glass, fabrics, leather, and rubbers).
In 2020, the Ministry of Sanitation and Water Resources of Ghana estimated that the Greater
Accra Region alone produced 4,260 tons of solid waste daily 2020 (Ministry of Sanitation and
Water Resources, 2021). This is equivalent to over 1.55 million tons of waste yearly. However,
80% of the total solid waste generated in the region was collected in the same year (Ministry of
Sanitation and Water Resources, 2021). Nevertheless, most communities in the region still lack

waste collection services.
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Figure 3. 1 Accumulation of solid waste in unhygienic way in the Greater Accra Region

> ;.::?.:

C) Impeded drainage flow D) Old Landfill sites

Image A was obtained from (Acquah, 2021), Image B from (Prime News Ghana, 2018),
Image C (Hagan, 2015), and Image D from (Segbefia, 2021).
Management of solid waste has become a significant concern for the Greater Accra region over
time due to high volumes of human engagement in diverse productive activities. The region's

expanding solid waste production has outpaced its current waste management infrastructure,
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resulting in uncollected waste, indiscriminate dumping, and pollution of streets, drains, and
aquatic bodies. Image A is the Odawna River located in the Greater Accra region. The river is
specifically known for its vulnerability to annual flooding due to the constant accumulation of
solid waste in the river and its tributaries. Plastics, food waste, and other debris are often
disposed of improperly, especially by the urban inhabitants, which end up in the river. This waste
accumulates over time and causes blockages that prevent the free flow of rainwater causing the
river to overflow its banks whenever it rains heavily. Meanwhile, the river serves as a major
drainage channel for the city's central business district and its surrounding areas. Image B shows
an overflowing neighborhood trash container. This could be a result of irregular times associated
with the waste collection trucks. This can lead to unpleasant odors, unsanitary conditions, and
health hazards, especially for the residents who live near the trash container. Image C shows a
gutter filled with piles of solid waste which is a common situation in the region. Image D is a
picture of the Oblogo landfill site (the oldest landfill site) also located in the Greater Accra
region of Ghana.

Oblogo was a primary waste disposal facility in the Greater Accra area which is 12.8
kilometers from Accra. It ran for almost six years and was run by the Accra Metropolitan
Assembly. The facility was not adequately decommissioned when operations ended, which
allows additional leachate to be produced each time it rained (Sackey et al., 2020). The leachate
is discharged into the Densu wetland (Osei et al., 2011).

Unfortunately, the Oblogo landfill is poorly situated next to a wetland of ecological significance,
and in an area with competing land uses, resulting in nuisances including noise, odor, vermin
infestation, and rubbish dispersal (Osei et al., 2011). All these hurt human health and ground-

and surface water pollution. Therefore, this calls for the need for stakeholders and urban
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inhabitants to put necessary measures in place to ensure waste reduction and recyclable activities
towards the management of solid waste in the region.

Ghanaian city governments spend roughly GHc 6.7 million on waste collection and
transportation each year, and GHc 550,000.00 monthly to waste contractors to keep landfills
operating (Ministry of Sanitation and Water Resources, Ghana, 2019). Poor sanitary conditions
alone cost the country $290 million a year, or 1.6% of the country’s Gross Domestic Product
(GDP) (Lissah et al., 2021a). The most prevalent method of Ghana’s solid waste disposal is still
through landfills (Ghana Statistical Service, 2021). Also, in the Greater Accra region, landfills are
the most predominant method of solid waste disposal and the most common of these landfill sites
in the region include “Mallam SCC” landfill, “Abokobi” landfill site, and “Tema-Kpone” landfill
site (Rockson et al., 2013). In 2019, the Ministry of Sanitation and Water Resources (MSWR)
estimated that by the year 2020, the region's landfills will have a total capacity of about 10 million
cubic meters (Ministry of Sanitation and Water Resources, 2021). In addition to this, in
December 2021, MSWR disclosed that it has secured a 65.5-acre land for the development of a
new engineered landfill site in Ayidan in the Greater Accra Region's Ga South Municipality
(Segbefia, 2021). Despite these efforts, much more needs to be done to address the root causes of

the problem and ensure sustainable management of waste.
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Figure 3. 2 Methods of storing household solid waste in the Greater Accra Region.

Source of data: (Ghana Statistical Service, 2021).

Method of Solid Waste Storage by Household in
the Greater Accra Region, Ghana in 2021.
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The current situation of solid waste in the Greater Accra region of Ghana is concerning due to
inadequate waste management infrastructure and poor waste disposal practices. Usually, storage of
solid waste in Ghana is done using various means comprising of standard waste receptacles (covered
standard waste bin and uncovered standard waste bin), improvised waste receptacles (covered
container, uncovered container, and covered/uncovered basket), disposal waste receptacles (sack,
polythene bag alone, among others) and none (no receptacle). Receptacle refers to a container (trash
bin) or anything that temporarily stores created waste (Ghana Statistical Service, 2021). Out of the
total solid waste generated in the Greater Accra region, standard waste receptacles are used to store
26%, improvised waste receptacles 30%, disposal waste receptacles 36%, and no receptacle is used to
store 8% as seen in Figure 3.2. This shows how prevalent the storage of waste in disposable waste

receptacles is in Greater Accra. Unfortunately, it happens to be the most unsustainable way of storing
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waste. Solid waste storage in suitable containers is not generally performed in cities in developing
countries (Batool & Ch, 2009) and this includes the Greater Accra region of Ghana. This could be due
to the lack of knowledge about solid waste, storage, inappropriate container placement at storage
facilities, and access to solid waste storage infrastructure, as well as cultural attitudes towards waste
disposal. All these could lead to environmental pollution, public health hazards, and ecosystem

damage.

Figure 3. 3 Methods of disposing of household solid waste in the Greater Accra Region

Source of data: (Ghana Statistical Service, 2021).

Solid Waste Disposal Methods by Household in the
Greater Accra Region, Ghana.
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Reports from the 2021 population and housing census by the Ghana Statistical Service
reveal that 11.1% of households in Ghana do not have any form of receptacle for solid waste
generated. Also, 33.4% of households have their solid waste collected and 13.2 % out of the total
households who have their solid waste collected have them done using tricycles and this is
prevalent in Greater Accra where 42.4% of households have their solid waste collected through
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the use of tricycles. Comparably, 29.1% of households in Ghana do not have their solid waste
collected (Ghana Statistical Service, 2021). Similarly, uncollected solid waste is disposed of
through burning, indiscriminately dumping, and burying in the ground, among others and this
constitutes 77.5%, 11.4%, and 0.5% respectively. In the Greater Accra Region, open burning of
waste is a frequent practice and the most common technique for getting rid of uncollected solid
waste, especially in low-income areas (Cogut, 2016). Figure 3.3 shows the various methods of
solid waste disposal in the Greater Accra region in the years 2000, 2010, and 2021. In the year
2000, only about 10% of solid waste generated in the region was collected and this increased to
35% in 2010 and 55% in 2021. This shows how much effort has been put in place to encourage
sustainable means of waste disposal in the region.

Yet, more work needs to be done to get the remaining percentage associated with the
uncollected method addressed. Also, the burning method of disposing of solid waste by
households increased exponentially from 15% in 2000 to 30% in 2010 and 55% in 2021.
Comparably, solid waste dumped indiscriminately and buried by households has dropped from
70% and 55% in 2000 to 10% and 15% in 2000 to 10% and 15% in 2021 respectively.
Additionally, public dump and other means of solid waste disposal which does not fall under any
of the waste disposal categories have received a significant improvement dropping from 40% in
2000, 45% in 2010, and 15% in 2021 for the public dump and 30% in 2000 to 60% in 2010 and
10% in 2021 for the others. Overall, the improvement in the sustainable methods of solid waste
disposal in the region could be associated with technological advancements, public demand and
awareness, legal restrictions, and economic advantages. Therefore, serving as a means of

fostering environmental sustainability.

3. 4. Method
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3.4.1 Data

As part of the research question on the management of solid waste, the study analyzed how rapid
urbanization affects solid waste disposal in the Greater Accra Region of Ghana. Secondary data

for the population and housing census report of Ghana from 1990 to 2021 was derived from the

Ghana Statistical Service (GSS) online database for analysis. The reports provide information on
various socio-economic characteristics such as educational status, employment status, and solid

waste disposal methods, among others of the regions in the country including the Greater Accra
region. This will help to identify areas that may require special attention in terms of waste

collection and disposal.

3. 4.2 Statistical Analysis

As part of the study, urbanization was assessed using data on Household Population (Hhpop),
Number of Households (No_of HH), Population 15 years and above who are not literate
(illiterate) (Pop15y_NIli), Population 15 years and above who are literate (Pop15yr L),
Population 15 years and above who are employed (Pop15y_Emp), Population 15 years and
above who are unemployed (Pop15y_Uem) and Average Household Size (Av_HH_Size) using
Statistical Package for the Social Sciences (SPSS version 25). Similarly, waste disposal methods
were assessed using collected, burnt, dumped indiscriminately, and buried waste disposal
methods. Multiple regression analysis was conducted to find the effect of household population
on each of the waste disposal methods in the Greater Accra Region of Ghana. Regression
analysis is a technique for describing conditional connections in data (Berk, 2010). The
regression analysis is important for this study because it can be an effective tool for the analysis
of solid waste disposal in the study area especially because it can help identify and examine the
impact of multiple factors that influence the various methods of solid waste disposal by
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households in the study area. By examining the relationship between the dependent variable (the
various methods of solid waste disposal) and the independent variables (household population
size, and socio-economic variables comprising of, educational status (literate or illiterate),
employment status (employed or unemployed), and average household size would help provide
insights into which factors are most important in determining waste disposal patterns in the
Greater Accra region. Also, Analysis of Variance (ANOVA) is a statistical technique used to
determine if the means of two or more groups differ significantly from one another (Schad et al.,
2020). This was used to determine whether changes in a variable under the study would have a

significant effect on another variable.

3. 5 Results and Discussion

Table 3. 3 ANOVA (effect of rapid urbanization on the collection method of waste disposal)

Model Sum of Squares df Mean Square F Sgig. R R
Square
1 Regression 1559679297597.153 7 28.857 .000* .950 .902
+222811328228.165

Residual ~ 169866987163.647 22 7721226689.257

Total 1729546284760.800 29

a. Dependent Variable: collection method of waste disposal. p<0.05*
b. Predictors: (Constant), Av_HH_Size, Pop15y_Nli, Pop15y Uem, Pop15y Emp, Hhpop,

No_of HH, Popl5yr L

Table 3.3 showed the ANOVA test used to determine whether the model for measuring
the effect of rapid urbanization on the collection method of waste disposal is fit for the study.
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The model is said to be fit for the sample if the p-value of the F-statistic is less than the
significance value of 0.05. Similarly, the model is considered unfit for the sample if the F-
statistic p-value exceeds the significance level of 0.05. From Table 3.7.1, the F-statistic (F =
28.857, df = 7, p<0.05) leads to the inference that the study's linear regression model is adequate
for explaining the effect of rapid urbanization on collected as a selected method of waste
disposal. The r square value of .902 revealed that 90.2% of the variance in the dependent
variable (collected) is influenced by the independent variables. Table 3.4 showed the coefficients
of the regression analysis.

Table 3. 4 Coefficients (effect of rapid urbanization on the collection method of waste disposal)

Model Unstandardized Standardized t Sig.
Coefficients Coefficients
B Std. Error Beta
1 (Constant) - 150889.405 -4.411 .000
665577.740
Hhpop -.008 027 -.053 -.300 767
No_of HH 768 .188 1.188 4.088 .000
Pop15y_Nili -.344 133 -.290 -2.577 017
PoplSyr_ L 174 174 582 1.000 328
Poplsy Emp -.231 152 - 475 -1518  .143
Popl5y Uem .143 528 041 270 790
Av_HH Size  117577.298  31100.726 587 3.781 .001

a. Dependent Variable: Collected
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The coefficients shown in Table 3.4 for the regression analysis showed that there is no
significant relationship between the household population (Hhpop), Population of persons with
ages 15 years and above who are literate (Pop15y L), Population 15 years and above who are
employed (Pop15y_ Emp), population 15 years and above who are unemployed (Pop15y Uem)
and collected as a method of solid waste disposal. This is because each of these variables is not
statistically significant. Even when simulating solid waste disposal, it is critical to take
economic issues like the unemployment rate into account, particularly during economic
downturns when economic reasons might outweigh the impact of population change on waste
creation and, consequently, disposal (Khajevand & Tehrani, 2019).

However, the study showed that there is a significant relationship between the number of
households, the Population of 15 years and above who are not literate, the Average household
size, and the collection method of solid waste disposal. Specifically, several households have a
significantly positive (f = 0.768, p < 0.05) effect on the collection method of waste disposal.
Also, the Population of 15 years and above who are not literate has a significantly negative (p = -
0.344, p < 0.05) effect on the collection method of waste disposal while average household size
had a significantly positive (B = 117577.298, p < 0.05) effect on waste disposal. Thus, a unit
increase in the number of households and average household size will increase the collected
method of waste disposal by 0.768 and 117577.298 units respectively, and vice versa. Again, a
unit increase in the population of 15 years and above who are not literate will reduce the
collected method of waste disposal by -.344 units and vice versa.

This result showed that the sustainable way of collecting waste (collected method)
increased as the number of households and average household sizes increases. Thus, the

populace has increased their awareness of sustainable ways to dispose of waste. The
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understanding is that when people move to urban areas in search of job opportunities or better
education, there will be an increase in solid waste generation in several forms (K. Boadi et al.,
2005), which has various negative effects on the environment, public health, and quality of life.
However, the study showed that while there’s an increase in people and solid waste materials,
there is an improvement in the sustainable way of collecting this waste from the region.
Zoomlion, a government-owned company was established to collect waste substances
from all communities in the region. Zoomlion provided bins at vantage positions and homes in
an attempt to reduce indiscriminate waste disposal and its effect on the environment. However,
the population 15 years and above who are illiterate reduces the sustainable way of handling
waste as awareness and willingness to cooperate was minimal. Therefore, causing illiterate
pollution 15 years and above to dispose of their solid waste in other methods than in solid waste
collection bins. This confirms (Debrah et al., 2021) research findings that, when it comes to
environmental sustainability challenges, age, and education are directly proportionate to
environmental attitudes, knowledge, and practice. Correspondingly, the sustainability of waste
management is affected by people's lack of practical environmental knowledge, which inevitably
affects their understanding of sustainable waste management (SWM) and its related
environmental challenges (Debrah et al., 2021). Therefore it is important to note that illiteracy
contributes to SWM mismanagement (Rahman, 2013). Therefore, Greater Accra’s unsustainable
solid waste disposal can be associated with illiteracy among the existing and in-migrating
population. Thus, as the population increases and illiterate people also increase, there will be
more indiscriminate disposal of waste as these people do not help in a sustainable way collecting

waste.
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Table 3. 5 ANOVA (effect of rapid urbanization on the burnt method of waste disposal by
households)

Model Sum of Squares df Mean Square F Sigg R R

Square

1 Regression 205910484841.457 7 29415783548.780 18.673 .000° .925% .856
Residual 34656164589.210 22 1575280208.600

Total 240566649430.667 29

a. Dependent Variable: Burnt HH
b. Predictors: (Constant), Av_HH_Size, Pop15y NIi, Pop15y Uem, Pop15y Emp, Hhpop,

No_of HH, Popl5yr L

ANOVA test was used to determine the effect of rapid urbanization on the burnt method
of waste disposal by households. The results showed that the F-statistic (F = 18.673, df = 7,
p<0.05) is significant and that the study's linear regression model is adequate for explaining the
effect of rapid urbanization on the burnt method of waste disposal by households. The r square
value of .856 revealed that 85.6% of the variance in the dependent variable (burnt_HH) is
influenced by the independent variables. Table 3.6 Coefficients (effect of rapid urbanization on

the burnt method of waste disposal).
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Table 3. 6 the coefficients of the regression analysis.

Model Unstandardized Standardized t Sig.
Coefficients Coefficients
B Std. Error Beta
1 (Constant) -53517.409  68154.495 -.785 441
Hhpop -.006 012 -105 =494 627
No_of HH 256 .085 1.062 3.017 .006
Popl5y_NIli .057 .060 128 938 358
Popl5yr L 123 079 1.096 1.554 134
Popl5y Emp  -.219 069 -1.211 -3193  .004
Popl5y Uem -.120 238 -.094 -.505 618
Av_HH Size  16738.260 14047.734 224 1.192 .246

a. Dependent Variable: Burnt_HH
The coefficients shown in Table 3.6 for the regression analysis showed that the household

population (Hhpop), Population 15 years and above who are illiterate (Pop15y_NIi), Population
15 years and above who are literate (Pop15y_L), Population 15 years and above who are
unemployed (Pop15y_Uem) and Average household size (Av_HH_Size) does not have a
significant relationship with the burnt method of solid waste disposal. This is because each of
these variables has p values greater than 5% alpha level. However, the study showed that the
number of households, a Population of 15 years and above who are employed significantly
predicts the burnt method of waste disposal. Specifically, the number of households has a
significantly positive (B = 0.256, p < 0.05) effect on the burnt method of solid waste disposal.
Also, the Population of 15 years and above who are employed has a significantly negative (§ = -

0.219, p < 0.05) effect on the burnt method of solid waste disposal. Thus, a unit increase in the
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number of households will increase the burnt method of solid waste disposal by 0.256 and vice
versa. Again, a unit increase in the population of 15 years and above who are employed will
reduce the burnt method of waste disposal by -.344 units and vice versa.

The study showed that the number of households and population 15 years and above who
are employed, influenced the burnt method of disposing of waste substances in the region.
Specifically, an increase in the number of households increases the possibility of burning waste
as a means of disposing of waste while an increase in the population 15 years and above who are
employed reduces the possibility of burning waste substances. This is not surprising as people
who are employed in the region mostly leave for work early in the morning around 5 to 7 am to
avoid traffic and get to work early and they mostly return late at night thereby making it difficult
for them to burn their waste substances. This group of individuals will resort to using other
means of disposing of solid waste rather than burning it. It was also seen that the total number of
households increases the chances of burning waste substances. This is not a surprise as some
households turn their backyards into places to gather waste and burn it over a period. Though
this unsustainable SWM could result in contamination of the water, air, and soil, dangers to
human health and safety, potential for global warming (GWP), and marine pollution (Ferronato
& Torretta, 2019), this might be an attempt to reduce expenses by the households given that no
expenses are incurred in burning waste in one’s backyard in contrast to paying individuals who

gather and dispose of waste at designated waste disposal locations or landfill sites
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Table 3. 7 ANOVA (effect of rapid urbanization on indiscriminate dumping of waste disposal by
households).

Model Sum of Squares df Mean Square F Sigg R R

Square

1 Regression 24646363583.937 7 3520909083.420 8.833 .000° .859* .738
Residual 8769798652.229 22 398627211.465

Total 33416162236.167 29

a. Dependent Variable: Dumped Indiscriminately
b. Predictors: (Constant), Av_HH_Size, Pop15y NIi, Pop15y Uem, Pop15y Emp, Hhpop,

No_of HH, Popl5yr L

Table 3.7 showed the ANOVA test used to determine whether the model for measuring
the effect of rapid urbanization on indiscriminate methods of waste disposal is fit for the study.
The model is said to be fit for the sample if the p-value of the F-statistic is less than the
significance value of 0.05. Similarly, the model is considered unfit for the sample if the F-
statistic p-value exceeds the significance level of 0.05. From Table 3.7, the F-statistic (F = 8.833,
df =7, p<0.05) leads to the inference that the study’s linear regression model is adequate for
explaining the effect of rapid urbanization on indiscriminate methods of waste disposal. The R
square value of .738 revealed that 73.8% of the variance in the dependent variable (dumped
indiscriminately) is influenced by the independent variables. Table 3.8 showed the coefficients of

the regression analysis.
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Table 3. 8 Coefficients (effect of rapid urbanization on indiscriminate dumping of waste
disposal)

Model Unstandardized Standardized t Sig.
Coefficients Coefficients
B Std. Error Beta
1 (Constant) 56689.248 34284.598 1.653 112
Hhpop -.002 .006 -.098 -.341 736
No_of HH -.003 043 -.036 -.075 941
Pop15y_Nli -.005 .030 -.031 -.166 870
Popl5yr_L -.103 .040 -2.469 -2.595 017
Popl5y Emp  .136 035 2.012 3.932 .001
Popl5y Uem  .150 120 312 1.249 225
Av_HH_Size  -6423.332 7066.605 -231 -.909 373

a. Dependent Variable: Dumped_Indisc
The coefficients shown in Table 3.8 for the regression analysis showed that the Population 15
years and above who are literate (Pop15y L) (t =-2.595, p < 0.05) and the Population 15 years
and above who are employed (Pop15y_Emp) are significant predictors of indiscriminate waste
disposal since both variables had p-value less than 5% alpha level. Using the unstandardized
coefficients showed that the Population 15 years and above who are literate (Pop15y L) had a
significantly negative ( = -0.103, p < 0.05) effect on the indiscriminate method of waste
disposal. Also, the Population of 15 years and above who are employed (Pop15y _Emp) has a
significant positive (B = 0.136, p < 0.05) effect on the indiscriminate method of waste disposal.
Thus, a unit increase in the number of the population 15 years and above who are literate will

cause a decrease in the indiscriminate dumping of waste by 0.103 while an increase in the
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Population 15 years and above who are employed will be caused an increase in indiscriminate
dumping of waste by 0.136. Similarly, a unit decrease in the number of the population 15 years
and above who are literate will cause an increase in the indiscriminate dumping of waste by
0.103 while a decrease in the Population 15 years and above who are employed will cause a
decrease in indiscriminate dumping of waste by 0.136.

This analysis revealed that only two variables affect the indiscriminate methods of
dumping waste in the region. These variables are the population 15 years and above who are
literate and the population 15 years and above who are employed. The study showed that the
population 15 years and above who are literate is negatively affected by the indiscriminate
dumping of waste in the regions. This was not surprising as those who are educated mostly know
the consequences of dumping waste indiscriminately. This brings into bare the significant role
education can play in solid waste disposal practices due to increasing awareness of the
substantial impact of solid waste generation and its disposal which leads to the promotion of
sustainable waste management practices (Babaei et al., 2015).

However, the population 15 years and above who are employed positively contribute to
the indiscriminate disposal of waste. People who are employed constitute both the educated and
illiterate. The nature of work, businesses, and requirements for working in the region guaranteed
that both literate and illiterates qualify to work. In certain situations where working conditions in
the region, including traffic jams, demand most workers leave home early and return late. Also,
in instances where people work long hours or many jobs, forces most of these workers buy food
at the roadside, in cars, and in “take-away” packs. These employed persons may end up
disposing of their waste indiscriminately mainly because they might not have the time or energy

to segregate waste appropriately into recyclable and non-recyclable items. Therefore, causing

94



employment is one of the socioeconomic factors that contribute to the waste disposal of waste
indiscriminately in the region.

Table 3. 9 ANOVA (effect of rapid urbanization on the buried method of waste disposal by
households)

Model Sum of Squares df  Mean Square F Sig. R R Square

1 Regression 1707298758.153 7 243899822.593 3.985 .006° 748° .559
Residual ~ 1346502325.314 22  61204651.151

Total 3053801083.467 29

a. Dependent Variable: buried HH
b. Predictors: (Constant), Av_HH_Size, Pop15y_NIi, Pop15y Uem, Pop15y Emp, Hhpop,

No_of _HH, Pop15yr_L. p<0.05.

Table 3.9 The model is statistically significant. Table 8, (F = 3.985, df = 7, p<0.05) leads to the
inference that the study's linear regression model is adequate for explaining the effect of rapid
urbanization on the buried method of waste disposal. The R square value of .559 revealed that
55.9% of the variance in the dependent variable (Burnt Method) is influenced by the independent

variables. Table 3.10 showed the coefficients of the regression analysis.
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Table 3. 10 Coefficients (effect of rapid urbanization on the buried method of waste disposal)

Model Unstandardized Standardized T Sig.
Coefficients Coefficients
B Std. Error Beta
1 (Constant) 43644.115 13434.076 3.249 .004
Hhpop -.002 002 -.240 -.646 525
No_of HH -.022 017 -.809 1313 .203
Popl5y NIi  .032 012 649 2.718 013
Pop15yr L 021 016 1.675 1.358 188
Popl5y Emp  -.017 014 -.808 -1.219 236
Popl5y Uem -.016 047 -114 -.350 729
Av_HH_Size  -6040.871 2768.979 -.718 -2.182 .040

a. Dependent Variable: buried_ HH
The coefficients for the regression analysis as indicated in Table 3.10 revealed that only the
Population 15 years and above who are illiterate (Pop15y_NIi) and Average household size
(Av_HH_Size) significantly predicted the buried method of waste disposal. Specifically, the
population of 15 years and above who are not literate has a significant positive ( = 0.032, p <
0.05) effect on the buried method of waste disposal while average household size had a
significant negative (B = -6040.871, p < 0.05) effect on the buried method of waste disposal.
Thus, for every 1 unit increase in the population 15 years and above who are not literate
(Pop15y_NIli), there will be a 0.032 increase in the buried method of waste disposal and vice
versa. Again, a unit increase in average household size will reduce the buried method of waste

disposal by 6040.871 units and vice versa.
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This analysis revealed that the population 15 years and above who are not illiterate
positively affects the buried method of disposing of waste substances while the average
household size negatively affects the buried method of disposing of waste substances in the
region. People who are not educated do not know that the traditional burial of waste substances
leads to the production of ions, bacteria, fungi, and viruses, that spread along with the soil and
underwater. This impacts the quality of soil for plant growth and affects water bodies. Thus, as
people increase, and more people are not educated there is an increase in the burial of solid waste
in the region. Again, an increase in the average household size reduces the burial of waste

substances in the region.

3.5.1 Limitations of the study

Despite the meticulous planning that went into the study, the researcher encountered
some unavoidable limitations. The Ghana Statistical Service (GSS) gave its census report with
much emphasis on the regional level. Even though in the years 2000 and 2010, there were only
10 regions in Ghana. In 2018, a referendum was proposed for the creation of new regions which
was voted on December 27, 2018, which led to the splitting of four existing regions making the
current number of regions in the country to be 16. These newly created regions were inculcated
into the old ones to make the data reliable. Additionally, the GSS does not have a reliable data
management system. Due to the absence of data at the district level, the study utilized country-
level data to present findings solely for the Greater Accra region. However, the information
gathered became adequate to develop an opinion about the present status of solid waste disposal
as part of solid waste management and the challenges involved in the Greater Accra region of

Ghana.
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3.6 Conclusion

The management of municipal solid waste should be considered a vital component when
it comes to issues of sustainable development, especially at the local level through to the national
level. With the dearth of suitable systems and effective solid waste management approaches
especially towards a successful contribution and the achievement of the SDG. This study
focuses on the impact of the rapid rate of urbanization on solid waste management in the Greater
Accra region of Ghana. Based on the findings of this research question, the study concluded that
rapid urbanization affects waste disposal in the Greater Accra Region of Ghana. Specifically, the
number of households, the population 15 years and above who are illiterate, and the average
household size affect the “collected” method of waste disposal in the region. Again, the number
of households and population 15 years and above who are employed affect the burnt method of
waste disposal whereas the population 15 years and above who are literate and employed affect
the indiscriminate dumping of waste. Finally, the average household size and population 15
years and above who are not literate affect burial methods of waste disposal. Even though
government officials in the country have been contemplating ways to improve the current
situation of Greater Accra’s municipal solid waste management which has become burdensome
before conditions deteriorate to the point when resource planning and efficiency are
compromised, there should be effective policies and allocation of resources to advance solid
waste generation, collection and transportation, and disposal and treatment in addition to the use
of advanced technological mechanisms while taking into consideration specific socioeconomic
factors. Therefore, the study proposes that rather than using political influences to address the

challenges of solid waste management, it should be handled by competent technical services,
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educational programs, and technological innovations. Also, effective measures should be put in
place to check population growth, especially rural-urban migration in the Greater Accra region.
This information can be useful for designing outreach and education campaigns that are targeted
toward specific groups within Greater Accra, such as low-income households or households with
limited access to education. Overall, the population and housing census report can be improved
upon to serve as a valuable source of data for developing effective solid waste management
strategies that are tailored to the specific needs and circumstances of the Greater Accra region in

specific and the country in general.
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Chapter 4

Comparing the Effectiveness of Solid Waste Management Practices in Greater Accra and
Nairobi: A Study of Policies, Strategies, and Implementation

4.1 Introduction
Solid Waste Management (SWM) has a multifaceted perspective and an associated effect

on several sectors that are essential for sustainable growth (Ogutu, 2019). The world is rapidly
urbanizing, but the quantity of waste produced is growing faster than population growth resulting
in a looming environmental crisis (Cohen, 2006). Globally, about 1.3 billion tons of solid waste
are produced annually, and this is anticipated to increase to about 2.2 billion tons in 2025
(Bhada-Tata & Hoornweg, 2012; Moya et al., 2017; Ouda & Raza, 2014) consequentially, the
present cost associated with the management of waste will also increase from $205.4 billion to
about $375.5 billion in 2025 (Bhada-Tata & Hoornweg, 2012). It is important to note that, as
countries develop, the circumstances surrounding their waste management equally evolve (Kaza
et al., 2018a). Therefore, the management of waste regularly with a careful consideration of its
environmental effects, technological implementations, and administrative expenses associated
with the various treatment and disposal techniques should be prioritized by all countries,
especially developing countries (Consonni et al., 2011).

The management of solid waste is essential for towns and communities that aspire to be
sustainable, healthy, and inclusive, especially in the period of rapid urbanization and population
expansion. Unfortunately, when it comes to urban growth, solid waste management is often not
given the maximum attention unlike education and health care. But recently, the issue of
sanitation has expanded from being a "city" challenge to one that affects an “economy-wide”
(Adzawla et al., 2019). This means that challenges associated with sanitation have evolved from

being a problem that affects only urban areas to an issue that impacts an entire economy
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including a negative impact on public health, the environment, and economic productivity.
Therefore, making it a widespread concern for all sectors of a given society.

Municipal Solid Waste (MSW) management follows the same hierarchy of source
reduction, reuse, recycling/composting, recovery/energy from refuse, and disposal/landfill
(Flavia Tuane Ferreira Moraes et al., 2022). The current state of (MSW) management techniques
differs from country to country since its administration is influenced by several variables which
usually vary for every nation (Mian et al., 2017). A report from the United Nations 2018
Development Program reveals that a worldwide population of 2.3 billion people still lacked basic
sanitation as of 2015 (UNDP, 2018). Hence, making it is crucial to recognize the need to create
pertinent strategies for incorporating basic sanitation services including solid waste management
into a country’s growth approach. For instance, the achievement of goal 6 (clean water and
sanitation) of the SDG particularly as a nation, could be aided by developing improved solid
waste management strategies. Therefore, any variable that may have an impact on MSW
management either directly or indirectly including issues about the physical environments, social
standards, economic circumstances, political settings, local, regional, and national laws,
institutions, educational systems, finances, human resources, and technology, should be
prioritized.

In East Asia and the Pacific, Latin America and the Caribbean, and Sub-Saharan Africa,
it has been estimated that about 468, 289, and 231 million metric tons of waste are produced
yearly (Statista, 2019). It is significant to understand that the creation of solid waste is an
inevitable consequence of human existence (Shekdar, 2009). All individuals, corporations, and
governments must take responsibility for waste management to decrease their environmental

footprint to secure a sustainable future. In 2012, Africa alone produced 125 million tons of urban
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solid waste, and this is expected to increase to 244 million tons in 2025. Sub-Saharan Africa
which includes Ghana accounted for 81 million tons (65%) of the total waste generated in Africa
in 2012 (Edomah, 2020). Out of the total waste produced in Africa in 2012, 55% of it is collected
and this is expected to increase to 69% by 2025 (Godfrey et al., 2019). Sadly, the remaining
uncollected waste usually ends up being deposited onto streets, open fields, stormwater ditches,
and waterways within towns and cities (Edomah, 2020). Also in Sub-Saharan Africa, the
average MSW collection rate is just 44% and this is anticipated to rise to 69% by 2025 (Edomah,
2020). Here, the waste collected differs widely across urban areas, varying between a mere 20%
to an average of above 90% (Edomah, 2020; Godfrey et al., 2019; Muniafu & Mutiso, 2022). In
Africa, good waste collection services are often found in the city centers, while poor rural areas
typically receive inadequate services (Achankeng, 2003). Africa generates about 80-90% of
recyclable waste but only 4% of it has been recycled, and this is frequently done by extremely
active, but sometimes marginalized, informal reclaimers (Godfrey et al., 2019).

In developing countries, the organic content of MSW is higher than that of paper and
packaging. In Africa, various factors, including consumer sentiments, economic status, and
culture, influence MSW composition (Alaya, 2022). Generally, in Sub-Saharan Africa, MSW
typically contains 57% organic material, 9% paper/cardboard, 13% plastic, 4% glass, 4% metal,
and 13% miscellaneous materials (Alaya, 2022; IETC, 2019). The issue of solid waste
management has been a crucial problem, especially in many urban areas in developing countries
around the world. The use of antiquated solid waste treatment technologies as well as disposal
techniques, low collection coverage, and irregular and reliable services for solid waste collection,
absence of political allegiance, public literacy regarding effective waste management techniques,

the proliferation of insects and vermin as a result of poor SWM practices, and insufficient
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management and regulation of informal waste collection activities are the most frequent issues
that less developed and developing countries face (Guerrero et al., 2013; Mmereki et al., 2016).
All of these are associated with the limitations of the long-term strategic approach and monetary
investment (Kamran et al., 2015). It is not surprising to realize that the lack of effective
administration is at the root of Africa’s solid waste management problems (Edomah, 2020).
Consequently, the majority of African countries' current MSW collection systems are wholly
insufficient, leading to the careless disposal of solid waste into the environment (Godfrey et al.,
2019; UNDP, 2018).

When it comes to waste disposal, Africa is well recognized for its historical and political
backdrop. Several African countries are assumed to be dumping sites for harmful and toxic waste
generated primarily in some industrialized countries. Africa is being inundated with second-hand
products (particularly technological scrap), some of which are already obsolete or nearing the
end of their useful existence when they arrive (FOEN, 2011). In some instances, the export of
used goods to African countries like Ghana, Benin, Liberia, Nigeria, and Cote d’Ivoire is used to
get around laws regulating waste dumping and transboundary movements to dispose of waste
products in these developing countries at a reduced cost. Used tires, end-of-life cars (ELVs), and
utilized and dying electronic devices are a few examples of traded commodities and this can be
attributed to the need for cheap access to high-quality used tools in the importing African
countries (Schluep et al., 2012). To a certain extent, this can be ascribed to a tradition of
economic dependency of Africa on these developed countries and the fundamental belief that
Africa can be used for virtually anything, despite the continent's pervert customs and practices
that eventually influence all aspects of the continent’s ways of life, in addition to its practices

regarding environmental management (Simelane, 2011). This shows the level of regard Africa
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has, particularly given the possibilities presented by waste as a supplementary resource
(Azubuike et al., 2022).

In most African cities, including Accra (Ghana), Nairobi (Kenya), Lagos (Nigeria), Cairo
(Egypt), and Johannesburg (South Africa), population development patterns are being driven by
rapid urbanization. As a result, these cities now produce more solid waste, which has caused
some of them to lose their appealing qualities as a result of the ineffectiveness of their waste
collection systems (Simelane, 2011). However, with challenges like insufficient infrastructure,
deficient financing, and a lack of public knowledge, solid waste management in these cities is
becoming a major problem that needs urgent attention. Even though almost every African
country has policies dictating how its waste should be managed, there are still a lot of variables
that limit the waste management system in most of these nations. To safeguard both human
health and the environment, appropriate solid waste management has long been encouraged.
Traditionally, solid waste can be recycled to improve the lives of casual waste reclaimers while
also generating new employment and business possibilities in Africa. To control waste, the
government, industries, and civic society must all work together (Edomah, 2020). In addition to
that, all individuals must see solid waste as a resource that should be integrated into the goals for
public growth and human development but not as a mere discarded material.

Consequently, this study aims to lay the groundwork for future research on Municipal
Solid Waste Management, to develop effective strategies for tackling SWM issues, and to reduce
the effects of uncontrolled SW in Ghana's Greater Accra region. Given this, a comparative study
will be done to analyze the Solid Waste Management Strategies in the Greater Accra region of
Ghana and Nairobi, Kenya purposely to draw practices and implementations from Nairobi,

Kenya. The comparison will be conducted between Nairobi and Greater Accra because Nairobi
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also happens to be one of the most populous and rapidly urbanizing cities in Kenya with a near
equivalent population like Greater Accra. The study hypothesizes that, while Greater Accra and
Nairobi may have certain solid waste management concerns in common, there are likely to be
substantial contextual factors that influence how the problems are addressed and managed in
each region. Most significantly, a comparative study may reveal the fundamental variations in
method and outcomes, as well as insights into what aspects are most crucial for effective solid
waste management in each region. By taking these aspects into account, it may be feasible to
establish a more nuanced understanding of the similarities and variations in waste management
strategies and outcomes across the Greater Accra region and Nairobi city county.

One aspect of environmental management that directly affects a city's appeal as well as
its social, political, and fiscal growth is MSW. Every government should legally offer MSW
management services to its people (Fahmi & Sutton, 2010). Even though the results of this
comparative urban study of Greater Accra (Ghana) and Nairobi (Kenya) are unlikely to be
relevant throughout major urban centers, especially in the entire African continent, the researcher
is optimistic that the study will encourage further studies on other urban areas in African nations.
However, societies globally must uphold human rights to sanitation and strengthen hygiene
standards as a means of creating a healthier and more sustainable world for all while ensuring a

better future for generations to come.

4.2. Method
This research aims to compare the effectiveness of solid waste management in Greater

Accra and Nairobi, focusing on three key factors: policies, strategies, and practices. To test the
study’s hypothesis, the study will conduct several steps to get to the end. Firstly, the key
demographic and socio-economic characteristics of Greater Accra and Nairobi will be identified

through an extensive review of existing literature, and other secondary data sources like
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population and housing census reports, policies, and among others. Secondly, their solid waste
characteristics comprising sources, composition, method of storage and disposal, solid waste
policies, and measures put in place for solid waste management will be captured. A qualitative
comparison will be done using collected secondary data from websites and reports. Also,
discussion and conclusion are drawn from the analysis, summarizing the key findings and
implications for solid waste management in Nairobi and Greater Accra region. An interpretation
of the results will be done highlighting the strengths and weaknesses of the various strategies,

policies, and implementation. and recommendations for improving them.

4.2. Comparative Analysis of Solid Waste Management in Greater Accra, Ghana, and Nairobi,
Kenya

4.2.1. Demographic and Socio-Economic Characterization

The generation of MSW is aided by rising populations and urbanization (Cheng et al., 2020).
Therefore, determining the best tools and management techniques requires an understanding of
the relationship between socioeconomic variables and MSW composition (Nguyen et al., 2020).
The major variations between countries in terms of economic status and activities, education
level, age distribution, family size, marital status, and gender can help to understand some of the
changes in solid waste management between countries (Tadesse, 2009). The various
demographic and socio-economic characteristics of Greater Accra and Nairobi in the year 2021
are represented in (table 4.1).

Table 4. 1 Demographic and Socio-economic Characteristics of Greater Accra and Nairobi

Demographic/Socio- Greater Accra (2021) census | Nairobi (2019) census year
Economic Characteristics year
Total Population 5,455,692 4,397,073
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Male Population 2,679,063 2,192,452

Female Population 2,776,629 2,204,376

Intersex Not captured 245

Total Household Population 5,384,268 1,506,888

Average Household Size 3.2 2.9

Population Growth Rate 2.9 annually 3.4 % annually

Population Density 129 persons per square 6,247 persons per square
kilometers kilometers

Total Land Area 3245km? 703.9km?

Source: Ghana Statistical Service 2021 Population; Housing Census Report (Ghana Statistical
Service, 2021) and the Kenya National Bureau of Statistics 2019 census report (Kenya National

Bureau of Statistics, 2019).

4.3. Solid Waste Composition in Greater Accra, and Nairobi

4.3.1 Solid Waste Sources and Characteristics in Greater Accra and Nairobi

To improve MSW management, particularly in developing countries, it is crucial to understand
the reasons behind compositional variations in waste. Economic development in a particular
region is closely linked to shifts in its waste composition (Kieu Lan Phuong 2020). Waste
composition is the proportion of waste produced as a percentage of total mass produced (Kaza et
al., 2018b). The complexity of MSW's composition and amount of waste produced generally
increase as cities and nations become wealthier, more populous, and able to provide their citizens
with more readily available goods and services, even though each nation employs different

strategies that have developed over time (Kaza et al., 2018b). The various solid waste

120



characteristics and solid waste composition of Greater Accra and Nairobi are presented in (table

4.2.) figure (4.1) and figure (4.2) respectively.

Table 4. 2 Solid waste characteristics of Greater Accra and Nairobi

Solid Waste

Characteristics

Greater Accra

Nairobi

Source Institutional, Industrial, commercial, | Residential households: Commercial and
and domestic institutional establishments, Construction

and demolition waste, Street litter
Composition Organic, Paper/ cardboard, plastic, Organic, Paper/ cardboard, plastic, metal,

metal, glass, and others

glass, and others

Means of solid

waste storage

Standard Waste Receptacles,
(covered and uncovered standard
waste bin) Improvised waste
receptacles (covered and uncovered
container, covered or uncovered
basket), disposable waste receptacles
(sack, polythene bags, others), none

(no receptacles)

Household bins, dumpsites, compactor
trucks, dump sites, transfer stations, skips,

and containers

Method of solid

waste disposal

Collected by (compaction trucks,
tricycles, central containers, push
carts/walk-intendants, bicycles,
wheelbarrows), burnt, public

dump/open spaces, dumped

Collected by rucks, open dumping, open
burning, incineration, composting, and

landfilling.
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indiscriminately, buried in the

ground, others

Source: Population and Housing Census Reports for both Ghana and Kenya.

Figure 4. 1 Waste Composition of Accra, Ghana.

Municipal Solid Waste Composition of Accra,
Ghana

M Organic
® Paper/card board
W Plastic

Glass

= Metal

B Others

Source of data: (Edomah, 2020).

Figure 4. 2 Waste Composition of Nairobi, Kenya

Municipal Solid Waste Composition of Nairobi,
Kenya

H Orgaic
® Paper/card-board
W Plastic
Glass
W Metal

m Others

Source of data : (Edomah, 2020)
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The composition of waste is essential for determining the most significant issues as well
as the most effective waste control techniques. Depending on the circumstances present in a local
area, the composition of waste can differ considerably (Vinti & Vaccari, 2022). Figure (4.1)
shows the waste composition of Accra, the capital of the Greater Accra region and the capital of
Ghana and Figure (4.2) shows the solid waste composition of Nairobi the capital of Kenya.
Organic waste represents the predominant fraction of solid waste produced in the two cities as
seen in the two figures as 65% and 64% for Accra and Nairobi respectively. This supports recent
scientific findings that organic waste is always the most prevalent portion of solid waste and it’s
usually above 50% in urban areas (Asgari et al., 2019; Bernardes & Giinther, 2014; Rajpal et al.,
2020; Taboada-Gonzalez et al., 2011). Even in rural areas, the rate can approach 90%
(Bernardes & Giinther, 2014). However, some literature has also recorded lower values of
organic waste tallying around 40% (Kerdsuwan et al., 2015; Taboada-Gonzalez et al., 2011) and
the proportion may have been affected by variables like the use of food as livestock feed
(Viljoen et al., 2021; Vinti & Vaccari, 2022). Both cities recorded 6% paper/cardboard waste.

Plastic typically makes up the second largest portion of trash, with numbers varying from
4% to 20% (Vinti & Vaccari, 2022). However, Nairobi fell into this norm by recording 12%
plastic waste even though Accra recorded 3% for its plastic waste, hence deviating from the
norm by 1%. This could be a result of the shift from the use of plastics for food packaging to the
use of Katemfe leaves which are locally known as “Ahaban” by average food vendors in the
region. The “Ahaban” is known to possess qualities that offer a mild but highly desirable
medicinal value for lowering fats and cholesterol in the blood. Also, the leaf is known to improve
the flavor of meals. Accra recorded 3% each for metal and glass while Nairobi recorded 2% for

glass and 1% for metal. Therefore, this confirms the (Vinti & Vaccari, 2022) observation that,
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usually there is a significant difference between metals and glass, ranging from 0.34% to 6.32%
for metals and from 0.40% to 4.42% for glass. Nonetheless, the proportion of metals and glass
that end up in waste may also be influenced by unauthorized trash collectors or regional
marketplaces for such potentially valuable recyclables (Schenck & Blaauw, 2011). In addition,
the other composite of waste recorded 20% and 15% for Accra and Nairobi respectively. A study
conducted (by Edjabou, 2012) subcategorized the other components of waste as soil, sand, and

dirt, and were found to have predominant fractions.

4.3.2 Solid Waste Management in Nairobi, Kenya, And Greater Accra, Ghana.

The execution of policy and its regulation has been difficult for environmental
administration in Nairobi's solid waste management (NEMA, 2014). The generation of solid waste
in Kenya has been increasing due to the country’s rapid rate of urbanization with their annual waste
generation of 4 million tons expected to double by 2030 (Njoroge et al., 2014). In Kenya, the
National Environment Policy outlines the government's responsibilities to protect the environment
and the Constitution with the main goal of improving SWM and enhancing environmental
governance (National Environment Policy, 2013). With the development of various SWM policies
and policy framework analysis, Kenya has been able to tackle several of its SWM challenges
(Ogutu et al., 2021a). Comparably, solid waste management continues to exist as a problem in
Ghana due to the significant gaps that exist in stipulating distinct SWM policy strategies and
control frameworks for the execution of SWM policy. The case of the Greater Accra region is very
crucial because, for some time, there has been much discussion about how to improve a situation
while it is still manageable, rather than waiting until it reaches the point of emergency, when

resource management, planning, and sustainability are all put at risk (Mudu et al., 2021).
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In 2010, 3286 cholera cases with 54 deaths and an unprecedented fatality rate of
1.6% were recorded in Accra by the Ghana Health Service, This was attributed to the effect of
poor waste management, therefore, putting strain on the city officials to achieve significant
advancements in waste management (Oteng-Ababio et al., 2013a). Accra’s daily average of
2,200 metric tons of waste is produced, with private service companies projected to collect
1500-1800 of the total waste generated (Oteng-Ababio et al., 2013b). The Accra Metropolitan
Assembly (AMA) spent 450,000 Ghanaian Cedis (GHC, about US$ 307,340) every month on
solid waste hauling alone, with an additional GHC 240,000 (US$ 163,910) spent on the upkeep
of dumpsites (Oteng-Ababio et al., 2013b). Despite all these efforts, urbanization and a lack of
available land area are increasing the production of MSW and biodegradable waste streams in
the area (Oduro-Appiah & Afful, 2020). However, urgent attention from researchers, decision-
makers, government, and non-governmental organizations, funding organizations and individual
citizens to work collaboratively towards effective solid waste management (SWM) systems in

the region and beyond is needed.

4.3.3 Common Problems Associated with Greater Accra and Nairobi’s solid waste management.

1. Inadequate or ineffective laws and implementation: Even though Ghana has established some
legislation on waste management, they are not successfully implemented. However, conflicting
requirements or the failure to implement this legislation fosters an attitude of lawlessness and
reduces the efficacy of waste management in the country. As a result, most citizens, especially
the urban poor generate and dispose of their solid waste anyhow without authorization. This is

usually done due to weak solid waste management systems.
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2. Low public awareness and negative attitudes: A significant barrier to effective solid waste
management in the Greater Accra region to be specific and Ghana in general is the low level of
public knowledge of appropriate solid waste processing and recycling techniques, as well as the
negative views that many households have toward waste reduction and reuse as a means of solid
waste management. Because so many people are ignorant of the negative effects that improper
waste disposal has on the ecosystem and human health, they continue to participate in bad habits
like littering and unlawful dumping.

3. Weak and unstable system of governance: Poor institutional ability and administration by the
government towards the provision of adequate and efficient basic solid waste management
facilities and resources and diverse ruling objectives or focus by various ruling political parties.
4. Inadequate monetary support for management services: Although waste management demands
substantial financial resources, financing is frequently insufficient in Greater Accra. This
restricts the government's ability to spend money on waste management facilities and tools, as
well as on educating the public about good waste management techniques.

5. Insufficient and malfunctioning operation equipment: For waste management activities to be
efficient and effective, the machinery used for its gathering, transportation, processing, and
disposal is essential. However, faulty, or inadequate technology can cause delays, safety risks,
and higher expenses. For instance, if there aren't enough refuse collection trucks, trash could
build up on the streets and present a risk to people's health and safety. Inadequate processing
tools can also result in dangerous and ineffective waste management, possibly subjecting staff
members and nearby area too hazardous gases and pollutants. Ineffective waste management

practices and safety risks could also result from improper machinery upkeep and repair.
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6. Unavailability of adequate and reliable data: For efficient waste management planning and
execution, it is essential to have access to precise and current waste management data. However,
there is frequently little information on waste generation, composition, and administration in
Greater Accra, which makes it challenging to create programs and policies that are founded on

facts.

4.3.4 Nairobi’s Solid Waste Policies and Strategies

Solid waste management in Nairobi is governed by several laws and rules, some of which are
particular to the Greater Accra region, and these include:

1. Environmental Management Coordination Authority Act 1999 (EMCA): This act was passed
as the framework of Kenyan environmental laws which included waste production and
administration. The EMCA allowed for the creation of several subsidiary laws and rules that
regulate SWM and environmental management. It advocates for increased stakeholder
collaboration and coordination, as well as increased citizen participation in environmental
preservation (Gakungu et al., 2012; Nderitu, 2010; NEMA, 2014).

2. The National Environmental Policy (2013): The Ministry of Environment, Water, and Natural
Resources formulated this policy statement on the waste management approach comprising the
creation of a comprehensive national waste management plan, encouraging financial rewards for
waste management, and promoting facilities and rewards for environmentally sustainable
production, waste recovery, recycling, and reuse are all important steps (Haregu et al., 2017).

3. The Solid Waste Management Regulations of 2006: To maximize the function of alliances, the
regulation enacts laws that are specifically tailored to the SWM system, which consists of solid
waste collection, segregation, disposals, waste management (both hazardous and non-hazardous

waste), and the persons participating, such as waste producers and carriers (NEMA, 2014).
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4. The National Solid Waste Management (NSWM) Strategy of 2015: the strategy is aimed at
achieving sustainable waste management through an integrated approach that puts the
preservation of both the ecosystem and human health beforehand. The strategy ensures that
despite the negative connotation associated with solid waste, it can be repurposed to be valuable
because a new approach to waste reduction is discovered. The strategy came along with the
introduction of revenue production, job creation, and economic assistance for the people.
Additionally, the strategy aimed at cooperation among stakeholders and private individuals
which will contribute to the reduction of pollution in the environment (NEMA, 2014; Ogutu et
al., 2021b).

5. The Nairobi City Council (NCC) Solid Waste Management Act 2015: The acts offer a lawful
foundation for the execution of a comprehensive waste management plan and promote
partnerships between different actors who control SWM in the county and public involvement
(Nairobi City Council, 2015). The Council collaborates with groups and organizations involved
in managing solid waste in the county, including services providers, NGOs, and community-
based groups to offer its SWM services in partnership with the Department of Environment.

6. The Nairobi Metro 2030 Strategy (2008): According to projections made by the Ministry of
Nairobi Metropolitan Development, the city's annual production of solid waste would rise to 1.83
million tons in 2030 as it strives to become a world-class African metropolis. Utilizing waste in
energy systems and technology, as this concept suggests, gives a beneficial opportunity for
SWM. This strategy signifies that Incorporating waste in energy mechanisms and technology

presents an effective prospect for SWM (Haregu et al., 2017).
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4.3.5 Measures of Solid Waste Management in Kenya and the Nairobi City County

To address the issue of SWM in Nairobi, the Kenyan government has put adverse measures in
place including.
1. Banned of the use of plastics: Kenya is emerging as a pioneer in the battle against plastic
pollution and was one of the first nations in East Africa to put limitations on single-use plastics
(UNEP, 2021). In 2017, the Kenyan government banned the use of single-use plastic bags in the
country which was followed by the ban on the use of plastic bottles, cups, and cutlery in the
country’s national parks in June 2020 (UNEP, 2021).
2. The formation of Kenya Green University Initiative Network (KGUN): This network was
established in 2016 by the UN Environment Program (UNEP) to encourage environmental and
sustainable practices in Kenyan institutions. The network will operate as a center for information
and innovation and encourage the exchange of best practices to help meet the Sustainable
Development Goals (SDGs) and obligations made under the Paris Climate Agreement (UNEP,
2016, 2017, p. 2017).
3.Kenya’s participation in the Clean Sea Initiative: Kenya has been battling with littering of its
plastic waste which dots its Indian Ocean shoreline and even overflows its lakes. Due to that, in
2017, the country signed the Clean Sea Initiative which aims at educating people about the need
to improve human connections with the ocean and ocean health, the problems brought on by
plastic pollution and the best methods for improving one's actions. Consequentially, serving as a
means of enhancing the country’s revenue generated from the sea (UNEP, 2021).
4.Construction of waste-to-energy plant- The Kenya Electricity Generating Company PLC
(KenGen) in conjunction with the Nairobi Metropolitan Services (NMS) has planned on

constructing a waste-to-energy plant which is a 40-megawatt (MW) project in Dandora located

129



in Nairobi. Upon completion, the plant is expected to supply electricity from waste for the
Nairobi metropolitan area through the national grid while giving KenGen a chance to diversify
its energy sources. The project will also serve as a source of revenue for the Nairobi City Hall
(African Energy, 2020).

5.Recycling of plastics into building materials: Currently, several businesses in Kenya are
expanding their prospects in environmentally friendly industries. For instance, Nzambi Matee, a
29-year-old woman, an entrepreneur, and an inventor has established a social business named
Gjenge Maker’s Ltd. A business that recycles discarded plastics in addition to sand to create
alternative construction materials like paving stones and paving stones that are stronger than

concrete and affordable (The World Bank, 2021).

4.3.6 Solid Waste Management Policies and Strategies in Ghana and the Greater Accra Region

Solid waste management in Ghana is governed by several laws and rules, some of which are
particular to the Greater Accra region, and these include:

1. National Environmental Sanitation Policy (1999): The scope of this policy encompasses all
facets of environmental health with solid waste management inclusive. It assigns responsibilities
to different stakeholders, ranging from individuals and community organizations to the Ministry
of Local Government and Rural Development (MLGRD), Metropolitan, Municipal, and District
Assemblies (MMDAS), Ministries of Environment Science and Technology, Healthcare and
Education, and the corporate world (MLGRD, 2010).

2. Environmental Protection Agency (EPA) Act 1994: The EPA Act designates the EPA as
Ghana's primary agency responsible for ensuring that air, land, and water are well sustained so

that future generations inherit a more hygienic and healthier environment. The EPA also
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oversees the implementation of environmental laws and keeps track of how well those laws are
followed (EPA Ghana, 2022).

3. Local Government Act of 2016, Act 936: The act is responsible for providing for local
governance by the Constitution; establishing a Local Government Service; establishing and
administering the District Assemblies Common Fund; providing for a National Development
Planning System; defining and regulate District Assemblies' planning procedures; to coordinate,
facilitate, observe, and manage the operations of internal audits within District Assemblies; and
for similar purposes. All these include the management of solid waste at the local level (Local
Government Service -Ghana, 2016).

4. Environmental Sanitation Policy, revised (2009): the policy was formulated to rectify the
shortcomings of the 1999 policy. It happened as an outcome of a countrywide consultation with
stakeholders in various sectors across the country. The strategy has directed its efforts for the
next five years towards the achievement of the Millennium Development Goals (MDGs) target
year of 2015. All these were done to fulfill recent development objectives and the aspirations of
individuals involved in the sector (UN LEAP, 2009).

5. National Plastics Management Policy (2021): The goal of the policy is to enable a transition to
a circular economy for plastics by using holistic approaches that encompass all stages of their
lifecycle and the value chain is seen as a means for achieving sustainable development. The
Policy also establishes the groundwork for the development of a brand-new industry to modify,
retrieve, and reuse, reducing environmental and community contamination, and generating job
opportunities arising in an environmentally friendly economy (MESTI, 2019).

6. The establishment of the Accra Compost and Recycling Plant (ACARP): ACARP is an

integrated waste processing and recycling enterprise founded and commissioned by the
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government of Ghana in 2021 to collect and treat solid and liquid waste while also generating
organic manure for agronomic uses in Ghana and the West African Sub-Region. Through the
sorting, processing, and recycling of such material, the facility also addresses the issue of plastic
waste. Also, high-quality plastic pellets that are produced by the company are used as raw
materials by regional businesses to make a variety of plastic products. Additionally, the company
is noted for the provision of information as well as technical and scientific skills in the field of
integrated waste management and research to provide effective waste processing and recycling
(ACARP, 2021).

7. The One Million Waste Bin Project of the Ministry of Sanitation and Water Resources: The
project was launched in December 2019 by the Universal Plastic Products and Recycling
(UPPR) Ghana Limited in partnership with Ecobank Ghana Limited and the Environment
Service Providers Association in Accra, Ghana. The goal of the project is to reduce
“indiscriminate disposal” of waste in the country as a means of contributing to the Sustainable
development goals. However, this was supported by the view that supporting a clean
environment is impossible without the usage of waste bins (GhanaWeb, 2019).

The Greater Accra region and the whole of Ghana are covered by these laws and policies, which
also serve as the regulatory foundation for solid waste management. However, successful
execution and enforcement of these laws in the area continue to be difficult and call for
cooperation between various stakeholders, including the public sector, the business community,

civic society, and citizens.
4.4 Discussion and Conclusion
Understanding modern development requires comparative urban studies. Ghana is

more urbanized than Kenya, and it also has a more dispersed urban structure and a bigger

indigenous urban footprint. Urban patterns in these nations are both merging and diverging, and
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this is related to their common experiences with colonization, nationalism, and globalization
(Otiso & Owusu, 2008). When it comes to solid waste management, Ghana, and Kenya both
confront comparable difficulties, but Kenya has made significant advancement in recent years
while Ghana has lagged. For Greater Accra to meet its rapid population growth demands, it
needs to develop and maintain standards for aesthetics and public health while prioritizing solid
waste management (MSW) networks. In this study, the MSWM system in Greater Accra and
Nairobi Kenya was successfully reviewed. The comparative study of solid waste management
policies, strategies, and implementation in Greater Accra and Nairobi confirms the studies
hypothesis that when it comes to waste management concerns, the two cities may have some
similarities, but there are also significant contextual differences that influence how the issues are
addressed and managed. Socioeconomic conditions like demographic composition, political will,
institutional capability and commitment, and public awareness are all important variables that
bring about the differences in solid waste management in these two cities.

The MSWM system in the Greater Accra region is limited by weak enforcement of
existing laws and policies, strategies, and implementations about solid waste management. Also,
poor government implementations of solid technological innovations relating to solid waste
management are all significant contributors to the poor management of solid waste in the Greater
Accra region. For instance, the banning on the use of single-use plastic bags by the Kenyan
government which was followed by the ban on the use of plastic bottles, cups, and cutlery in the
country’s national parks is a stricter policy that is critical for preserving public health, fostering
sustainable practices, and supporting the economy while meeting international commitments.
Additionally, that policy contributes to the reduction of solid waste generated in Kenya.

Consequentially, minimizing the quantity of solid waste transported to landfills in the country,
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therefore serving as a means of alleviating climate change while demonstrating a commitment to
environmental sustainability in Kenya. In contrast, in 2018, Ghana launched the "National Plastic
Management Policy" to regulate the use and disposal of plastic products in the country. This
initiative brought forth the one million waste bin project by the Ministry of Sanitation and Water
Resources. By taking these steps, Ghana is also contributing to solid waste management and
helping to reduce its negative impact on the environment and human health.

To add to the above, comparing Kenya's recycling of plastics into building
materials, Ghana has also undertaken efforts to promote the use of environmentally friendly
building materials. For instance, in 2018, the Government of Ghana established the "Green
Ghana Housing Project™ (Ministry of Lands and Natural Resources, 2021). This was purposely to
encourage the use of sustainable materials for the building and construction of housing units in
the country. It was also a means to lower the impact of carbon on the housing sectors in the
country while promoting environmental sustainability. In contrast, there are no known businesses
in Ghana like Gjenge Maker's Ltd of Kenya, which recycles plastics and sand to make alternative
construction materials. Therefore, Ghana might learn from Kenya in this area by encouraging or
establishing businesses that adopt innovative recycling processes to help improve sustainability.

Also, Kenya's Green University Initiative Network (KGUN) is something Ghana
lacks. Currently, the country has no formal program for promoting environmental sustainability
in institutions, especially those at higher educational levels. On the other hand, Ghana has made
diverse efforts to promote environmental sustainability through initiatives like the "National
Sanitation Campaign™ and the "National Plastic Management Policy," both of which aim to
improve sanitation through the regulation of the use and disposal of plastic products in the

country and promotion of good hygiene practices. Despite these efforts, Ghana could take steps
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towards the induction of such Green Innovative initiatives in its educational institutions to
encourage sustainable environmental practices at various educational levels.

Also in comparison, Ghana has no known waste-to-energy plants that exist in a
country like Kenya. However, the country has made some efforts towards promoting renewable
energy through the implementation of the Renewable Energy Act in 2011 (Ghana Energy
Commission, 2011). The act aims to increase the share of renewable energy in the country's
energy mix. Additionally, there are some private companies like Jekora Ventures Limited, that
engage in waste-to-energy projects which produce biogas from organic waste in the city of
Accra, Ghana. This could also be considered by the government of Ghana to help complement
the country’s only hydroelectric dam, the Akosombo Dam which is the only reliable source of
electricity for Ghana.

Furthermore, the limited allocation of financial resources for research in the country adversely
constrains the capacity of local innovators and entrepreneurs to develop and scale up new
solutions in dealing with the solid waste management situation in the country. Additionally, the
lack of public awareness and education on solid waste management has consequentially limited
public support for technological innovations regarding the management of solid waste in Greater
Accra and the country at large. Even though the government of Ghana has made several strides
in adopting and implementing technology in various sectors of the country, there is still a
substantial gap between innovations in waste management, energy, and infrastructural
deployment. As a major producer of solid waste in Ghana, Greater Accra’s MSWM must
consider some of the best MSWM practices used by other nations like Kenya to overcome its

limitations.
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However, there are differences in the current state of MSWM techniques between
various industrialized countries or the top MSWM nations. A concerted effort is required to
enhance several variables, including institutional arrangements, budgetary resources, technology,
operational administration, development of human resources, and public involvement and
knowledge of SWM systems (Fernando, 2019). Therefore, the following suggestions are made
to enhance the MSWM in the Greater Accra region considering Ghana’s MSWM hierarchy in
general and the comparative study. These measures were proposed for implementation in the
Greater Accra region to be specific and Ghana in general. Synchronizing these in the region’s
plans and administration amid the rapid population growth will help promote sustainable
development while maintaining its aesthetic value.

There is, however, hope for development because Ghana commits to the SDG of the
United Nations, which includes supporting Sustainable Consumption and Production, and
Sustainable Cities and Communities. For the country to fulfill its commitment to the UN
Sustainable Development Goals and ensure a sustainable future, Ghana must give top priority to
technology advancements in waste management, energy, and infrastructure. However, to
safeguard the environment, public health, and the stability of the economy, both Greater Accra
and Nairobi, as well as their respective countries, Ghana and Kenya must continue to place a
higher urgency on sustainable waste management techniques. All these could be achieved with a
strong alignment between effective policies, strategies, and implementations and a collaborative

effort between citizens and the government.

4.5 Recommendation

4.5.1 Solid Waste Management Recommendations for Greater Accra Region
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After comparing the current solid waste management practices, policies, and strategies of both
Nairobi and the Greater Accra region, it can be concluded that the proposed recommendations
for solid waste management in Greater Accra will have a higher likelihood of being effective and
sustainable in the long term if they are specifically tailored to meet the region's unique needs
about SWM.

1. Policy interventions and legal framework: Sensitization of city dwellers is significant for the
successful execution of policies. However, participatory strategies and the dedication of
governments to issues about solid waste management should be prioritized (Muheirwe et al.,
2022). Policies and interventions which encompass the various forms of solid waste management
should be established in the region and the country at large while being consistent with the
existing environmental policies. For instance, there should be specific laws to discourage
unsustainable means of waste disposal like dumping indiscriminately, burying waste in the
ground, and open burning, among others.

2. Establishment of appropriate waste management system: The creation of solid waste
management systems that takes a technological approach encompassing waste reduction and
collection, waste sorting, recycling, and transportation and disposal plans could help solve the
region’s solid waste management challenges. Also, establishing new landfill sites associated with
better management and regulatory frameworks as well as waste management planning and
coordination could help improve solid waste disposal.

3. Extension of solid waste management services to all parts of the region: National solid waste
management policies should acknowledge the urban poor communities' entitlement to a clean
and healthy atmosphere. Solid waste management services, especially disposal, collection, and

transportation must be extended to the urban poor neighborhoods that are often not able to afford
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the cost of waste disposal and collection usually by private waste collection entities. In addition,
infrastructure like roads in such areas which are usually not accessible by waste collection
vehicles and trucks must be considered for construction to provide flexibility in waste handling
and disposal options.

4. Availability of reliable solid waste data: Solid waste data at the local and national levels
should be made accessible in the country. Even though the Ghana Statistical Service provides
data on methods of solid waste storage and disposal at the regional level in its decadal census
report, there is still a dearth of information on solid waste data in the country. Data related to the
quantity and composition of solid waste from the local to the national level should be available
openly.

5. Financial investment: the government should allocate funds for the management of solid waste
at various levels of the country. This could enhance the provision of machinery, awareness
creation on the importance of solid waste management, and training of people who offer solid
waste management services to employees, among others. Also, an exemption of taxes on solid

waste goods and services could help contribute to the management of solid waste in the country.

6. Public-Private Partnerships: To improve the management of solid waste through collection
and disposal services in the region, the Ministry of Sanitation and National Resources must
partner with waste management firms using collaborations between government and private
entities. This will help increase the efficacy and efficiency of solid waste management services.
These suggestions, if implemented in Greater Accra Region will take the city to the next level of
sustainability and make it much easier to follow the SDG goals. The government has to invest

more money and time to make this possible, keeping in view the long-term impact on the health,

138



and well-being of people residing in the Greater Accra region as well as overall environmental

improvement.
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Chapter 5: Summary and Conclusion

5.1: Summary of the Findings: The overall objective of this study was to provide an overview of
the rapid rate of urbanization and its impact on municipal solid waste management in the Greater
Accra region of Ghana. The study was meant to achieve three different objectives. These include
analyzing how much the Greater Accra region of Ghana has grown over time, identifying how
Greater Accra’s rate of urbanization has impacted solid waste management in the region, and
giving suggestions on how solid waste management in the Greater Accra region can be improved
and incorporated into urban planning and development.

5.1.1. The Growth of Greater Accra Region Overtime: As part of the study, the researcher
employed remote sensing technology like ERDAS Imagine 13, Arc GIS 10.1, and Google Earth
Pro to examine and track changes in land use and land cover of the Greater Accra region from
2000 to 2021 using satellite imagery. The study helped to reveal both the spatial and physical
changes of the region within the three decades study period. Four land cover classes namely water
bodies, bare land, built-up, and vegetation were considered in this study. The study showed that
built-up areas and bare land in the region have increased significantly with an inverse decline in
vegetation drastically. The most dominant land cover of the Greater Accra Region was built-up
features. This is a result of the rapid population growth coupled with the rate of urbanization in the
region which has caused a great demand for built-up features mainly for residential and
commercial purposes. Also, the analysis found that improper solid waste management, traffic
congestion, perennial flood hazard, pollution of water bodies, and the creation of slums as the
major problems associated with the region’s rate of urbanization.

5.1.2. The Impact of Urbanization on Solid Waste Management: In the second part of the study,

the impact of urbanization on solid waste management in the Greater Accra Region was analyzed.
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Based on the degree of the current obstacles and advantages the region is facing regarding SWM,
the research was also intended to determine the strategies that should be pushed for effective solid
waste management in the region before the problem spirals out of control. The findings revealed
that the current situation of solid waste management in the region is due to inadequate waste
management infrastructure and practices. According to the study, storage of waste in disposable
waste receptacles which happens to be the unsustainable means of storing solid waste happens to
be more dominant in the region than the other methods of storing solid waste. Also, the study
revealed that there has been a massive improvement in the sustainable means of solid waste
disposal over the years. Gradually, the collection of generated solid waste by households in the
Greater Accra region has improved from 10% in 2000 to 55% in 2021. Comparatively, it was
noticed that there is an increment in the burning method of solid waste disposal from 15% in 2000
to 55% in 2021, therefore making burning the major means of disposing of uncollected solid waste.
More importantly, there has been a significant decline in the percentage of households who

either buried their generated waste or dumped their solid waste indiscriminately from 70% in 2000
to 15% in 2021 and 55% to 10% respectively whereas public dump has dropped from 60% in 2010
to 10% in 2021. Additionally, the study’s statistical analysis revealed that the Population 15 years
and above who are illiterate, and the Average household size have an influence on collection as a
method of solid waste disposal in the region. Again, the findings of the study indicated that the
number of households, and the Population of 15 years and above who are employed significantly
predicts the burnt method of waste disposal. Also, the Population 15 years and above who are
literate and the Population 15 years and above who are employed (Pop15y_ Emp) are significant
predictors of indiscriminate solid waste disposal in the region. Additionally, the population 15

years and above who are illiterate (Pop15y_NIi) and Average household size (Av_HH_Size) was
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realized to be significant users of the buried method of waste disposal by households in the Greater
Accra region.

5.1.3 Enhancement and Incorporation of Solid Waste Management into Urban Planning and
Development: The research findings revealed that the Greater Accra region's MSWM system is
constrained by poor solid waste management laws, policies, strategies, and implementations. All
of these issues are consequences of a lack of proper planning for solid waste management,
insufficient government policies and lack of stringency in the government's approach to solid waste
management, limited allocation of financial resources, human resource development, lack of
awareness, and irresponsible attitudes towards solid waste storage and disposal. Also, inadequate
government implementations of substantial technological advancements and innovations linked to
solid waste management were discovered to be major factors in the poor management of solid
waste in the Greater Accra region. The study’s findings revealed these after a comparative analysis
has been made between the solid waste management strategies, practices, and policies between
Nairobi, Kenya, and the study area, the Greater Accra region of Ghana. Based on the study's
findings, the following recommendations were proposed, policy interventions and legal framework
by the government, the establishment of an appropriate solid waste management system, an
extension of solid waste management services to all parts of the region, especially in the urban
poor neighborhoods, the availability of reliable solid waste data, financial investment, and public-

private partnerships.

5.2 Conclusion
Ghana’s Greater Accra region is rapidly urbanizing, counting as one of the fastest-growing urban

areas in West Africa. The growth of the Greater Accra region has seen an increase in human

activities and associated solid waste mismanagement. With this, the enhancement and
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incorporation of solid waste management into urban planning and development are critical for the
region’s sustainability. The region has been experiencing urbanization after the Christiansburg
Castle was chosen as the seat of the British administration of the Gold Coast in 1877 (Yankson &
Gough, 1999). Today, the region’s land cover is changing drastically, especially with a significant
decline in the vegetative cover which is replaced with built-up features and bare land. The study
revealed how the integration of GIS and remote sensing offers a strong tool for monitoring spatial
and temporal changes in land use and land cover in a particular area within a specified period. The
primary change trajectories in the Greater Accra region were identified by the LULC change
analysis results, notably the growth of built-up areas.

In addition, the Greater Accra region's urbanization is almost completely encroaching into
neighboring regions. Accordingly, it is impossible to ignore how these areas will affect Greater
Accra's upcoming urban growth. Even though the government has put in efforts toward solid waste
management in the region, there is still much more to be done to achieve sustainable and effective
management of solid waste in the region. Overall, Greater Accra should tackle solid waste
management issues holistically by inculcating issues of solid waste management into urban
planning and developmental objectives. This could be done by integrating efficient solid waste
management approaches like the development of a comprehensive waste management plan and
infrastructure, Overall, effective solid waste management amid urbanization is crucial for public
health protection, environmental preservation, resource conservation, promotion of economic and

social benefits, and creating a sustainable future.
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