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Abstract

The appalling state of Liberia’s municipal solid waste management system (MSWM) is the motivation for this review and
analysis. Solid waste management protocols and system dynamic modeling support policy development as it uses waste
prevention to explain the complex waste management systems and suggests methods for effective management. However,
creating an effective waste system goes beyond the formulation of policies and legislation; it involves financial and techno-
logical proficiency, skilled human capacity, technical, social, resource recycling, educational awareness programs, and active
public participation. Because of urbanization, Liberia’s municipal solid waste (MSW) problems have become heightened,
thereby impacting the economic, social, and political fabric of society by overburdening infrastructure and social facilities.
The impact of urbanization must be addressed because urbanization, amongst several factors, including unsustainable man-
agement of MSW, degrades the environment and presents risks to public health. The purpose of this review was to highlight
the current waste management activities in Liberia and provide information to the readers about the challenges facing the
waste management sector and the challenges impeding the development of a sustainable waste management system. In Libe-
ria, waste management activities are getting worse daily due to shortage of a comprehensive waste management framework,
the absence of guidelines regarding the responsibilities of waste generators, and the decision-makers’ lack of intent to design
and implement a sustainable and integrated management system. Recommendations for collaborative efforts are made by
focusing on delivering a waste strategy which concentrates on waste minimization, recycling, resource recovery, and promot-
ing sustainable waste management practices for communities, small businesses, corporations, and government institutions
in Liberia and other developing countries.

Keywords Municipal solid waste (MSW) - Urbanization - Recycling - Indiscriminate dumping - Regulatory frameworks -
Liberia

Introduction growth a challenging task. The effect of urbanization has

been seen in different urban cities across the country since

Liberia had its first democratic transfer of power in over
70 years [1], following the election of George Weah as
president in December 2017. Weah government’s pro-poor
agenda for prosperity and development has sought to stim-
ulate economic growth, but the challenges of widespread
abject poverty and high inflation have made economic
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the early 1990s [2, 3]. Around 50.7 percent of the popu-
lation of Liberia now lives in metropolitan areas which
have contributed to the increased generation of waste, typi-
cal for most developing countries [4, 5]. Furthermore, the
effect of urbanization is a major contributing factor to the
increasingly poor environmental conditions in various urban
centers in Liberia [6]. Liberia is divided into 15 counties:
Montserrado, Nimba, Bong, Lofa, and Grand Bassa coun-
ties are highly populated with more than 3 million inhabit-
ants combined, while Bomi, Gbarpolu, Rivercess, Rivergee,
and Grand Kru are the least populated, having a population
of 100,000 or more. Grand Kru is the least with a popula-
tion of 57,913 [2, 7]. The effects of urbanization on these
geographical divisions include environmental degradation,
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pollution, and waste disposal problems. Liberia, like many
countries in the world, is faced with the challenge of
increased waste generation. Waste is generated daily due to
numerous factors ranging from affluence, rapid economic
growth, rapid urbanization, changes in consumption pat-
terns, rapid population growth, etc.[8]. Similarly, generated
waste is improperly managed in most developing countries
[8]. This inadequate management of waste poses serious
risks to the environment and public health [7, 9]. The Libe-
rian Government has taken steps to manage solid waste to
some extent. Between 2015 and 2018, the World Bank and
the European Union financially supported three major solid
waste projects [6]. The Cheesemanburg Landfill Urban Sani-
tation (CLUS), the Emergency Monrovia Urban Sanitation
Project (EMUS), and EU Water Facility Project, funded by
the World Bank and the European Union were primarily
focused on providing support for the key and minor waste
assortment and enhancing disposal and sanitation in Mon-
rovia. Additionally, infrastructure for solid waste was set up
at two transfer stations (Stockton Creek and Fiamah), three
installed weighbridges (landfill and transfer stations), 120
communal disposal locations throughout the Greater Mon-
rovia area, and a sanitary Whein Town landfill. The EMUS
Project closed in December 2016, while the EU Water
Facility Project ended 2017 due to the Ebola outbreak. The
Cheesemanburg Landfill Urban Sanitation (CLUS) project
which is aimed at improving access to solid waste collec-
tion and disposal in Monrovia and other parts of the country
is currently ongoing and is expected to replace the Whein
Town facility in 2 years. While progress has been made to
manage waste, sustainable solid waste management in the
country still remains a challenge. Unsustainable solid waste
management poses high risks to public health in many least
developed countries in Africa [10, 11] due to high popula-
tion growth and increasing waste generation patterns. The
effects of unsustainable solid waste management practices
include land degradation, breeding sites for mosquitoes and
other vectors, diseases, impact on land valuation, and ill-
nesses [12]. These examples show why it is imperative for
policymakers to prioritize sustainable waste management.
Recent research has shown that approximately 2.2 billion
people have inadequate access to basic sanitation services
[13, 14]. Against this background, governments around the
world have become increasingly interested in sustainable
environment thus contributing to the formulation of several
approaches to minimizing waste, enhancing waste recovery,
promoting waste recycling [14, 15], and safe landfill waste
disposal [16]. Additionally, most developed countries have
prioritized waste management activities followed by the
complete adoption of the 4Rs; ‘reduction, reclaiming, recy-
cle and reusing or recovery’ of scrap. Similarly, the adop-
tion of the waste-to-energy (WtE) approach has also been
implemented by developed and some developing countries
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including China, South Africa, Australia, and The Nether-
lands [11]. Waste-to-energy involves the cycle of treatment
that produces energy in the form of power, the production
of clean, renewable energy, and resource recovery from the
sustainable management of MSW [17, 18]. Studies have also
indicated that zero waste catalyzes sustainable manufacture
and use, optimizes reutilizing and the reuse of resource,
and minimizes incineration and landfilling [14, 17, 18].
Therefore, the utilization of solid waste is environmen-
tally, socially, and economically viable. It is essential that
developing countries, including Liberia, incorporate these
approaches in order to sustainably manage waste, thus mini-
mizing pollution to the environment [18-21].

Liberia has a tropical climate that involves two seasons:
wet season (rainy) and dry season. Each season provides
different patterns of consumption and waste generation. Yet,
since the first State of the Environment report, [12] no fur-
ther reports have been produced by the government nor steps
taken to analyze environmental impact or waste generation
patterns. However, a recent study conducted by Victor E.
David Jr et al. [15] highlighted the linkage between popula-
tion and development and the increase in waste generation
in the country. In addition, data for research and policy pur-
poses are generally limited due to the lack of research and
development [22]. In a study conducted by the Emergency
Monrovia Urban Sanitation project [EMUS, [17], in col-
laboration with the municipal corporation in Monrovia, the
annual tons of inert waste generated in the provincial capital
city of Monrovia was reported as 780 tons /day with an aver-
age waste generation of 0.63 kg/capita a day in 2017 [16,
23]. Additionally, data regarding waste generated in other
parts of the country are still unavailable. Liberia, a signatory
to major environmental conventions, is still lacking because
of the gap between the ratification of these conventions and
implementation. Also, the lack of knowledge regarding the
implementation of integrated programs; inadequately skilled
individuals; the lack of financial, technical, strategic and
technological resources; inconsistent guidelines regarding
waste management; lack of institutionalizing the informal
reprocessing industry; minimal research and development
activities; the absence of engineered sanitary landfills;
the absence of opportunities for recycling and the lack of
developed infrastructure [11, 24, 25] have contributed to
the increasing trend of indiscriminate dumping of waste in
the country. Moreover, because of the lack of inadequate
research and developmental activities in Liberia, there are
a limited number of articles available regarding municipal
solid waste disposal. Nevertheless, in recent years there have
been some studies conducted regarding the environmental
challenges in Liberia. In 2017, a study conducted by Wil-
son, S.T.K. et al. [26], on the mining sector: current prac-
tices and environmental challenges, revealed that industrial
mining is associated with various environmental impacts
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including pollution, land degradation, loss of biodiversity,
and contamination of underground water. Furthermore, a
study conducted by McAuslan P [27], on urban planning
law in Liberia revealed that the 14 years of civil war resulted
in infrastructure damage particularly in the capital, Mon-
rovia—and most facilities that escaped severe damage are
deteriorating because of maintenance deficit coupled with
rapid urbanization which has led to increased waste genera-
tion, thus stressing the already fragile waste management
system [27]. Similarly, the EMUS, [17] report revealed that
Liberia will need substantial help from its development
partners—over a longer period than anticipated—regarding
its waste collection services, recycling activities, and final
disposal.

Previous researches have attempted to study both the
growing increase in waste generated in Liberia and the
environmental impacts. Nonetheless, there is less research
conducted in Liberia to assess the existing waste manage-
ment practices, recognize emerging waste management
activities, over and above the challenges associated with
waste management activities to propose effective waste
management methods. Although many industrialized
countries have made progress in sustainably managing
their waste by adapting innovative techniques to ensure
waste recovery, and developing guidelines regarding the
management of waste, in Liberia, like most least devel-
oped countries, the management of waste has not been
adequately prioritized and waste collection, treatment,
and disposal remains largely ineffective [17]. Over the
years, several methods for managing waste, including the
4Rs: reduction, reuse, recovery, and recycling, have been
adopted by nations and implemented to minimize public
health and environmental threats. However, this is still
lacking in Liberia. This paper attempted to describe the
current waste management practices in Liberia, analyze
the regulatory and legislative frameworks, and establish
stakeholders’ actions that have the responsibility in waste
management in Liberia. This study also analyzed the chal-
lenges to effective waste management in Liberia, high-
lighted the importance of adequate waste management,
and suggested options for sustainable waste management.
The main impact of this review was to support policy and
decision-makers to restructure an efficient waste manage-
ment scheme by establishing a framework for the develop-
ment of an effective and sustainable waste management
system in Liberia and other developing countries, arguing
for the adoption of environmentally sustainable solutions
for MSW management, and encouraging future research.
To carry out this study, a critical review was conducted
and information was obtained from published articles;
official government documents and websites; other waste
management sources including books, national and inter-
national conference papers; and internet documents, (e.g.

the Environmental Protection Agency of Liberia, Ministry
of Health, Liberia websites, etc.). Various policies related
to waste management were also analyzed and field obser-
vation was carried out. The study observed and identified
several challenges to practices and procedures regulat-
ing waste management. The analysis of Liberia’s exist-
ing environmental policy permitted the identification of
ineffectiveness of waste disposal activities and practices
in Liberia.

Sanitation from an MSW perspective

Sanitation refers to the provision of services and the availa-
bility of facilities for the safe management of human excreta
containment, storage, treatment, and safe disposal [28, 29].
The word’sanitation” from an MSW perspective can have
different connotations and denotations depending on the
context or location [29]. In this context, sanitation refers to
the safe disposal and proper treatment of solid waste—by
the term solid waste, we refer to items including garbage
(plastic/glass bottles and cans, used clothing, manure, dis-
posable items, food casings and scraps, and newspapers)
including urine and excrement. Sanitation, therefore, applies
to the preservation of hygienic conditions through the provi-
sion of services including waste collection and wastewater
disposals [30].

Sanitation in Liberia

The current trend of sanitation in Liberia is described as a
“Deadly Gap” by the Joint Monitoring Program (JMP) for
water delivery and sanitation [31]. Reports from JMP, [31]
showed that just 25 percent of the population have adequate
access to clean water and 15 percent to adequate sanitation
services. It was further reported that 18 percent of deaths in
Liberia are associated with diseases caused by inadequate
water and sanitation [31]. This low coverage of improved
sanitation is due in part to the fact that the facilities are
non-existent or may not be hygienic and convenient.[31]. It
must also be noted that there is a wide difference in access
to sanitation between the counties in and within suburban
areas and between rural and urban areas. For example, in
Mamba Point, Sinkor and other high economic enclave of
Monrovia, effective sanitation is only accessible to 35 per-
cent of the population, while in the Grand Kru County,
Maryland County, Soniwein, and other slum communities
the corresponding proportion is less than 3 percent [31]. The
review further revealed that sanitation issues are mainly con-
centrated in urban economic areas, while the poorest cover-
age is in the overpopulated slum and rural communities [31].
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Fig.1 Urban zone view of open dumping of waste on the main Street
of Doula market, Liberia observed (January 22nd 2019)

Fig.3 Typical scene of road side waste in the Red-light district, Mon-
rovia, Liberia (Observed on 02/20/2019)

Fig.2 Waste dumped on the road-side and street corners in Liberia,
Urban zone, Johnson street (Observed on 4/17/2019)

Field observations

Site visits at various locations in Liberia have shown that
open dumping is widespread and normal. The photos below
show a typical scene of waste disposal on the streets in urban
areas comprising waste from households and markets; these
include plastic and other debris scatters in the streets and
neighboring spaces as shown in (Figs. 1, 2 and 3). Most
residents acknowledged there is an issue with solid waste
management in Liberia and it requires urgent attention.
Most Liberians, regardless of their socioeconomic status,
are very concerned about the waste management activities in
the country and often take to social media to give feedback
or vent their frustration about the need to improve the system
for managing solid waste.

Conversely, Figs. 4 and 5 show scenes of rural commu-
nities without sight of waste. This could be explained by
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Fig.4 Typical scene of a rural community (Town of Gbor), Mon-
rovia, Liberia without sight of waste, (Image courtesy of Bread for
ALL). (Observed on (4/17/2019)

the variation of solid waste production per capita in rural
areas compared to that of urban areas and/or residents’
attitudes towards environmental sanitation. Additionally,
the waste composition, waste density, and generation rates
of solid waste in rural communities are of lesser quantity
than in urban areas, [11, 32]. Further research is needed to
fully understand the factors influencing waste generation
in urban and rural areas of the country. The availability
of data is also crucial to planning waste management pro-
grams and management operations. However, rural and
urban areas in Liberia are still faced with the issue of data
unavailability regarding waste generation and composi-
tion, which is a fundamental problem faced by most devel-
oping countries in effectively managing waste. Therefore,
this review recommends further studies to understand the
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Fig.5 Scene of a rural community without sight of waste (Observed
on (4/17/2019) (Observed on (4/17/2019)

characteristics of the waste stream, quantity generated, and
disposal systems in rural communities in Liberia.

Regulatory and legislative frameworks

To effectively manage waste, developed countries have for-
mulated policies, enforced legislations, adopted and imple-
mented best practice management, i.e. [Integrated Sustain-
able Waste Management] (ISWM), [24] approach which
serves as an effective tool for operations and guidance of
waste management, waste collection system, designing and
implementation of innovative technologies]) system to man-
age waste [14]. Many European countries, for example, have
adopted “zero waste Europe’” (ZW)—a plan that emphasizes
converting waste to resources, encouraging treatment plants
that include facilities for sorting recyclables, adopting WtE
treatment processes, [8] the incorporation of incineration
and composting plants, etc.[11]. However, most developing
countries including Liberia are falling behind because of the
lack of resources, lack of technical and technological skills,
weak legislation, etc.[16, 31, 33].

Liberia has never had a comprehensive waste manage-
ment plan but has promulgated various governmental regula-
tions for supporting MSW management as shown below in
Table 1 [10, 12, 15, 22, 23, 34-36]. Liberia is a signatory to
several protocols aimed at sustainable waste management.
Furthermore, Liberia has ratified conventions for ecologi-
cal protection, safety, and reduction of public health threats.
However, many of the earlier policies and legislative provi-
sions on waste management are not explicit. For example,
the 1973 Act of the Republic of Liberia grants municipal
governments a “Charter” status, authorizing them to enact
the relevant local laws and ordinances for city administrative

purposes as may be required. The Public Health Law of 1975
also calls for safe, clean, and sanitary environment for all,
but is vague on the issue of managing solid waste [15]. Such
inconsistencies breed impediments in clearly defining waste
management activities and practices which have resulted in
indiscriminate dumping of waste. To affect change in waste
governance and management in Liberia, strategic planning
of waste management programs incorporating all stakehold-
ers is essential to ensuring efficient and effective waste man-
agement operations.

The absence of a legal framework to manage waste in
Liberia is a major challenge to managing MSW. Waste is
being indiscriminately dumped on street corners and bodies
of water whilst landfilling is the most used method of waste
disposal in the country [33, 37, 38]. This is a result of the
lack of skilled technical human capacity for the develop-
ment of a sustainable waste management plan; inadequate
budgetary allocation for effective waste operations; a lack of
adequate waste minimization facilities, sorting and storage;
inadequate collection system; inadequate funds to support
and establish waste management strategies; and the absence
of technologies for solid waste disposal [25]. The absence
of these factors has resulted in the improper collection of
waste, inadequate disposal of waste, and environmental
threats. Researchers David Jr Victor E. John Y., & Wenchao
J [15] and David Jr Victor E. Wenchao J., & Mmereki D
[16] have observed that sustainable waste management in
Liberia requires basic education provided through national
educational programs and the formation of a skilled techni-
cal workforce. The formation of this technical workforce
will pave the way for the identification of problems within
the current system, options for improvements, priorities to
address problems, resources needed for operational activi-
ties, and the selection of appropriate treatment options.

Key institutions which are responsible for managing solid
waste in Liberia are the Environmental Protection Agency,
the Environmental and Occupational Health Department of
the Ministry of Health and Social Welfare, the Ministry of
Public Works (MPW), the Ministry of Lands, Mines, and
Energy (MLME), the Monrovia City Corporation, etc., as
summarized in Table 2 below. In Liberia, the Environmen-
tal Protection Agency (EPA) is charged with the executive
authority to oversee all environmental activities and pro-
grams relating to environmental management [12, 38].

The Ministry of Health and Social Welfare’s division
of environmental and occupational health is responsible
for environmental issues in collaboration with the EPA.
Amongst other agencies, regional planning is directed by the
Ministry of Planning and Economics Affair, while the Min-
istry of Public Works has a mandate to ensure clean drinking
water and adequate sanitation. The National Environmen-
tal Policy Council of Liberia is the policy-making body of
the environment, whilst the Monrovia City Corporation is
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Table 1 Policies, and legal protocols linked to the management of MSW in Liberia

Policy

Objectives

The Draft Policy: National Healthcare Waste Management Policy, 2009

Environmental Protection and Management Law

The public health law of Liberia, 1975

National Health Policy and Plan, Liberia

National Environmental and Occupational Health Policy, 2010

National Environmental Action Plan

National Biodiversity Strategy and Action Plan

The Convention on Prevention of Marine Pollution by Dumping of
Waste and other Matter, 1972

Basel Convention on the Control of Transboundary Movements of
Hazardous Wastes and Their Disposal

Treaty on Marine Life Conservation, 1996

To minimize adverse effects of healthcare wastes on human health and
the environment

Ensure air quality standards and solid waste management as well as
a draft legislation on Persistent Organic Pollutants’, and ‘Waste
Management’

Section 21.1 specifies that improper management of waste results in
adverse health effects which are prohibited by §21.2. Chapter 24
regulates liquid waste (water pollution control)

To reform the health sector and efficiently deliver quality health and
social welfare services to the people of Liberia
To improve health and social welfare status and equity in health

To strengthen existing guidelines/standards in Basic sanitation, water
quality control, food safety, vector control, port, health, human
habitat, waste management, communicable disease control for the
protection and promotion of public health services in Liberia, in col-
laboration with key stakeholders

To establish a framework for inter-sectoral coordination of environ-
mental health policies and activities

Contain all matters affecting the environment and provide general
guidelines for the management and protection of the environment
and natural resources of Liberia well as the strategies for preventing,
controlling, or mitigating any deleterious effects

To sustainably use biodiversity on a long-term basis to meet the
requirements of present generations without endangering the poten-
tial of future generations to meet their own needs

Produce every five years as a guide for development planning and
decision-making and is an important reference for environmental
education and awareness

It was developed to serve as a monitoring tool for measuring progress
against stated development goals

Promotes the effective control of all sources of marine pollution and to
take all practicable steps to prevent pollution of the sea by dumping
of wastes and other matter

To eliminate the risks arising from the transboundary movements of
hazardous and other wastes

Source: Adapted from [10, 12, 15, 22, 23, 34-36]

responsible for enforcing city ordinance and management
of municipal wastes [38, 39]. It can be seen in Table 2
that these organizations have various MSW management
mandates.

However, these organizations, agencies, and depart-
ments also have overlapping roles without specifi-
cally assigning responsibility for solid waste manage-
ment activities, thereby impeding efficient waste man-
agement planning [15]. Furthermore, the inadequate
collaboration between government agencies and stakehold-
ers at various levels of government is impeding the effective-
ness and sustainability of MSW management [32]. Addi-
tionally, the integrated approach to solid waste management
(ISWM) is also lacking in Liberia. This serves as a hindrance
to tackling MSW management issues because of the lack of
strategic planning which is a core element of the Integrated
solid waste management approach (ISWM) [40]. One of
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the many challenges to effectively manage waste in Libe-
ria has been the lack of national commitment and political
intent regarding waste management operations. Research-
ers Abdoli et al. [41] stressed that implementing waste pol-
icy is influenced by political intent and the desire of leaders.
MSW management issues, therefore, need to be included in
political parties’ agendas and platforms—outlining their
plans to protect the environment and public health [24, 42,
43].

To summarize, in Liberia, cooperation between the dif-
ferent levels of government, effective planning of waste
programs to maximize the effectiveness of waste manage-
ment activities, prioritization of the integrated method for
handling solid and hazardous waste, and approaches tailored
to minimizing potential risks to health and environment are
vital. Moreover, there is a need for in-depth research to fully
understand the factors that affects the existing management
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Table 2 Institutions with MSW Responsibilities in Liberia

Institutions

Roles and responsibilities

Environmental Protection Agency, Liberia

Management of the environment and to coordinate, monitor, supervise, and con-

sult with relevant stakeholders on all activities relating to the protection of the
environment and sustainable use of natural resources
Setting up national guidelines for solid waste management in Liberia, environ-
mental quality standards and ensuring compliance for pollution control
Providing guidelines for the preparation of environmental impact assessments
(EIAs), audits/inspections and environmental licenses/permits for healthcare
waste treatment plants

The Environmental and Occupational Health Department of
the Ministry of Health and Social Welfare, Liberia

The Ministry of Public Works (MPW), Liberia

Assess the environmental health of the population, thereby conducting sanitary
inspections to evaluate compliance in line with the Public Health Law of Liberia

Installation of infrastructure for waste management delivery services, i.e. Waste

collection to transfer stations and the construction of sanitary landfills

The Ministry of Lands, Mines, and Energy (MLME), Liberia Evaluating urban sanitation projects
Providing guidance for engineered landfill sites for the disposal of nonhazardous
waste generated from Healthcare facilities

Monrovia City Corporation

Responsible for carrying out city ordinances, management of municipal wastes,

recreation, public education and awareness and provision of services in environ-
mental health and sanitation

National Environmental Commission of Liberia

Responsible to creates and promotes environmental awareness; develop a national

environmental policy, environmental protection, and management law. Coordi-
nates the activities of environmental related organizations, including NGOs and
oversees international environment-related conventions

National Environment Policy Council

Responsible for policy making regarding the environment. It also set priorities for

national goals and objectives for the protection of the environment

Promote co-operation among Line Ministries, local authorities, the private sector,
non-governmental organizations engaged in environmental protection programs
and the public

Source: Adapted from [12, 23, 34, 35, 38]

practices and the development of a viable system for manag-
ing waste [14, 24].

Characteristics and composition of waste
in Liberia

Several studies have shown that solid waste is generated
daily from a variety of sources, ranging from households,
commercial establishments, industries, and municipal
activities [9, 44, 45]. The characteristics and composition
of the waste stream depend on several factors including
income, standard of living, changes in patterns of con-
sumption, etc. The classification of waste is also para-
mount to understanding the characteristics of the waste
stream [9]. A study conducted in Liberia by the World
Bank revealed that waste is categorized into various cat-
egories: general waste, infectious waste, hazardous waste,
and radioactive waste [22]. Similarly, a study conducted
by UNEP [23] found that waste is sub-divided into catego-
ries: organic (food scraps, papers cardboard, wood): inor-
ganic waste (plastics, cans, bottles), and electronic waste
(metals). Also, a recent study on the influencing factors of
increased household waste generation conducted by [16]

I Organic
100 [ Plastic
90 Metals
] Paper
80 I Glass/Ceramics
Others
70
60 -
50 -
40
30
20
10
0+

LEG<1.5 LMEG(1.5-2.5) MEG(2.5-3.5) UMEG(3.5-4.5) HEG>4.5

Fig. 6 Composition of waste generation by different income groups in
Monrovia, Liberia
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in the city of Monrovia, Liberia selected households based
on their socio-economic status and their monthly income
per capita. See Fig. 6. This mode of stratification generated
five different income groups:

e Low economic group (LEG): monthly income < $
150,000 Liberian dollars (LD) (LEG)

e Lower middle economic group: monthly income between
$ 150,000 and 250,000 Liberian dollars (LD)(LMEG)

e Middle economic group: monthly income between $
250,000 and 350,000 Liberian dollars (LD) (MEG)

e Upper middle economic group: monthly income between
$ 350,000 and 450,000 Liberian dollars (LD) (UMEG)

e High economic group: monthly income > $ 450,000
Liberian dollars (LD) (HEG)

The results showed the composition of waste by house-
holds of different income groups. The study results further
showed that waste generated by these diverse income groups
varied from one household to another, as shown in Fig. 6
[16].

Generally, waste in Liberia is collected and managed
to some extent. However, the collection and management
system is inefficient and ineffective. One of the major chal-
lenges to MSW is the absence of sufficient and accurate data
regarding the physical and chemical composition of waste
and the quantity of waste generated throughout the country,
thereby restricting comparisons with developed and under-
developed countries. Moreover, the lack of a sustainable
approach for source separation is also a challenge because
of the absence of appropriate infrastructure, etc. which has
led to unsustainable waste management practices, i.e. the
lack of biodegradable utilization which tends to increase the
volume of waste content in the waste stream. The develop-
ment of an effective and sustainable waste handling system
requires the conduct of a comprehensive study regarding the
composition and quantity of waste produced [46].

Municipal solid waste collection and storage

Municipal solid waste collection requires an effective and
efficient system based on the integrated approach to solid
waste management (ISWM), which represents an existing
systematic technique to managing solid and hazardous waste
[21, 43]. According to the World Bank Report, [6] primary
waste collection in Liberia involves door-to-door waste col-
lection services from households, institutions, etc. to skip
buckets or communal dumpsters. However, waste collection
and storage are still faced with inadequacies resulting from
the irregular collection, lack of specialized containers, lack
of an efficient household collection system, and the absence
of a system for waste separation [22, 23]. See Fig. 7 (Waste
Collection & storage container). A recent study conducted
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Fig.7 Waste collection & storage container

by the World Bank [6] revealed that about 800 tons/day of
solid domestic waste per day is generated in Monrovia, rep-
resenting roughly 45 percent of the total waste produced
in Monrovia. The remaining, however (around 55 percent)
remains uncollected or is not covered by the solid waste
collection system. This, in turn, is due to the high costs and
difficulties in collecting large quantities of waste generated
by different establishment, i.e. households, business, etc.
The city corporations are responsible for waste collection
services in most cities in Liberia, or at times subcontracted
private companies. In some urban areas of Liberia, house-
holds are expected to pay a fee for waste collection services,
whereas in some urban-rural or rural areas there is a com-
plete absence of waste collection services, and, if available,
collection services are rendered free of charge due to the
public’s unwillingness to pay. The collection of waste is
irregular and there is an absence of a specific weekly sched-
ule for waste collection. Furthermore, MSW services (col-
lection up to final disposal) remain largely ineffective [15].
Waste is usually stored in metal drums, containers, plastic
bags, or open bins in residential and commercial areas. How-
ever, the collection bins and containers used in the country
are not labeled; thus organic and inorganic waste are mixed
leading to an increasing volume of waste being sent to land-
fills. The mixing of waste produces threats to the environ-
ment in the form of leachate. Additionally, pollution from
landfills also poses significant threats to the environment
and to public health. Similarly, waste bins are improperly
designed, situated, and maintained which has led to low col-
lection efficiency [15]. MSW average collection efficiency is
nonexistent in Liberia’s cities and counties. The absence
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of waste characterization and quantification in most cities
and rural areas in Liberia is a core issue that needs to be
addressed. In most cities and suburban areas in Liberia, the
lack of facilities for waste storage and the absence of waste
segregation hinders the collection and storage effectiveness.
Storage bins are mostly overflowing because of the lack of
segregation of waste. In most municipalities in Liberia, the
development and implementation of waste separation is
absent due to the lack of facilities for sorting and storing
waste. As a result of this, compostable materials, recycla-
bles, hazardous, non-hazardous, etc. are continuously mixed.
This situation has resulted in the accumulation of waste
dumped along street corners, drainages, rivers, and swamps
thus posing environmental and public health risks [15]. To
provide a sustainable collection system for MSW, priority
should be given to the adoption and execution of waste sepa-
ration schemes at all levels, especially at the household level.

This review further revealed that the separation and sort-
ing of waste is carried out on a low scale by the informal
sector. This informal sector engages in the collection of
recyclable materials from households or piles of waste at
disposal sites. Waste collected by these scavengers is then
sorted and sold to companies and factories in neighboring
Guinea and Ivory Coast [35]. Studies have shown that with
funding and support from the central government, the infor-
mal recycling sector has the potential to help improve waste
recovery and separation systems as well as minimize the
amount spent for managing waste [47, 48]. If Liberia is to
improve its waste management through waste recovery pro-
grams, adequate funding and collaboration with the informal
sector are required. A study by Remi de Bercegol et al. [49]
revealed that the informal sector tends to decrease the vol-
ume of waste that goes to landfills. Nevertheless, even with
the emergence of the informal recycling sector in Liberia,
it is yet to be established how it could be best institutional-
ized and improved to reduce waste. It is, therefore necessary
to introduce training programs for staff on waste minimiza-
tion, raise awareness of waste sorting, segregation, and con-
duct education awareness campaigns on sustainable waste
practices in line with global best practices for the effective
management of MSW.

Waste transportation

The transfer of waste is an integral component of an efficient
waste management program. This involves the provision of
clear transportation routes, improved point-to-point routing,
availability of disposal facilities within a proximate distance,
and the provision and maintenance of adequate specialized
vehicles [50]. Waste transportation in Liberia is usually
carried out when households, commercial establishments,
and institutions have collected and stored waste in open
spaces, metal drums, open bins and plastic bags at various

Fig.8 Showing the waste transfer station in Liberia

Fig.9 Showing the waste collection vehicle

collection points or street corners and are then transported
to the landfill or dump sites [6, 16]. The City corporations
in urban areas along with sub-contracted private companies
carry out municipal solid waste transportation. These enti-
ties are responsible for the transport and disposal of waste
in the country. This review, however, observed some chal-
lenges facing the transportation of MSW in Liberia. These
challenges include insufficient specialized collection vehi-
cles, hauling distance, collection time, collection route,
inadequate transfer stations, etc. which have led to waste
being inadequately disposed of. See Figs. 8 and 9 show-
ing the waste transfer station and waste collection vehicle.
Another challenge observed is at the point of collection.
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Waste collected by municipal collectors is not sorted and
recyclables are often mixed and transported to disposal sites,
resulting in the loss of potential recyclables. Similarly, com-
postable and recyclable materials are disposed of at landfills
or disposed of indiscriminately in undesignated places. This,
in effect, contributes to higher waste volumes. Furthermore,
the quantity of waste to be handled may increase along with
the cost associated. Adopting the recycling approach will
decrease amount of waste sent to landfills, increase eco-
nomic growth, and also reduce the cost of managing the
remaining wastes [51]. This situation has also been observed
in several other developing countries (e.g. Nigeria, Kenya,
Sierra Leone, etc.,) as seen in the study conducted by Johan-
nessen, L.M. and Boyer, G.[33]. This review also observed
the challenge of long travel distance to disposal sites. In
Liberia, the landfill is located on the outskirts of the capital,
approximately 25 km northeast of Monrovia, and it takes
about 2 h for a skip truck to make a round trip [17]. This
often leads to leakages along the routes during the transpor-
tation of waste to the landfill.

The effectiveness of a sustainable waste transportation
operation can only be achieved through improved vehicle
routing for the transport of MSW, the provision and mainte-
nance of adequate specialized vehicles, regular training of
waste handlers, reduction of waste travel distance to disposal
sites, the optimization of material recovery, and the decen-
tralization of waste management services.

Treatment and disposal

Liberia is still struggling to implement a sustainable waste
management system, i.e. selection of appropriate treatment
methods, legislation, infrastructure, etc. In Liberia, the most
practiced methods of waste disposal are open dumping,
open burning, waste burial, and landfilling which is typi-
cal for most developing countries [12, 15, 22, 23, 50-52].
In Liberia, the absence of MSW treatment facilities and
adequate disposal facilities is still a fundamental problem.

Fig. 10 Showing the landfill site in Liberia
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It is worth noting that landfill disposal activities are limited
to very few cities in the country. Landfills in Liberia are not
adequately engineered, i.e. the absence of leachate and gas
collection system [16] Fig. 10 Landfill site. This particularly
is because of the lack of funds, lack of research regarding
suitable methods for treating and disposing of waste in an
environmentally friendly manner, lack of policy enforce-
ment, etc. which could result in leakage from the landfill
to its surroundings and causing contaminations [53-55]. A
similar finding was reported from a study conducted by Ran-
ganai RT, et al. [54] in Botswana which showed that leakage
from an inadequately engineered landfill resulted in potential
threats to underground water and the environment. More
effort is needed to increase public awareness regarding the
management of waste sustainably, proper planning of SWM
programs, and the design of engineered sanitary landfills.
Pre-treatment methods including composting, anaerobic
digestion, etc. are generally non-existent in Liberia. Moreo-
ver, waste disposal of relatively high organic loading and
toxicity remain in the environment for a long period of time
because of low organic removal efficiency [56]. Engineered
sanitary landfills are non-existent within the country for
the disposal of hazardous waste. The most common form
of landfilling practiced is open swamp filling, which is
unsustainable. Similarly, due to the lack of adequate pub-
lic awareness about waste management, medical waste is
occasionally disposed of in open areas. A study conducted
by V.E. et al., David [35] disclosed that at most health facili-
ties, disposal sites are often within residential areas without
proper controls and waste management procedures. In addi-
tion, medical waste incineration was well below expec-
tations and, contaminants that could include diox-
ins and furans during incineration were released into sur-
rounding communities and the general environment. A
majority of the waste produces in cities, towns and villages
is randomly mixed and disposed of together at random. The
mixing of biodegradable waste with hazardous waste—i.e.
medical waste—tends to contaminate the waste stream and

10%

B Indiscriminate dumping B Open burning

m Landfilling

Fig. 11 Waste disposal methods in Liberia. Adapted from [15]
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poses severe risks to the waste handlers [56]. A study con-
ducted by David Jr Victor E. Wenchao J., & Mmereki D
[15] on waste disposal in Liberia also shows the dumping of
waste in water bodies, drainages, along street corners, open
burning, and landfilling, etc. as shown in Fig. 11. Research
conducted in developing countries has also reported similar
findings of open dumping and burning as methods of MSW
disposal in most developing countries which poses risks to
health and environment [52-54].

The practice of indiscriminate dumping and open burning
and burial of waste serves as a conduit for the spread of dis-
ease and poses threats to public health. Similarly, open waste
burning releases large quantities of greenhouse gasses into
the environment including CO2, methane, and particulate
matter, which are usually associated with air pollution and
can lead to serious cases of respiratory disease [51, 55, 57,
58]. This observation, however, is similar to findings from
research conducted in Tanzania and Ghana on the effect
of open burning of wastes [33]. Results from these studies
further showed that such action of open burning of waste
releases harmful substances which lead to pollution and
global warming [33]. It is, therefore, necessary that the rel-
evant authorities in Liberia adopt strategies to ban the prac-
tices of open burning, open dumping, and burial of waste,
hence minimizing threats to the environment and health.

Waste minimization

An important step to minimize waste in Liberia is through
recycling, reuse, and composting, thus reducing transport
and final disposal cost, providing revenue from the sale of
recyclable materials and positive gain in environmental
impact. A small-scale recycling activity was initiated in
Monrovia, the capital city of Liberia, in 2015 as reported
by EMUS, [17]. However, this has not been scaled up
and remains a tiny portion of the total waste disposed of.
Approximately, this project has 1-3 transfer stations with
built-in incentives for recycling. However, it is estimated
that the material currently recycled is far below the recycling
potential, which is estimated at around 40 percent. While
this is the case, job opportunities that could have accrued
mostly to unskilled labor, worst hit by the unemployment
in Liberia, has remained untapped [17]. Recycling of waste
in Liberia is also still in its infant stage. In Liberia, waste
recycling is also carried out on a low scale by the informal
sector and an absence of waste recovery [16, 17]. Recy-
cling activities have been overlooked because of inadequate
planning. Moreover, industries in Liberia are yet to employ
innovative techniques for materials recovery, which has
resulted in materials being recovered in an unsustainable
manner, thus posing adverse threats to the environment.
Additionally, Liberia is yet to develop recycling guidelines
that will help improve the economy and generate jobs for

waste pickers. Liberia, like most developing African coun-
tries, still considers recycling as the least favored waste
disposal method despite the advantages associated with it
[33], which also includes less usage of raw materials during
production and extending the life-span of landfill sites. To
effectively bring about changes to the management of MSW
in accordance with global best practices, it is important to
encourage reuse, resource recovery, and recycling of MSW.
Similarly, the introduction of recycling incentives coupled
with the enforcement of waste management policy should
be prioritized. There is no easy solution to managing waste
in Liberia. Nonetheless, since the problem is expected to
deteriorate if nothing is done, steps must be taken to ensure
that an efficient, reliable, and sustainable waste management
system is developed.

Waste management in Liberia and other
developing countries in Africa: A comparison

Several researches conducted over the years in developing
African countries have shown that the management of solid
waste was not given priority Dladla et al. [11]. Table 3 shows
the status of waste management in developing countries in
Africa. According to research conducted by Dladla et al. [11]
the collection of waste in most developing African countries
is usually seen as ineffective and the availability of data on
waste production and composition still remains a challenge.
Dladla et al. [11] also highlighted the absence of source
separation and treatment, inadequate disposal and low scale
recycling by the informal sector. Also, the development of
sustainable waste management is still a challenge resulting
in unsustainable practices i.e. open dumping and burning of
wastes resulting in the loss of recyclable materials. In most
developing African cities, access to excellent-road infra-
structure might be found in city centers, with the roads in
other suburbs being in a poor conditions [59, 60]. Moreover,
the waste service delivery models and methods could be dif-
ferent in diverse urban settings, as well as various cities and
towns. The collection rate of waste remains ineffective and
varies between cities. There is a tendency for waste collec-
tors to frequently collect waste from high-income neighbor-
hoods as compared to low-income or suburban areas [59,
61]. It is important to note that the important aspects of
ISWM as outlined by several researchers includes the avail-
ability of statistics on waste production and composition,
appropriate collection and source separation structures, as
well as safe treatment and disposal systems [32, 62].
Alternative waste treatment like waste-to-energy (WtE)
is virtually absent in Africa, with only a few successful
projects Johannessen and Boyer [37], such as the eThek-
wini landfill gas (LFG) to electricity project in Durban,
South Africa, which generates 7.5 MW of electricity from
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Table 3 Waste management in Liberia and other developing countries in Africa: A comparison

Country

Collection and transfer

Recycling

Treatment Disposal

Policy & Legislation

Sierra Leone Private sector & Munici-

pality
Inefficient & Ineffective

Private Sector and Munici- N/A
pality

Low scale recycling activi-
ties

Open dumping

Open burning [11]

Weak regulatory framework;

Weak enforcement of legis-

collection Landfilling lations;
Senegal Private sector and Munici-  Private sector and Munici- N/A Open dumping Weak regulatory framework;
pality pality
Inefficient & Ineffective Low scale recycling activi- Uncontrolled burning of Weak enforcement of legis-
collection ties wastes [60] lations;
Landfilling
Mali Private sector and Munici-  Private sector and Munici- N/A Open dumping Weak regulatory framework;
pality pality
Inefficient & Ineffective Low scale recycling activi- Uncontrolled burning of Weak enforcement of legis-
collection ties wastes lations
Landfilling
Liberia Private sector and Munici- Informal Sector N/A Open dumping Weak regulatory framework;
pality
Inefficient & Ineffective Low scale recycling activi- Uncontrolled burning of Weak enforcement of legis-
collection ties wastes [15] lations;
Landfilling
N/A not applicable

Source: Adapted from Source: [11, 15, 23, 60]

two landfill sites [59, 63]. Similarly, recycling of wastes in
developing countries is usually carried out by the informal
sector usually on a low scale and is the lesser favored dis-
posal method even though it provides a suitable result for
waste reduction. There is limited access to empirical data on
recycling in most developing African countries because the
collection of recyclables is usually carried out informally
at the household level or by the informal sector [20, 29,
59]. The informal sector (e.g. purchasers and waste pickers)
recover most of the post-consumer recyclables, such as fer-
rous metals, plastics, glass and paper, and supplies them to
recycling companies [64]. Besides, the quantities of waste
sent to landfill sites are usually high in developing countries
particularly due to the limited recycling programs, the lack
or absence of source separation, the absence of an effective
and efficient collection system where organic waste should
be selected and used for agricultural purposes.

Waste governance is a crucial part of creating and ena-
bling environment for ensuring sustainable waste manage-
ment [19]. One of the many challenges faced in developing
African countries is the inability of governments to deal with
the increase waste generation and develop policies, legis-
lation, and strategies to effectively manage waste [65]. In
addition, the legal structures for waste in most developing
African countries are often fragmented and their munici-
pal solid waste regulations are weak, without any clear dis-
tinctions between governments roles and responsibilities,
service providers and waste generators [44, 59]. Research
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conducted by Ma and Hipel, [66] revealed that the effective-
ness of any municipal solid waste management primarily
depends on an enabling governance environment defined by
social, economic and psychological factors, including public
engagement, policy, and public attitudes and behavior.

Challenges to MSW management in Liberia
Potential threats to the environment

The poor management of solid waste in Liberia poses severe
threats to public health and the environment [15, 23, 30, 55].
These factors tend to threaten the environment and health by
causing pollution and the outbreak of disease. Although pol-
lution has been linked to indiscriminate dumping, in Liberia,
it has not been properly researched. Alternative approaches
including planned landfills construction required collabo-
rated efforts. In addition, the lack of skilled individuals with
requisite knowledge of waste treatment systems and the lack
of an integrated approach to waste management (ISWM) to
address waste-related threats to the environment are among
the many challenges faced in managing waste in Liberia.
Liberia, like most developing countries, has well-formu-
lated policies, but the implementation of these policies is
still lacking [15, 16, 22, 58]. Moreover, Liberia has yet to
take steps to mitigate threats to the environment and ensure
an efficient waste management system is established. It is



Journal of Material Cycles and Waste Management (2020) 22:1299-1317

131

important that Liberia adopt best practices from industrial-
ized countries like Japan [67], and developing countries like
China that have employed the use of technologies including
composting in their agricultural sector, reducing methane
emission from landfills, and incorporating WtE technologies
which provides energy in the form of power and the produc-
tion of clean renewable energy, all of which have positive
implications for the environment [48]. The adoption of these
approaches in Liberia will guarantee the sustainable man-
agement of waste and transformation of waste into fertilizers
to promote agricultural activities, the generation of electric-
ity, the minimization of threats to the environment, and the
creation of jobs.

Lack of financial sustainability

Studies conducted by Zohoori M., Ghani A [68] and Hussein
1. A. Mansour M.S.M.[69], have indicated that the costs of
managing MSW are a burden for most least developed coun-
tries due to the high costs associated. Their studies further
revealed that high-income countries have prioritized recy-
cling, adopted waste treatment technologies, and introduced
levies on waste disposal to ensure the cost-effectiveness of
managing waste. In Liberia, a major challenge to waste man-
agement development is the lack of financial sustainability
for waste management operations and the lack of economic
incentives. According to the World Bank report, [6] solid
waste management in Liberia is grossly underfunded in the
national budget. The report revealed that all budgetary allot-
ment for solid waste management from 2015 to 2018 came
exclusively from donors or counterpart funding linked to
different environmental projects. A major problem facing the
solid waste management sector is the lack of funds and high
cost of collecting generated waste, with little or no budget-
ary allocation for waste management operations. In Libe-
ria, the problem is acute especially at the level of the cen-
tral government where the taxation system is inadequately
structured, and the foundation for public services, includ-
ing solid waste management, is weak [70]. Furthermore, in
Liberia, the willingness of consumers to pay for services
is extremely limited—which is typical for most develop-
ing countries—and their willingness to pay for services is
inconsistent [70]. Further changes must be made in a finan-
cially sustainable way, and an efficient plan for rais-
ing funds to ensure financial sustainability must be adopted.

Urbanization

The population of Liberia has been increasing since the late
1980s, as reported by the Liberia 1984 census [52]. A total
number of 2,378,272 residents are considered to be living
in urban areas in Liberia [52]. In 2017, 50.7 percent of the
total population of Liberia total lived in urban areas [71].

In addition, the World Bank report revealed that, [6], the
population of Liberia has increased by approximately 71%
since the end of the 14 years of civil unrest in the country
coupled with increased migration of people to various urban
centers of the country. The effect of urbanization has led to
increased waste generation, and poor environmental condi-
tions in various urban cities, etc. Over the years the increas-
ing trend of urbanization has been visible in major cities in
the country with the rate of urbanization at 3.24 percent [2].
As the population increases, there are consequences which
become increasingly noticeable which can be classified in
different ways, but is generally divided into two categories:
geophysical and biological hazards [5]. The rapid urbaniza-
tion growth provides key explanations for MSW as an acute
problem to development. In most developing countries,
poorly managed waste contributes to flooding by blocking
drainage, increasing debris, and harboring vectors of dis-
ease [63, 72]. This inadequate disposal of waste may lead
to drainage blockages [73] resulting in flooding [72]. The
collaborated effort of all stakeholders is required to ensure
proper planning and provision of waste disposal and treat-
ment so that waste is treated at the source. This will reduce
the burden and save resources.

Institutional constraints

In Liberia, several agencies are partially involved in the
management of solid waste, e.g. the Monrovia City Corpo-
ration, the Environmental Protection Agency, the Depart-
ment of Occupational Health at the Ministry of Health, the
Ministry of Rural Development, and the Ministry of Public
Works, among others. However, their roles and responsibili-
ties are not clearly defined concerning the management of
SW. There also exists a lack of effective corporation between
relevant agencies resulting in resources wastage and the
unsustainability of solid waste management programs [37].

Additionally, the lack of appropriate MSW compliance
legislation is a major factor in the roles of the relevant agen-
cies involved not being clearly specified, and the lack of col-
laboration between them. Liberia’s legislation on solid waste
management is inconsistent and fragmented and several laws
(e.g. the Public Health Law of 1975, [36], Environmental
Protection and Management Law, National Environmental
and Occupational Health Policy, National Environmental
and Occupational Health Policy, the National Environmental
Action Plan, etc.) calls for a safe, clean and sanitary environ-
ment for everyone, but policy on solid waste management is
vague [36]. Therefore, a robust legislation is needed that will
fill the gaps of regulatory functions and sustainably enforce
the management of MSW in line with global best practices.

@ Springer



1312

Journal of Material Cycles and Waste Management (2020) 22:1299-1317

Challenges to public—private partnership (PPP)

Liberia has adopted a framework to manage concessions
for extractive industries and natural resources. While this
framework is strong in some regards, in other places sig-
nificant gaps exists which limits its effectiveness [74].
Public—private partnerships in Liberia are not well estab-
lished, especially when it relates to waste management
activities. Specifically, public—private partnerships regard-
ing designing of sanitary landfills, effective management
of MSW waste, and a detailed national waste management
plan are almost absent in Liberia. The absence of an estab-
lished public—private partnership in MSW management
in Liberia has resulted in the lack of skilled profession-
als with the requisite expertise from the private sector to
provide their expertise, basic infrastructure i.e. landfills,
waste transfer stations, low public participation, and lim-
ited public—private partnership experience. For the sake of
comparison, private corporations hired by various cities
in Brazil manage most sanitary landfills [75]. However, In
Liberia landfills are managed by the government of Libe-
ria along with the city corporations [15, 22]. It is recom-
mended that the central government encourage public—pri-
vate partnerships to attract private investors with expertise
in waste management. Moreover, public—private partner-
ships should be considered for recycling services and the
introduction of a private financing structure. Establishing
public—private partnerships for MSW management will
help address the infrastructure deficit, thereby providing
needed services (i.e. proper transportation routes, transfer
stations, engineered sanitary landfills, etc.) and increasing
waste management efficiency [46].

Strategic action plan for improvement
of MSW management

Numerous challenges to solid waste in Liberia include the
absence of waste disposal facilities and the increasing trend
of waste generated. In addition, large quantities of waste pro-
duced remained uncollected or haphazardly disposed, while
portions of waste generated are disposed at the already filled
landfill site located in Whein town. This seems to be a more
acceptable option for waste disposal activities in Liberia,
because of the country lack of capacity to make effective use
of other alternatives, such as recycling or energy recovery,
due to the lack of funds, lack of skilled individuals, etc.
Nevertheless, this option, is down the hierarchy of waste as
seen in Fig. 12 which prioritizes waste prevention at the top,
followed by minimization/reuse, recycling, energy recovery,
and safe disposal. Against this background, a phase approach
is recommended for the adoption of the integrated method
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Prevention

Minimization

Reuse

Fig. 12 The Hierarchy of waste management. Adapted from WASTE
[76]

to solid waste management (ISWM) in Liberia to be used
by the waste management sector as a guidance system. The
adoption of this approach will ensure the prioritization of
different methods of solid waste management in the order
set out in the waste hierarchy [76].

To achieve improvements to the existing MSW manage-
ment in Liberia, strategies have been formulated for adoption
and implementation for effective management of MSW. This
action plan is illustrated in Fig. 13.

Suggestions relative to the strategic action plan:
A phase approach

A phase approach to implementation is a key element of a
successful implementation plan because it helps overcome
resistance to change, allows lessons learned in the early
stages to be incorporated in the systems installed in the later
phases, and ensures a solid foundation of the project [77].

I. The first phase to minimizing waste in Liberia should
involve the formulation and implementation of a national
waste management policy over a 5-year period. The
development of this policy should prioritize recycling,
introduce recycling incentives, and seek to institution-
alize the informal recycling sector [14]. Furthermore,
the policy should also contain guidelines regarding the
responsibilities of waste generators and stakeholders
concerned with waste management operations. Addi-
tionally, the establishment of the policy should be based
on the Integrated Solid waste management approach
(ISWM), and should enable decision- makers to adopt
healthier, safer and more efficient policies, facilitate
public participation, institute educational programs at
various schools and universities regarding waste man-
agement, encourage educational awareness campaigns
regarding the adverse effects of waste on public and
environment health when inadequately managed, and
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MSW Management

Encouraging household
source collection system
Initiation of waste
segregation

Introduction of spot fining
Ensuring minimum manual
handling of waste

Provision of specialized
containers at various
collection points

Adoption of front-end
loaders for mechanical lifting
of waste at collection points

Hazardous waste Management

. Observe and check
the movement of
hazardous waste

. Adoption of separate
treatment and
disposal facilities for
hazardous waste

The provision of adequate
specialized vehicles
Replacement of older vehicles
with new ones

Ensuring adequate
maintenance of transport
vehicles

Emphasis on optimization for
routing vehicles

Biomedical waste
Management

. Enforce waste
segregation of
various categories of
waste

. Discourage the
mixing of biomedical
waste with MSW

. The provision of
protective gears for

waste handlers
. Prioritize the

development of a
Waste database
(Waste Information
System)

Implementation of a composting
system

The provision of educational
awareness campaigns on compost
Encourage recycling and other
biological treatment options

> Collection
Municipal Solid
K N
Waste > Transportation -
Management
> Processing &
Treatment
—> Disposal >

Construction of sanitary landfills in
line with standard guidelines
Avoid open dumping & burning of
waste

Prioritize the continuous
improvement of existing disposal
sites

Fig. 13 Flow-diagram showing strategies for solid waste management activities in Liberia Modified from [Dladla F. Machete & K. S [11], modi-
fied by the author

IL.

establish public—private partnerships to MSW manage-
ment to attract private investors with expertise in the
waste management field and improve waste facilities.

This next phase involves the identification of stake-
holders involved in waste management—a short-term
phase between 1-3 years. These actors involved are the
municipal government (public sector), waste organiza-
tions (formal private sector), waste pickers and (informal
private sector) that influence the provision of waste man-
agement activities. These actors are identified in munici-
palities and cities and are grouped accordingly. Stake-
holders are usually different from one city to another,
and thus need to be decided locally. They have a say in
decision making, waste management plans, programs
and setting, and defined roles and interest regarding the
management of waste. When this is done, the drafting

I1I.

of a master plan should be prioritized which various
municipalities could use to make decisions about the
movement of materials as well as strategizing alternative
solutions to waste effective collection (i.e. the provision
of specialized vehicles for the transport and maintenance
of facilities, safe transfer, selecting appropriate treatment
including design of engineered landfill with facilities
for weighing of solid waste and extinguishing of fire, a
post for record maintenance, leachate and gas collection
system for treatment, and a facility for source sorting,
separation, and safe disposal [76].

This phase is concerned with the adoption of the Inte-
grated approach ISWM), a long-term phase between
three to five years. The Integrated Solid Waste Manage-
ment approach (ISWM) is a strategic initiative for the
sustainable management of solid waste, through which
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the use of an integrated system generated through a sus-
tainable, preventive, and consultative approach to the
utilization of a variety of practices to effectively man-
age solid waste safely and appropriately. This system
combines various sources, methods of waste collection,
treatment, and disposal aiming to achieve environmental
benefits, economic efficiency, and societal acceptance.
This management scheme also includes waste minimiza-
tion, the use of a number of different treatment and dis-
posal methods, including waste reduction at source, prod-
uct reuse, material recycling, energy recovery, land-
fill, incineration, and alternatives such as pyrolysis, gasi-
fication, composting, and anaerobic digestion in accord-
ance with the waste management hierarchy.

IV. The ISWM also recognizes three essential dimensions of
waste management: (1) stakeholders, (2) components of
the waste system and (3) aspects of sustainability. Also,
the basis on which the ISWM is based is the waste man-
agement hierarchy—a policy framework that is part of
many national environmental laws and policies [78]. A
study conducted in Liberia by David Jr Victor E. Wen-
chao and J., & Mmereki D [16]. revealed that organic
waste is dominant among the waste stream and therefore
suitable for composting. Similarly, a study conducted
in Ghana by Kodwo Miezah et al. [79] revealed that the
organic waste fraction ranged from 48 to 69%, the larg-
est in the waste stream and recommended composting as
a treatment method. The introduction of organic waste
composting should therefore be considered to convert
organic waste into useful agricultural products [24]. The
implementation of the composting scheme should first
seek to acquire baseline information necessary for plan-
ning, conduct a pilot program to collect compost from
a variety of communities and institutions. Additionally,
the use of adequate facilities is essential to ensure a sus-
tainable composting scheme. Such facilities should have
standard equipment, protective equipment, and requisite
tools to effectively manage organic waste. The imple-
mentation of composting programs will be beneficial to
communities in Liberia in the form of:

a. The extension of the lifespan of landfills reduces GHG
gas emission and leachate;

b. The provision of jobs and the creation of usable and
sellable products that can be used for horticulture, agri-
cultural, and landscaping purposes [11, 80].

The adoption of the Integrated approach to solid waste
management will greatly help the waste management
sector in Liberia as this system has proven to be a lead-
ing concept to efficient waste management employed by
developing countries in Africa [81]. Ideally, this concept
was primarily designed to address challenges to sustainable

@ Springer

waste management in low and middle-income countries and
emerging economies [76].

Conclusions

The municipal solid waste management sector in Liberia
is faced with immense challenges and growing concerns
regarding the inadequacies of waste management activi-
ties in the country. This paper sought to describe the exist-
ing management practices and challenges impeding waste
management activities in Liberia, provide information to the
readers on the challenges posed by the development of a
sustainable system for managing waste. Environmentalists
and conscious minded citizens are becoming increasingly
concerned about the appalling state of waste management
in the country. This is due, however, to the lack of ineffec-
tive management, the absence or lack of implementation of
a waste management policy, ineffective collection system,
the absence of sorting and separation of waste, the absence
of accurate data regarding the quantities and composition of
waste produced, and inadequate measures taken to minimize
environmental pollution. The major challenges to MSW
management in Liberia range from the absence of an inte-
grated waste management framework which has resulted in
inappropriate disposal of waste, inadequate sanitary land-
fills, the ineffective collaboration between stakeholders, lack
of public—private partnerships regarding waste management,
the lack of implementation of waste recycling programs, and
the lack of economic incentives, which is typical for most
developing countries. The development of a sustainable
MSW management in Liberia is further hampered by the
lack of finances, technical, technological and policy support,
low public participation, the lack of educational awareness
programs, lack of training of staff, and the lack of recogni-
tion of the informal recycling sector. The author anticipates
that this review will provide insight to planners, decision-
makers, and stakeholders to strategize an efficient framework
for waste management in Liberia and help other developing
nations improve their waste management systems.

Recommendations

The following are recommendations to improve the existing
MSWM practices in Liberia:

e Encourage educational awareness regarding waste segre-
gation at the source, and recycling of recyclable materi-
als.

¢ Adopt the treatment of waste as a resource.

¢ Institute formal recycling of recyclables.
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e Encourage community engagements and full participa-
tion of all stakeholders involved in solid waste manage-
ment operations.

e Provision of financial resources by the government to
municipal bodies to encourage the effective management
of MSW.

e Liberia needs to switch from a linear economy to a cir-
cular economy. The strategy for the future could include
the following treatment methods of municipal solid waste:
(a) landfilling in a sanitary manner, (b) adequate sorting
and recycling; (c) composting, (d) anaerobic digesters (e)
waste to energy (WTE) plants-or waste-energy (f) incin-
eration with energy recovery, which should be selected
according to the type of waste, amount of waste processed,
applications, advantages and disadvantages, required
investments, cost structure or tender process for contrac-
tors (fixed, variable, operational), costs of operation and
maintenance, minimum installed capacity, the nature of
the service provider, the amount of energy generated,
logistics, and other information related to each technology.

e It is further recommended by the United Nations Envi-
ronment Program to prioritize the safe management of
household and hazardous waste and treat waste manage-
ment as an urgent and essential public service to prevent
threats to the environment and the spread of COVID-19
[82].
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