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"SUMMARY IN SWEDISH" (SAMMANFATTNING). 

Accra Metropolitan Assembly (AMA) som är en växande stad i ett 
utvecklingsland som Ghana står inför ett avfallshanteringsproblem med 
problem kopplat till ökande befolkning som leder till generering av stora 
mängder avfall. Under årens lopp har deponering varit det främsta 
avfallshanteringsalternativet tillsammans med liten återvinningsgrad och 
centraliserad kompostering av fast kommunalt avfall (MSW).  

Emellertid innebär dock nedläggningen av den kommunala komposterin
gsanläggningen att organiskt avfall på senare tid utgör huvuddelen av det 
kommunala avfallet som hittar vägen till deponier och andra för miljön 
känsliga ställen. Denna studie granskar situationen för hanteringen av 
fast avfall i storstaden Accra och undersöker möjligheten att återinföra 
systemet med central kompostering för urbant jordbruk.  

Kompostering av organiskt avfall för att behandla avfallet i syfte att få 
avfallsvolymminskning, minskad risk som avfall till miljön samt 
tillverkning av organiska gödningsmedel för urbana jordbruket är ett 
lämpligt alternativ för staden Accra. Den stora organiska andelen av 
avfallsvolym på ungefär 65%, rådande tropiska temperaturer i 
kombination med svårigheten för markförvärv då efterfrågan på mer 
deponier ökar på grund generation av stora avfallsvolymer under den 
senaste tiden och den närmaste framtiden motivera behovet att välja en 
kostnadsbesparande biologisk process som skulle kunna bidra till att 
bana väg för en integration av avfallshanteringsprocessen.  

Trots att ett effektivt genomförande av ett centraliserat komposteringssy
stem kan komma till rätta med stadens avfallsproblem, har tidigare 
försök av stadens myndigheter i hanteringen av processen ståt inför 
problem alltifrån finansiella begränsningar, mekaniska fel till kraftavbrott. 
För ett framgångsrikt genomförande av kompostering för urbant 
jordbruk finns det ett behov att se till att komposten som produceras bör 
vara av hög kvalitet så att den attraherar marknaden vilket ger en positiv 
effekt på miljön. Att säkra kvalitativ kompostproduktion vilar på behovet 
att staden inför källsortering som ett första steg för att förebygga eller 
minska föroreningen av avfall avsett för kompostering. 

Dock kan komposteringsordningen endast bli hållbar om åtgärder 
vidtagits för att eliminera hälsorisker för människor och miljö i samband 
med verksamheten, ge tillräckligt ekonomiskt stöd, arbeta med institutio
nell förstärkning, säkerställa att miljölagstiftningen efterlevs, gör 
ändringar i politiska direktiv liksom förändringar i den allmänheten och 
ledarskapets ljumma inställning till avfallshantering.  

Det rekommenderas vidare att medan staden arbetar med att hitta en 
varaktig lösning på avfallshotet bör småskalig kompostering som kräver 
användning av manuella verktyg uppmuntras. Det är viktigt att lansera 
frekvent allmän utbildning för att uppmuntra invånarna att organisera 
övningar med rengöringskampanjer, upprätta system för källsortering 
och visa upp ett gott miljöbeteende.  
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ABSTRACT 

The ever-increasing population in the metropolis of Accra, Ghana resulting in con-
cerns for finding lasting solutions to manage large volumes of waste produced can be 
tackled through composting for urban agriculture. With insanitary land filling serving 
as the major disposal option in the metropolis, plans to build the first ever sanitary 
landfill facility in the metropolis calls for measures to be taken in order to prolong the 
lifespan of the facility. This therefore necessitates the need to look into an alternative 
means of diverting organic waste from landfills. The objective of this research is to re-
view the Municipal Solid Waste (MSW) management situations in Accra Metropolitan 
Assembly upon which an investigation is made into the various process steps involved 
in aerobic windrow composting and also finding out the possibility for integrating 
composting with urban agriculture.  

The study relied mainly on secondary data obtained from books, published articles, 
governmental documents, internet, and master thesis reports on related topics. By the 
help of a causal loop diagram, the interdependence of various policy actions and sys-
tem elements in the waste management process are linked to illustrate the possibility 
of a composting programme for urban agriculture.  

Even though the metropolis for some time back has been operating a centralized 
composting facility, the facility is confirmed to be closed down due to problems ema-
nating from financial inadequacy, power failure and mechanical breakdown. The study 
delve into the process steps in windrow composting and finally identified potentials 
for composting in the metropolis but however enumerated constraints ranging from 
human and environmental health, financial, institutional, policy directives, to public 
and leadership attitudes as stumbling blocks to the implementation of a centralized 
composting scheme. 

It finally concluded that the metropolis has the potentials to embark on composting 
for urban agriculture however, until measures are taken to overcome these constraints, 
implementing a centralized composting scheme in the metropolis may not be a 
sustainable option. It is further recommended that whiles the city authorities continue 
to tackle the constraints to pave way for the implementation of the program, efforts 
must be made in promoting small scale composting that rely on manually operated 
tools to help reduce organic waste loads in the municipal waste stream. 

Keywords: Land filling, Urban agriculture, Municipal solid waste, Composting, 
Organic waste. 

1  INTRODUCTION 

1.1  General 
In most developing countries, municipal solid waste management to 
meet sustainability goals remains a challenge. Due to rapid population 
growth coupled with consequent urbanization, resident populations have 
increased in numbers and public facilities have not kept pace with the in-
creased amounts of urban wastes (Sheehan et al., 2006). More often than 
not, municipal solid waste containing compostable organic waste in both 
sorted and unsorted forms are underutilized in that it usually forms the 
bulk of municipal solid waste dumped in a landfill.  

Over the years, global efforts to control and handle the menace posed by 
waste resulted in the development of the concept of the waste hierarchy 
(Fig. 2) which the components emphasize prevention, reduction, reusing, 
recovery and recycling and disposal. By hierarchy, waste prevention is 
the most preferred choice in the management process followed by waste 
reduction in that order of priority with disposal being the last resort. 
However, increasing population and urbanization, changes in lifestyle, 
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consumption and financial problems become drivers that seem to down-
play the potency and effectiveness of these options especially in the de-
veloping countries. The consequent effect is the generation of large vo-
lumes of waste raising issues of concern predominantly in the urban cen-
ters where socio-economic activities are at high peaks. Most developed 
countries take advantage of complex methods in the treatment of waste 
whiles the counterparts from the third world countries still struggle with 
waste management. 

To safely dispose municipal solid waste to minimize or prevent the dan-
ger it poses to environmental media and human health requires efficient 
application of waste treatment and disposal techniques. The techniques 
could be employed with or without energy recovery and these methods 
broadly include recycling (composting in terms of organic portion), inci-
neration and land-filling. Despite the availability of such technical solu-
tions, municipal solid waste still presents major environmental challenges 
partly due to financial constraints limiting highly engineered practices 
and lack of technological knowhow; a scenario with evidences clearly 
manifesting in poor countries.  

Considering these problems and available technologies, composting 
stands as the most simple and cost effective recycling option for inter-
cepting considerable volume of municipal solid organic waste on its way 
to landfills. The method has been identified to be one of the best oppor-
tunities for managing organic wastes (Chanakya et. al., 2007; Chang & 
Davila, 2007). It is further reported that even if there are no markets for 
compost, the process is capable of sanitizing and reducing quantities of 
organic waste prior to deposition on a waste site or in a landfill (Brad-
ford, 2002). This assertion spells out the principal role that composting 
plays in a waste volume reduction process. This study therefore explores 
the application of aerobic composting as a means of reducing municipal 
solid waste volume with a relative look at the utilization of compost as 
end-product for urban agriculture. It further argues and suggests the 
need to intensify composting as a waste management solution to pro-
duce organic fertilizer for urban agriculture because the method has op-
portunities to be integrated with these two sectors in the Accra Metropo-
lis. 

1.2 Problem statement  

The most challenging issue in most urbanized regions have to do with 
tackling problems pertaining to waste management and food security. 
These two major issues could be handled through composting of organic 
solid waste. The metropolitan city of Accra, Ghana has been battling 
with municipal solid waste management problems and the situation is 
linked to rapid population growth catalyzed by uncontrolled migration of 
people from the country side seeking non-existing jobs. According to 
year 2000 census, the population of Accra alone is estimated to represent 
25% of all urban dwellers, increasing at a rate of 4.2% per annum and 
was expected to double in 17 years (GSS, 2000). This among other fac-
tors account for increased socio-economic activities culminating into 
generation of large volumes of waste on daily basis eventually exerting 
pressure on the waste management effort of the Accra Metropolitan As-
sembly (AMA); a scenario that leaves the city engulfed in filth.  

The alarming issue of concern is that the composting facility which has 
been in operation since 1980 is out of operation in recent time. During 
its operation, the facility has been reported to compost 15% of organic 
waste generated in the western part of the city (Anomanyo, 2004). The 
implication of this state of affairs is that there is no longer a recognized 
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organic waste treatment facility under the management of AMA that 
could divert organic waste on its way to the landfill. However, it has 
been accounted for that every year, about 60,000 cubic meters of organic 
solid waste comes from restaurants and markets in the city and by 
weight, domestic solid waste accounts for 85% of the municipal solid 
waste stream with the remaining 15% from commercial, industrial, and 
institutional sectors (Asomani - Boateng & Haight, 1999).  

Mostly, considerable volume of organic waste generated comes from the 
Makola and Tudu markets situated in the heart of the city of Accra. 
Thus, perishable food crops sent to the market to be sold mostly get pe-
rished and eventually find way into the waste streams thereby increasing 
the organic waste volume. Looking at the 15% volume of organic waste 
composted in the metropolis, means that considerable volume of biode-
gradable solid waste which forms about 60-70% of the generated munici-
pal solid waste stream in many occasions is eventually dumped in insa-
nitary landfill, nearby bushes and water bodies, and along water ways or 
drains.  

Just like many developing countries, finding lasting solutions to the 
problem stems from lack of financial commitments, weak institutional 
frameworks, low rated choice of technologies, inadequate technical 
knowhow, and the worse of it all is public apathy towards waste manage-
ment. The common waste disposal method of open insanitary land fill-
ing, burning coupled with the practice of rampant dumping of waste in 
the outskirts of the city pose serious threats to public and environmental 
health. It is an indisputable fact that almost all the uncollected quantities 
of wastes in Ghana and even those dumped anyhow in Accra depend on 
the “waste sink” function of the environment for assimilation. 

These issues of poor waste management do not only pollute surface wa-
ter bodies but also serve as potential sources of underground water con-
tamination through leachate leakage, choking of drains resulting in 
floods, breeding of mosquitoes, nuisance, odors, spread of diseases as 
well as increasing Biological Oxygen Demand (BOD) levels in aquatic 
environment among other associated diverse environmental and socio-
economic impacts. 

On the other hand, taking into considering an urban environment of this 
nature where there is constant influx of people justifies the need for food 
security concerns and this calls for boosting  production of vegetables in 
or around the urban areas of the metropolis as a necessity. The eventual 
implication is that food production to meet the growing demand may 
only be achieved through excessive use of chemical fertilizers. Since it 
has been reported that intensification  of urban and peri-urban agricul-
ture accounts for increasing risk of groundwater pollution from nitrate 
sources (Sampat, 2001) due to excessive chemical fertilizer use, a switch 
to promote organic fertilizers may not only serve as a means of reducing 
such contamination but  also improving soil structure and the water-
holding capacity of soils. Thus, the use of inorganic fertilizers for soil 
amelioration is not without public and environmental health risks hence 
the need to control this likely impact by intensifying and promoting 
compost utilization. 

As recognized by Benneh et al. that the most common method of waste 
disposal in the metropolis is dumping in pits designated as landfills but 
actually likened to be little more than open dumps, most existing sites 
have already been used up, or used beyond capacity, and there is an ur-
gent need for new sites (Benneh et al., 1993). 
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It is however gratifying to note that, through assistance from the World 
Bank in relation to its sanitation project, the government of Ghana have 
since developed plans for the construction of the first ever sanitary land-
fill in three urban cities including the Metropolitan city of Accra 
(Government of Ghana, 2003). In view of this development, it is impera-
tive to conserve space of the proposed landfill to increase its lifespan and 
to do so require the need for the metropolis to revamp the composting 
industry by integrating it with land filling and recycling. This option in 
the long run will not only reduce the waste volume but also maintains 
the nutrient cycling process coupled with other environmental and socio-
economic benefits. Notwithstanding the opportunities and benefits that 
composting offer, insanitary land filling remains the main waste manage-
ment option hence the need for investigating into organic waste recovery 
approaches that can redirect organic waste from entering the municipal 
waste stream.  

1.3 Aims and objectives of study 
The main aim of this study is to review the waste management situation 
in AMA and based on the review, a proposal is made for the considera-
tion of composting as a means of reducing waste volume and for urban 
agriculture. Specifically, the study seeks to address the following objec-
tives: 

 Review and examine the waste management situations in Accra 
metropolis, Ghana. 

 Investigate into the process steps involved in the aerobic windrow 
composting system by linking general practice to the operations in 
AMA. 

 Identify the constraints and challenges to the implementation of ur-
ban waste reuse in agriculture. 

 Explore the socio-economic and environmental benefits of compost-
ing. 

 Suggest policy and institutional interventions for a successful imple-
mentation of a composting scheme. 

1.4 Rationale and justification of the study 
The concern for efficient handling of large volume of waste generated in 
developing countries with the city of Accra not an isolated case cannot 
be overemphasized. The problem posed by large volume of waste re-
quires serious attention and with plans to construct a sanitary landfill, it 
is recommendable for waste to be managed in an integrated manner 
through the application of various waste management options.  

In view of this, promoting and opting to reintroduce an efficient com-
posting program to take care of the organic portion of waste as a means 
of reducing waste volume prior to disposal at landfills contributes sig-
nificantly not only by saving landfill space required for disposal but also 
preventing the dangers posed by waste. Interestingly, the current govern-
ment headed by President John Atta Mills as part of his campaign 
promise is keen on solving the waste management problem to help keep 
the city clean. This means that the zeal to combat the problem is high on 
the agenda of the ruling government and there is a need for support in 
various forms such as the provision of research studies providing and 
suggesting meaningful approaches to finding lasting solutions to improve 
on the existing situation if not solving it completely. 

More so, in order to ensure food security and reduce the impact of in-
creased use of chemical fertilizers on soil and water resources require 
compost utilization in an urban environment. Despite the recognition of 
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urban agriculture as a source of urban food security, concerns are grow-
ing among city authorities on the indiscriminate use of chemical fertiliz-
ers. Thus, the study investigates into the possibility of incorporating 
composting as a method of managing organic component of municipal 
waste. It also provides vital technical information that could guide waste 
management companies as a whole and AMA in solving the menace of 
municipal solid waste (MSW) towards sustainable development.  

Taking into consideration the goals of the Millennium Development that 
emphasize the need for actions towards environmental protection, sus-
tainable development, poverty alleviation, and food security, the study 
supports the implementation of policies that allow for composting mu-
nicipal organic solid waste in a manner that provides solution to reaching 
these MDGs.  

Furthermore, considering the view held by Tammemagi, (1999) that even 
modern landfills that device state-of-art technologies such as liners and 
leachate collection systems are a quandary simply because they would 
start leaking within a few decades of their decommissioning gives cause 
for application of methods that stabilize and reduce waste volume in or-
der to avoid or minimize the associated threat.  

The composting option therefore, will not only go a long way to ensure 
eco-cycling but also at the same time provides readily available 
environmentally friendly organic fertilizers for use in growing food crops 
for the ever-increasing urban population thereby solving food security 
problems whiles cutting down government expenditure on the 
importation of chemical fertilizers. 

The research into this area of study supports the idea of turning waste 
into wealth and also providing employment for the urban dwellers. 
Moreover, the information provided in this research study can serve as a 
useful resource for use by government in the formulation of policies 
geared towards sound waste management. 

1.5 Scope of the study 
As part of the core goals of agenda 21 adopted in 1992 in Rio, emphasis 
is on the need to practice environmentally sound waste management us-
ing safer disposal options or waste recovery and changes to a more sus-
tainable means of introducing integrated life cycle management options 
(UNEP, 2004). Taking a look at the interrelationships between the vari-
ous activities in integrated waste management (Fig. 1), as diverse as 
waste, the systems to employ in handling waste to meet sustainability 
goals are diverse as well and this diversity of waste requires waste han-
dling technologies to be selected to complement each other since a single 
technique cannot solve the problem. For instance, a separate collection 
of organic waste can be composted whiles other wastes are recycled, 
reused or land filled. On the other hand, the principles of waste hie-
rarchy (Fig. 2) which plays a fundamental role in the waste management 
policy of most countries prioritizes waste treatment and disposal me-
thods and opts for waste prevention/minimization as first option and 
disposal as last choice. 

Even though on paper waste management related policies in Ghana pi-
vots on the principle of the waste hierarchy, in practice the solid waste 
management efforts by the AMA is environmentally unfriendly in that 
the commonest option is insanitary land filling, uncontrolled dumping, 
burning and more often organic waste components which could be com-
posted to obtain useful by-product in a form of compost is also land 
filled. As part of the requirements of the waste hierarchy, it is preferable 
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to treat and process waste before disposal so as to reduce environmental 
and health impacts; a practice which is virtually absent in Ghana as a 
whole. This research work focuses on organic waste composting (a form 
of recycling) which is one of the components of the options in the waste 
hierarchy under ``treat and process`` (Fig. 2). 

Additionally, considering waste treatment and processing for safe dis-
posal as part of the fundamental waste management elements (Fig. 3) 
and also components of the waste hierarchy, organic waste treatment re-
quires three main stabilization approaches namely  aerobic treatment 
(aerobic composting), anaerobic treatment and vermi-composting. This 
study explores the possibility for integrating aerobic composting system 
but not anaerobic since the structure and requirements for operating 
anaerobic composting facility maybe imaginably expensive in the metro-
polis. The scope of this research work thus focuses on the review of the 
waste management situations in the AMA, investigating into the general 
process steps in aerobic windrow composting and finally making rec-
ommendations towards composting as option for urban agriculture. The 
study investigates into the integration of the process with urban agricul-
ture towards achieving waste management sustainability goals. An at-
tempt has also been made to link the socio-economic and environmental 
impacts of compost utilization for crop production. 

1.6  Limitations of the study 
This study is limited to the review of waste management situations in 
Accra Metropolitan Assembly and investigation into technical issues re-
lated to aerobic windrow composting of solid organic waste from 
sources such as household and business centers in the Accra metropolis. 
Thus, the study is limited to municipal organic solid waste but does take 
into consideration faecal matter, liquid and other hazardous wastes. It 
links the possibility of integrating a composting program into the waste 
management plans towards promoting environmentally friendly urban 
agriculture.  

Moreover, the inability to personally make a trip to Ghana to obtain first 
hand information on the current waste management issues through ob-
servations and conduction of interviews is recognized as a limitation. 
This is attributed to financial constraints. However, data on waste gener-
ation and general waste management issues were obtained from the 
Waste Management Department (WMD) of Accra Metropolitan Assem-
bly (AMA) through correspondence and from related studies. This 
helped to come out with results that could reflect and make the study 
applicable in real life situation. Through review of literature on previous 
studies, it brings into light the waste management situations in the me-
tropolis. 

 

 

 

 

 

 

  

Fig. 1 Interrelationship between options in integrated solid waste 
management (Kreith, 1994). 
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1.7 Background 
The history of organic waste composting cannot be said to originate 
from a particular person or society however, the process dating back to 
ancient times is believed that the ancient Greeks, Romans and the tribes 
of Israel were the first to compost organic waste mixed with other feed 
stocks like animal manure and street sweepings. The process as an old 
method tracing back from time immemorial was of interest because of 
its beneficial role in the production of compost for soil amendment but 
there was no regard to emphasis on its integration into waste manage-
ment system. It was during the last thirty years that the process has been 
identified as a method for managing most of the organic waste thereby 
preventing it from being landfilled. 

More importantly, emerging issues of concern relating to waste manage-
ment, soil enrichment for food production in a manner which does not 
impact on the environment paved the way for increasing interest in small 
scale, backyard composting including the development of large scale, 
commercial, and municipal composting systems. It is however a widely 
held view that the first large composting technologies have been devel-
oped by the Chinese. The main factors thus attributing to the popularity 
of large scale composting among waste management authorities in urban 
cities, towns, and municipalities in recent times has not only got to do 
with the value placed on the environmental benefits of compost but also 
because of the disappearing space in landfills, the difficulty and cost 
associated with establishing new ones. 

It is an indisputable fact that any effort in the treatment of organic waste, 
the application of chemical and physical methods by environmental engi-
neers in the treatment processes is incomplete without the employment 
of the microbial or biological methods. Thus, proper microbial treatment 
of kitchen and other organic components of municipal organic solid 
wastes does not only ensure better living environment but also provides 
a useful commodity-compost. 

As a rule of thumb, no economic activity and for that matter human ac-
tivity occurs without consequent generation of waste. The city of Accra 
in recent times having been experiencing rapid socio- economic activities 
resulting in generation of large volumes of waste require timely interven-
tions before the problem escalates. The more waste is produced, the 
more the need for disposal concerns. There have been reports of 
indiscriminate dumping of waste by residents into open drains and va-
cated plots (Boadi & Kuitunen, 2003). The situation forced the vice 
president in 2006 as saying, “high rise refuse dumps, littered streets, 
choked gutters, stagnant waters, and indiscriminate defecation in public 
and open spaces have become common features in our cities” (Issah, 
2006; Asomani- Boateng, 2007).  

1.8 Description of key words and concepts 
The three important key words and concepts to be discussed here in or-
der to highlight the subject under consideration include waste manage-
ment hierarchy, urban agriculture and functional elements of municipal 
solid waste management. These terms are discussed and where necessary 
an attempt is made to illustrate the key words or concepts diagrammati-
cally and in some cases ample examples are given. 

1.8.1 Waste management hierarchy 

A typical waste management hierarchy (Fig. 2) is a principle that takes 
into account the choice of various waste management options prioritiz-
ing them according to their level of impacts posed to the environment. It 
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thus presents options based on the environmental desirability of the me-
thod. As a hierarchy, it suggests that the first option from environmental 
point of view is to avoid or minimize waste and under circumstances 
where further reduction is not practicable, products and materials can be 
reused either for the same or different purposes. It further recommends 
that value should be recovered from waste through recycling or com-
posting, or through energy recovery provided the ideals of waste minimi-
zation and reuse cannot be fulfilled. Finally, only if none of these offers 
no appropriate solution should waste be incinerated without energy re-
covery, or disposed to landfill. 

1.8.2 Urban agriculture (UA) 

Generally, the term urban agriculture (UA) refers to the activities within 
and around urban areas that involve the production, processing and dis-
tribution of foodstuffs/food crops and non-food crops (eg. ornamentals 
plants, canes, and poles). This does not only encompass crop production 
but also animal husbandry and aquaculture. Bailkey & Nasr, (2000), de-
fine it as the practice of cultivating, processing and distributing food in 
or around (peri-urban), a village, town or city.  In the context of this 
study, UA narrows down to the growing of food crops. With growing 
population in urban areas all over the world, UA plays a significant role 
in ensuring food security in that it supplies readily available food, serves 
as sources of fresh vegetables and fruits and meat products (in terms of 
animal husbandry) to urban dwellers. 

1.8.3 Functional elements of municipal solid waste management 

Waste management is seen as a complex series of activities with the ob-
jectives geared towards waste prevention, waste reduction at source, re-
ducing hazardous nature of the waste and in situations where the waste is 
generated, provision is made to maximize its utilization through recovery 
and recycling. In a successful waste handling scenario to meet environ-
mental goals, Tchnobanglous, et. al., (1993) identified six essential func-
tional elements namely: 1. Waste generation, 2. Waste handling, separa-
tion, storage and processing at source, 3. Collection, 4.Separation, 
processing, and transformation of solid waste, 5.Transfer and transport 
and 6. Final disposal (Fig. 3). These functional elements also called waste 
system elements trace how solid waste is handled at source of generation 
up to where it ends (lifecycle of waste). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Fig. 2 The waste management hierarchy. 
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1.9 Municipal Solid Waste (MSW) 
MSW includes waste originating from households, commerce and trade, 
small businesses, office buildings, and institutions such as schools, 
hospitals, government buildings etc (European Commission, 1999). 
Hoornweg, (1999) described it as waste generated from residential,com-
mercial, industrial, institutional, construction, demolition, process and 
municipal services. In some cases, it embraces waste generated in parks 
and gardens and sometimes street cleanings (Williams, 2005). The collec-
tion and disposal of this waste is done by a municipal authority in the 
given locality. Such waste is either in solid or semi solid forms but 
usually excludes hazardous industrial waste. In general, municipal solid 
waste is classified as biodegradable and non-biodegradable (Table 1). By 
definition, biodegradable waste, or organic waste is any waste that is 
capable of undergoing anaerobic or aerobic decomposition hence it is 
otherwise described as putrescible - liable to decay whiles non-biode-
gradable wastes cannot decompose. Organic waste is usually referred to 
as municipal biodegradable waste because it forms the bulk of municipal 
waste stream. Lohani et. al., (1984) and Lardinois & Klundert, (1993), 
present a comprehensive classification of solid waste materials generated 
by humanity (Appendix 1).  

The bulk of  the organic waste found in municipal waste stream in most 
occasions traces to households sources, commercial or business centres 
and some from industries with institutions on the other hand generating 
a little of it. For instance the waste stream information from the Accra 
Tema metropolitan area in Ghana showed that 75% of urban solid waste 
comes from domestic sources, 15% from commercial and industrial 
sources whiles the rest originates from institutional sources (Lardinois & 
Klundert, 1993). 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 
Fig. 3 Interrelationships amongst functional elements of solid waste 
management(Tchobanloglous et. al.,1993). 
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1.10 MSW volume and composition 
As part of a prerequisite in the development of sustainable waste 
management scheme, it is vital to have a full knowledge of waste volume 
and composition in order to help in the following directions: 

 Ascertaining resource recovery potentials, 

 Selecting and applying suitable method for disposal, and 

 Predicting possible environmental impacts posed by the waste 

The quantity and composition of waste is controlled by factors such as 
population density, income/economic, cultural, age, lifestyle and con-
sumption habits of the waste generators in question. 

Thus, it varies from country to country and even from region to region 
within the same country. The most remarkable and important difference 
between the urban waste generated by low-income and industrialized 
countries is the percentage of organic material present in the waste 
stream (Lardinois & Klundert, 1993). Thus, there is significant variability 
in the physical characteristics and the composition of waste generated in 
low-income, middle and industrialized countries (Table 2) respectively. 

Even though the per-capita waste generated per day in low-income 
countries is comparatively low to that of industrialized countries, the for-
mer is characterized by higher density and moisture content. In designing 
systems for managing MSW, the most important properties of waste that 
is of interest are grouped as physical, chemical and mechanical proper-
ties. The knowledge on these particular characteristics helps to: 1. Assess 
the difficulty posed by the waste when it comes to managing it, 2. Make 
decisions on the proper and best methods for storing, collecting, 
processing, and disposing of the wastes and 3. Ascertain the potentials 
for available market for recovered materials. 

1.11 Physical and chemical properties of MSW 

Some important physical properties of waste include density, moisture 
content, particle size and distribution, field capacity, as well as poros-
ity/permeability. This section discusses these properties briefly. 

1.11.1 Bulk density (DB) 

This is an important parameter because it is needed to assess the total 
mass and volume of waste which must be managed (Tenzin, 2002). De-
termining DB of solid waste follows similar procedure as involved in the 
determination of the density of solid substances. This is done by weigh-
ing a known volume V1 of a measuring cylinder or container which has 
been filled with the waste.  

Table 1 General classes of organic waste. 

 

 

 

 

 

 
. 

 

Biodegradable 
waste 

Kitchen waste, food leftovers, rotten fruit and 
vegetables and peelings, straw and hay, 
leaves and garden trimmings, crop residues, 
rags, paper, animal excreta, bones and 
leather 

Non-biode-
gradable 
waste 

Ash, stone and bricks, coal and cinders, glass, 
plastics, rubber, and ferrous and non-ferrous 
metals 
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Table 2 Variability in composition and characteristics of waste 
from three economic regions (Cointreau, 1982; Lardinois & Klun-
dert, 1993). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DB usually expressed in kg/m3 is found by dividing the net weight of the 
refuse (weight of loaded container minus. Where M1 is the mass of the 
measuring cylinder plus its contents whiles M2 is the mass of the empty 
measuring cylinder (weight of empty container) by its volume V1 accord-
ing to the relation: 

DB    
     

  
                                                                                      [1]  

1.11.2 Moisture content  

The moisture content of waste is usually expressed as percentage of 
moisture content in the waste as collected or received from source rela-
tive to the dry weight (air-dry) and it is calculated by applying the rela-
tion: 

Moisture Content (%) 
     

  
                                              [2] 

Where Ww is the wet weight of sample whilst Wd represents the dry 
weight of the sample. 

It is important to calculate the moisture content of MSW in the 
management process because this plays an integral role in the determi-
nation of the following characteristic features: 

  Density of waste 

 Ease for compaction 

 Waste decomposition rate 

 Ease for incineration 

Waste characteris-
tics/composition 

Low-income 

Countries 

Middle-income 

Countries 

Industri-
alized 

countries 

Waste generation 

(kg/capita/day 

0.4-0.6 0.5-0.9 0.7- 1.8 

Waste generation 

(kg/capita/day 

250 – 500 1 70 – 330 1 00 - 1 70 

Moisture content (% 

weight at point of 

generation 

40-80 40-60 20-30 

Composition (% by wet weight) 

Paper 1-10 15-40 15-40 

Glass, ceramics 1-10 1-10 4-10 

Metals  1-55 1-5 3-13 

Plastics  1-5 2-6 2-10 

Leather, rubber 1-5 - - 

Wood ,bones, straw 1-5 - - 

Textiles  1-5 2-10 2-10 

Vegetables / putrescible 40-85 20-65 20-50 

Miscellaneous inert  materials 1-40 1-30 1-20 

Particle size (mm) 5-35 - 10-85 



Michael Commander, Hormenu                                                                 TRITA LWR Degree Project 11:17 

 

12 
 

The peculiar high moisture content of waste in developing/low income 
countries (Table 2) obviously presents problems of transportation due to 
the considerable high weight and as well hinders the possibility of apply-
ing incineration as a waste stabilization option because the process turns 
out to be energy consuming. In practice during composting, a moisture 
content of more than 65 % can lead to anaerobic condition and produc-
tion of bad odours with consequent killing of aerobic bacteria (Moqsud, 
et. al., 2005) and for a moisture condition below 40% eventually reduces 
the bacterial activity for decomposition (Rahman, 2004). 

Since water or moisture serves as a medium for transport and reactions 
of substances in nature, the high moisture contents of waste in landfills 
provides a medium for flushing out the inorganic components and 
creates a conducive environment for chemical reactions that could result 
in the formation of varied acidic or basic conditions and also poses a 
high risk of producing considerable volume of leachate. In view of the 
problems that come with waste regarding high moisture contents, it is 
advisable to ensure that uniform moisture content is reached by reducing 
the volume through application of pre-treatment technologies prior to 
disposal. 

1.11.3  Permeability 

Permeability here points to the hydraulic conductivity of the medium 
and thus refers to the ease with which the medium allows for the flow of 
substances or water. Estimating the hydraulic conductivity of compacted 
waste in a landfill is crucial because it is a property of waste that influ-
ences the movement of liquids and gases in a landfill. This eventually 
determines the ease with which any chemicals or leachate move into or 
out of soil. Moreover, this permeability does not determine medium 
properties in isolation but rather influenced by other properties such as 
pore size distribution, surface area and porosity. 

1.11.4 Particle size and distribution 

This may be determined by using a set of manually manipulated screens. 
As one of the factors that influences  the hydraulic conductivity, it be-
comes important when it comes to the determination the flow rate of 
liquid or gases within the waste dumped in landfills or dump sites. How-
ever, during material recovery process it is regarded as the most relevant 
in that it determines the choice of separation system. For instance in the 
separation of magnetic substance from non-magnetic substances using 
trommel screens and magnetic separators, ferrous materials with large 
sizes may prove to be too heavy for separation by the magnet belt or 
drum system(Tenzin, 2002). 

1.11.5 Chemical/Thermal properties 

It is necessary to know the chemical composition of waste because it 
helps in the evaluation of alternative processing and recovery options. 
The composition of MSW takes into account other factors especially 
when it comes to the consideration of waste combustion in incinerators. 
These include proximal analysis, elemental analysis, energy or caloric 
value of waste (Williams, 2005). Proximal analysis of waste is the ash, 
moisture, and combustible fraction of the waste, in some cases the com-
bustible fraction is divided into volatile and fixed carbon content. It thus 
takes into account four tests namely loss of moisture in waste when 
heated to about 105°C for 1 hour; volatile combustible matter (loss on 
ignition); fixed carbon; and ash (weight of residue after combustion).  
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Elemental analysis as the word suggests determines the percentage com-
position of elements such as carbon, hydrogen, nitrogen, elemental oxy-
gen and the presence of heavy metals in waste. 

1.11.6 Mechanical properties 

An example of a mechanical property is field capacity defined as the total 
amount of moisture that can be retained under force of gravity. The 
knowledge of this is particularly very significant in the design and man-
agement of landfills. 

Thus, when field capacity is reached, there is virtually no net seepage of 
water leading to the soil becoming wet. Eventually, the wet conditions 
together with the liquid produced from waste mix to form leachate. This 
can be a source of serious threat in landfills especially where no engineer-
ing work is done for leachate collection and treatment. Other mechanical 
properties include stress-strain properties and absorptive capacity. 

1.12 Poor waste management and related problems 
Poor waste management is known to pose environmental and health risk 
by creating detrimental effects to air water soil, health of human and 
other living organisms. The negative impacts of MSW on human health 
are well established and the sanitation and hygiene aspects have become 
a driver demanding for proper waste management (Wilson, 2007). 
Improper management of waste has been recognized to pose serious 
threat not only because of the unhygienic conditions it creates (Sundqv-
ist, 1999), but also threats relating to environmental, human health and 
aesthetic dimensions. Storage of waste provides conducive environment 
for all kinds of microorganisms, human pathogens( virus, bacteria, 
protozoa and helminthes), and breeding grounds for vermin, flies, cock-
roaches and birds acting as passive vectors in disease transmission. Apart 
from those disease problems, waste also creates additional problems to 
the environment such as odorous scent, litter, fires, scavengers, rat and 
snake infestation (Kiely, 1997).   

The immediate effect of solid waste accumulating in public places in 
large volumes presents public health scare and this manifests in frequent 
spread of epidemic diseases such as cholera and diarrhoea (Ajeam- Ra-
gee, 2002; Fobil, 2002). It has been argued that because the capacity to 
handle all of the household waste generated in Accra is still weak, about 
83% of the population dump refuse in either authorized or unauthorized 
sites in their neighborhood which creates unsanitary conditions(Benneh, 
et. al., 1993). This situation has the potential of causing such health, hy-
giene and environmental related problems. 

According to Kendie, (1999), the recent emerging problems of waste dis-
posal can be attributed to poor attitudes and perceptions towards waste 
and that educating people to rate waste disposal issues as crucial, the re-
lated issues of official waste management plans and schemes have not 
been adequately considered. There has been a tendency to concentrate 
on the design of waste management technologies and how to apply them 
in context rather than looking at the problem from a governance pers-
pective. Porter et. al., (1997), argue that most of the technologies used in 
cleaning up the city of Accra are either too complicated or too expensive 
for a developing country like Ghana. 

Despite land filling has the capability to accommodate large volume of 
wastes, there are several disadvantages such as hazardous gas emissions 
and leachate production arising from land filled wastes (Shu, et al., 2006). 
According to (Welander, 1998), the environmental concern associated 
with landfill and dumps of waste is the emission of methane (CH4) and 



Michael Commander, Hormenu                                                                 TRITA LWR Degree Project 11:17 

 

14 
 

carbon dioxide (CO2) and the leaching of highly concentrated leachates 
pollute soil and ground water. Whiles Ahmed & Zurbrugg, (2002) share 
almost the same view with Welander, they mentioned organic waste in 
particular as responsible for pollution of soil and water bodies through 
leachate explaining further that the process of uncontrolled anaerobic di-
gestion in landfills or dumpsites contributes to global warming from the 
methane produced. Both methane and carbon dioxide gases are consi-
dered as major greenhouse gases contributing to the global climate 
change.  

The emission of such gases from landfills into the environment is of ma-
jor concern and the level of emissions from landfills over time depends 
on the landfill type (Fig .4).  

Among these four landfill types according to Visvanathan et. al., 2005, 
the traditional landfill is more or less some sort of open dumping site 
usually characterized by uncontrolled dumping of waste therefore emis-
sion occurs throughout the operational stages of the facility with emis-
sions reaching high peaks initially but eventually dropping to tolerable le-
vels after several years of operation. 

The dry tomb landfills which are usually designed with liners that func-
tion by preventing leachate seepage into groundwater and cover material 
for preventing potential environmental emissions emit gases to meet ac-
cepted levels.  The problem with this system however is the tendency of 
the liners and the cover materials leaking with time resulting in emis-
sions. The third landfill type is secured landfill which is engineered to 
have an impervious liner, equipped with leachate/gas collection and a 
treatment system.  

The only observable difference between this and that of dry tomb land-
fill is that the former (secured landfill) is able to prevent emissions over 
years but poses an inevitable risk for emission after some years com-
pared to that of the latter (dry tomb landfill). Lastly, presented in the 
graph is the sustainable landfill which has all the features of secured 
landfills but receives only pre-stabilized waste during land filling hence 
emission from such facility is within tolerable level over time.  

The potential threats associated with land filling is pronounced in devel-
oping countries where the major waste disposal option is insanitary land 
filling and open dumping where the situation can be described as worse 
since the facilities are not engineered. Leachate is produced in landfills or 
open dumps through processes and flow mechanisms (Fig. 5).  

The leachate production is mostly aided and initiated by the presence of 
moisture conditions in waste and moisture in the surrounding area and 
the main sources of this moisture include initial moisture content of the 
waste itself, moisture in placement, moisture due to precipitation onto 
surface followed by infiltration, and groundwater intrusion. 

Depending on the hydraulic conductivity of the geologic formation, the 
leachates eventually percolate into the soil resulting in possible pollution 
of groundwater. The runoff from the surface is also a source of surface 
water pollution as the refuse and some leachate in solution is carried into 
nearby surface water thereby increasing BOD and COD levels which af-
fect general water quality and biodiversity. 

 This illustration explains why landfill in moist climate produces large 
quantities of leachate whiles in the dry climate, localized air pollution 
problems occur (Kiely, 1997). The emission of methane and carbon dio-
xide due to anaerobic decomposition is controlled by anaerobic decom-
position serving as source of major non-methane organic compounds to 
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leave the landfill and the generation of such gases is dependent on the 
level of moisture in the landfill and requires a fully anaerobic environ-
ment since the bacteria that co metabolize the various chlorinated com-
pounds in the waste are often obligate anaerobes (U.S. EPA, 1992). For 
instance, lignin (from woody yard waste) is degraded to a variety of aro-
matic compounds, eventually forming benzene, toluene, phenols, alco-
hols and esters (U.S. EPA, 1991). The rate therefore is dependent on the 
level of moisture in the landfill and requires a fully anaerobic environ-
ment.  

The call for concern about landfills in most developing countries with 
Ghana as an example and for that matter Accra metropolis is that they 
are more or less dumpsites because there is no engineering work done 
and linings to prevent leachate seepage are absent. More so, there is no 
control over the dumping of waste so waste is dumped any how thereby 
limiting capacity. Eventually, these dumpsites are filled to capacity and 
thus not able to accommodate increased amounts of garbage and to con-
tinue to use landfills implies the need to open new ones; an option which 
is not economically and environmentally viable with regards to rising 
scarcity of land space in addition to environmental concerns. 

ttt 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5 Leachate formation and flow mechanisms in a typical landfill or 
open dump. 

 

Fig. 4 Different landfills and emission tendencies (Visvanathan et. al., 
2005). 
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1.13 Organic waste recovery and biological waste transformation 
Biological waste transformation involves the use of natural processes to 
reduce waste volume. Basically; biological transformation options for 
handling organic waste is categorized as composting and anaerobic diges-
tion. These two techniques in addition to other available options for ur-
ban organic waste recovery and their respective end products are illu-
strated (Fig. 6). 

The opportunities for organic waste reuse through recovery processes in-
clude options such as using it as animal feed (fodder), to improve soil 
(compost) and to produce energy in a form of biogas or briquettes 
(Lardinois & Klundert, 1993). The practicability of biological 
transformation in waste reduction with the aim of conserving landfill 
space in developing countries or low income countries is enormous. This 
is because the percentage organic composition of MSW is high (Table 2) 
and thus presents prospects for recovery through composting and anae-
robic digestion for biogas or methane production.  

1.13.1 Objectives and importance of biological waste transformation 

As discussed in earlier section, waste presents both environmental and 
health hazard and the negative effects of poor waste management cannot 
be overemphasized. Owing to the dangers posed by waste, there is the 
need to subject it to waste stabilization methods to reduce the occur-
rence of these impacts. This does not only end up ensuring turning waste 
into a useful resource recovery through energy recovery and eco-cycling 
but also the preservation of natural resources. Pre-treatment and recy-
cling ensures that valuable products are obtained from waste. Apart from 
this main objective, composting of waste prior to land filling aims at: 

 Volume and mass reduction of solid waste 

 Return of organic substances to the natural cycle 

 Stabilization of waste for land filling  

In a reflective mirror, Gotaas, (1962) elaborated on benefits that come 
with the reclamation of organic waste for composting outlining them as: 

 Substantial reclamation of organic waste from MSW for return to the 
land in a form of compost through sale of the product to agricultural-
ists and related smaller user groups of fertilizers 

 Deriving resource value from solid wastes in the production, 
composting, reuse and recycling cycle. 

 Decreasing considerably the volume of solids waste thereby conserv-
ing landfill sites whiles minimizing the nuisance to the land environ-
ment. 

 

 

 

 

 

 

 

 

 

 

Fig. 6 Processes and products from organic waste resource 
(Lardinois & Klundert, 1993). 
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Regarding issues of disease control, the high temperatures generated dur-
ing composting of organic waste promotes effective sanitization of waste 
resulting in the killing of most disease-causing organisms associated with 
waste in the environment (Appendix 2) and presents other environmen-
tal benefits. 

1.13.2 Composting as waste management alternative 

Composting as a micro-biological process is regarded as a waste manage-
ment method that stabilizes organic waste thereby reducing waste vo-
lume. Considered as a process that occurs in nature, Tammemagi, (1999), 
defines it as a specialized form of recycling in which organic wastes are 
biologically decomposed under controlled boundaries and conditions 
converting them into a product that can be applied to the land benefi-
cially without environmental harm (Tammemagi, 1999). Roger, (1999) 
shares the view that composting has no universally accepted definition 
but however gives a definition of composting that seem to be compre-
hensive as „a biological decomposition and stabilization of organic waste 
under conditions that allow for the development of thermophilic tem-
peratures due to biologically produced heat ending up in the production 
of a final stable product which is free from pathogen, plant seeds, and 
can be beneficial when applied to land. 

 The aerobic composting process  

Under adequate supply of oxygen, aerobic composting occurs. During 
the process, increasing temperature develops and with controlled mois-
ture conditions activities of successive microbial populations results in 
the breakdown of organic materials (OM) into carbon dioxide, ammonia, 
water, minerals(humus or compost) and stabilized organic matter accord-
ing to the equation: 

OM+ O2  Stabilized OM + Compost + H2O+CO2+NH3+ Heat      [3] 

During the process of composting, the activities of microorganisms in 
the composting mass cause the decomposition of organic waste. In aero-
bic composting, oxygen is needed by the microbes to breakdown carbon 
containing compounds such as carbohydrates, sugar, proteins, cellulose 
and lignin through production of intermediate compounds such as or-
ganic acids. The high heat generated together with oxygen-dependent 
microbial activity does not only speed up the process through these in-
termediate steps to finally turn the organic material into compost along-
side with the release of CO2, H2O, NH3 and heat but also destroys 
pathogens(Appendix 2 ) and weed seeds. Anaerobic conditions occurs 
during aerobic composting due to increased moisture content in the 
waste where no oxygen is available for aerobic processes so anaerobic 
bacteria set in and is usually characterized by production of odours giv-
ing rise to environmental and social concerns.  

Decomposition phases during aerobic composting 

The decomposition is initiated as material is introduced into the pile 
when aerobic microorganisms begin to utilize available oxygen to break 
down organic carbon. During this microbial activity, heat is generated 
and if contained within the pile, the heat build-up results in the release of 
carbon dioxide and water vapour, heat, NOx and other gases (Fig. 7). 

Under ideal composting conditions, changes in temperature create the 
environment for different microbial mass to pass through mesophilic 
phase (0-40 °C) where microphiles gradually initiate heat generation due 
to their decomposition activity through to the thermophilic phase (45-
65oC or more) which is maintained for several weeks depending on the 
material and finally back to mesophilic phase until ambient temperature 
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in the pile is reached. Thus, curring follows active composting period 
and at this stage, undecomposed matter is broken down by the remain-
ing microbes until all is consumed. During the course of these transi-
tions, the microbial population changes with temperature which even-
tually affect the rate of organic matter decomposition. 

According to Khalid, (2003), provided suitable conditions prevail during 
aerobic composting four phases  namely mesophilic phase (I), thermo-
philic phase (II), cooling phase (III) and maturation phase (IV) occur 
which finally leads to the complete breakdown and stabilization of the 
organic material. Peculiar changes occur at each of these stages (Appen-
dix 3).  

1.13.3 Classification of composting systems  

Generally in terms of scales, composting systems fall into three groups 
namely backyard, neighborhood and centralized composting. Apart from 
this level of classification, the system can be categorized based on three 
criteria. Thus, on the basis of whether oxygen is used, the temperature at 
which it occurs, and the level of technology involved. These three 
categories are further divided into various sub-classes (Fig. 8).  

Whiles aerobic composting involves the activity of aerobic microbes and 
hence requires the provision of oxygen during the composting process, it 
is usually characterized by high temperatures, heat generation, and ab-
sence of foul odours, and is more rapid than anaerobic composting. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Fig.  8 Classification of composting systems. 

 

Fig. 7 Material flows in composting process (Manure composting 
handbook, 2005). 
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Anaerobic composting on the other hand is characterized by low tem-
peratures, no heat generation, production of odorous intermediate prod-
ucts, and generally proceeds at a slower rate than aerobic composting. In 
mesophillic composting the temperatures are kept to be at intermediate 
(15 °C or less than 40 °C.), which in most cases is the ambient tempera-
ture. Thermophillic composting is conducted at temperatures from 45 °C 
to 65 °C. Apart from this general classification, an emerging composting 
system which is gaining recognition today is vermicomposting and it in-
volves the use of special types of earthworms such as D. veneta, E. eugenia, 
P. excavatus and P.hawayana and E. Foetida that breakdown organic waste. 
All these systems are natural processes occurring due to activities of ei-
ther micro or macroscopic organisms. 

1.13.4 Alternative composting solutions 

Over the years, efforts in the waste management industry led to the de-
velopment of various solutions for composting waste. Among these me-
thods are in-vessel composting, passive windrows, turned windrows, and 
aerated static piles. These aerobic composting technologies fall into two 
major groups namely reactor systems (enclosed or in-vessel) and non-
reactor systems (open windrows). The choice for a particular composting 
technology for use in a particular point in time is determined by factors 
ranging from available material, land area requirement, nuisance poten-
tial, equipment availability, available resources, potential environmental 
harm and regulatory requirements.  

Finstein, et. al., (1986), in their research efforts grouped organic waste 
composting solutions into four levels based on factors such as equip-
ment requirement, resource requirements, composting time, land area 
requirement and quality of the finished product. The classification based 
on these factors has given rise to these levels as minimal, low, interme-
diate, and high-level technologies. The in-vessel system for instance falls 
under the high-level technology hence are economically expensive to 
manage in most third world countries and thus not a feasible option for  
Ghana. This section takes a brief look at these composting solutions. 

In-vessel composting 

As the name imply, an in-vessel degradation of biodegradable waste 
usually takes place in highly engineered enclosed system such as a drum, 
silo, container or other structure (Fig. 9). The method however refers to 
a group of composting technologies that confine the composting mate-
rials within a building, container or vessel (NRAES, 1992). During the 
composting process, conditions are closely monitored, controlled and 
the material is aerated and mechanically turned or agitated in a structure 
or container.  

The choice of this system is oriented towards less operators and direct 
contact with materials and may be utilized due to climatic conditions, 
need for visual impact mitigation or better control of the occurrence of 
off -site nuisance and health impacts in a tropical climate. According to 
Misra et. al., (1993), bin composting, rectangular agitated beds, silos, ro-
tating drums, transportable containers are forms of in-vessel composting 
each of which are characterized by varied degrees of vessels types, aera-
tion devices, and turning mechanisms. 

In a more advanced in-vessel composting systems where the process oc-
curs in an enclosure, mechanisms are provided to control high level of 
odour, nuisance, pest, and leachate produced and usually the exhaust air 
from these systems is typically treated in a bio-filter. The highly engineer-
ing skills needed for the successful operation of this method together 
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with the expertise make it a the most capital intensive venture for rec-
ommendation to developing countries who even struggle in the manage-
ment of controlled land filling. Apart from its disadvantage in terms of 
affordability it takes shorter period of time for producing compost and 
environmentally friendliness since the system is equipped with mechan-
isms that regulate appropriate environmental conditions for effective 
composting to proceed. 

An example of a typical in-vessel composting system can be linked to 
one designed by the Wright Environmental Systems, a waste manage-
ment company based in Canada which handles a continuous flow of or-
ganic waste1. The system is capable of controlling the whole process 
making sure that moisture, temperature, oxygen and the initial car-
bon/nitrogen ratio are monitored and controlled within ideal ranges for 
maximum microbial activity. 

The system thus receives shreds and mixed raw materials repeatedly at 
the front-end as the composted material is removed from the back end 
with the monitoring of temperature and air inflows within the compost-
ing system automatically done and as the composting material is pushed 
through the box, it undergoes frequent mixing and moistening. 

Once most of the organics have been metabolized, the temperature of 
the composting mass starts to drop. In the accelerated aerobic process, 
stabilization begins to occur after approximately 7 days. The typical re-
tention time in the Wright system is 14 days. To prevent interruption of 
fresh waste with older ones, the system is compartmentalized in a way to 
keeps raw materials separate from older material that reached tempera-
tures high enough to kill or reduce potential disease-causing organisms. 

Turned windrowing 

A windrow is an elongated pile made in the ground in which the wastes 
are placed.  Windrow composting involves placing the mixture of raw 
waste materials in a long narrow piles or windrows (Fig. 31 ) and are agi-
tated or turned on a regular basis (NRAES, 1992). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                           
1
 Details can be read from  www.wrightenvironmental.com/index_nonflash.html 

 

Fig. 9 An in-vessel composting 
system 
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Thus, unlike the passive windrow as the name suggests, turned windrow 
composting or windrowing requires mechanical or manual turning of 
windrows containing waste to ensure uniform circulation of air in the 
compost pile so as to promote decomposition. 

Passive windrow 

Comparatively, passive windrow composting remains the most low cost 
systems. The piles are typically of about 1-4 meters high, 3-7 meters wide 
and the length is variable so long as the size is suitable to accommodate 
the waste. Even though it needs more land, it requires less labour since it 
does not need turning of windrows and no need for the acquisition of 
costly equipment for its operation.  

Once the windrow is constructed and the waste introduced, no attempt 
is made in turning the piles but rather aeration occurs naturally as the 
process proceeds. The mechanism of this natural aeration process occurs 
as the process continues during which the high heat generated produces 
hot air that escapes giving room for cold air from outside to enter the 
pile. 

Aerated static pile composting 

Aerated static pile is not mechanically turned as in turned windrows to 
ensure availability of air but rather aeration is ensured by equipping the 
pile with pipes that serve as air blowers through the system during the 
composting process (Fig. 10.). It is therefore a forced aeration method of 
composting in which a free standing pile is aerated by a blower moving 
air through perforated pipes located beneath the pile (Recycled organic 
unit, 2002). The facility is also designed to have odour filters to filter the 
odour produced.  

The choice of these four basic composting alternatives can be made 
based on factors that determine their selection, practicability and the ap-
plicability of the method in the waste management process. 

2 METHODOLOGY AND LITERATURE SOURCES 

2.1 Study area description 
The Accra Metropolitan Assembly (AMA) located in the heart of the 
capital city of Accra, Ghana is both the political and administrative capi-
tal of the country thus serving as the seat of Government. Geographi-
cally, Accra lies within the coastal savannah zone. Relatively, AMA is lo-
cated within Accra between latitude 080 01 North and longitude 000 
21.5 West. The rainfall pattern is strictly bimodal characterized by two 
seasons; major and minor with an annual rainfall averaging between 730-
810 mm and the mean monthly temperature ranging from 24.7ºC in Au-
gust to 28.1ºC in February. A map of Ghana shows the location of the 
capital city Accra within which AMA is located (Fig. 11). AMA is sur-
rounded by other two major urban areas namely Ga District Assembly 
(GDA) and Tema Metropolitan Assembly (TMA), with the three collec-
tively referred to as the Greater Accra Metropolitan Area (GAMA). 
AMA has a total land area of 200 square kilometers and the entire 
GAMA is bounded to the south by the gulf of guinea.  

The location of the metropolis within the capital city and its proximity to 
the surrounding urban environs like Tema (industrial area) has made it to 
be recognized as the backbone of Ghana simply because of its role in 
economic, industrial and commercial activities (Fobil et. al, 2005). The 
area having been experiencing increasing socio-economic activities over 
the years is facing rapid population increase due to migration of rural 
folks towards the city in search of jobs and this migration contributes 
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about 35% of the population increase (Ghana Government, 1984). 
Among the ten urban regions of Ghana, Accra is the largest urban cen-
ters with approximate population estimated to be about 1.6 millions 
(GSS, 2000) and is expected to reach 4 million by 2010(Melissa, 2000). 
This increasing population is not only attributed to a natural increase, but 
also to rural-urban an more recently urban-urban migration, as urban 
centers such as Kumasi and Takoradi lose their population to Accra 
(Attipoe,1996). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Fig. 11 A map of Ghana showing Accra (red) in which AMA is located. 

 

Fig. 10 Design of static aerated pile URAES, 114 1992; Misra et. al., 

1993). 
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With reference to the last population census in year 2000, there has not 
been any official National Population Census conducted. However, the 
estimated population used by the waste management authorities for cal-
culating waste volume per person in the metropolis is pegged at approx-
imately 1.9 million (AMA-WMD, 2010,online correspondence) and it is 
therefore undisputedly acceptable to assume that the current population 
in AMA might have far exceeded both the 2000 census and that of AMA 
figures. 

The ever growing population and urbanization with its corresponding in-
crease in economic activities resulted in the generation of large volume 
of solid waste in the metropolis. This state of affairs has been recognized 
as a waste menace and had even been part and parcel of the campaign 
promise of the current ruling National Democratic Congress-NDC (then 
in opposition) government during the hits of the 2008 Presidential and 
Parliamentary election which has been won by the party. It has also been 
the topmost agenda of the current mayor of Accra, Alfred Vanderpuije 
to find lasting solution to the waste problem. 

2.2 Literature sources  
The study is based mainly on secondary data in a form of information 
obtained from books, published articles, and reports on related study 
from the internet, and governmental documents. It reviews project docu-
ments from various sources such as Universities, student theses, 
Government and departments to provide a comprehensive literature re-
view. The review is to give insight into understanding the issues relating 
to waste management in the metropolis. In addition, personal views are 
employed to ensure thorough discussion of the various topics under 
consideration. In case of situations where there is limited previous stu-
dies to extract data for this study, information from similar studies but 
different metropolitan assemblies or urban centers of developing coun-
tries have been used since the situations  in these areas are not far differ-
ent from what goes on in the area under focus.  

Secondary data is collected from the Waste Management Department 
(WMD) of AMA through online correspondence. This covers informa-
tion on waste type and composition, daily waste volume generated, vo-
lume of waste collected, waste treatment technology options in use, as 
well as management problems from Accra Metropolis. Based on these 
collected information, an attempt is made in understanding the problems 
faced by management authorities. 

2.3 Research strategy, process and questions 
Waste management can be seen as a whole system with elements inte-
racting that need to be understood so as to apply suitable administrative 
and technical measures to achieve sustainable outcome. In order to un-
derstand the interaction between variables in the waste management sys-
tem in the metropolis of Accra, the Causal Loop Diagram (CLD) is em-
ployed as a conceptual and theoretical framework to illustrate the cause-
effects of the various actions in the waste management process. 

 A CLD is used in system thinking to convey a thought showing the in-
terconnection or interdependence of various components of complex 
system through the use of arrows linking corresponding system variables 
(Kim, 1999). 

In constructing a CLD, arrows are used to link one system variable to 
the other and the relationship between two or more linking variables can 
carry either „+‟ or „-‟ sign usually located at the head of the arrow. Whiles 
a „+‟ sign signifies a positive relationship between the variables being 
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connected at the arrowhead and the tail side, a „-‟ sign on the other hand 
implies a negative relationship 

The study delves into the provision of technical issues relating to aerobic 
composting technology and suggests measures to take in the promotion 
of a successful composting program for production of compost to boost 
urban agriculture. In order to deal with the topic under study, questions 
which need to be addressed and thus forming the basis for this research 
work include:  

 What is the solid waste management situation in Accra Metropolitan 
Assembly? 

 What are the problems militating against waste management authori-
ties in AMA? 

 Is there any potential that allows for the suitability of carrying out or-
ganic waste composting in AMA? 

 What composting methods are available for sanitising organic solid 
waste? 

 What are the constraints and challenges to the implementation of or-
ganic waste reuse for urban agriculture? 

 What are the environmental and socio-economic benefits of munici-
pal waste composting? 

This study strictly followed a series of research processes (Fig.12). 

2.4 Conceptual basis of the study 

2.4.1 Towards an integrated solid waste management 

An integrated solid waste management (ISWM) is a process which in-
volves the incorporation of all the steps right from waste generation 
through to disposal as a unit in the management of solid waste (Appen-
dix 4). In an ISWM system, it is necessary to promote waste reduction 
strategies which targets minimization of waste generation by encouraging 
source reduction activities. The figure illustrates how the various waste 
system management elements are integrated to obtain valuable products 
from waste. 
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 Fig. 12 The research process. 
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By further applying a conceptual approach to analyze the level of integra-
tion for waste management, a CLD adapted and modified from Ano-
manyo, 2004 is used (Fig. 13). For a successful implementation of any 
composting program, collection and sorting of waste plays an 
integral role in that it helps in the identification of composting potentials. 
From the diagram two levels of integration can be observed to be impor-
tant.  

Starting from the left right side of the loop, an efficient sorting and col-
lection of waste determine the pollution level of waste collected for com-
posting and recycling which in turn affects the compost quality and 
products whiles the rest are safely landfilled. Therefore, sorted waste 
with no or less pollution levels makes recycled or treated products to 
have good economic value. 

Considering the left hand side of the loop, stakeholder involvement and 
education plays a vital role in the success of any waste management pro-
gram. It therefore has a link with the waste sorting and collection process 
because the involvement of stakeholders and education of the entire po-
pulace resulting in their readiness and awareness instills environmentally 
sound behavior which further reflects in the improvement of waste col-
lection and sorting giving rise to less pollution in recovered materials. 
Consequently, with the smooth running of a proposed sanitary landfil-
ling, recycling and composting program as an integrated unit where qual-
ity products are derived from waste for societal benefits reinforce envi-
ronmental friendly behavior leading to improvement of environmental 
quality and performance. 

2.4.2 Reintroducing aerobic composting program for urban agriculture 

With plans for the construction of a sanitary landfill estimated to be in 
use for the next 30 years, it will be laudable to reintroduce and intensify 
aerobic composting. This will help reduce waste volume prior to land 
filling thereby prolonging the lifespan of the planned landfill facility. 
Sustaining the composting operations requires the need to promote the 
use of the compost as soil fertilizers for urban agriculture and also as soil 
ameliorators in the lawn, parks and garden industry in order to have 
readily available market for the product.  

The linkages within the waste management system (modified from Ano-
mayo, 2004) with an introduction of composting program play a signifi-
cant role (Fig. 14). Considering the left side of the loop, for the possibil-
ity of sustainable application of composting in the waste volume reduc-
tion process, incoming MSW containing considerable volume of organic 
content justify the need for composting and opting for this method re-
quire the availability of requisite knowledge for the design of efficient 
composting technology in the process that ends up in waste volume re-
duction and saving of landfill space. 

To the left, the process does not only achieve the main target of waste 
volume reduction but also produces a valuable end product in a form of 
compost and using the compost for urban agriculture yields benefits 
leading to good environmental quality and performance in the waste 
management process.  

More so, the quality of the compost produced gives room for the prod-
uct to be patronized by farmers and other users. Thus, an attractive mar-
ket for the product through the promotion of organic fertilizer use for 
urban agriculture results in the generation of some revenue to defray the 
cost to sustain the operations of the facility.  
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3 GENERAL WASTE MANAGEMENT ISSUES IN ACCRA METROPOLIS 

The section presents and discusses the findings of the study. Both the 
quantitative and qualitative data under consideration in this section are 
not results from personal field surveys and measurements but rather ex-
tracts from previous related studies, government reports, books, ma-
nuals, and websites of AMA and through an online correspondence with 
the WMD of AMA in Accra, Ghana. The section covers a wide range of 
issues pertaining to waste management in AMA. This section links pre-
ceding sections which discusses the various process steps involved in 
aerobic windrow composting with other sections discussing composting 
processes in AMA and the potentials, composting for urban agriculture 
and the final section identifies constraints militating against the imple-
mentation of composting for urban agriculture. 

3.1 Situational overview of waste management in Accra metropolis 
The fact that waste management entails various components and activi-
ties which provide for different types of information for each compo-
nent and activities, this section presents and discusses waste management 
situations in the metropolis with a brief look at the following issues: 

 Historical background to the formation of WMD 

 Waste management-related policy frameworks and regulations in 
Ghana 

 Nature of existing waste management system 

 Population and waste 

 MSW composition and sources 

 Waste collection systems 

 Stakeholder involvement 

 Waste disposal dynamics 

 Waste disposal options in practice 

 Problems facing waste management 
The section further connects the general process steps in aerobic com-
posting to that of practices in AMA and finally links composting to ur-
ban agriculture. 

3.2  Historical Background 
The move to the establishment of Municipal services in Accra dates back 
in 1887(Asomani- Boateng, 2007). This development tasked the munici-
pality to take over the affairs to provide services such as street lighting 
using paraffin lamps, construction of drains, establishment of cemeteries, 
elimination of garbage from streets, and the provision of clean drinking 
water (Dickson, 1969). Somewhere along the line in the delivery of these 
services in 1887, growing concern for sanitation caused by poor waste 
management led to the setting up of WMD (Asomani- Boateng, 1994; 
Asomani -Boateng & Haight, 1998) with support from the Federal Re-
public of  Germany(Oteng- Ababio, 2009). The activities of WMD were 
clearly enshrined in section 51 (1) of the Local Government Law of 1988 
(PNDC Law 207) - amended in 1994 and now rightly referred to as the 
Local Government Act (1994), Act 490. This law mandates WMD to 
manage waste generated in the city and also to raise and retain revenues 
through direct user charges (Asomani -Boateng, 2007). 

Following this empowerment, two waste collection systems namely 
House- to- House Collection(HHC) practiced in high income areas 
which attracted fees and then the charge-free Central Container Collec-
tion (CCC) common in low income areas were employed by the WMD 
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Fig. 13 CLD showing integration of waste management processes 
(Modified from Anomanyo, 2004). 

 

Fig. 14 CLD showing cause-effect linkages in the introduction of 
composting into waste management (Modified from Anomayo, 
2004). 

 

in the collection process. For the fact that the CCC was serving the high-
est percentage of the population (about 70%), increasing volume of 
waste generated in the city made the activities of WMD to suffer a set-
back throwing management into a huge debt. The financial problem 
coupled with poor services resulted in deliberations leading to the final 
decision to privatize the waste management industry in 1999. 
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3.3 Policy framework on waste in Ghana 
Over the years, Ghana has not enacted any specific waste law that solely 
controls activities of waste management, however general regulations 
and frameworks that embrace issues of waste management include Local 
Government Act (1994), Act 462, the Environmental Protection Agency 
Act (1994), Act 490, the Pesticides Control and Management Act (1996), 
Act 528, the Environmental Assessment Regulations 1999, (LI 1652) the 
Environmental Sanitation Policy of Ghana (1999), the Guidelines for the 
Development and Management of Landfills in Ghana, and the Guide-
lines for Bio-medical Waste (2000). Among these frameworks, directives 
on the management of hazardous, solid and radioactive waste are clearly 
defined in the Local Government Act and the Environmental Sanitation 
Policy. Basically, the latter policy framework spells out guidelines on the 
management of solid waste, hazardous and industrial waste as summa-
rized below: 

 Solid waste  disposal must be in accordance with any standards and 

 Procedures prescribed by the EPA and any other regulatory agencies; 

 Industrial wastes must be conveyed to approved disposal sites; and 

 Generators of hazardous wastes must comply with standards pre-
scribed by the relevant regulatory agencies for storage, collection, 
transportation and  final disposal 

As mandated by law, solid waste management is the responsibility of the 
Local Government and Rural Development to supervise the Assemblies 
(MDAs) to collect and finally dispose off solid waste through their 
WMDs in conjunction with the Environmental Health and Sanitation 
Departments (Fig.15). 

In 1994, EPA was established under the auspices of Ministry of 
Environment and Science and as a regulatory authority responsible for 
prescribing standards and guidelines concerning the discharge of wastes, 
controlling of toxic substances and in this case monitoring activities of 
those departments to ensure that waste disposal is done in a manner that 
ensures public as well as environmental safety. 

As part of the responsibilities, the EPA in 2002 came out with relevant 
documents such as the Ghana Landfill Guidelines, Guidelines for the 
management of Healthcare and Veterinary Waste in Ghana and the Best 
Practice Environmental Guidelines Series No. 3 – Manual for the Prepa-
ration of District, Waste Management Plans in Ghana among others.  

Despite all these laws in place to direct affairs in the waste management 
process, they seem not deterrent enough in ensuring clean, safe and 
healthy environment possibly due to lack of general enforcement and 
follow-ups. 

3.4 Existing waste management system in AMA 
In order adequately understand the nature of the existing waste manage-
ment system in the metropolis a CLD (Fig.16) is used to illustrate how 
the various systems interlink in an interactive manner (Anomanyo, 2004 ;  
Fei- Baffoe, 2006). Considering the left top of the loop, the use of re-
sources in the production of goods and services leads to availability of 
products and as these products are being used by the society or popula-
tion, waste is generated and released into the environment. The deter-
mining factor for the volume of waste accumulating in the environment 
is controlled by the quantity of waste collected for treatment and dis-
posal. The loop continued to link waste collection to disposal and availa-
ble revenue. Thus, the waste collection and disposal processes are depen-
dent on the available revenue to supply equipment for the collection and 
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disposal of waste. A look at the at the bottom of the loop shows that, 
land filling and dumping of solid collected is the main disposal option 
with a very little recycling or composting.  

Eventually, as land filling/dumping as the major option increases, it acts 
as a driver to trigger a decrease in landfill or dump space which in turn 
causes a decrease in the amount of waste collected for dumping. Conse-
quently, there is an effect of the flow-back of waste into the environ-
ment. The only final response to contain the problem is the need for 
construction of a new landfill. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Fig. 15 Institutional arrangements for waste management (Fobil, 
2008). 

 

Fig. 16 CLD showing existing waste management system 
(Anomanyo, 2004; Foe-Baffoe, 2006). 
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3.5 Population and waste 

Generally, factors such as total population density, income, level of eco-
nomic activities, household size, and lifestyles play an integral role in the 
determination of waste volume, characterization and composition. Since 
urban population is known to grow faster and generates more waste than 
that of rural areas (Medina, 1999), the population of AMA in recent 
times has experiences such growth. The AMA estimated population of 
approximately 1.9 million generates a total waste volume of 2000 tonnes 
per day and out of this about 1250 tonnes are collected daily (WMD of 
AMA, 2010, online correspondence).  

This means that the substantial volume of uncollected waste of about 
750 tonnes find way into drainage systems and other open spaces as final 
destination. The inefficient waste collection problem resulting in solid 
waste left over has been accounted for to be the source of the daily ac-
cumulation that littered part of the Accra metropolis with the associated 
adverse environmental effects (Armah, 1994; Anomanyo, 2004). 

3.6 MSW composition and sources 
In planning a successful waste management scheme, the primary step is 
not only to identify the various waste components but also the sources 
of waste generation. The identification of appropriate characteristics and 
quantity of waste give the road map to the application of suitable tech-
nical approaches in the management of waste generated. Broadly, MSW 
can be grouped as organic and inorganic however, the organic compo-
nent MSW and it can also be grouped as putrescible, fermentable or 
non-fermentable. 

The sources of MSW generated in the metropolis of Accra include 
homes, commercial centers and businesses and industries and in terms of 
composition. The high organic component of the MSW (Fig.17) justifies 
the need for the integration and intensification of composting into the 
waste management process.  

The likely problem posed by the efficient scheme for the composting of 
the high organic component is that the waste is collected together with 
other waste streams (commingled) since the method of collection does 
not encourage source separation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 17 Percentage waste compositions in Accra metropolis (WMD, 
AMA, 2006). 
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The high organic waste composition can however be assigned to the pi-
votal role that agriculture plays in the provision of food for domestic 
consumption and on the country‟s economic development through ex-
portation agricultural products which contributes about 37% of the 
GDP. Unfortunately with the economy of Ghana spinning on agricul-
ture, lack of readily available market for perishable goods coupled with 
inadequacy of facilities for processing or storing the these agricultural 
products results in lots of these products getting  perished in  time which 
thereby increases the organic waste load in the waste stream. 

3.7 Potential organic waste resource recovery sources 
With agriculture being the main contributory factor to the high organic 
waste component of MSW stream, specific major sources of organic 
waste that stand as potential sources for resource recovery includes ho-
tels, restaurants, chop bars and markets waste. The volume of organic 
waste generated from these sources amounted approximately to about 
1800m3/day and 600,000m3/year (Appendix 5). Such waste presents an 
opportunity for composting because collection into bins can easily be 
done to make it free from other waste or less polluted. In a study con-
ducted on the problems of waste management in urban areas of Ghana, 
domestic pollutants are estimated to be composed of about 70-90% or-
ganic matter (Doe & Peprah, 1988) and this normally leads to nutrient 
enrichment, oxygen depletion and increased microbial pollution of sur-
face waters. The reduction in the organic component over time is attri-
buted to the increasing use of plastics in recent times among the popu-
lace (Oteng-Ababio, 2009) since there has been  proliferation of plastic 
packaging and high consumption of so-called „pure water‟ packaged in 
plastic bags all over the country. 

3.8 Organic waste and water quality in the city 
Despite the fact that the major component of the MSW generated is 
biodegradable and thus decomposes easily, there is still a cause for alarm 
since the dangers posed by this uncollected waste to the various envi-
ronmental media cannot be completely ruled out. The consequence of 
this poor waste management has been shown to have impact on water 
resources.  

According to Boon, (1998) in a related study revealed that rivers draining 
urban settlements in particular are polluted due to both domestic and in-
dustrial effluents with the cause triggered by factors such as poor sanita-
tion, inefficient urban water treatment plants and shortfalls in the collec-
tion of solid waste. A chemical analysis conducted to compare the quality 
of water in two water bodies namely the Korle Lagoon and Sakumo II 
lagoons all located in the Accra Metropolis, the former was found to be 
highly impacted with high BOD nutrient levels due to poor waste man-
agement and human activities than the latter (Amuzu, 1997), (Table 3). 
An earlier study identified poor municipal solid waste disposal together 
with liquid waste discharges to be responsible for increasing BOD levels 
in surface waters in the metropolis (Environmental Management Asso-
ciates, 1990), (Appendix 6).  

With the issue of partially mapped groundwater resources (Boon, 1998) 
means that the degree of threats to the groundwater by poor waste man-
agement cannot be fully quantified. However, there is scarce occurrence 
of ground water pollution (Boon, 1998) in recent times. This assertion 
held by Boon that there is scarce report on the pollution of groundwater 
in recent times does not mean the water resources in Ghana is 100% free 
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from contamination since there is the possibility of contamination in 
unmapped areas. 

3.9 Waste collection system and transportation 

Basically, collection of waste can be classified into two categories namely 
primary collection and secondary collection. Primary collection in this 
case collection begins at homes and involves the sweeping of waste in 
various households usually followed by a brief waste storage prior to 
sending it to dumping site or designated containers for onward trans-
portation to final disposal site. On the other hand, secondary collection 
occurs at the level of waste management authorities and involves the col-
lection of waste from street and the transport of waste in containers 
usually by use of vehicles to final disposal site or treatment site. In gen-
eral however, waste collection directly refers to the secondary collection 
and it is at this level that the problem posed by waste becomes a subject 
of public concern. 

The Waste Management Department (WMD) of AMA being initially re-
sponsible for waste collection, disposal, and general sanitation in the city 
of Accra, the metropolis opted to privatize the sector in 1999 due to 
poor management services stemming right from collection and trans-
portation to final disposal site. As part of this private sector contractual 
terms, private companies are assigned to 80% portion of the service of 
waste collection and transportation to disposal site whiles 20% portion 
involving management landfills and the monitoring of the contractors 
under jurisdiction of AMA (Tsiboe & Marbel, 2004).  
The privatization has resulted in the demarcation of the city into 15 
waste collection zones/districts with each of the zones awarded to local 
waste collection companies for fees charged according to specific con-
tractual agreement they have with the City Authority, AMA. Two waste 
collection systems namely CCC and collection system HHC systems are 
in operation. The CCC system is used in low-income or densely popu-
lated areas and involves the placement of waste containers at vantage 
points of about 200 to 300 meters distance from living areas. The house-
holds dump their domestic waste into these containers free of charge be-
cause AMA pays the companies based on the tonnage of waste conveyed 
to the final disposal site. Thus, AMA was reported to pay 60,000 old ce-
dis per ton (about $6.80) of waste discharged at the landfill site to the 
private waste collecting companies (Anomanyo, 2004) and the cost per 
month to pay contractors is estimated to be over two billion old cedis 
per month (over $227,000) (AMA sources, cited by Anomanyo, 2004). 

Table 3 Water quality in two lagoons in the city (Amuzu, 1997). 
 

 

 

 

 

 

 

 

 

 

 

Water quality (mg/l) 

 

Parameters Korle Lagoon Sakumo II 

pH 7.1 8.2 

DO 4.4 8.0 

BOD 98.8 12.5 

PO4(P) 0.86 0.08 

NH4(N) 3.80 0.15 

F 0.80 0.34 
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The other system of door-to-door collection is common in high income 
earning communities and in this system households pay for the con-
veyance of the waste generated and schedule for collection is either 
monthly or fortnightly based on the contractual arrangements.  

3.10 Stakeholder involvement 
Waste management as an industry on its own requires the identification 
and involvement of appropriate stakeholders because stakeholder par-
ticipation is very critical in an effective sustainable waste management. It 
is therefore important for Municipal authorities and policy makers to ad-
dress issues of waste management through the use of a participatory and 
bottom-up approach by involving stakeholders such as waste generators, 
waste processors, formal and informal agencies, non-governmental or-
ganizations, financing institution, local associations in all policies and de-
cision-making. Other key stakeholders include the different households, 
the residential committee, the real estate companies, and recyclers. 

The organization of stakeholders under the current private partnership 
places AMA, EPA and Ministry of Environment up the rank (Fig. 18), 
(Tsiboe & Marbel, 2004). With the position of AMA, EPA and local 
government at the top of the hierarchy suggests some level of coordina-
tion of affairs through the involvement of those at the bottom. Whiles 
EPA acts as a law enforcing agency and also in the provision of technical 
advice on the best waste management practices among other responsibil-
ities, the AMA apart from making sure bye laws are followed, it also 
plays a role in the waste management process through consultation with 
stakeholders down the hierarchy.  

It is however pointed out by Tsiboe and Marbel that decisions relating to 
the formulation of policies and directives are done with little consulta-
tion accounting for lack of a sense of ownership. They further argued 
that the absence of a network between the stakeholders such as house-
holds, private companies and Non-Governmental Organizations 
(NGOs)/Church-Based Organizations (CBOs) led to the inability of 
AMA to adequately monitor the activities of the private waste compa-
nies. A major contributory factor to AMA‟s failure in monitoring has to 
do with the failure to provide bench mark information on the perfor-
mance of waste contractors through monitoring; a task clearly defined in 
the ESP of 1999.  

It is reported that no complaints unit has since been formed to help 
sanction underperforming contactors (Oteng- Ababio, 2009). As a mat-
ter of fact, the involvement of the public in the waste management 
process is key to achieving sustainable results. This can be done through 
education and sensitization programs targeted towards creating aware-
ness about the health and environmental risks associated with improper 
waste disposal. 

 

 

 

 

 

 

 

 

 
Fig. 18 Stakeholders under the private partnership scheme (Tsiboe & 
Marbel, 2004). 
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Despite the community-based urban waste management strategies which 
recognize the role of the public in the through education and sensitiza-
tion programs targeted towards creating awareness about the health and 
environmental risks associated with process, little effort is made to utilize 
the stipulations of the strategy (Asomani - Boateng, 2007). 

3.11 Waste disposal dynamics  
The delivery of waste collection services in terms of volume of waste 
collected in the metropolis can be seen to be static at a point in time. 
Comparing available data on the volume of waste generated to the vo-
lume collected between the period of 1991 and 1996(Table 4), it is ob-
served that with increasing waste volume, the volume of waste collected 
remains constant. This can be attributed to the city authorities having 
reached the limited capacity to adequately handle the increasing waste 
volume in the metropolis. These reported figures compared to the 2006 
waste volume of 2000 tonnes/day generated where only 1250 tonnes 
were collected also demonstrated a downward trend in the waste collec-
tion system.  

3.12 Waste disposal options 

3.12.1 Land filling and controlled dumping 

The view that the present acceptable method of disposal of solid waste 
in most developing countries especially Africa is direct burial or burning 
at landfills (JICA, 1999) gives a true reflection of what happens in AMA.  

This is because as at now, insanitary land filling is the major waste man-
agement disposal option in practice. This implies that the greater propor-
tion of the daily collected waste volume of about 1250 tonnes is trans-
ported to landfill located some 17km from the outskirt of the city.  

The land filling facility is reported to be an old disused stone quarry site 
which has not been engineered hence not appropriately adapted to con-
tain waste but has been accepted as a method of waste disposal (Armah, 
1994; Post, 1999; Tsiboe & Marbel, 2004; Fei -Baffoe, 2006). 

 Eventhough prior to usage, the facility has been lined with clay 
(Anomanyo, 2004), it is rather described as a controlled dumping site 
rather than a properly engineered landfill (Government of Ghana, 2003). 
There have been reports of indiscriminate dumping of waste by residents 
into open drains and vacated plots (Boadi & Kuitunen, 2003).  

The immediate effect of solid waste accumulating in public places in 
large volumes presents public health scare and this manifests in frequent 
spread of epidemic diseases such as cholera and diarrhoea (Ajeam-Ragee, 
2002; Fobil, 2002; Fei-Baffoe, 2006).  

Despite the survey conducted does not completely cover the entire met-
ropolitan area, it reveals results that reflects the waste disposal practices 
in the metropolis. It is interesting to note from that since land filling or 
controlled dumping is the main accepted disposal option implies a total 
waste collection from 71% residents arising from the waste collection 
service rendered by contractors (19.5%) and that of the waste deposited 
at the designated public dumps (51.5%) find way into the landfill or 
dumped sites whiles the other volume of waste from the remaining 29% 
of residents are either thrown by the residents anywhere, buried or 
burned. The consequent effect of this poor waste disposal options can 
lead to the conversion of the waste into one form or the other which 
could finally affect sensitive environmental media followed by the asso-
ciated effects as reported earlier. 
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3.12.2 Incineration and waste -to- energy  

This involves the conversion of waste by-products to obtain useful 
steam to generate electricity through combustion, or produce fuel such 
as methane, methanol, ethanol or synthetic fuels. The method presents 
opportunities and benefits not only because it handles large volumes of 
waste but comes with other benefits like: 

 Preventing the release of methane;a greenhouse gas into the atmos-
phere from landfills 

 Decreasing the landfill space by reducing the volume of the waste to 
about 80% to 90% 

 Provision of an alternative to charcoal(a common domestic fuel used 
in Ghana) thereby preventing the release of emissions such as car-
bons etc. into the atmosphere during processing 

Less dependence on the natural earth's natural like fossil fuels or natural 
gas and natural gas for generation of electricity However, due to the cha-
racteristic low caloric value and high moisture content (Appendix 7) of 
MSW generated in Ghana and for that matter AMA (Fobil et. al., 2005), 
incineration is not considered as feasible on a large scale. This is because 
the high organic coupled with high water content of the waste stream 
ends up making incinerators to consume energy rather than producing 
useful energy and the process is seen to be economically expensive to 
adopt in a developing country like Ghana (Achankeng, 2003). 

Table 4 Daily generated waste volumes relative to volume collected 
over six year period (WMD, 2002; cited by Fei-Baffoe, 2006). 

Year Waste volume 
(tonnes/day) 

Volume collected 
(tonnes/day) 

1991 750 450-600 

1992 960 600-800 

1993 1650 1200-1500 

1994 1700 1300-1500 

1995 1750 1300-1500 

 

Table 5 Public disposal options (GSS, 2002). 

Disposal  options Population Percentage 
(%) 

Waste collected by 
agents 

122,034 19.5 

Waste burned by 
households 

76,359 12.2 

Public dump 321,824 51.4 

Dumped elsewhere 72,016 11.6 

Buried by household 28,948 4.6 

Other 45,565 0.7 

Total 625,746 100 
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Nevertheless, the WMD of AMA with the responsibility of waste treat-
ment has never made any attempt to practice waste incineration as a 
form of waste disposal method on a large scale. However, policy rec-
ommendations suggest the method to be carried out in the treatment of 
particular waste from sources like hospitals (Laryea, 1997). Thus, in line 
with the national policy requirement, treatment of health care and 
hazardous waste must be done on a small scale in incineration plants. 
This allows small scale incinerators to be built for health facilities and the 
construction is usually made from lateritic bricks, cement blocks and 
metals with the source of fuel for the combustion being firewood. 

It is however reported that most of these facilities have no environmen-
tal controls in that combustion normally takes place in an oven or an 
open pit (Mensah, 2005). 

3.12.3 Recycling, material reuse and composting 

The corner-stone of managing and conserving resources centre on waste 
minimization strategies. Recycling of waste in AMA is hindered by lack 
of policy drive even though it has been demonstrated that over 50% of 
the inorganic waste generated could be recycled. The metropolis offi-
cially engages in just 2% recycling (WMD; AMA, 2010)2. 

This low level of recycling can be attributed to the fact that the system of 
collection does not promote source separation. Sorting at the dumping 
site makes it not only a difficult task but also with associated health risks. 
There is however a common practice of people dealing with the collec-
tion and selling of various waste materials such as plastics and metal 
scraps to processing companies. Some level of recovery and recycling of 
materials such as metals, paper, organic waste, plastics and glass is docu-
mented in 2004(WMD of AMA, 2004, cited by Anomanyo, 2004), 
(Fig.19).  

3.13 Problems facing waste management authorities 
Despite efforts employed by AMA including privatization of waste col-
lection, solid waste management continues to pose an intractable prob-
lem in the metropolis as this happens to be the case throughout urban 
centers of Ghana. The inefficiency of existing waste management system 
to handle waste to meet environmental requirement stems from a num-
ber of problems and the most important ones include inadequate logis-
tics, poor nature of roads, inadequate funding, difficulty in applying ser-
vice charges and land acquisition problems. 

 

 

 

 

 

 

 

 

 

 

                                                           
2
 This is based on 2006 operations of AMA, (WMD OF AMA, February, 2010, online 

correspondence 

Fig. 19 Level of recycling in Accra metropolis (WMD of AMA, 2004; 
cited by Anomayo, 2004). 
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4 SUBSYSTEM DESIGN OF COMPOSTING FACILITY OPERATED IN AMA 

The composting facility (Fig. 20) located in Teshie- Nungua, a suburb of 
Accra is an aerobic windrow composting system. The design is based on 
a Swiss technology with capacity of about 200 tonnes of waste per day 
(Lardinois & Klundert, 1993). The facility with the original capacity of 
holding about 200 tonnes of waste/day has been in operation since 1980 
but problems due to mechanical failure led to the temporary closure of 
the facility somewhere along the line. Later, the facility was reported to 
resume operations with the capacity reduced to 35 tonnes/day but rather 
in operation without the use of the hammer mill, fine milling and screen-
ing lines because they are out of function (Lardinois & Klundert, 1993).  
In that state of some components not functioning however, the facility 
composted about 10% to 15% of solid waste collected in Accra (Tsiboe 
& Marbel, 2004).  Despite the cost of composting is considered high 
compared to land filling, the metropolis continued its efforts of reducing 
waste volume prior to land filling through composting (WMD, AMA 
source, cited in Lardinois & Klundert, 1993).  

Following the non- functioning of important component components, 
operations of the facility lacked the milling process step and currently, 
the facility has officially been confirmed to be totally out of operation3. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                           
3
 Closure information retrieved through online correspondence with WMD of AMA, February, 

2010 

Fig. 20 Schematic diagram of the composting system in AMA 
Lardinois & Klundert, 1993). 



Michael Commander, Hormenu                                                                 TRITA LWR Degree Project 11:17 

 

38 
 

The next section takes a look at the various typical process steps in-
volved in the composting process in general linking some operational 
processes to that of AMA and as well illustrating with few related situa-
tions pertaining to composting in other developing countries. 

4.1 Linking process steps in aerobic windrow composting  
According to Dulac, (2001), the implementation of any composting pro-
gram requires three major steps. These include system design considera-
tions, pilot composting, and process steps itself occurring during the 
main composting stage. Design considerations are necessary because it 
offers the opportunity in finding out the availability of land and the 
suitable configuration of the composting site, feedstock selection and 
making of suitable recipes, and finally based on available land size, the 
facility is designed with the appropriate capacity to accommodate the re-
quired volume of waste to be composted. 

Pilot composting as mentioned is important in the composting step be-
cause during this step, composting is done on pilot bases usually on a 
smaller scale to help study how the process works and to identify key 
possible problems to be encountered or associated factors being it eco-
nomic or environmental. Refer to Appendix 8 for a typical site layout of 
a composting site.  

The final step which is the actual process steps is carried out during the 
real composting process involves number activities which must be well 
coordinated to produce good result because one step significantly impact 
on the other. Taking into consideration aerobic windrow composting, 
the process steps involve a number of activities outlined as follows:  

1. Pre-compost preparation (receiving, sorting, screening, size reduction) 

2. Mixing of materials 

3. Pile and windrow construction  

4. Active composting and turning 

5. Watering 

6. Monitoring and trouble shooting  

7. Curing and screening 

8. Compost testing 

9. Marketing of compost  

Considering the aerobic composting facility in AMA, an attempt is made 
in the succeeding sub-sections to discuss the general practice under of 
the each of the various processes. Reference is also made to some few 
practical examples from other developing countries to illustrate the gen-
eral operational procedures and principles governing the application of 
this technology. The section also presents a summary of the composting 
operations in AMA following the non-functioning of some of the com-
ponents within the composting sub-system. 

4.1.1 Pre-compost preparation 

Mostly, the high level of contaminants in municipal solid waste stream 
presents problems during composting. For instance the high organic 
component (Fig. 17) of solid waste generated in the city of Accra as re-
ported in earlier section can be a valuable source of materials for com-
posting however the level of contamination of the municipal waste 
stream due to increasing volume of other wastes such as plastics, metals, 
hazardous materials is a source of worry because this can negatively im-
pact on the composting operations, increase operational cost and as well 
affect the quality of compost produced. 
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Pre-compost preparation activities are processes that need to be carried 
out on the waste to prepare the waste so as to aid decomposition and 
avoid contamination of the final product. The step forms an integral part 
of any composting process and thus includes receiving, sorting, size re-
duction, and addition of bulky agents. With reference to the schematic 
composting subsystem design in Accra as outlined above, once the waste 
is offloaded through the help of the loading hopper, the waste is sub-
jected to these operations before it is delivered into the screening drum 
to be screened. 

Receiving and Sorting  

After receiving waste, sorting as one of the pre-compost processes is 
very important. Generally, organic waste recovery for composting can be 
from sorting of waste at the composting site, sorting by the waste collec-
tors during the collection process or waste separated into appropriate 
bins at source of generation (Dulac, 2001). These three approaches of 
sorted waste meant for composting can be a determining factor regard-
ing the quality and the contamination level of the final product-compost. 

Depending on the level of sorting, after receiving an incoming load of 
raw waste into the receiving area, it is necessary to sort out waste because 
not all kinds of waste can be composted. The degree of sorting depends 
on the source of the waste in that the considerable proportion of plas-
tics, metals, and other non-organic components of municipal waste for 
instance are potential sources of organic waste contamination making it 
unsuitable for composting hence must be removed. Sorting of waste 
therefore becomes more important especially under situations where the 
method of waste collection does not encourage waste separation at 
source since it is vital to make sure only compostable materials are used 
in order to achieve good composting results. 

Waste sorting at composting site 

This is a highly recommended activity for a non-source separated waste. 
The methods employed in centralized waste sorting range from manual 
sorting (hand-picking) and screening to the use of systems such as mag-
netic separation, eddy current separation, air classification, wet separa-
tion and ballistic separation, Tom, (1992), (Table 6). Most of these tech-
nologies are complex even though they end up achieving good results 
however, this discussion concentrates on only handpicking (manual sort-
ing), and screening and magnetic separation because they are the most 
commonly used options in a composting program. 

Manual sorting at composting site is not an ideal means of recovering or-
ganic waste for composting because once the waste is generated and 
mixed at source; processes lead to the production of leachate which 
eventually results in a possible dissolution of heavy metals in the waste 
which contaminates the waste. Apart from this possibility of waste con-
tamination, the waste in that state is usually wet hence makes on-site 
sorting problematic for workers.  

Despite this mode of sorting is not the best option, it is however be-
lieved that the level of heavy metals and contaminants in a compost pro-
duced from non-source separated waste  are determined by factors such 
as the nature of the composting environment coupled with the asso-
ciated activities such as mixing, size reduction and tipping activities (Du-
lac, 2001). 

This approach of sorting is the main choice of waste separation in the 
composting operations in Accra because the waste collection system in 
the metropolis does not promote source separation. Even though the 
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on-site sorting process in the composting site is targeted towards spot-
ting and removing visible non-compostable waste such as plastic bags, 
glass from the waste stream, the process does not always produce good 
results.  

In AMA composting facility where screening forms part of the system 
design prior to delivery of waste into the next section for magnetic sepa-
ration contributes to the reduction of contamination with magnetic 
materials to some level but not for non-magnetic ones and those in a dis-
solved state. In a typical Brazil composting site workers manually sort 
out organic and inorganic at the composting site (Fig. 21). The problem 
with this approach has to do with its associated health risks even though 
it ends up removing some contaminants from the waste stream. 

Sorting during waste collection 

This approach occurs in the process of collecting waste from the various 
waste drop points or households and it is carried out by workers who go 
round to collect and transport waste to a treatment facility (Dulac, 2001).  

The effectiveness of this method depends on the level of knowledge of 
the workers in identifying which material is biodegradable and it is neces-
sary to promote partial separation of waste at source whereby waste is 
separated into two categories as wet organic waste separated into one 
container and the other container for dry waste such as dry such as pack-
aging materials, papers, polythene bags, plastics and metals.  

Separating waste at source 

This is the most ideal source of organic waste for a successful imple-
mentation of any composting program even though it does not guaran-
tee waste from being contaminated. Waste generators are involved in se-
parating waste into various categories such as kitchen waste, yard waste, 
plastics, metal packaging, etc. into separate waste bins.  

Achieving good results from this method of waste sorting program at the 
household level involves a lot of grass root education of residents 
through extensive public campaign and frequent communication with 
generators to understand how it works and convincing them to know the 
environmental benefits that come with it.  

Thus, educational programs are seen to be a critical aspect of source se-
parated composting systems since the success in obtaining contamina-
tion-free organic waste relies solely on resident‟s willingness to help in 
achieving the desired results of waste separation (Dulac, 2001).  In Ar-
gentina, organic waste is separated at source (Fig. 22) and this obviously 
reduces the task of sorting at the composting site. 

Notwithstanding the fact that among these three means of intercepting 
organic waste from the waste stream, waste separation at source is the 
most preferred option for retrieving less contaminated biodegradable 
waste for composting if well planned and executed by a municipality 
with residents fully participating in the program. Irrespective of the 
source of waste material for composting, it is still recommendable to en-
sure that some sort of on-site sorting is done.  

Right from the sorting stage where most of the non-compostable mate-
rials are removed from the waste stream, there is the need for further 
processing and these involves size reduction followed by screening.  

4.1.2 Size reduction  

Allowing the waste to pass through the size reduction section ensures 
that the size of the materials to be composted is reduced to the mini-
mum level to aid the decomposition process and homogenization. Thus, 



Municipal Organic Waste Composting as Management Option for Urban Agriculture: A case of Accra 
Metropolis, Ghana 

 

41 
 

composting large sized material such as large pieces of paper, food waste, 
and yard waste without reduction in their sizes end ups lowering the de-
composition rate. Therefore, the main aim of applying size reduction 
methods is to cut or chop up the materials into smaller pieces in order to 
increase the surface area for microbial action and improve aeration.  

However, over-reducing the size of the materials can pose the problem 
of limiting air circulation during the composting process (Tom, 1992) 
since the small size closes almost all the macro and micro pores that 
serve as ventilation paths that ensure oxygen circulation. The application 
of this technique in the composting process is recommended for effec-
tive crashing or shearing of hard materials such as wood. 

Size reduction devices come in three major forms namely hammer mill 
(Fig. 23), shear shredders and rotating drums (Fig. 24). The composting 
system in Accra has the hammer mill type as part of the subsystem com-
ponents and it is used for downsizing the waste prior to screening. 

Hammer mills are typically composed of a feeding chamber where the 
waste is fed, grate, rotating hammer and a free swinging hammer device 
and by the rotation of these two sets of hammers through which the 
waste passes and as it does it is grinded. After manual sorting, waste is 
fed into the hammer mill.  

Despite hammer mills are the most common size reducing devices in 
most municipal yard waste composting sites, the device is energy con-
suming, costly in terms of maintenance and the hammers frequent resur-
facing (Tom, 1992). A shredder on the other hand uses rotating blades to 
cut the waste into pieces. 

4.1.3 Screening  

Screening is one of the physical processes (Table 6 ) that aims at separat-
ing smaller waste materials from larger based on their characteristic sizes 
using screens or trommel with varied pore sizes (Fig. 25 and 26). This 
process is applied in three different steps in the composting process and 
includes pre-screening of raw waste prior to milling or shredding, post 
screening of shredded material, and screening of finished (cured/ma-
tured) compost. The operational principle behind this device in the pre 
and post screening step is that as the trommel containing fed waste ro-
tates when powered, fine materials such as soil, grit as well as most of 
the organic waste pass through the pores of the screen and are collected 
beneath leaving behind large-sized materials which could be recyclables 
such as plastics, glass etc.  

The application of screening as a first step in preparing materials separat-
ing them into smaller fractions during composting is not just for the sake 
of retrieving large materials for recycling. Ensuring an effective process 
at this step is to enhance further separation processes carried out by ma-
chines or workers (Tom, 1992). This enhancement of waste for further 
separation is achieved because screened materials of equal-size fractions 
expose any other contaminants for easy identification. In Ghana, screen-
ing is done after the waste inspected and manually sorted, it is passed 
through the hammer mill. This operational procedure may not ensure 
adequate interception of contaminants on their way into the hammer 
mill and finally be grinded posing a high risk of increasing the contami-
nation level of the end product. 

4.1.4 Mixing of materials 

After downsizing materials, the next step is to mix materials provided a 
choice is not made to employ the layering method. This option does not 
require mixing of materials before the windrow is constructed since in 
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this case materials are introduced into the piles in layers (Dulac, 2001) 
hence the need to keep the materials in their respective unmixed state. 
Apart from this, mixing is carried out before construction of piles if the 
materials will be introduced into the piles by direct delivery of materials. 

During mixing of materials, ensuring a balance in the carbon-nitrogen ra-
tio, uniformity, appropriate initial moisture content in the mix are vital 
for effective decomposition process because it ends up in yielding quality 
compost. The best practice is to mix varied number biodegradables from 
different sources to sources such as food waste, yard or agricultural 
waste, wood chips saw dust or shavings. A mix between kitchen waste 
(12-20 C/N ratio) and yard waste (20-60 C/N ratio) can be suitable rec-
ipe for creating optimum conditions (Khalid, 2003). Bulking agents such 
as wood chips, and saw dusts, recycled compost, shredded yard debris is 
added to improve on the porosity and the particle size of the composting 
material. 

Based on the materials available for composting, two approaches; scien-
tific and field approaches can be used in combining the materials to ob-
tain the requisite C/N ratio (Dulac, 2001). The scientific approach is 
guided by ensuring the following requirements are met:   

 The quantity of nitrogen in the mix must be sufficient 

 The C/N ratio should fall within the range of 25:1-30:1 

 The initial moisture content must be in the range of 40% -60%. 

This requires some level of laboratory analysis and calculations to meet 
these requirements. It involves the use of formulae in computing desira-
ble moisture contents and C: N ratio (Appendix 9a) using the characte-
ristic moisture content, nitrogen level and C/N ratio of compostable 
materials as input values in the calculations in the mixing process (Ap-
pendix 9b).  

Opting for the other choice of approach which is the field approach re-
quires mixing materials for composting and is based on the principle that 
takes into consideration the biodegradability rate of materials. By this 
concept, two groups of materials namely rapidly degradable materials are 
mixed with slowly degradable materials in the ratio of 2:1 by volume 
(Dulac, 2001), (Table 7). This approach has been used to obtain mixing 
recipes (Appendix 10) which has proven to yield good compost. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 21 Workers sorting out organic waste at composting site in 
Brazil (Inge Lardinois, WASTE). 
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In mixing materials, care must be taken not to increase the C/N ratio 
beyond recommendable levels because it may results in doubling the de-
composition time which may consequently increase labour input and 
machinery cost during turning. 

With the optimum C/N ratio supposed to be within the range of 21:1 -
30:1, Card & Davis, (2002) shares the view that wood chips or saw dust 
in compost mix can raise the C/N ratio considerably to approach about 
400:1 which ends up in slowing down decomposition rate and thus tak-
ing a longer time to break down in the process.     

4.2 Construction of  piles or windrows 
Windrows usually take triangular or trapezoidal shapes and can be con-
structed using front end loaders, or tractor equipped with either horizon-
tal or vertical manure spreader attached at the rear. The front end loaders 
can also be used to perform almost all operations including mixing and 
moving compost by lifting and dropping it back in place and for loading 
compost into trucks. A typical standard windrow size measures about 
100-130 m in length long, 3 m in width (base) and a height of 1.5 m 
(Khalid, 2003).  

Compost piles are constructed to suit the volume of waste to be intro-
duced and must be constructed parallel to each other making sure 
enough space is created between them so as to give room for easy access 
during turning operations. The shape of the windrows also plays an im-
portant role for easy turning, gives the best configuration for air, mois-
ture, the volume requirements of decomposers and for bedding (Card & 
Davies, 2002). It is necessary to make sure windrows are sizably con-
structed to suit the type of windrow turners available so as to avoid 
problems when it comes to turning windrows where it turns out to be 
too thick for the availability turning device. It must however be noted 
that as material decomposition proceeds towards maturation, the volume 
of the windrow reduces considerably. 

In constructing piles, one method is to discharge the materials directly 
into the windrows by the help of a manure spreader or tractor with ma-
nure spreader attached at its rear end and as it moves forward, the ma-
terial is discharged behind it (URAES, 1992; Dulac, 2001), (Fig. 27). The 
other technique is to spread each of the available material one after the 
other in layers making sure that materials that decompose slowly or with 

Fig. 22 Source separated waste in Argentina (Inge Lardonois, 
WASTE). 
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high carbon-containing materials (saw dust, wood chips etc.) form the 
bottom layer followed by those having high nitrogen content lying on 
top in an alternating fashion (UWEP, the Philippines; cited by Dulac, 
2001), Fig.28. A more labour intensive technique and usually for small 
scale composting is to use wheel barrows for the delivery of the windows 
(Fig. 29).  

The application of the layering method has been successfully imple-
mented in the Philippines which improved aeration in the pile by intro-
ducing an aeration system through the use of poles (Dulac, 2001). This 
result was achieved by alternatively laying down slowly decomposable 
(carbon-rich) such as wood chips or saw dust with the slowly 
decomposable (nitrogen-rich) in layers of about 5-10 cm thickness each 
of which were separated by poles serving as  aeration systems.  

Table 6 Centralized waste sorting options (Tom, 1992) 

Technology  Materials targeted 

Screening Large: film plastics ,large paper, cardboard, miscellane-
ous 

Midsized:recyclables,organics,miscellaneous 

Fines: organics, metal fragments, miscellaneous 

Hand sorting  Recyclables,  inerts, and chemical contaminants 

Magnetic separa-
tion 

Ferrous plus contaminants associated with ferrous met-
als 

Eddy current sepa-
ration 

Non- ferous metals 

Air classification Lights: paper, plastic 

Wet separation Floats: organics, miscellaneous 

Sinks: metals, glass, gravel, miscellaneous 

Ballistic separation  Light: plastic, undecomposed paper 

Medium: compost 

Heavy: metals glass, gravel, miscellaneous 

 

Table 7 Classification of materials based on rate of decomposition 
(Dulac, 2001)    

Rapidly decomposing materi-
als(high nitrogen content) 

Slowly decomposing materials(high carbon con-
tent) 

Vegetable produce Wheat straw 

Waste from kitchen Leaves from banana trees, mango trees, palm 
trees, peanuts 

Manure Paper, cardboard 

Fish residues Rice hulls, corn cobs 

Grass chippings Saw chips and saw dust 
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The use of saw dust or wood chips as bottom layers helps to promote 
high absorption of moisture and also contributes to a reduction in 
odours produced. 

4.3 Active composting stage 
This stage demands operations that provide suitable environment for 
complete decomposition to occur. Once the waste is introduced into the 
piles, the decomposition is carried out by various groups of bacteria, ac-
tinomyecetes and other associated fungi groups and because the activities 
of these organisms in the decomposition process depend on key factors 

Fig. 24 Rotating drum (Tom, 1992). 

 

Fig.  23 Hammer mill (Tom, 1992). 

 

Fig.  25 Trommel for screening (Tom, 1992). 
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such as oxygen level, pH, moisture, nutrient concentration, and tempera-
ture operations hence during this period it is necessary to ensure these 
factors are within optimum level (Appendix 11).  

Keeping and monitoring the requisite factors such as oxygen, moisture, 
nutrients, pH and other factors within optimum level is therefore impor-
tant and these are achieved through watering, turning, temperature mea-
surements, measuring oxygen content, pH measurement and sometimes 
addition of bulky agents until complete decomposition occurs. In Ghana, 
the entire composting process takes 9 to 12 months when the compost 
produced is ready for use (Lardinois & Klundert, 1993). 

4.3.1 Turning windrows 

During the composting process, the windrows are turned to aerate and 
create uniform distribution of moisture in the pile so as to sustain micro-
bial activity. Decomposition of materials occurs mostly during the first 
two phases of the composting process since during the mesophilic phase 
(I) materials which are easily decomposable are broken down and this 
continues into the thermophilic phase (II) where cellulose decomposi-
tion occurs.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 26 Sample locally made screening drum in Accra (Waste consultants, 
1993; adapted from Lardinois & Kludert, 1993). 

 

Fig. 27 Discharging waste directly into windrows using dump vehicle 
(URAES-154, 1992; adapted from Dulac, 2001). 
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In view of this, it is necessary to ensure that adequate oxygen is available 
within the windrow pile in the beginning of the composting process 
through frequent turning of the pile. Averagely, the frequency of turning 
should be at least once per week making sure that materials are com-
pletely mixed up by exchanging inner layers with outer ones at various 
points within the pile but turning frequency must be reduced towards the 
compost maturation phase. 

However, it is recommended that temperature must be monitored to 
keep thermophilic temperature to ensure that waste is sanitized. The se-
lection of equipments for turning windrows is determined by factors 
such as pile size, space between windrows and the height of the win-
drow. Turning of compost can be achieved manually using shovel or 
mechanically by the help of front-end loader, wheel loaders or with trac-
tor equipped with manure or compost mixers. Mixing is done to follow 
some sequence to expose various parts of the pile (Fig. 30). 

Turning of compost pile in AMA composting operations is carried out at 
least once a week and during this process, temperature observations 
shows a reduction in temperature attributed to increased aeration and 
evaporation (Lardinois & Klundert, 1993). 

4.3.2 Moisture control and temperature measurement 

Controlling moisture through watering of compost pile is vital to reple-
nish water loss through evaporation. The need for water in the pile is to 
the fact that water plays an integral role in the activation of microbial 
cells during the entire composting process. It plays an important role in 
microbial protein synthesis and growth. Therefore it is necessary to wa-
ter the pile to keep the moisture of about 40 to 60 % within the compost 
pile (Dulac, 2001). Monitoring temperature in the pile can be used to 
determine if turning or watering is required. For instance, observing a 
temperature dropping to about 48oC, turning is needed to raise the tem-
perature and checking for moisture must be done to decide if watering is 
required. Thus, since thermophilic temperature conditions are needed 
for effective stabilization of waste, it is important to keep this tempera-
ture through turning when temperature is observed to fall below ther-
mophilic temperatures (45-65oC). Temperature along the length of the 
pile is monitored or measured by inserting compost thermometer (long-
stemmed) into the pile from time to time. In AMA, daily temperature 
measurement operations record about 40 to 70oC in the first two to 
three weeks with an average of 75oC observed mostly. 

Fig. 28 Composting by layering in the Philippines (UWEP, Phili-
ppines, adapted from Dulac, 2001). 
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4.3.3 Monitoring and trouble shooting 

Monitoring operations during active composting period are geared to-
wards creating the best conditions for microbial decomposition to occur 
without problems. Monitoring operations include turning, watering, pH 
measurement, oxygen measurement, and temperature measurement to 
ensure appropriate conditions in the pile for effective composting. Com-
posting as biological process proceeds smoothly without problems pro-
vided controlling factors are monitored. It is necessary to identify possi-
ble problems during the composting process to help take actions in solv-
ing them (Appendix 12). 

4.4 Compost curing, screening, testing and quality 
Compost curing period follows the active composting stage lasting for 
about three to four weeks. During this period, temperature in the pile 
falls below 55oC usually after the last turning and at this stage the pile is 
left untouched in its original place or transferred to another area (Dulac, 
2001). Easily degradable materials left in the pile are finally broken down 
in this stage by the remaining microbes as the process proceeds until 
temperature drops to that of the external environment of about 5oC. 
Eventually, the final product which is compost becomes stabilized and 
easy to handle.  

The degree of sanitization of the waste depends on the different phases 
of the composting process (55oC for two weeks or 65oC for one week) 
hence vital it is to sustain this high temperature during the process (Kha-
lid, 2003). Curing of compost is very important because it reduces or 
eliminates the phytotoxicity of the product when used as soil condition-
ers or fertilizers. 

Finally, the resultant compost is screened into fine and course fractions 
which help to achieve uniform sizes and also remove unwanted sub-
stances or tested to identify the quality. Testing for qualify takes into 
consideration analysis ideal physical and chemical properties of the prod-
uct (Appendix 13a, 13b, & 13c). 

 

 

 

 

 

 

 

 

 

 

  

 

 
Fig. 29 Hand delivery of windrows using wheel barrow (Arnold 
van de Klundert, WASTE). 
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Fig. 30 Sequences of turning windrows (Le Compost, 1987; Dulac, 
2003). 

 

 

 

 

 

 

 

4.5  Compost marketing 

Sustaining composting program depends solely on the identification of 
market outlets for the product because revenues accrued from the sale of 
compost can be used in running the facility. Unfortunately, the problem 
faced by most composting schemes has to do with poor market due to 
pollution of the final product with heavy metals and other contaminants. 
This step though placed as the last composting process step should ac-
tually be the first to consider in that it is essential as part of the visibility 
studies prior to the implementation of any composting program. Thus 
evaluating the market potential of compost determines whether the 
scheme is going to be a viable one or a failure because searching for mar-
ket considers the evaluation and matching the quality of the end product 
to how much users are ready to buy it. Rynk, (1992) is of the view that in 
search of potential market for the product requires identification of buy-
ers, inventory, matching the product to the desire of customers and 
maintaining consistent product quality.  

In Accra, the compost produced from the centralized system has been 
reported to be used by some vegetable growers and farm managers 
around the city (Lardinois & Klundert, 1993). However, according to 
Anomanyo, (2004), the compost produced in most cases is usually con-
taminated hence has not been patronized by some of the vegetable grow-
ers. He further predicted that with emerging factors such as the increas-
ing number of increasing number of vegetable growers, over cultivation 
of land, high cost of inorganic fertilizers will propel the high demand for 
organic fertilizers by vegetable growers and other end-users in the near 
future. This gives a clear sign of optimizing the potentials that the me-
tropolis has in conducting a comprehensive market search for the com-
post use. Increasing the high demand for the product has to start with 
changes in policy directions by considering the choice of separation of 
waste at source so as to reduce the level of contamination of compost 
products. This is because the current state of demand has been attributed 
to the failure of responsible authorities to direct affairs through policy 
formulations. 

4.6   Importance of  organic waste composting 
Composting as a technique that utilizes microbial population to manage 
waste can be seen to offer benefits from environmental and socio-eco-
nomic point of view. Environmentally, with increasing population that 
put pressure on the environment through production of waste, the me-
thod offers the opportunity of returning the organic component and nu-
trients back into the natural cycle thereby keeping natural processes in 
balance.  

Moreover, the ability of the process to stabilize waste at high tempera-
tures does not only sanitizes the waste but also reduces the weight, size 
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and volume of waste and as well save land resources from been used in 
sitting new landfills. In addition, the threats posed by waste to water and 
ground water resources through leachate production can be minimized 
through composting.  

Socio-economically with a well planned composting program where ef-
fort is made to produce quality compost creates room for good market 
which therefore means that opportunities for venturing into the com-
posting industry can be rewarding. This is because it eventually serves as 
a solution to solving most employment problems that is a common phe-
nomenon in most developing countries where organic component of 
waste contributes to the highest percentage of the waste stream. More 
so, the cost of affording and importation of costly chemical fertilizers is 
reduced through composting. 

5 A CLOSER LOOK AT COMPOSTING PROCESSES AT AMA COMPOSTING 

SITE 

Despite the centralized composting system in AMA is faced by problems 
ranging from financial to energy problems, there is still a great potential 
for organic waste composting in the metropolis. The process as summa-
rized in the sub-section below in its operation recorded considerable 
high temperatures enough to stabilize waste, produce compost and also 
end up in reducing waste volume. It is therefore worth considering as an 
option in waste management. Following the non-functioning of impor-
tant components, operations of the facility lacks pre-milling process step 
as stated in the previous section. The facility has operated without the 
important milling components and power supply prior to its closure. 

5.1  Composting processes in AMA4 
After preparation of each windrow and it is labelled, refuse is introduced 
into the pile (Fig. 31) and records on the date of start of the process are 
taken. As the composting process proceeds, daily temperatures at five to 
six different points along the windrow are taken and recorded and tem-
perature recordings within the windrow after first two to three weeks 
usually fall between averages of 40-70oC within each windrow with the 
maximum in many occasions reaching peaks of about 75oC. By the use 
of a wheel loader, turning of windrows is done and during this process, 
decreased temperatures are observed. This temperature lowering effect is 
attributed to increase in processes such as aeration and evaporation of 
water vapour. Soon after turning however, temperatures begin to rise 
and each windrow is left without turning for 2 to 3 weeks with the aim 
of giving room for decomposition to occur between turnings. The com-
post is considered matured when the temperature within the windrow re-
mains constant and this takes between 9 to 12 months after which the 
mature compost is screened and ready for use. Prior to screening, the 
weight of the mature compost is normally 70 - 80% of those of the raw 
refuse and after screening the weight is normally 45 - 55% of that of the 
raw refuse.  

Rejected materials which include non-ferrous materials, pieces of wood 
and plastic collected in the screening of compost are sent to the landfill. 
The compost is used as soil conditioner and forms a substitute for im-
ported chemical fertilizer. The major markets for the compost are the 

                                                           
4
 Summarized section adapted from Lardinois & Klundert, 1993 
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vegetable gardens and farms around the city. The market price is about 
$ 10.24 per m3. 

5.2 Possible problems leading to closure of  the facility 
Just like any other developing country, composting of organic wastes us-
ing centralized and highly mechanized approaches in the city of Accra 
according to Anomanyo, (2004) is failing to achieve results. This failure 
can be attributed to the constant mechanical failure, equipment break-
down and lack of operational maintenance as well as the production of 
low quality compost to market for revenue generation. As reported by 
him, the composting facility in recent time has been turned into a waste 
dumping ground (Appendix 14). With the prediction that the demand 
for compost in the near future will increase (Anomanyo, 2004) due to 
driving factors such as increase in number of vegetable growers, over 
cultivation of land, and high cost of inorganic fertilizers, there is the need 
to put plans under way for quality compost production. 

One question that comes to mind is whether AMA has the capacity to 
revamp and be successful in meeting sustaining a centralized municipal 
composting system. The facility being an adopted Swiss technology 
seems to be too complex and power-consuming for use in a developing 
country like Ghana. With the system relying so much on electrical 
power, it is bound to fail because there are problems of power shortages 
in the Country. The operations of the facility having been reported to be 
interrupted on several occasions by the power failures (Anomanyo, 2004) 
justifies the view that the system cannot work effectively since it will end 
up in consuming more energy thereby increasing operational cost.  

Even though the cause of the closure has not been investigated through 
first hand information enquiry, local waste management authorities feel 
that composting presents a feasible solution but based on local expe-
rience as expressed by the Ghana Organic Agriculture Network 
(GOAN), running costs of composting plants has been quoted to be ex-
cessive and unjustifiable (Mensah, 2005). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Fig. 31 Constructed windrow at composting site (Lardinois & Klundet, 

1993) 

 



Michael Commander, Hormenu                                                                 TRITA LWR Degree Project 11:17 

 

52 
 

5.3 Experience from local NGO on composting feasibility5 
The Ghana Organic Agriculture Network (GOAN) has promoted com-
post as an option for solid waste management. The experience of 
GOAN revealed that technically, there are good prospects for sustaina-
ble operation of compost plants. The plant designs involve simple 
screening and maturing – that can be operated by community groups or 
private sector. Though a growing horticulture industry has generated 
some demand for compost the operations of GOAN confirmed the long 
held view that there is low demand for compost and also pointing out 
that the financial sustainability for composting is difficult to attain.  The 
problems with financial sustainability are attributed to: 

 Lack of awareness about the soil enriching benefits of compost which 
means there is little demand for compost  

  Lack of support from the key agencies to promote it. 

Thus, the Ministry of Local Government responsible for waste manage-
ment and the Ministry of Food and Agriculture (MFA) are key agencies 
involved. 

5.4 Potential factors for suitability of  organic waste composting in 
AMA 

Coupled with the peculiars high temperatures at which the operations of 
the facility occurred, the suitability for organic waste composting in the 
metropolis is further justified by factors such as the high organic waste 
composition, suitable climatic conditions, and land acquisition problems 
faced by the city authorities when it comes to acquiring land for locating 
new landfills. 

5.4.1 High organic waste composition 

With reference to the waste stream information on the solid waste com-
position, waste generated in Accra (Fig. 17), and considerable volume of 
the waste is biodegradable. However, the closure of the composting fa-
cility in the metropolis means that organic waste volume in landfills will 
increase at an alarming rate since land filling is the major waste manage-
ment option. The high organic component presents opportunities for 
promoting composting. Looking into other alternative disposal options, 
the possibility of opting for waste incineration is not economically feasi-
ble due to characteristic high moisture content of waste generated in low 
income countries (Table 2). The results from a study conducted by Fobil 
et. al., (2005) showed that solid waste generated in the metropolis contain 
an average moisture content of 50 %( Appendix 8).  

This is a relatively high moisture content that makes the waste unsuitable 
for incineration since high energy input is required in the incineration 
process; a venture which will eventually end up in energy consumption. 
Coming to think of the option for safety issues of land filling waste, the 
high moisture content presents problems such as generation of high vo-
lume of leachate especially in the rainy season, methane gas production, 
and quick settling of landfills leading to instability due to ineffective 
compaction posed by the characteristic high moisture content of the 
waste generated. Composting therefore presents the only option in the 
metropolis for converting organic waste into a useful resource while 
reaping other environmental benefits. 

                                                           
5
 Section adapted and summarized from Mensah,2005 
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5.4.2 Conducive climatic conditions 

Coupled with the high organic waste composition of waste generated in 
AMA, the climate of Accra falls under the tropical savanna boundary and 
is characterized by dry and rainy seasons. The major rainy season occurs 
from April to June and the minor rainy season occurring between Sep-
tember to October. Generally, temperatures vary between 21 °C to 32 °C 
with the rest of the year recording temperatures as high as 38 °C. This 
gives way for the rest of the months within the year to remain relatively 
warm. However, recognizing the assertion that the influence of warm cli-
mate on landfill performance is complex leading to the increase in lea-
chate production after precipitation (Lema et. al., 1998) supports the idea 
that avoiding problems posed by such conditions when non-treated or-
ganic waste is land filled necessitates the application of waste stabiliza-
tion methods like composting. 

5.4.3 Land resource acquisition problems 

The challenges posed by land filling in terms of land resource acquisition 
has to do with the need for more space for establishment of new ones 
once the rate of waste generation continues to increase with increasing 
population and corresponding increase in urbanization. In Ghana and 
for that matter Accra, the chiefs are the sole custodians of vast land so 
acquiring land for new landfill is difficult. Moreover, even if finally ac-
quired by the government for the construction of the facility, another 
problem to overcome is how to convince the public or the residents 
around which the facility will be located because the practice of land fill-
ing in the metropolis or even throughout the country is known to be 
done in unhygienic way. This obviously presents malodorous scent, 
smoke among other related nuisance that the residents would not want 
to tolerate. 

Even though, composting also has its own problems it serves as a means 
of reducing waste volume prior to land filling which would turn out to 
prolong the life span of landfills thereby minimizing the need for the es-
tablishment of new ones. This scenario therefore is a factor that presents 
opportunities for composting of organic waste.   

6 PROMOTING COMPOSTING FOR URBAN AGRICULTURE IN AMA: PROS 

AND CONS 

Ghana in general has suitable tropical climate for crop production. The 
domestic economy of the country hinges on subsistence agriculture ac-
counting for 36% of the GDP and employs 60% of the labour force 
mainly small landholders6. In the light of the role agriculture plays in 
Ghana, UA which has been recognized as a sector that contributes im-
mensely in the area of providing food supply, self job creation, and sus-
tenance of livelihood and poverty reduction hence can account for one 
of the vehicles for urban development.  

Relating to issues of waste management, urban agriculture when inte-
grated with waste management can provide a pivotal role in solving the 
current waste management problems facing authorities of urban Accra. 
With waste management identified as one of the teething challenges to 
the entire city authorities in Ghana (Obirih- Opareh, 2002; Fobil, 2000), 
it will be of major help if AMA encourages urban agriculture where poli-
cies are put in place for compost use as soil fertilizers. This is because, 

                                                           
6
 http://ghanaweb.com/GhanaHomePage/economy/statistics.php). 
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aside the health and aesthetic problems posed by waste, the generation 
of large volume of waste presents an issue of a possible competition be-
tween the use of land for disposal sites and for other infrastructural de-
velopment project therefore an option of finding means of reducing 
waste volume is essential.  

Thus, composting which offers an important waste volume reduction 
role prior to disposal also produces compost (organic fertilizer) for agri-
culture (Danso et. al., 2006; Drechsel et al., 2004). It is also important to 
point out that crop agriculture including horticulture have the potential 
of serving as sinks for absorbing carbon dioxide from the atmosphere 
through photosynthetic processes thereby purifying air and making the 
local climate conducive for life activities. 

Indisputably, the relevance and effectiveness of urban agriculture in ur-
ban environmental management is tremendous. For instance farming ac-
tivities taking place on undeveloped piece of land allocated for urban 
agriculture does not only maintain the aesthetic view of the area but also 
prevents indiscriminate use of the area for illegal dumping of waste.  

Even though some hold the assertion that compost is becoming 
unpopular in heavy industrialized countries due to presence of chemicals 
in the waste stream (Zurbrugg et. al., 2004), other views hold that munici-
pal solid organic waste composting with consequent use of the resultant 
product in a form of compost for agricultural purposes is gaining much 
recognition and serves as a viable option for managing urban wastes in 
both the developed and developing countries (Drechsel & Kunze, 2001). 
The process of composting has long been seen to be environmentally 
beneficial, especially in tropical developing countries and provided facil-
ity design and operations are efficient, the process can mitigate or over-
come adverse environmental impacts arising from ammonia, nitrate, 
phosphorus, heavy metals, and pathogen components, simultaneously 
reducing discharge of nutrient chemicals into the environment. 

Composting as components of a waste management option therefore 
presents principal environmental benefit of diverting a considerable vo-
lume of waste on the way to landfill sites, and presents a health benefit 
of reducing the survival and spread of pathogens in wastes. The end 
product is a valuable soil fertilizer and the utilization of urban composts 
in urban and peri-urban agriculture effectively has the potential of clos-
ing up the nutrient cycle in urban areas and thus reducing nutrient losses 
to the environment (Drechsel & Kunze, 2001). Thus, the use of quality 
compost in agricultural in crop production has the following positive ef-
fects on the soil biochemistry and beneficial to plants growth: 

 Soil amendment ability by adjusting soil physical properties such as 
porosity, texture and structure 

 Creation of a buffering effect due to its slightly alkalinity 

 Contains considerable amount of humus that is released into the soil  

 Controls fast growth of weeds and suppresses pathogenic activities in 
the soil 

Notwithstanding the positive contribution of composting in solving 
waste management problems and for urban agriculture, the application 
of the technique can create problems of environmental and social dimen-
sions. Environmentally, run-off during composting can contribute to 
contamination of water bodies hence the need to control it. Apart from 
this the emission of gases such as ammonia and sulphur dioxide poses 
detrimental cumulative effects to the climate. Additionally, odours due to 
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anaerobic conditions that sometimes develop in the compost pile espe-
cially in windrow composting where there is no mechanism to treat them 
creates nuisance conditions to workers and the surrounding inhabitants.  

6.1 Constraints militating against implementation of  the program 
Integrating waste management and agriculture by opting for composting 
towards the promotion of urban agriculture in AMA theoretically is the 
only possible option for handling the large volume of waste generated in 
the metropolis. However, in practice the implementation of the program 
is likely to be hampered by factors ranging from human and environ-
mental health, financial, institutional, policy directives, and public and 
leadership attitude. 

6.1.1 Human and environmental health 

Promoting the use of compost use for agriculture in an urban environ-
ment like AMA can be hindered by the human and environmental con-
cerns posed by composting operations. These constraints stem from the 
fact that compost use in a developing country like Ghana where there is 
lack of guidelines and if there is the law enforcement becomes a problem 
means the use of the product may not be guided by standards. This will 
eventually result in the use of poor quality compost or even untreated 
heavily polluted waste water that has the potential of contaminating food 
with heavy metals and also posing a risk of bioaccumulation and bio-
magnification through food chain pathways. Apart from this possibility 
of food contamination, problems of disease transmission due to poorly 
treated waste and odours as a result poor operational practices may be 
the order of the day through the use of poorly treated waste. 

6.1.2 Financial constraints 

This is the major factor that militates against the sustainability of most 
waste management programs in Ghana and AMA as a metropolis. Even 
though composting offers the opportunity for reducing waste volume 
and transport cost, the long term sustainability of a project of this nature 
rests on a strong financial base which is difficult to sustain if the market 
for compost is low. The program may take off smoothly from the onset 
but in the absence of financial capacity, the project ends up in becoming 
a liability. Composting for urban agriculture turns to be viable option 
provided the market for the end product is there and attaining the targets 
depend partly on the on the quality of the product and policy directives 
that propel the use of the product in a safe manner. Unfortunately, it is 
difficult to obtain a booming market for organic fertilizers as compared 
to that of well established chemical fertilizers. Attempts by most devel-
oping countries to promote composting fails because of the inability to 
meet the cost involve in securing the equipment, regular maintenance, 
equipment sophistication among others. The general challenge in Ghana 
as whole is that the potential or actual saving through composting are 
neither used to invest in the composting or maintain it (Drechsel, et. al., 
2004). 

6.1.3 Policy directives 

The enactment, implementation and enforcement of effective waste 
management plan and bylaws are vital for reaching the goals of sustaina-
ble waste management. Under the current private partnership where 
WMD of AMA is responsible for the management of waste and 
maintenance of landfill may not auger well for the implementation of 
this program. Dreschsel et al., (2004) recognize that challenges become 
compounded under circumstances where different public and private 
entities are responsible for different waste management operations such 
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as collection, compost station operations and landfill maintenance. This 
according to them requires a clear-cut additional legal/financial frame-
work defining the tasks and duties. 

Moreover, promoting composting for urban agriculture faces the prob-
lem of ensuring production of quality compost due to the current policy 
which does not embrace source separation. Collection of mixed or com-
mingled waste for composting presents costly efforts in the pre-prepara-
tion/screening of waste prior to composting and even this does not 
ensure quality compost because once the waste is mixed, unavoidable 
contamination occurs.  

6.1.4 Public and leadership attitudes 

Public and leadership attitude contribute to the realization of a successful 
implementation of composting program. The first task to overcome has 
to do with city authorities whose attitude towards pushing for govern-
mental and private intervention on issues of waste management is weak 
or totally absent. This can sometimes be attributed to poor conceptions 
and lack of willingness by city authorities to recognize composting as 
feasible option for handling waste simply because of the time-demanding 
nature of the process. Another major constraint that is the most impor-
tant is public conviction and readiness to accept and fully participate in 
the source separation process. 

7 CONCLUSION AND RECOMMENDATIONS 

7.1 Conclusion 
The problem of waste management in the capital city of Accra is an 
emerging issue of alarming concern and thus requiring timely interven-
tion. Driving forces such as rapid uncontrolled population increase cata-
lyzed by rural-urban and urban-urban migration of people towards the 
city in search of non-existing jobs account for increasing production of 
MSW. The worsening part of this development is the lack of public con-
cern towards helping solve the problem through exhibiting environmen-
tally friendly behavior but instead litter the street and gutters with waste 
day in day out. Even though the waste management authorities in re-
sponse have taken a bold step by involving the private sector in a private 
partnership venture where the private sector is assigned the task of waste 
collection whiles AMA solely for monitoring and maintenance of land-
fills, the problem of managing waste to meet sustainability goals still re-
mains unattained.  

With several available technological options for treating and stabilizing 
MSW generated in the city, the metropolis still resort to insanitary land-
filling simply because it is the most cost effective method compared to 
other options. It is interesting but rather sad to note that the organic 
waste that forms the bulk of the municipal solid waste stream that 
should be considered as a resource through the application of compost-
ing technologies for compost production, majority of it find way into the 
landfill following the total closure of the composting facility in the me-
tropolis. 

Considering this state of affairs, the most challenging question that 
comes to mind is about how long this method of waste disposal can be 
used with increasing problems of land acquisition in the city as the de-
mand for new landfill keeps increasing due to large volume of waste and 
consequent short life span of landfills. The feasible sustainable solution 
is to consider promoting composting for urban agriculture; an option 
that ensures that the large volume of waste generated is not only reduced 
in volume prior to land filing thereby saving space but also stabilizes 
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waste killing disease-bearing pathogens in addition to the benefits of 
producing a valuable product for use in crop production. This option 
looks simple on paper, however faces a number setbacks fueled by con-
straints ranging from financial, policy drives, public and leadership 
attitude as well as its associated human and environmental health. 

Despite this option does come without having environmental and socio-
economic impacts, it only needs precautionary measure and best prac-
tices guided by regulations to achieve favorable goals. In view of these, 
there is therefore the need to hold the bull by the horn in the provision 
of lasting solutions to waste management in the city that support the idea 
of turning waste into resource. What then is the way out? This simply 
calls for integration of waste management as a sector on one hand with 
agriculture as sector on the other hand but this will not be a sustainable 
venture if the constraints identified are not fully or partly addressed. Are 
there any further suggestions to offer that could contribute to achieving 
this goal of closing the nutrient loop through composting for urban agri-
culture? Well, the next section presents some timely interventions. 

7.2  Recommendations  

7.2.1 Source separation 

In the history of the development of waste management plan in Ghana, 
emphasis has not been laid on harnessing the benefits that source separa-
tion offers so this has been totally excluded from policy documents. 
Source separation which involves separation of waste into different cate-
gories at the point of generation is vital for the sustainability of recycling 
and organic waste recovery programs. It prevents or reduces waste to be 
contaminated with hazardous waste from sources such as the health care 
and industry. This offers the benefits of requiring less energy or effort in 
sorting and screening of waste during composting. It is therefore rec-
ommended that policy directives are geared towards considering separa-
tion of waste at source. Markets that are noted for generating considera-
ble volume of organic waste should be targeted for the program where 
containers are placed at vantage points in the market to help intercept 
the organic waste. 

7.2.2 Small scale composting 

Currently with the closure of the only centralized MSW composting 
facility operated by the metropolis, AMA should encourage individuals 
or private entities to embark on composting on small scale. This will go a 
long way to reduce the organic waste loads in the landfill. In addition, 
encouraging and supporting farmers through organization of workshops 
to equip them with requisite skills to enable them carry out on-farm or 
backyard composting is recommended. Creation of public awareness 
among co-operative farming groups is also important in this direction. 

7.2.3 Education  

The most important factor in the successful implementation of compost-
ing schemes pivots on publicity and dissemination of information to 
stakeholders and participants embraced by the scheme at the earliest 
possible time so as to encourage acceptance and participation rates. In 
order to instill good environmental behavior into the people or waste 
generators, it is necessary to organize frequent educational program 
geared towards enlightening the populace on the problems posed by 
waste and the need for cooperation between waste managers and genera-
tors Thus, there is the need for frequent environmental health education 
programs to create awareness on how poor sanitation affects health of 
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an individual. This educational campaign can be achieved through ad-
vertisements in the print media, radio, television, handouts, seminars, 
symposium and public lectures, direct mailing, and presentations in 
schools. The success of a source separated scheme for instance rests on 
residents hence the need to consult through such educational programs. 

7.2.4 Institutional capacity building 

Efforts should be made to introduce study programs relating to waste 
management issues into both in public and private universities to help 
equip students with requisite advanced technological knowledge in me-
thods for handling waste. State institutions such as the ministry of food 
and agriculture and the ministry of environment whose role is to find 
market for compost should double their efforts in enticing farmers to ac-
cept the compost with assurance for quality compost and also pushing 
for policy to promote waste separation at source. 

Frequent refresher courses should be organized to introduce new emerg-
ing technologies to the waste managers in AMA so that efforts could be 
made to see if any of such methods could be an option. 

7.2.5 Policy frameworks, economic instruments and law enforcement 

Since Ghana has no specific waste management law that prescribes stan-
dards but instead waste management relies on other policies formulated 
for different purposes are being adopted, there is therefore the need for 
a comprehensive waste management plan that spell out standards, proce-
dures, efficiency, coverage and conditions including the identification of 
stakeholders involved in the waste management process. It is also impor-
tant to formulate policies to set compost quality standards. AMA should 
formulate bye-laws to suit current trends of waste management in the 
metropolis rather than relying solely on the general policies that govern 
waste management and also consider enacting bye laws that govern is-
sues of urban agriculture. 

The application and enforcement of polluter pays principle and the re-
quirements of the local Government Act together with waste manage-
ment related laws should be strictly enforced to deter people who indi-
scriminately pollute the environment.  

7.2.6 Private sector involvement 

Private partnership is very important in the waste management process. 
It is highly recommended that AMA gives room to any company that is 
willing to embark or invest in composting and recycling programs in the 
metropolis. Bids should also be invited from private companies to take 
over the management of the landfill whiles the WMD of AMA plays a 
monitoring role to ensure proper work is done by the waste contractors. 

7.2.7 Waste minimization, reuse and recycling 

Waste minimization as the second most desirable option in the applica-
tion of the principles of the waste hierarchy should be used as guiding 
principle in everyday activities. Efforts should be made in encouraging 
waste minimization strategies to help reduce the amount of waste pro-
duced through promotion of source reduction, recycling and waste treat-
ment.  

7.2.8  Clean-up campaign 

AMA in conjunction with chiefs, NGOs, CBOs and opinion leaders 
should organize frequent clean-up campaign to collect the waste that 
find way into gutters and other crevices and those left on the street un-
collected. The youth should also be engaged in this clean-up campaign. 
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7.3 Suggestion for further studies 
Further studies should be carried out in the future to assess the feasibility 
of integrating urban agriculture with waste management in the metropo-
lis but this time round with emphasis on the analysis of issues  based on 
first hand information from stakeholders with some cost benefit analysis 
performed. 
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APPENDIX 

Appendix 1 Classification of solid waste materials (Lohani et. al., 1984; Lardi-
nois & Klundert, 1993). 

 

Refuse/solid 
waste 

 

Activity/typical examples 

 

Sources 

 

Garbage 

Waste from the preparation and serving 
of food, market refuse, waste from the 
handling, storage and sale of products 
and meats 

 

 

 

Households, 

institutions, 

commercial 
centres such 
as  hotels, 
stores, 

restaurants, 
markets, etc. 

Rubbish Combustibles(Primarily or-
ganic):Paper,cardboard,cartons,wooD-
boxes,plastics,rags,cloth,bedding 
leather, rubber, grass, leaves, yard trim-
mings 

Non-combustible(primarily inor-
ganic):Metals, tin cans, metal foils, dirt, 
stones, bricks, ceramics, crockery, glass,
 bottles, other mineral refuse 

Ashes Residues form fires used for cooking and 
for heating buildings, cinders 

Bulky wastes Large auto parts, tires, stoves, refrigera-
tors, other large appliances, large 
crates, tress, branches, palm fronds, 
stumps 

 

 

 

 

Streets, 

sidewalks, 

alleys, 

vacant lots, etc 

Street refuse Street  sweepings, dirt, leaves, catch ba-
sin dirt, contents of litter receptacles 

Dead animals Small animals: cats, dogs, poultry 

Large animals: horses, cows, etc. 

Abandoned 
vehicles 

Automobiles, trucks 

Construction 
and demoli-
tion wastes 

Lumber, roofing and sheeting 
scraps, rubble, broken  concrete  plas-
tic, etc. conduit, pipes, wire, installations, 

etc. 

 

 

Factories and 
power plants 

Industrial 
Refuse 

Solid wastes resulting from industry 
processes and manufacturing operations 
such as: food –processing wastes, boiler 
house cinders, wood, plastics, and metal 
scraps, and shavings etc. 

Special 
wastes 

Hazardous wastes: pathological 
wastes, explosives, radioactive materi-
als, 

Security wastes: confidential documents, 
negotiable papers, etc 

Households, 
hospitals, 
stores, indus-
try, etc. 

 

 

Animal and 
agricultural 
waste 

Manures, crop residues Farms, feed 
lots ,etc 
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Sewage 
treatment 
residues 

Coarse screening, grit, septic tank 
sludge, dewatered sludge 

Sewage treat-
ment plants, 
septic tanks 
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Appendix 2 Destruction of pathogens and parasites at elevated tempera-
tures during composting (Bhide & Sundarsan, 1983; Vesiland & Rimer, 
1981; Golueke, 1972). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Organisms Observations 

Salmonella Ty-
phosa 

No growth beyond 46ºC, death in 30 minute at 55~60ºC 
and 20 minute at 60ºC destroyed in a short time in 
compost. 

Salmonella Sp. Destruction within 1 hour at 55ºC and 15-20 minute at 
60ºC. 

Shigella Sp. Destruction within 1 hour at 55ºC. 

Escherichia coli Destruction within 1 hour at 55ºC and 15~20 min at 
60ºC. 

Entamoeba 
histolytica cysts 

Destruction within a few minutes at 45ºC and within few 
seconds at 55º 

 

Taenia saginata Destruction within few minutes at 55ºC. 

Ascaris lumbri-
coides eggs 

Destruction within 1 hour at 50ºC. 

Necator ameri-
canas 

Destruction within 50 minutes at 45ºC. 
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Appendix 3 Phases in aerobic decomposition (Khalid, 2006). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix 4 Material flow analysis for integrated management of MSW 
(Hickman, 1999). 

 

 

Phases in com-
posting 

Characteristic features 

Mesophilic phase 
(I) 

Slightly rotten material exists within which the de-
composition of degradable waste is carried out by 
bacterial cells temperature rises to about 42

o
C 

Thermophilic 
phase(II) 

Production of fresh compost, Further degradation 
of easily degradable materials,  

Cellulose degradation by activities of thermophilic 
fungi and bacteria. 

Temperature rises to about 65
o
C resulting in self-

limitation or decrease in reproduction of microor-
ganisms. 

 

Cooling phase(III) Compost production  

Degradation of cellulose by fungi and bacteria  

Formation of humus substances.  

Eventual decrease in both microbial activity and 
temperature 

Maturation or cur-
ing phase (IV) 

Maturation of compost to reduce its phytotoxity 

 Temperature continues to drop until it reaches 
that of the surrounding environment.  

Reduction in microbial activity 

Further formation of humic substances and the 
stabilization of waste 
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Appendix 5 Organic waste generation in some selected hotels, restaurants 
and chop bars in the city (Lardinois & Klundert, 1993). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Name of hotels/ 

Restaurant/market 

Number 
of bins 
posi-
tioned 

Volume in 
m

3
 of 

waste/day 

Estimated 
quantities 
in m

3
 per 

30 days, 
11 months 
/year 

Selected hotels 

Golden Tulip  

 

3 6.48 2,257.2 

Labadi Beach Hotel  

 

4 9.12 3,009.6 

Novotel  

 

5 13.68 4,514.4 

All other hotel esti-
mates 

100 228.0 75,249.0 

Restaurants 

Edoy 1 2.28 752.4 

Ghana Airways 
Catering 

1 2.28 752.4 

Bus Stop 1 2.28 752.4 

Stopover 1 2.28 752.4 

Chinese restau-
rants 

10 22.8 7,524.0 

Chop bars    

All chop bars 400 912 300,960.0 

Markets 

Makola market 40 91.2 300,960.0 

31st December 
market 

35 79.8 26,3360 

Malata market 20 45.6 15,048.0 

Kaneshie market 35 79.8 26,334.0 

Agboloshie market 30 68.9 22,572.0 

All other markets 100 228.0 75,240.0 

Truck, metal con-
tainers 

50   

Total 787 1,787.52 592,896.43 
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Appendix 6 BOD levels of surface water in Accrra metropolis 
(Environmental Management Associates, 1990). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        

 

 Appendix 7 Caloric and moisture contents of waste from urban waste 
zones in the metropolis (Fobil et. al., 2005).                         

                 

Water bodies  BOD levels 

Lagoons: 

Korle  

Sakumo II  

Chemu  

Gao  

Kpeshie  

Mukwe 

Sea wáter: 

Tema Manhean  

Jamestown  

Chorkor  

Paradise Beach 

Labadi Beach  

Outshore – 
Botianor  

Nautical College 

Fresh water: 

River Odaw  

Nima Creek  

Densu Reservoir  

  

98.9 

12.5 

7.1  

6.4 

6.0 

3.2 

 

45.0 

16.0 

11.5 

5.5 

 4.8 

 4.7 

4.0 

 

55.5 

5.8 

 4.5 
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Appendix 8 A site layout of a typical composting facility (WASTE, 1998; 
Dulac, 2001).    

                                                                                

   
 

Appendix 9a Formulae for mixing materials based on scientific approach (to 
be used with appendix 9b and 9c). 
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Appendix 9b Percentage moisture (%M), nitrogen (%N), and C: N ratio of 
wet materials for mixing using scientific approach (Dulac, 2001). 

Wet nitrogen 
rich waste 

C/N % M % N 

Mixed manure 16-25 60 2-15 

Grass 
chippings 

17  2-6 

Leaves  50  0.5-1.5 

Slaughterhouse 
residues 

3  2 

Fish processing 
waste 

3-5  7-10 

Sea weed 
plants 

5-27  1-2 

Water hiacinth 20-30  2 

Sewage sluge 5-16  2-7 

Household 
excreta 

6-20  5-6 

Pit latrines 20  6 

Vegetable 
reidue 

14-16  2-3 

Mixed 
municipal 
waste 

34-80  0.6-1.5 

     NB: Used in conjunction with 9a and values in ranges require   

     avearge  computations 

Appendix 9c Percentage moisture (% M), nitrogen (N) and C: N ratio of 
wet organic carbon rich waste for mixing using scientific approach (Du-
lac, 2001). 

Dry organic 
carbon rich 
waste 

C/N % M % N 

Cereal & 
crop 
residues 

50-120 20 1 

Straw 40-150 15 0.5-1 

Saw dust 400 40 0.2 

Woodchips 400 30 0.1 

Cardboard 560 8 0.2 
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Newsprint  400-850 20 0.1 

   NB: Used in conjunction with appendix 9a and values in ranges require 

   average computations 
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Appendix 10 Proven recipes based on field approach (Dulac, 2001). 

Organic materials Proportions 
by volume 

Organic materials from markets + animal waste+ rice 
hulls/saw dust 

1/1/1 

Mixed domestic waste
4
 +cow dung slurry 1/1 to 4/1 

Vegetables market waste+ press mud from sugar mills 
+slurry waste + water hyacinth 

5/1/1/1 

Municipal solid waste 1 

Mixed waste from market(fruits, vegetables, packaging 
materials, non-organic refuse) 

1 

Institutional organic waste(composed of  vegetable re-
sidual, dust and ashes, paper, grass packing)  

1 

Green waste+ animal manure 1/1 

Household waste + cow dung slurry 10/1 to 6/1 

Appendix 11 Desired characteristics for composting (Manure composting 
handbook, 2005; NRAES-54), 1992. 

Characteristics Reasonable range Preferred range 

Carbon-to-nitro-
gen(C:N) ratio 

20:1-40:1 25:1-30:1 

Moisture content 40-65% 50-60% 

Oxygen content >6% ~16-18.5% 

pH 5.5-9.0 6.5-8.5 

Bulky density <40lbs per cubic 
foot 

- 

Temperature 110-140
0
F 130-140%

0
F 

Particle size 1/8-2 inches diame-
ter 

Varies* 

           NB: *Depends on the specific materials, pile size, and/or weather 

          conditions. 

Appendix 12 Possible problems during aerobic composting and solutions 
(Manure composting handbook, 2005). 

Problem  Possible causes Remedy/solution 

Inside of windrow 
is dry 

Water or moisture 
not enough 

Add water when 
turning the windrow 

Temperature too 
high 

1.low to moderate 
moisture 

2.the windrow is 
too big 

1.add more water 
and continue turn-
ing the windrow 

2.try to decrease 
the size of the 
windrow 
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Temperature is too 
low 

1.insufficient aera-
tion 

2.wet condition of 
windrow 

3.low pH 

1.turn windrow 

2.add more dry 
material 

3.add lime or woo-
d ash and remix 

 

Ammonia 
odour(pungent 
smell) 

1.high level of 
N(C:N ratio less 
than 20:1) 

2.High pH 

1. add high carbon 
material eg. saw 
dusts, wood chips, 
or straw 

2.low Ph by adding 
acidic ingredi-
ents(leaves), or 
avoid adding more 
alkaline materials 
such as lime and 
wood ash 

Hydrogen sulphite 
odour(rotten egg) 

Windrow material 
is too wet and its 
temperature is too 
low 

Add dry bulk mate-
rial 
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Appendix 13a Physical properties of quality compost (Khalid, 2003). 
 

 

 

 

 

 

 

 

 

Appendix 13b Ideal nutrient contents of quality compost (Dulac, 2001). 

 

 

 

 

 

 

 

 

 

   NB: Nutrients of quality compost should be within the salinity range  

   of 1.0-8.0gkCl/L and pH range of 7-8 

Appendix 13c Permissible ranges of heavy metals in quality compost 
(Khalid, 2003). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Physical property  Ideal range 

Density (g/L) 500-800 

Water content (%) 30-45 

Granulation size(mm) Fine grained 4-12 ; course 
grained 12-40mm 

Foreign material content (%) Foreign substances 
<0.5;stones<5% 

Nutrient  Value (%TS/% dry matter) 

N  0.5-1.8 

P2O5 0.4-1.0 

K2O 0.6-1.8 

  

MgO 0.7-3.0 

CaO 3.0-12.0 

Heavy metal Range(mg/kg) 

Cadmium 0.7-10 

Chromium  70-200 

Copper  70-600 

Mercury  0.7-10 

Nickel 20-200 

Lead  70-1000 

Zinc  210-4000 
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Appendix 14 AMA composting site almost turned into dumping site 
(Anomanyo, 2004) 

 


