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Solid Waste Characterization and Recycling
Potential for University Campuses in Ghana:
Case Study of Two Ghanaian Universities
Abstract
Institutional solid waste has not received enough attention in Ghana, as is the
case in most developed countries. Institutional waste is still handled and disposed
off together with domestic waste. A fundamental prerequisite for a successful
implementation of any waste management plan is the availability of sufficient
and reliable information about the quantities and composition of the waste
generated. This paper used a case based methodological approach to assess the
quantities and characteristics of waste generated in tertiary academic institutions
in Ghana and provide insights into existing waste collection and disposal
approaches, so as to recommend sustainable avenues for institutional policy
improvement. The management of solid waste in Ghana subscribes to a notion
of sustainability and emphasizes an ‘integrated approach’ which is based on the
‘waste hierarchy’-prevention, minimization, re-use, recycling, energy recovery
and final waste disposal. While prevention, minimization and energy recovery is
becoming increasingly difficult, energy recovery is becoming increasingly difficult,
final waste disposal. While prevention, minimization and energy recovery is
becoming increasingly difficult, attention is now shifting to recycling and re-use.
Our waste audit conducted through characterization revealed that the solid waste
compositions were found to be papers, food and plastic waste suggesting a strong
potential for recycling. An examination of the institutions’ waste management
policies revealed no emphasis on waste recycling, a situation that translate into
resource wastage and an increase in cost of waste management.
Keywords: Institutional solid waste; Resource recovery; Solid waste management;
Waste generation; Recycling; Separation of waste
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Introduction
Since the turn of the new millennium, solid waste generation and
the disposing of it have remained as two critical environmental
issues across the globe. The increasing rates of solid waste
generation in cash-trap economies particularly in developing
countries has made formal disposal (disposing waste in
an environmentally friendly and sustainable manner) the
preoccupations for development agencies such as the United
Nations, the Organization for Economic Cooperation and
Development, as well as governments across the globe. Existing
literature suggests that while developed countries seem to have
succeeded in managing solid waste effectively and are now
focusing on minimizing environmental pollution and maximizing

resource recovery, countries in the developing world, including
Ghana continue to struggle with basic collection and disposal [1].
In countries in the Global north, where waste collection,
segregation, transportation, storing, treatment and disposal
policies have been well constituted, ‘waste’ is economically
re-circulated. “In such countries solid waste management is
not only seen as a necessary process to promote health and
environmental safety, but also as presenting an opportunity
to mine the largely untapped resources embedded in waste”.
Ghana has not yet benefited wholly from the resource potential
of solid waste due to two reasons; the inability of city authorities
to develop appropriate solid waste management policies that
can best utilize these inherent resources, and the wrongful
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conceptualization and operationalization of what constitute solid
waste in the first place.
The problem with poor solid waste management in Ghana
is mainly due to high population growth, weak operational
capacities of the municipal authorities; limited financial resources
due to unreliable revenue sources implementation of imported
policies without recourse to local conditions and limited
community participation in strategic plans and projects; poorly
designed collection systems and the need to give equal attention
to other development priorities. This has led to the practice of
uncontrolled and crude dumping of solid waste in open spaces
which constantly block both primary and secondary drainage
networks [2]. These crude dumping sites, which are normally
located in close proximity to residential facilities, have been
resulted in the constant outbreaks of cholera, acute respiratory
infections and malaria among others.
In order to get out of this solid waste management quagmire and
not to fall behind in the actualization of Sustainable Development
Goals which among other things seek to make cities inclusive,
safe, resilient and sustainable, the government has introduced
and is still considering other innovative options including new
policies and technologies in line with the waste hierarchy
concept. The waste hierarchy is an internationally accepted
order of prioritizing solid waste management based on the
impacts on sustainability and the environment. Waste reduction
is at the apex of the hierarchy which can be achieved by avoiding
the generation of waste and minimal waste generation. The solid
waste management hierarchy provides a framework for decisionmaking to reduce the use of virgin materials and the amount of
material that is finally disposed off while optimizing the value and
benefits of products, and the energy potential from wastes.
Achieving such integrated management structure cannot be
completed without recourse to exiting regulation. In Ghana,
the promulgation of the National Environmental and Sanitation
Policy (NESP) of 2010, and sections of the Criminal Code of
1960-specifically Act 29-are the legislative instruments that are
used to address indiscriminate disposal of waste. Besides, many
public entities engage in a subtle competition in maintaining
environmental sanitation. While it is becoming practically
impossible to implement waste prevention, minimization and
energy recovery aspect of the hierarchy, attention of the state
is being shifted to pathways to waste resource management [3].
The lack of waste characterization studies in Universities suggests
the need to research and to document waste composition in
order to have the necessary data to propose better handling
and management alternatives for solid waste. The main purpose
of this study was to determine the type and quantity of waste
generated as well as the recycling potential of the waste
generated. The data generated would produce the necessary
information to set up integrated waste management programs in
large public institutions.
In this paper, we examined the potential of waste recycling
in two tertiary institutions - the University of Ghana (a state
sponsored University) and the Central University College (a
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private University). Our research is based on the understanding
that autonomous and semi-autonomous institutions like the
universities are also expected by law to invest adequately in
managing their own waste at a localized level. We selected these
institutions because they generate specialized waste, which
is significantly different from the traditional waste generated
at the household level and therefore wanted to observe the
potential recycling of their waste. This study aims to provide
analysis of institutional solid waste management practices and
also examines the waste composition and generation. The study
also estimated the amount of institutional solid waste that can
be salvaged through reuse or recycle after characterization has
been done.
In this paper, we examined the potential of waste recycling
in two tertiary institutions - the University of Ghana (a state
sponsored University) and the Central University College (a
private University). Our research is based on the understanding
that autonomous and semi-autonomous institutions like the
universities are also expected by law to invest adequately in
managing their own waste at a localized level. We selected these
institutions because they generate specialized waste, which
is significantly different from the traditional waste generated
at the household level and therefore wanted to observe the
potential recycling of their waste. This study aims to provide
analysis of institutional solid waste management practices and
also examines the waste composition and generation. The study
also estimated the amount of institutional solid waste that can
be salvaged through reuse or recycle after characterization has
been done.

Literature Review
Understanding what waste is has been a subject of debate among
scholars and policy makers alike, the world over. In academic and
policy circuits, the term waste has enjoyed different connotations
depending on the research interest of the claimants. OtengAbabio [3] for example describes waste as rubbish, trash, junk or
garbage depending on the type of material. They also describes
waste in general as hazard, object of management, commodity,
resource, archive, filth, fetish, risk, disorder, matter out of place,
governable object, abject, and octant. The UNEP sees solid
waste as covering a “very wide spectrum of discarded materials
ranging from municipal, electrical and electronic, industrial and
agricultural, to new types including counterfeit pesticides. It also
includes anything in size and scale from decommissioned ships,
oil or liquid wastes, hundreds of millions of mobile phones to
billions of used car tires”.
This useful but somewhat disparate literatures on the concept of
waste may partly be due to the fact that while some researchers
generally see it as an unwanted or undesired material and a
bothersome problem and sometimes, a health threat if improperly
treated, some other researchers [3] believe that waste of any form
can generate good business for some, when properly handled.
The complexity of waste and the multiplicity of its definition and
description is contingent on who is looking at the subject matter:
ordinary citizens, technicians, businessmen, politicians, activists.
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Since different approaches, various internationally recognized
institutions have attempted the definition of waste from several
perspectives (Table 1).
Important as these definitions may be, they do not bring to
finality the quest for a concise definition of the subject matter.
The common theme that however runs through all the definitions
is the fact that waste is something that its holder has disposed of
or discarded. This observation also resonates with the thinking
of that “the complexity of SWM includes the prediction of solid
waste generation, selection of waste treatment technologies,
selection of facility sites, estimation of facility capacity, operation
of the facility, scheduling of the system and transportation of the
waste”.

Types of Solid Waste
Waste is classified by its source and its properties into groups
that pose similar risks to the environment and human health.
This allows for proper transportation and management. The
World Bank classified waste into eight major types based on
waste generators such as residential, industrial, commercial,
institutional, construction and demolition, municipal services
and agricultural (Table 2).
For the purpose of this study, emphasis will be on institutional
waste as the study seeks to examine potential waste
characterization in some selected educational institutions in
Ghana. The waste composition of any society is influenced by
its level of socio-economic development, geographic location,
cultural norms, sources of energy, and other weather conditions,
among others. As countries enter the urbanization threshold with
increases in then levels of income, there is shift in consumption
from a more organic foods to foods from inorganic sources which
is linked with increases in waste materials (plastics, paper, and
aluminium), while the organic fraction decreases. Currently,
global urban waste generation levels are approximately 1.3 billion
tones per year, and expected to reach approximately 2.2 billion
tones’ by 2025. This represents a significant increase in per capita
waste generation rates from 1.2 to 1.42 kg per person per day in
the next fifteen years. Available studies indicate that sustainable
solid waste management fundamentally hinges on proper waste
audit system where waste streams can be characterized by their
sources and waste types, as well as their generation rates and
composition. This is the basis of our study.
Solid waste management intended to protect public health is a
complex process and involves many technologies and disciplines.
Managing solid waste involves the control of generation,
handling, storage, collection, transfer, transportation, processing,
and disposal of solid wastes. It is a process which must be carried
out within existing legal and social guidelines that protect the
public health and the environment and are aesthetically and
economically acceptable. Again, opines that for the disposal
process to be responsive to public attitudes, the disciplines
that must be considered include administrative, financial, legal,
architectural, planning, and engineering functions. All these
disciplines must communicate and interact with each other in
© Under License of Creative Commons Attribution 3.0 License
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Table 1 List of definitions of waste.
Organization

Definition
Source
Waste includes all items that
people no longer have any
use for, which they either
http://scp.
intend to get rid of or have
Eionet
already discarded. Wastes
eioneteuropa.eu/
are such items which people
themes/wa
are required to discard, for
example by lay because of their
hazardous properties
Waste or rubbish, trash, junk,
garbage depending on the
type of material is unwanted http://www.fullcycle.
co.za/index.php/whator undesired material or
Full cycle
substance. It consists material is-waste-and-why-is-ita-problem-html
left over from a manufacturing
process or community or
household activity.
http://www.baselint/
Wastes are substances or
portal/4/basel%
Basel
objects which are disposed or
20convention/doc/
convention are intended to be disposed of
text/baselConvent
by the provision of national law
ionText-e.pdf
Wastes are materials that
are not prime products (that
is product produced for
http://www.
the market) for which the
UN Statistics
unstats.un.org/
generation has no further use in
Division
unsd/environment/
terms of his or her purposes of
wastetreatment.htm
production, transformation and
consumption and of which he/
she wants to dispose
http://www.ec.europa.
Waste is any substance or
eu/environment/
EU
object which the holder
waste/pdf/WASTE%20
discards or intend to discard
BROCHURE
Wastes are materials other
http://www.oecd.org/
OECD
than radioactive materials
env/waste
intended for disposal
Wastes are substances or
http://www.unep.
objects which are disposed of
org/greeneconomy/
UNEP
or are intended to be disposed
portals/88/document/
of or required to be disposed of
ger/GER_8_Waste.pdf
by provision of national law
Waste is any material which
constitute scrap materials or
any effluent or other unwanted
surplus substance arising from
European
http://www.nwcpo.ie/
the application of a process
EPA
EWC_code_book.pdf
or any substance or article
which required to be disposed
of as being broken, worn-out,
contaminate or otherwise spoiled
Institute
Waste is when something is
of Safety
no longer useful to the owner http://www.eco-web.
profession
or it is used of fail to fulfill its com/edi/090901.html
(Nigeria)
purpose

a positive interdisciplinary relationship for an integrated solid
waste management plan to be successful. Table 3 captures the
functional element of the waste management processes.
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Table 2 Types of waste.
Source

Typical waste generator

Types of solid wastes
Food wastes, paper,
cardboard, plastics, textiles,
leather, yard wastes, wood,
glass, metals, ashes, special
Single and multifamily
Residential
wastes (e.g., bulky items,
dwellings
consumer electronics, white
goods, batteries, oil, tires),
and household hazardous
wastes
Light and heavy
Housekeeping wastes,
manufacturing,
packaging, food wastes,
Industrial fabrication, construction construction and, demolition
materials, hazardous wastes,
sites. power and
chemical plants
ashes, special wastes
Paper, cardboard, plastics,
Stores, hotels,
wood, food wastes, glass,
Commercial restaurants, markets,
metals, special wastes,
office buildings, etc.
hazardous wastes
Schools, hospitals,
Institutional
prisons, government
Same as commercial
centers
Street sweepings; landscape
Street cleaning,
landscaping, parks,
and tree trimmings; general
Municipal
other recreational areas, wastes from parks, beaches,
services
water and wastewater and other recreational areas;
treatment plants
sludge
Heavy and light
manufacturing,
Industrial process wastes,
refineries, chemical
scrap materials, offProcess
plants, power plants,
specification products, slag,
mineral extraction and
tailings
processing
New construction sites,
Construction
road repair, renovation Wood, steel, concrete, dirt,
and
sites, demolition of
etc
demolition
buildings
Crops, orchards,
Spoiled food wastes,
Agriculture
vineyards, dairies,
agricultural wastes, hazardous
feedlots, farms
wastes (e.g., pesticides)
Source: Tchobanoglous and Kreith

Research Methodology
Study institutions
The University of Ghana is the first and largest government
owned institution of higher learning in the country, in ordinance
in 1948 for the purpose of providing for and promoting university
education, learning and research. In 1960/61, the University
of Ghana was set up by state the Act of Parliament to enable
it have power to award its own degrees which was not done
previously. Its student population has grown from 682 in 1961
to 38,562 in 2012 as well as the number of employees, which
has also increased from 4 in 1961 to 6203 in 2012. The Central
University College is one of the premier private universities
in the country and was founded by the International Central
Gospel Church (ICGC) in Accra. It started off as a pastoral training
institute in 1988, metamorphosing into a Central Bible College by
June 1991. It later became the Central Christian College in 1993
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and eventually the Central University College in 1997. Among
the stated aims of the University is to provide an integrated and
biblically based tertiary education with particular reference to
Table 3 Functional element solid waste management processes.
Functional
element

Waste
generation

Waste
handling
and
separation,
storage and
processing
at the
source

Collection

Transfer and
transport

Separation,
processing
and transfor
mation of
solid waste

Disposal

Description
Waste generation encompasses those activities in which
materials are identified as no longer being of value
and are either thrown away or gathered together for
disposal. What is important in waste generation is to
note that there is an identification step and this step
varies with each individual. Waste generation is, at
present, an activity that is not very controllable.
Waste handling and separation involve activities
associated with managing waste until they are placed
in storage containers for collection. Handling also
encompasses the movement of loaded containers to
a point of collection. Separation of waste components
is an important step in the handling and storage of
solid waste at the source. On-site storage is of primary
importance because of public health concerns and
aesthetic considerations.
Collection includes both the gathering of solid waste
and recyclable materials and the transportation of
these materials, after collection, to the location where
the collection vehicle is emptied, such as a materialprocessing facility, a transfer station or a landfill
The function element of transfer and transport involves
two steps: (1) the transfer of waste from the smaller
collection vehicle to the larger collection equipment
and (2) the subsequent transport of the waste s, usually
over long distances to a processing or disposal site. The
transfer usually takes place at a larger station. Although
motor vehicle transport is common, rail cars and barges
are also used to transport wastes.
The means and facilities that are now used for the
recovery of waste materials that have been separated
at the source include curbside collection and drop-off
and buyback centers. The separation and processing
of waste that have been separated at the source and
the separation of commingled wastes usually occurs
at materials recovery facilities, transfer stations,
combustion facilities and disposal sites.
Transformation processes are used to reduce the volume
and weight of waste requiring disposal and to recover
conversion products and energy. The organic component
of MSW can be transformed by variety of chemical
and biological processes. The most commonly used
chemical transformation process is combustion used
in conjunction with the recovery of energy. The most
commonly used biological transformational process is
aerobic composting.
Today, disposal by landfilling or land spreading is
the ultimate fate of all solid waste whether they are
residential waste collected and transported directly
to a landfill site, residual materials from MRFs residue
from the combustion of solid waste, compost or other
substances from various solid waste processing facilities.
A modern sanitary landfill is not a dump.it is a method of
disposing solid waste on land or within the earth’s mantle
without creating public health hazards or nuisance.

Waste generation in Ghana: Policy and legal framework.
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the needs of the African continent. Central University College has
student population of 8,400 and over 571 workers.
The Environmental Health Service Department in the public
institution and a contracted waste management company collects
and disposes of waste to landfill sites/dumpsites. However, only
35% of the total waste generated on campus is collected while
the rest deposited on unauthorized refuse dumps represents
40% [4]. There is no significant change in the situation since
2008. According to the officer in charge of waste management,
the uncollected waste is either burnt on site or accumulated
and collected on a later date. On the other hand in the private
institution, the Estate Department is responsible for handling
environmental sanitation and waste management issues among
others. All waste generated is collected and transported to
landfills on a regular basis by a contracted waste company.
There is a scheme in place to divert mostly examination papers
from being landfilled in both institutions of study. Examination
papers are given out to Super Paper Company Limited (paper
recycling company) to recycle into tissue paper. The scheme
is however challenged with irregularities in collection and lack
of storage space especially in most of the campuses of Central
University College. According to the Managing Director of the
paper recycling company, the paper recycling company has
not been regular in collecting the waste paper because of the
little quantity produced by the private institution (thus less than
a ton weekly). The Managing Director further said it would be
beneficial to both partners if the institution accumulates the
waste paper generated for a longer period of time to obtain
significant quantities. This suggestion is however a challenge to
CUC since it does not have enough space for the storage of large
quantities of paper waste in most of its campuses.
Not much attention is given to daily-generated waste paper
from other activities besides examination. These activities which
include photocopying, printing, mails, student’s assignments and
packages if given attention could help in diverting most resources
from ending up at the landfills or dumpsites while saving and
generating revenue.

Data collection and analysis
The study used both primary and secondary data. Primary data
sources included waste audit, field observation as well as in-depth
interviews with sanitation workers. Secondary data sources
included review of journals, reports, articles, books and internet
resources that contain information on solid waste management.

Waste audit
There has not been any documented data on solid waste
generation in the institutions. Therefore, the waste audit
was conducted as the basis for the estimation of daily waste
generation. It is important to assess the composition of the
waste and the activities that contribute to the amount and
types of waste generated in order to develop an efficient waste
management system for solid waste [5]. To help obtain such data,
analysis of composition of waste in the two selected institutions
was carried out. This was necessary to characterize the waste
© Under License of Creative Commons Attribution 3.0 License
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stream, to determine its composition by weight and to utilize
this knowledge in assessing the waste management practices,
and further recommend suitable waste management strategies
to be adopted for waste diversion programs. Waste stream
characterization within public institutions was also relevant for a
better understanding of the municipal solid waste management
needs of the nation.
In undertaking the waste audit, all the study sites were visited and
waste dumps sites, communal waste containers, and dustbins
examined. This helped in the development of a waste checklist
towards a trial waste audit exercise. Two days trial waste audit
was conducted at the Departments of Information Studies and
Botany of the University of Ghana. This involved identifying
the likely individual waste streams that would be encountered
during the main audit as well as ensuring that requisite materials
needed for the audit were handy. A four-member audit team in
University of Ghana and three-member audit team at the Central
University were selected to assist in collecting waste samples.
The audit team members were trained on how to categorize
waste, how to weigh and how to record data.

Sampling of waste
The audit team in the University of Ghana assisted in collecting
waste samples from thirty offices in each of these three units
namely the Registry, Faculty of Social Science and The Faculty of
Science. These three entities employ different methods in their
day-to-day activities in the University. This would further inform
decision makers on which units to target for waste diversion and
recycling initiatives and how best these wastes can be properly
managed. On the other hand, the audit team set up in the Central
University College collected waste samples from 25 offices in the
Mataheko campus. Waste streams from the residential units of
the two Universities were not sampled because it was observed
that the waste characteristics were similar to that of household
waste studied by Fobil et al. and Earth Institute [6,7].
Each of the selected offices was provided with bin bags for daily
waste produced to be stored. These bin bags were then picked
up in the morning for three weeks and emptied into bigger bin
bags and labeled. Refuse from each office was collected twice a
week, on Mondays and Thursdays representing a weeks’ worth
of waste generated. The bags from each unit were given special
identification numbers and then transported to a designated
site within the Universities for sorting and segregation. A large
clean plastic sheet was spread on the floor at the sorting site, and
members of the audits teams manually separated the contents
of the bag(s) of waste taken from each office to determine the
proportion of the various waste components in the waste stream.
Each category of waste for each unit was put in a plain bin bag,
labeled and weighed on a manual spring scale and recorded on a
data collection book. However, when waste sample was not large
enough on the first day of collection as was the case in Central
University College, this was stored and added to waste collected
on the second collection day of the week and weighed at the end
of the week for three weeks. The type of materials present in the
waste stream of each institution was the same, except that they
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differed in weights and proportions. The component materials in
the waste stream were classified as follows:

i. Paper (which comprised of cardboards, A4 sheets,
calendars, newspapers, among others.)

ii. Food waste (which consisted of fruits, sandwiches and left
over from lunch packs)

iii. Plastics (comprised of beverage bottles, water bottles
among others)

iv. Other waste (which included glass, metals among others)
Solid wastes were sampled from academic and administrative
buildings. This is because data on wastes generated in these
places are usually assumed to be mainly paper. The components
found in each location were analyzed to find opportunities of
solid wastes diversion such as recyclables. The composition and
weight of solid wastes was used to compare between the two
options (recycling versus landfilling). The analysis was done as
follows:

i. The percentage composition of solid wastes generated in
the study sites.

ii. The total weight of the solid wastes produced from the
study sites.

iii. The value of the recyclables.

Interviews and field observation
Interviews were also carried out to obtain data from a number of
stakeholders in the study locations so far as waste management is
concerned. Heads of waste management units in each institution
of study whose roles included managing waste generated by
the institutions was considered for the interview. This helped
in understanding the institutional arrangement put in place for
the management of solid waste. Some of the questions asked
included:

i. How is waste stored?
ii. What is the rate and time of collection?
iii. Which personnel are in charge of waste collection?
iv. What are the disposal practices?
v. What is the cost of managing solid waste?
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The Managing Director of Super Paper Company Limited (SPCL)
was also interviewed to understand the prospect of paper
recycling. Questions asked include:

i. How are raw materials obtained for the recycling activity?
ii. How much is the company willing to pay for waste paper?
The interviews were scheduled at a time appropriate for the
interviewees and in the interviewees’ office. Confidentiality
was highly considered. The qualitative data was analyzed by
summarizing the views of the respondents and supporting
these summaries with relevant quotations that captured their
views. These views were complemented with data from other
documentary sources. In addition to the interviews conducted,
direct field observations were done to establish the situation on
the ground in both institutions of study.

Results and Discussion
Waste generation, characterization and recycling
potential
At the University of Ghana, total of 427.7 kg of sampled waste
were segregated. Out of which, 192.2 kg is waste paper, 86 kg
is plastics, 74 kg is food waste and 75.5 kg is residual (other)
waste. On the other hand, at the Central University College, total
of 62.75 kg of sampled waste were segregated. Out of which,
32.75 kg is waste paper, 10.75 kg is plastics, 7.25 kg is food waste
and 12 kg is residual (other) waste. The study reveals that large
proportion of the waste generated in the academic buildings
is 46% and 52% in University of Ghana and Central University
College respectively. These are recyclable paper as indicated in
Table 4. These were from reports, print outs, junk mail among
others. This percentage could be higher if, from the moment
it is generated, paper was separated from other waste such as
leftover food, which contaminate paper by making it unfit for
sale to recyclers. Besides its recycling potential, paper has a high
reduction potential. Taking into account the present absence
of reduction and recycling at both institutions, and considering
the large amount of waste paper generated in administrative
and academic buildings, it is recommended to place waste to
different bins.

Table 4 Sources of paper waste.
Source of paper
Annual procurement
Annual examination papers
Miscellaneous Sources
Total

Annual estimate of paper waste in tons
University of Ghana
56
25
6
87

Central University College
12
8
1
21
Source: Field Data, 2014

Annual estimated economic value (GH¢)
University of Ghana
5,040
2,250
540
7,830

Central University College
1,080
720
90
1,890

Table 5 Composition (% by wt.) of solid waste generated in University of Ghana/Central University College administrative and academic buildings.
Source/Material
University of Ghana
Central University College

6

Paper (%)
46
52

Plastics (%)
20
17
Source: Field Data, 2014

Food (%)
17
12

Other (%)
17
19
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Beside examination, there are also other sources of generating
paper waste in the two institutions of study. These include
centers providing secretarial services, students’ project works,
students’ assignments and also traders. These waste sources are
considered as miscellaneous and it was assumed that the paper
waste generated by the miscellaneous sources equals to 10% of
what is generated by the central procurement in both institution.
If the paper waste generated from all the aforementioned sources
is well managed and devoid of contamination, it can be sold to
paper recycling companies for value addition or transformation.
In an interview with the Managing Director of Super Paper
Company Limited (SPCL), a company which recycles waste paper
into toilet rolls, they buy their raw materials at GH¢ 90 ($30with
the exchange rate of GH¢3 as at 2014) per ton. Table 5 presents
the most dominant sources of paper waste in the two institutions
of study and their estimated economic value.
The University of Ghana and Central University College only gain
GH¢2,250 and GH¢720 respectively from the annual sale of used
examination papers as indicated in Table 6. However, they stand
to gain more from the other sources of paper if measures are put
in place to recycle.
The study therefore reveals that, University of Ghana throws
away waste materials of which includes GH¢5,580 worth of
recyclable paper while Central University College throws away
waste materials of which GH¢1,170 worth of recyclable paper is
included.
Plastic waste was the second largest component in the waste
generated in the academic building. This type of waste consists
mainly of plastic bottles and plastic bags from consumption of
beverages and bottled water. This plastic waste can be reused
and/recycled. Another significant output of the waste audit is
the high representation of food materials (organic waste). Food
waste when separated from other waste could be processed
into compost to feed the numerous urban farms within the
Accra Metropolitan Assembly. This consists of leftover food
from breakfast and lunch packs. Although this is not unique to
the institutions, the study revealed that such organic materials
from the institutions do not contain faecal matter as compared
to those from the households. A study by Millennium Challenge
Initiative (MCI) at Ayidiki recorded about 10% of feacal matter
contamination at James Town and the amount of faecal matter
present was as high as 20% [7]. Thus, organic waste from the
institutions can be a better potential input for compost manure
as food materials are made up of 17% and 12% of the sample
waste stream in the University of Ghana and Central University
College respectively as indicated in Table 4.
The results from the waste audit carried out in University of
Table 6 Total annual cost estimates.
Cost of waste collection and disposal services UG (GH¢) CUC (GH¢)
Annual Landfill disposal fee
8,640
--------Annual cost of waste management services
168,000
142,776
outsourced
Annual salaries
16,800
-------Total
193,440
142,776
© Under License of Creative Commons Attribution 3.0 License
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Ghana/Central University College demonstrated that 83%
and 81% of waste sampled in University of Ghana and Central
University College respectively are potential recyclables.
Therefore there is high potential to divert paper, plastic and food
waste from landfills. Other studies on University waste such as
Mbuligwe and Gakungu et al. and Gbogbo [3,8,9] have proven
that there is high potential for waste to be diverted to profitable
use to a high degree in educational institutions. In the study
by Mbuligwe [8] on waste management within three academic
institutions in Tanzania, the results reported were similar to the
ones reported in this study; a recovery potential and reutilization
of waste from 71.6% to 86.8% was achieved. The author does
not mention the situation in private institutions as well as the
state of the local recyclables market in Tanzania. He, however,
indicates that there is informal food waste reuse practice carried
out. Thus, food waste is mainly delivered to pig farmers who use
this type of waste as animal feed. Similarly, Gakungu et al. [9] on
solid waste management in Kenya also indicated that the waste
material mainly recycled in institutions is food waste, which is
used as animal feed.
In the case of organic waste within University of Ghana and
Central University College campuses, practices such as that
mentioned by Mbuligwe [8] in Tanzania and Gakungu et al. [9]
could be used. In addition, food waste when separated from
other waste could be processed into compost for urban farmers.
Considering the fact that in the Accra Metropolitan Assembly,
there are numerous small-scale urban farms where vegetables
and cereals are cultivated. It is therefore clear that those farming
areas can be potential consumers of the processed food waste
(compost). The commercial exploitation of solid waste has been
carried out in universities in industrialized countries. Universities
in developing countries and for that matter Ghana should
consider same.
An Environmental Sanitation Policy was formulated in 1999 and
revised in 2010, which guides waste management practices in
Ghana. The revised policy promotes reduction, reuse, recycling
and recovery of all types of waste stream as a way of minimizing
the volume (and cost) of waste that ends up at the landfills.
In line with this, public Universities in Ghana, which are semiautonomous entities, are expected to formulate policies towards
separation of waste and create recycling opportunities to a greater
extent. Unfortunately, these policies are currently non-existent
among Ghanaian public institutions. Thus, public institutions
can implement resource recovery, reuse and recycling policies
with relative ease resulting in reduced pressure on solid waste
disposal sites [8]. Furthermore, the inadequate information
on quantification and characterization of waste is a challenge
hindering policy making on waste management in Ghana.
Information on the characteristics of waste is an important part
for the selection of the most appropriate system for sustainable
waste management systems.
While public institutions in the developed countries have put
in place waste recovery systems, which enable them to gain
economically from adding value to waste resources, institutions
in most developing countries continue to incur cost in the
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collection and disposal of waste. Hence, institutions in developing
countries not only lose the benefits that come from adding value
to these waste resources; they pollute the environment and
incur cost in the areas of collection and disposal. However, there
are various technologies available for enhancing sustainable
solid waste management in developed countries. Such initiatives
could be adopted to improve solid waste management in Ghana.
In order to identify these workable initiatives, there is the need
for situational analyses through empirical research. Addressing
the problems of reducing cost of managing waste whiles
adding value to waste resources, source separation of waste
is encouraged. This study therefore demonstrated that, when
source segregation of waste is carried out in these institutions,
less waste material are likely to end up in landfills.

Solid waste management practice in institutions
of higher learning
The type of waste generated by institutions usually depends
on the items and materials used and consumed. The items
and materials commonly used in institutions include packaging
materials, papers, pens, food remains, glass, old clothes,
computers, metals, wood, medicine and plastics. Street bins are
used as an institutional arrangement for waste collection. Mostly,
a single bin is provided at a particular location for all sort of waste
to be thrown in. These bins are made available on the University
of Ghana campus but significant number of them seems not to be
utilized. This could be attributed to the fact that, the street bins
are not strategically sited for easy access. As a result of limited
bins placed at vantage places in the University of Ghana main
campus, there are instances where waste overflows and stay
uncollected for weeks. The waste containers available are also
seen not covered and the waste, which contains high amount of
plastic bags and paper are easily spread by the wind. According
to students whose hostels are near waste containers, the sight
and smell of uncollected wastes constitute a major discomfort
to them [4]. According to Campbell [10] vultures and related
species are often found in areas characterized by open food
markets, large garbage disposal areas and in some cases poor
sanitation. The amount of waste collected and disposed off daily
by the sanitation unit on the university campus represents only
35% of the total waste generated on campus, while the quantity
deposited on unauthorized refuse dumps represents 40% [4].
At the Central University campus there is, however, little littering
due to the fact that management has strategically placed street
bins at vantage points (50 meters interval) for easy access.
Storage bins are well covered and the timely collection of the
waste generated resulted in no sight of overflowing waste,
uncollected waste or unauthorized dumpsite. Also, there are no
sights of vultures on the University campus. This has made the
campus tidy and hygienic. This therefore confirms that waste
is properly disposed off and that, location and convenience are
important for safe disposal of waste as indicated by Ludwig et
al. and Oteng-Ababio [11-13]. By implication, the use of street
bins as an institutional arrangement for waste collection calls
for effective planning if separation of waste is to be carried out.
The location of the bins needs to be carefully planned in order to
satisfy the needs of the people.
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Cost of managing institutional solid waste
High waste collection and disposal cost are incurred by the
institutions annually as well as salaries paid to waste collection
workers and service providers. This was revealed by the
researcher’s interaction with the officers responsible for waste
management in the two institutions under study. The public
institution spends GH¢193,440 (which is equivalent to $ 96,720
with the exchange rate of GH¢2) in the collection and disposal
of waste annually and the private institution on the other
hand, records an annual cost incurred in managing waste to be
GH¢142,775 (which is equivalent to $71,388 with the exchange
rate of GH¢2 to a dollar) (Table 3). The cost however excludes
disposal, insurance, licensing and maintenance charges as well
as environmental externalities caused by current management
practices in the two institutions of study.
Indeed, the cost of machinery, maintenance, insurance, licenses
and most importantly environmental externalities that are
associated with the current waste management practices
cannot be overlooked. The negative externalities associated
with landfill disposal methods include environmental effects to
the surrounding area. The environmental effects arise from the
greenhouse gasses (such as methane) emitted from landfills when
waste decomposes, the potential groundwater pollution through
toxic seepage and air pollution from the transportation of waste
as well as decreased property values in the areas surrounding
landfills and increased traffic [14-19].

Recycling in institutions
The institutions under study recycle only used examination
papers. The University of Ghana and Central University College
give out their annual generated waste examination papers to
local recycling companies and receive toilet paper proportionate
to the waste paper given. Daily paper wastes generated from
offices in the University of Ghana are not recycled even though
significant quantity of paper is generated. If recycling is to be
considered, then paper wastes need to be separated from other
waste to prevent contamination. This is because contaminated
paper is not accepted for recycling. However, in the Central
University College, shredding machines are provided in few
offices to shred paper for recycling purposes while most offices
mix waste paper with other waste material in a single bin. Due to
irregular pick-ups by the local recycling company and inadequate
storage space for shredded paper in the institution, these
shredded paper end up being thrown away together with plastic,
food and other waste materials. Apart from examining paper,
both institutions studied have not put in place any measure to
recycle plastic, food and other waste even though these wastes
are significantly generated daily. However, individuals are seen
scooping through bins for plastic and glass bottles. To derive the
full benefits of recycling in institutions of higher learning, source
separation of waste needs to be considered.

Conclusions and Recommendations
Institutions spend a lot of money to dispose valuable waste
resources due to the absence of source separation of waste.

This article is available in: http://www.imedpub.com/resources-recycling-and-waste-management/
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Value could be added to institutional waste resources if source
separation of waste is carefully practiced to generate revenue
while saving the environment from pollution. If proper waste
management practices are not taken into consideration,
collection and disposal costs will increase and subsequently
increase the institutions’ financial budgets. The waste from the
University of Ghana and Central University College show a great
potential for recycling. The local recyclables market can absorb
the portion of waste considered as recyclable. The portion in the
potentially recyclable category could be diverted from landfills
when source separation of waste is carried out in the institutions.
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