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Abstract 

Waste management is a major challenge for many metropolitan and municipal assemblies in Ghana. The quantity of waste 

generated from the cities keeps increasing at a faster rate without increasing facilities to match its management. In the Takoradi 

sub-metro for instance, all the waste generated ends up at the final disposal sites without any recovery of the valuables. Proper 

management of the generated waste requires reliable and informative data which could assist in the collection as well as value 

addition process. Waste separation efficiency; willingness to separate waste at source; physical composition and per capita 

waste generated by households within the Takoradi sub-metropolis were studied over a five-week period. Questionnaire, 

interviews and survey were employed in the collection of the required data. The data were analysed using SPSS. The results 

showed solid waste composition of 60.0% organics, 11.5% plastics, 8.0% inert materials, 7.1% papers and cardboard, 5.0% 

miscellaneous materials, 2.9% textiles, 2.4% metals, 1.5% glasses and 1.2% leather and rubber. Over 80% of the waste fraction 

has the potential for recovery into other products; with this, 22.7% could be recycled and 63.6% suitable for biological 

conversions such as composting and anaerobic digestion since they have a moisture content as high as 55%. The average per 

capita waste generated within the sub-metro was 0.70 kg/cap/day. Households were able to separate the organic fractions from 

the rest of the waste fractions reaching effectiveness of 92% for organic separation and 83% for all other wastes. The data 

generated on the quantity and composition of the waste stream in the Metropolis would play a positive role in solid waste 

management and help solid waste managers make informed decisions on waste management options.   
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1 Introduction 

 

Rapidly increasing populations, economic growth 

and affluence have contributed positively to 

generation rate of Municipal Solid Waste (MSW) 

causing a major challenge to its management 

worldwide (Aguilar-Virgen et al., 2010; Al-khatib et 

al., 2010; Fakare et al., 2012; Nabegu, 2010). This 

particular situation highly manifests in urban cities 

of developing countries like Ghana, where 

municipal solid waste management (MSWM) is 

almost neglected. A walk through the streets of the 

urban areas of Ghana one finds clear lapses in the 

waste management situation of the country.  

According to Freduah (2004), there has been a 

phenomenal daily increase in the volume of wastes 

generated in Ghana of recent years resulting in about 

83% of the population dumping their refuse in either 

authorized or unauthorized sites in their 

neighbourhood creating unsanitary conditions. In a 

similar study, Fakare et al. (2012) showed that the 

problem of waste generation, handling and disposal 

have reached a disturbing level and a glaring 

challenge in urban centres of Nigeria. From the same 

study Fakare et al. (2012) observed that the rate of 

change of the quantity and composition of domestic 

waste is quite outstanding and worth frequent 

investigation. 

The social nuisance, healthcare implications and 

environmental threats pose by improper waste 

disposal call for efficient waste management 

strategies since human settlement and waste 

generation are indispensable. MSW is highly 

heterogeneous consisting of valuable materials 

which are often lost because they are not separated 

from the waste stream. These valuable materials in 

the waste stream can be recycled and reused, thereby 

minimising the amount that ends up at the final 

disposal sites. However, due to the contamination 

form in which they appear, it is very difficult (if not 

impossible) to make projections for these valuables 

regarding recycling, recovery and reuse (Kui, 2007; 

Walling et al., 2004). This view expressed by Kui 

(2007) and Walling et al. (2004), is relevant to this 

research because the waste produced by the people 

of Takoradi Sub-Metro (TSM) is mixed since there 

is no form of source separation in the sub-metro. Al-

Khatib et al. (2010) noted that the composition of 

solid waste affects the density of the waste, the 

proposed methodology of disposal and help 

determine which materials can be reused, reduced at 

source and recycled. Subsequently, Nabegu (2010) 

observed that knowledge of waste composition is 

crucial for selection of the most appropriate 

technology for the treatment, taking essential 

precautions on health-related issues and space 

needed for treatment. Oumarou et al., (2012) 

therefore believes a comprehensive characterization 
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of MSW is crucial to the long term efficient and 

economical planning for solid waste management.  

 

Efficient waste management relies on adequate 

statistics on the waste to inform decision making. 

This therefore, is not the case of waste management 

approaches employed in many urban settlements of 

Ghana. Despite the acknowledged relevance of 

waste management data, there has been inadequate 

information on the characteristics of municipal solid 

waste generated in the TSM even though a lot of 

work has been done in other bigger cities such as 

Accra, Kumasi and Tamale. This study is purposed 

to fill this gap by providing data on the generation 

rate and composition of MSW generated from three 

different socioeconomic income areas of the TSM to 

help the city authorities plan properly for managing 

the waste.  

 

2 Resources and Methods Used  
 

Sorting and separation were conducted at the 

household level of the three socioeconomic income 

areas (first, second and third class income areas) of 

the Takoradi sub-metro between January and 

February 2014.  

 
2.1 Study Area 
 

The study was performed in the Takoradi Sub-metro 

(TSM) which is under the Sekondi-Takoradi 

Metropolitan Assembly (STMA) of the Western 

Region of Ghana. The STMA has undergone several 

changes in status and name.  It started as Sekondi 

Town Council in 1903, under the Town Council 

Ordinance No 26. Takoradi then joined the 

administration in 1946 to form a twin community. 

Sekondi-Takoradi was elevated to the status of a city 

in 1962. The Assembly was named as Shama Ahanta 

East Metropolitan Assembly (SAEMA) through a 

legislative instrument (LI), LI 13116. The assembly 

was renamed STMA in 2008 through an LI 1928 

after Shama was carved out. The STMA is divided 

into four zones or sub-metropolitan councils 

namely: Sekondi sub-metro, Effia Kwesimintim 

Sub-metro, Essikado Ketan Sub-metro and the 

Takoradi sub-metro (Fig.1).  

 

Fig. 1 A map showing the four sub-metros under 

STMA 

Source: Ghana Statistical Service, (Anon, 2012c)  

 

TSM is believed to be the leading economic, 

commercial and industrial nerve centre of STMA 

due to the oil find. Oil has been drilled in Ghana in 

a small way since the late nineteenth century, but 

Ghana joined the league of oil-producing countries 

with the discovery of oil in commercial quantities at 

West of Cape Three Point in the Western Region in 

June, 2007. Ghana’s new oil and gas industry’s 

positive impact is already being felt across the 

nation and employment is booming across the nation 

with the STMA housing headquarters of these oil 

industries (Anon, 2011).  Findings indicate that 

Sekondi-Takoradi is evolving as a location for oil 

industry cluster. Intense linkages between firms in 

the core oil industry and other supporting businesses 

show characteristics of an industrial cluster 

(Quayson, 2012). The Takoradi harbour for example 

which is the closest port to the Jubilee field, has 

thousands of new jobs being created and flooding of 

new workers has brought an instant turnaround in 

the fortunes of this city that was in a state of decline. 

TSM is now the hub of new industrial development 

in the region (Anon, 2011). The Western Region in 

general, has experienced a huge migration of people 

in the last decade but more people have been 

attracted into the STMA probably with the hope of 

finding work in the oil-related industries (Planitz 

and Kuzu, 2014). 

 

According to the 2010 population and housing 

census, the population of TSM is approximately 

97,352 people with gender distribution as 48,470 

males and 48,882 females. About 27,920 of the 

population are between the ages of 0-14; 65,292 

between ages 15-62 and 4,140 of the population are 

above 65 years (Anon, 2012a). The local economy 

of the Metropolis and the socioeconomic activities 

of the STMA in general is classified into three major 

sectors; manufacturing, agriculture and the services. 

The manufacturing sector is made up of paper 

manufacturing, timber manufacturing, metal 

fabrication, micro-enterprises and agro processing 
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industries. Twenty-one (21) percent of the 

population are engaged in agriculture and are into 

crop farming with 6% of this population also into 

fishing. The service sector is made up of 

shipping/forwarding, hotel/hostel/restaurant (the 

hospitalities), bulk oil storage and distribution, 

transport services, harbour and port services as well 

as commerce (Anon, 2012a). The service sector is 

the largest employer of the labour force in the 

Metropolis. It employs about 59.9% of the labour 

force who are mostly employed in white-colour jobs 

in private and public institutions (Anon, 2012a). 

 

2.2 Classification into Socioeconomic 

Income Areas by the STMA 

 

Settlement classification into three basic 

socioeconomic income areas (first, second and third 

class residential areas) was developed by the STMA. 

The STMA classification which is based on 

socioeconomic development takes into 

consideration the type of buildings, road network 

and other social amenities in the area (Anon, 2012b). 

 

2.2.1 First class income areas  

 

These areas mostly have single detached houses 

outside the city centre with gardens/lawns. The first 

class income areas are usually quiet neighbourhoods 

having various amenities and access to social 

services. Not only are those areas quiet, but are also 

very close to the commercial business district 

(CBD), making vehicular and pedestrian 

accessibility to the CBD very easy. Crime rate in 

such areas is very low due to better security services 

and the presence of police patrols. Not surprising, 

the inhabitants are mostly politicians, top public 

service officials, the rich and the elite in society.  

 

2.2.2 Second class income areas  

 

These settlements are characterized by high rise 

buildings or multiple occupancy properties with no 

gardens/lawns and close to the central business 

district. The second class residential areas are 

characterized by mixed residential properties like 

semi-detached, flats, and multi-family properties 

usually referred to in Ghana as the “traditional 

compound houses”. Such compound houses are 

typically two-storey with 10 to 15 bedrooms. In such 

areas, basic amenities like schools, hospitals are 

available and accessible.  

 

2.2.3 Third Class Income Areas 

 

The settlements are often characterized by buildings 

made up of wooden or made shift structures. The 

communities are unplanned and have many 

squatters. Low income families dominate these areas 

which have high crime rate, dense population with 

noisy environment. These areas normally lack better 

services and social amenities. 

 

2.3 Data Types and Sources 
 

Data used for the research were from both primary 

and secondary sources. Primary sources of data were 

obtained through Field survey, face-to-face 

interviews and questionnaire administration. Field 

observation involved visit to the selected households 

to inform occupants about the survey and seek their 

participation in the survey. Direct interviews were 

conducted to obtain information from some 

stakeholders in the waste management sector 

involving the administrative heads from the Waste 

Management Departments of the STMA and TSM, 

the Assemblymen in the selected study areas as well 

as some officials of the Western Regional Branch of 

Zoomlion Ghana Limited (a waste management 

company) including the Regional Manager, his 

Assistant and some field supervisors.  

A well-structured questionnaire was developed and 

administered randomly to sample households for 

collection of relevant data. This was followed by 

field measurements of waste samples collected from 

households. 

 

Books, articles, newspapers, journals and 

information from the internet were some of the 

sources where secondary data used were obtained. 

  

2.4 Sample Size Determination and 

Sampling of Households 

The needed sample size required to obtain the right 

and representative information were determined 

using the formula of sampling for continuous 

variable measurements reported by Cochran (1977) 

which was applied by Puopiel (2010) and Gomez et 

al. (2008) as in Equation below. 

 

n = Z2 [P2)/ (D2)] 

 

where n= the sample size, Z= value for a selected 

alpha level of each tail = 1.96 (the alpha level of 0.05 

indicates the level of risk the researcher is willing to 

take that true margin of error may exceed the 

acceptable margin of error), P= estimate of standard 

deviation in the population and D= acceptable 

margin of error for mean being estimated.  

Also, following the approach used Nordtest (1995) 

for study which involves stratification into 

socioeconomic income areas, 25-40 households 

were selected randomly (Table 1).  
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Table 1 Number of Households Selected from the 

Socioeconomic Areas as Well as the 

Sample Size Collected for the Analysis 

Sn 

Class of 

Resident

ial Area 

Residential 

Area 

Number of 

Household

s 

Number 

of 

Samples 

1 First Beach road 28 420 

2 Second Essikafoam

batem  no. 1 

34 510 

3 Third Adakope 31 465 

 

After the determination of sample size required and 

number of households needed, sampling of the 

households was carried out randomly within the 

stratified socioeconomic areas. Households were 

sampled by selecting every Kth house starting from 

the direction of the first point of contact with any 

house in the selected area.   

 

2.5 Sorting of Generated Waste  
 

The randomly selected households were educated on 

how to sort and separate their waste for a period of 

two days. During the period, a one-way separation 

method involving separation of waste into two 

categories Biodegradables (organics excluding 

papers) and All other wastes was explained to them. 

Also, the importance of the survey was explained to 

the respondents to encourage their full participation. 

Feedback was collected from households to test their 

understanding of the sorting and separation 

activities. The feedback was both verbal and filling 

the questionnaire to state whether or not respondents 

understood how separation into the various 

categories is to be carried out. 

 

Households were made to separate their waste into 

two designated waste bins or polythene bags 

supplied to areas which had no bins. Each bin or 

polythene bag was labelled either ‘Biodegradable 

wastes except Paper’ or ‘All Other Wastes’. The 

separated wastes from each household were 

collected three (3) times in a week (Mondays, 

Wednesday and Fridays) over a period of five (5) 

weeks. Each collected waste further sorted and 

separated into different fractions for determination 

of the composition. 

 

2.6 Waste Quantification 
 

The per capita generation of the waste and the total 

waste generation was deduced from the waste 

components separated by weighing. This was done 

for the mixed wastes and also the separated fractions 

using the formula below: 

 

Per capita waste generation=
weight of MSW generated at the household

Total number of persons in the household × total generation days 

2.7  Physical Composition of MSW Analysis 
 

MSW from the households was segregated into the 

following compositions and analysed by weight as 

well as the percentage composition described by the 

Anon. (2008) method for separation of unprocessed 

waste (Table 2).  

 

Table 2 Fractions of MSW and their sub-fraction 

into which the further sorting was done 

Major 

Fraction 

Sub-fractions 

Organic 

waste 

Food waste, yard waste and 

wood 

Plastics PET, HDPE, PVC, LDPE, 

PP, PS and Pure water 

sachet 

Metal Ferrous and Non-ferrous 

Papers packaging/cardboard/office 

print/sheet/newsprint and 

tissue/diaper 

Leather and 

Rubber 

 

Textiles Cloths and rags 

Glass Plates, cups, bottles etc 

Inerts  Sand, rocks, ash, etc 

Miscellaneous  all other fraction not in the 

above categories 

 

The composition of the various fractions of the 

wastes was determined using the equation below  

 

% Composition of separated waste=
Weight of separated waste

The total mixed weight  of sample
× 100 

 

2.8 Separation Efficiency 
 

The efficiency of the separation was assessed by 

weighing the sorted waste in the designated bin or 

polythene bag provided as a percentage over the 

total weight of waste in the same bin.  

 
Separation efficiency =

weight of  target waste separated  into  the right  bin/ polythene bag 

total weight of all waste separated into the same bin/polythene bag
𝑋 100 

 

The administered questionnaire helped to determine 

the preparedness of the participants to separate their 

waste at any given period. This was compared with 

how best the separation was done.  

 

2.9 Determination of Moisture Content 
 

Following the method described by Bryant et al. 

(2010), the moisture content of the biodegradables 
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or organic waste (food waste and yard trimmings) 

was determined by heating the waste in an oven to a 

temperature of 105oC for 12 h until the weight 

stabilized. The difference between the weight before 

oven drying and after oven drying gave the moisture 

content of the waste (equation 4). The moisture 

content of the biodegradable wastes from the various 

socioeconomic income areas was determined. 

The moisture content as a percentage was 

determined from the formula below: 
 

Moisture content (%)=
(a-b)

a
× 100 

 

where a = initial weight of the sample as delivered 

b = weight of the sample after drying at 105o 

C. 

 

2.10 Data Analysis 
 

The Statistical Package for Social Sciences (SPSS) 

16 for Windows and Microsoft Excel were used to 

analyse the data obtained. SPSS was used to analyze 

the correlation between income levels of the three 

socioeconomic classes and the per capita generation 

and also income levels against household size. One-

way ANOVA was used to test for significant 

difference in waste generation rate between the three 

classes. The mean value in relation to the standard 

error of the separation effectiveness of the waste in 

the three classes was determined using the SPSS. 

The significance was at p=0.05 (95% confidence 

level). 

 

3 Results and Discussion 
 

3.1 Physical Composition of Waste 
 

The percentage composition by weight of the 

fractions of waste from households in the three 

socioeconomic income areas analysed over the 

entire period of the survey is shown in Table 4.  A 

total waste amount of 11,708.4 kg was analysed, out 

of which 3,757.5 kg was collected from the third 

class socioeconomic income area; 3,712.9 kg from 

the second class income area and 4238.0 kg also 

from the first class income area (Table 4). The 

results show the average solid waste composition of 

60.0% biodegradables; 11.5% plastics, 8.0% inert 

materials, 7.1% paper and cardboard, 5.0% 

miscellaneous materials, 2.9% textiles, 2.4% metals, 

1.5% glass and 1.2% leather and rubber from the 

three socioeconomic income areas. The percentage 

composition of biodegradable waste was highest for 

all the three socioeconomic income areas while 

leather and rubber were least fractions of wastes 

from Beach road. Glass also was the least fraction 

from both Essikafoambatem No. 1 and Adakope. 

 

Food waste formed the highest fraction (58.6% of 

the waste stream on average) of the biodegradable 

waste from all the three socioeconomic income class 

areas. This is also the case in many developing 

countries where cooking of unprocessed foodstuff 

generates a significant amount of putrescible wastes. 

In contrast, developed countries depend a lot on 

processed and ready-to-eat foods leading to a lower 

percentage generation of organic foods, but a higher 

percentage of packaging materials. Al-khatib et al. 

(2010), and Gomez et al. (2009), reported of garden 

and food waste as contributing to 65.1% of the total 

waste stream in most developing countries (Table 

3). 

 

 

 
Table 3 Composition of MSW components (weight basis) 

                 
                 

Waste  

Sampling 

location             Overall composition in the 

  Beit Imrin (western 

locality) Beita (eastern locality) 

  Nablus 

city 

   district    

           

                    

  av (kg) s.d. %   

av 

(kg) s.d. %  av (kg) s.d. % av (kg) s.d. %  

Plastic 6.7 2.4 5.2 9.9 3.4 8.6 11.0 4.9 9.4 9.2 2.2 7.6  

Metal 2.5 1.7 2.0 3.7 2.5 3.2 4.1 2.0 3.5 3.4 0.8 2.8  

Glass 3.8 2.3 2.9 3.4 1.4 3.0 3.4 2.3 2.9 3.6 0.2 2.9  

Paper & Card 6.4 1.9 4.9 12.4 2.6 10.8 14.3 6.9 12.2 11.0 4.2 9.1  

Organic 95.3 7.9 73.4 72.1 11.7 62.6 68.3 18.6 58.3 78.6 14.6 65.1  

Textile 3.9 2.6 3.0 3.1 2.0 2.7 4.2 2.7 3.6 3.7 0.6 3.1  

Other 5.8 3.5 4.5 6.6 3.2 5.7 7.2 3.7 6.1 6.5 0.7 5.4  

<10 mm 5.4 3.4 4.1 4.1 3.2 3.5 4.6 2.9 3.9 4.7 0.7 3.9  

Overall density 

(kg/m3)  295    230    234   240    
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The percentage of putrescible reported in this study 

(60.0%) is similar to this reported fractions of 

biodegradable wastes. The percentages of 

biodegradable waste in municipal solid waste in 

selected African cities were 56% in Ibadan, 75% in 

Kampala, 85% in Accra, 94% in Kigali and 51% in 

Nairobi (Oyelola and Babatunde, 2008).  

 

Food waste as a fraction of the biodegradables, was 

highest in the second class income area and this may 

be due to the large numbers of local restaurants 

“Chop bars” located in homes in that community 

where some leftovers from these Chop bars find 

their way into household bins. The third class area 

had the least fraction of food waste since most of 

these food wastes were used as feed for animal. Yard 

trimmings formed the bulk of the waste in the first 

class income areas where residents had lawns and 

gardens on their compounds.  

 

The next highest fraction of waste aside the 

biodegradable waste was plastic waste mainly 

composed of LDPE and pure water sachets (HDPE).  

Generation of plastics was highest in the second 

class income area (14.3%) and lowest (10.0%) in the 

first class income area. Paper waste was 

significantly made up of cardboards, magazines, 

disposal tissues and diapers in all the three 

socioeconomic areas. Comparatively, paper waste 

fraction was lower in the study areas of the Takoradi 

Sub-metro than it is in developed cities/countries. 

Most paper wastes generated in households of the 

Sub-metro (e.g. newspapers, magazines) are waste 

sold by offices and institutions to food vendors who 

use them in wrapping food items. The first class 

income area generated more packaging waste in 

total (paper, metals, plastics and glass) than the 

second class income area, and the third class income 

area generated the least of this type of waste. The 

highest percentage of packaging waste generated by 

the high income population indicated its greater 

purchasing power, reflected in its consumption 

ability. Oyelola and Babatunde (2008), reported that 

the packaging fractions of household waste have a 

direct relationship with household income; the 

wealthier households produce significantly higher 

percentages of paper, plastic, metal and glass wastes 

use in packaging items. The composition of 

packaging materials from the first class income 

areas in this study confirmed this. The least 

production of packaging waste was from the third 

class income area. 

  

Textiles waste was highest in the second class 

income area (4.9%) compared to the 1.9% and 1.8% 

from the third and first class income areas, 

respectively. The least fraction of textile waste from 

the first class income area could be due to the fact 

that these settlements often donate used clothing to 

the less privilege in society and also offer to their 

maidservants or hired workers as gift. Even though 

Textile waste from the first class income areas 

happened to be least, 1.8%, this value is comparable 

to that for the third class income areas, 1.9%. The 

value recorded for the third class income area is 

attributed to the fact that the people hardly discard 

their old cloths but transfer them to other members 

of the family due to their financial status.  

 

Over 5.1% disposable tissues and diapers were 

generated in the first class socioeconomic area 

followed by the second class socioeconomic area 

(3.8 %) and the third class income areas, 2.5%. The 

third class income areas generated the highest 

(21.8%) amount of inert (sand and dirt) waste and 

also highest miscellaneous items (12.0%). This may 

be due to the patronage of second-hand electronic 

items and disposable batteries compared to only 

1.2% in the first class socioeconomic areas (Table 

4). 

 

From the study, biodegradable waste constituted 

65.0% and non-biodegradable waste 34.3%. It can 

be seen that biodegradable waste generated by the 

three socioeconomic areas decreased steadily and 

the non-biodegradable waste increased steadily from 

the first to the third class (Fig.2). However, there 

was no significant different in the fractions of these 

biodegradables and non-biodegradables across the 

three socioeconomic areas at P < 0.05 (P = 0.96).  

 

 

Fig. 2 Categorisation of Waste stream into 

Biodegradables and Non-Biodegradables 
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Table 4 Total Waste Amounts Analysed and the Physical Composition of MSW from the Three 

Socioeconomic Income Areas 
 

Physical Composition 

of Waste 

Class Residential Settlements 

 

Beach Road Essikafoambantem no 1 Adakope P-value 

Biodegradables Wt kg Wt % Wt kg Wt % Wt kg Wt %  

Food Waste 1799.77 42.47 2255.93 60.76 1376 36.62   

Yard Waste 1109.29 26.18 44.3 1.19 317.5 8.45   

Wood 97.8 2.31 34.9 0.94 42.1 1.12   

  3006.86 70.95a 2335.13 62.89a 1736 46.19b 0.96 

         Non-Biodegradable  

News/Office Print/Cardboard 152.7 3.6 167.56 4.52 93.8 2.49  

Tissue Paper/Diaper 217.9 5.14 141.3 3.81 93.5 2.49  

  370.6 8.74d 308.86 8.32d 187.3 4.98e 0.66 

Plastic Film/LDPE 146.4 3.45 249.02 6.71 219.6 5.84  

PET 85.7 2.02 50.91 1.37 29.9 0.8  

HDPE 45.5 1.07 36.2 0.97 24.5 0.65  

Pure water sachet (HDPE) 54.65 1.29 125.31 3.38 65.5 1.74  

PP 33.5 0.79 28.51 0.77 17.7 0.47  

PS 32.95 0.78 15.32 0.41 4.2 0.11  

PVC 11.1 0.26 6.7 0.18 8.8 0.23  

Other Plastics 13.5 0.32 20.6 0.55 8.91 0.24  

  423.3 9.99d 532.58 14.34d 379.1 10.09d 0.87 

Metals 132.9 3.14e 93.25 2.51e 55.6 1.48e 0.71 

Glass 116.4 2.75e 45.7 1.23e 20.6 0.55f 0.15 

Leather and Rubber 27.1 0.64f 83 2.24e 29.8 0.79f  

Textiles 79.8 1.88e 181.22 4.88e 73.6 1.96e  

Inert 33.2 0.78f 55.5 1.49e 820.8 21.84c  

Miscellaneous 46.7 1.1f 68.3 1.84e 450.7 11.99c  

TOTAL 4237.96 100 3712.94 100 3757 100  

**Percentages of Waste Composition in Italics 

“NB: Values having the same alphabet code significantly the same and differ with others with a different 

alphabet.” 

 

3.2 Effectiveness of the Separation 
 

The willingness of households to separate waste at 

source was 71.4%, 79.4% and 64.5% on average for 

first, second and third class income areas, 

respectively as observed from the administered 

questionnaire. This was consistent with the outcome 

of research conducted by Anarfi (2013), which 

recorded 73.3% and 86.7% for low and middle 

income areas, respectively. It also agreed with 

results obtained by Oduro-Kwarteng et al., (2016), 

which had it that over 70% of respondents in their 

study area were willing to separate their household 

waste at source. Respondents from the third class 

income area had the least response on willingness to 

separate their waste at source; the explanation most 

of the households in the area gave was the belief that 

extra cost was going to be charged. 

 

Source separation of waste needs guaranteed 

participation of communities and this could be 

measured by the willingness of people to separate 

waste at source. This measurement may not be the 

same as the actual number participating in the 

separation of the waste at source due to change of 

mind or the mere fact that neighbours are separating 

their waste.  

 

The separation efficiency for sorting into the bin 

designated for organics were 95.7%, 90.9% and 

91.3% for the first, second and third class income 

areas, respectively while in the same way 79.8%, 

84.7% and 85.9% were achieved for separating into 

the bin for all other wastes.  
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The trend in separation effectiveness for sorting into 

the bin for organic or labelled biodegradables from 

day 1 to the 15th sorting day is shown in Fig. 3 while 

separation effectiveness for separating into the bin 

for all other waste is in Fig. 4. There was higher 

separation effectiveness for organics, above 90% in 

almost all the sorting days across the socioeconomic 

income areas, except on few occasions where the 

second and third class income areas recorded value 

below 90%, but above 85%. In the case of sorting 

waste into the bin for other wastes, the achievement 

of the third class income area was the highest except 

on sorting day 11 where the performance came from 

above 80% average to about 65% (Fig. 4). The 

second class income area had separation 

effectiveness ranging from 74-93% while in the first 

class income area 77-84% was recorded. There was 

a slight fluctuation in the effectiveness of the 

separation as the survey proceeded but constant 

education kept sustaining the separation across the 

socioeconomic areas. Some of the reasons which led 

to lower separation effectiveness in separating into 

the bin for other waste were the fact that separation 

of the waste in most first class income areas was 

done by house maids who had low level of 

education. Some household’s members were most of 

the times out of the house, hence could not be fully 

educated on the sorting and separation process. 
 

 
Fig. 3 Effectiveness of separation of waste into the 

waste bin designated for organic waste by 

households from the three socioeconomic 

areas in TSM 

 
Fig. 4 Effectiveness of Separation of Waste into 

the Waste Bin Designated For All Other 

Waste by Households from the Three 

Socioeconomic Areas in TSM 

 

The high percentage efficiency in the separation was 

probably due to the explanation given to them on the 

benefits of source separation compared to the 

existing solid waste management system in the sub-

metro. Most people believed if source separation is 

part of the solution to proper solid waste 

management in the metropolis and the country, then 

they were willing to separate. 

 

Analysis of the administered questionnaire indicated 

that none of the households in the study area does 

source separation. However, there were a high 

number of residents (72.04%) who were willing to 

separate their waste. The desire to access other 

disposal options in the community was high. For 

instance, 77.4% of respondents are willing to send 

waste for recycling whiles 74.2% of respondents are 

willing to accept the concept of home composting.  

 

3.3 Per Capita Waste Generation 
 

The per capita generation rates of waste generated in 

the three socioeconomic income areas in the TSM is 

shown in Table 5. The generation rate was highest 

in the first class income areas having a rate of 0.76 

kg/capita/day compared to the second and third class 

income areas which had a generation rate of 0.66 

kg/capita/day and 0.69 kg/capita/day, respectively. 

The average generation rate for the three 

socioeconomic income areas was 0.70. There was no 

significant difference in the generation rate of waste 

per capita among the three socioeconomic income 

areas at 5% significance level.  

 

The average waste generation rate from this study, 

0.70 kg/capita/day is similar to the per capita 
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generation of 0.75 kg/ca for metropolitan and 

municipal areas reported by (Anon., 2010).  

However, this waste generation rate is above the 

estimated national average of 0.5 kg/ capita/ day 

found by Mensah and Larbi (2005). The result 

obtained in this study was in line with global trend 

of waste generation rate for developing countries 

(0.5-0.9 kg/capita/day) reported by Gomez et al. 

(2009). Developed countries normally produce more 

solid waste per capita (0.7– 1.8 kg/capita/day) 

compared to middle income and low income 

countries or developing countries (Gomez et al., 

2009). In the city of Kitwe, Zambia, the per capita 

generation in the year 2003 for first, second and third 

class income areas were 0.40, 0.60 and 0.68 

kg/cap/day, respectively which were slightly below 

0.69, 0.66 and 0.76 for first, second and third class 

income areas, respectively observed in this study. 

 

Table 5 Per Capita Waste Generation from Households of Three Socio-Economic Areas in Takoradi Sub-

Metro of the Western Region 
 

 

+ High Class Area  Middle Class Area  Low class Area 
 

               

H/N 

Total 

Waste 

kg 

Household 

members 

Per capita gen. 

kg/day/person 

Total 

waste kg 

Household 

members 

Per capita gen. 

kg/day/person 

Total 

waste kg 

House

hold 

memb

ers 

Per capita 

gen. 

kg/day/per

son 

1 237.44 6 1.130667 92.7 7 0.378367 175.6 9 0.55746 

2 237.12 6 1.129143 86.7 3 0.825714 169.8 6 0.808571 

3 142.72 4 1.019429 109.5 6 0.521429 152.3 6 0.725238 

4 137.76 6 0.656 94.4 5 0.539429 95.6 10 0.273143 

5 112.16 3 1.06819 94.6 3 0.900952 94.1 10 0.268857 

6 106.64 5 0.609371 87.1 5 0.497714 109.9 5 0.628 

7 154.96 6 0.737905 97.9 9 0.310794 85.5 6 0.407143 

8 228.16 5 1.303771 48 10 0.137143 115.7 4 0.826429 

9 101.84 8 0.363714 153.3 4 1.095 116.1 3 1.105714 

10 185.92 4 1.328 142.5 5 0.814286 113 4 0.807143 

11 117.28 8 0.418857 116.6 3 1.110476 128.4 5 0.733714 

12 158.08 6 0.752762 91.2 8 0.325714 102.5 5 0.585714 

13 138.96 7 0.567184 96.3 4 0.687857 97.3 4 0.695 

14 150.32 6 0.71581 105.3 4 0.752143 100.6 2 1.437143 

15 175.2 8 0.625714 120 6 0.571429 130.3 8 0.465357 
16 103.6 14 0.211429 133.5 5 0.762857 119.5 5 0.682857 

17 202.56 9 0.643048 103.3 11 0.268312 76 6 0.361905 

18 127.84 9 0.405841 115.7 4 0.826429 80.1 4 0.572143 

19 176.4 6 0.84 108.7 4 0.776429 100.6 3 0.958095 

20 108.8 5 0.621714 134.9 5 0.770857 119.9 6 0.570952 

21 112.24 5 0.641371 96.8 5 0.553143 177.2 5 1.012571 

22 159.52 4 1.139429 104 2 1.485714 117.5 4 0.839286 
23 120.64 4 0.861714 156.9 6 0.747143 118.5 6 0.564286 

24 109.36 6 0.520762 109.5 4 0.782143 154.5 8 0.551786 

25 125.2 7 0.51102 98.3 8 0.351071 147.9 2 2.112857 

26 210.4 7 0.858776 85.1 5 0.486286 109.5 6 0.521429 

27 239.28 5 1.367314 95 2 1.357143 145 12 0.345238 

28 101.28 9 0.321524 151.9 6 0.723333 142 7 0.579592 

29    122 9 0.387302 128.8 6 0.613333 

30    117.2 5 0.669714 114.3 16 0.204107 

31    105.8 4 0.755714 131.6 6 0.626667 

32    119.8 10 0.342286    
33    109 15 0.207619    
34    105.6 4 0.754286    

Total 

Waste/k

g 4281.68   3709.1   3769.6   

Per capita/kg/person/day 0.763231   0.656096   0.686432 

Std   0.318713   0.315235   0.373456 

Min   0.211429   0.137143   0.204107 

Max   1.367314   1.485714   2.112857 
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3.4 Relationship between Per Capita Waste 

Generation and Income Levels of the 

Study Area 
 

The vast difference in the per capita generation of 

waste between the developed and developing 

countries confirms a direct correlation between the 

economic status of a country and household solid 

waste (HSW) generation rate (Bernache-Perez et al., 

2001).  In this study, the per capita waste generation 

weakly correlated with income levels negatively that 

is as income levels rise the amount of waste 

generated reduced corresponding to the same 

observation made by Aisa (2013). This is because 

most households in the lower income areas purchase 

cheap inferior items that do not last and have to be 

discarded in a relatively shorter time; higher income 

earners buy quality and durable products that last 

longer. Most of the people living in the first class 

income areas were Civil servants/ employees in 

private company or NGOs and students who spent 

most of their time outside their homes. Furthermore, 

they did have breakfast and lunch outside their 

homes due to their busy schedule, contributing to a 

reduced rate in waste generation at their residence. 

However, the correlation was weak showing no or 

negligible relationship existed between the income 

level and per capita waste generation (Table 6). 

 

Table 6 Correlation between Per Capita Waste 

Generation and Household Size  
 

Income Level of Various Households 

Average Waste 

per capita 

First 

Class 

Income 

Area 

Second 

Class 

Income 

Area 

Third 

Class 

Income 

Area 

First Class 

Income Area 

-0.0082 - - 

Second Class 

Income Area 

- -0.1838 
 

Third Class 

Income Area 

- - -0.0177 

 

**Correlation is significant at the 0.01 level (2-

tailed) 

 

3.5 Relationship between Household Size 

and Generation Rate of Waste  
 

There was a strong negative correlation between 

household size and the per capita waste generation 

(Table 7). Qdais et al. (1997), Bolaane and Ali, 

(2004) and Ojeda-Benitez et al. (2008), have shown 

that as the number of household members increases, 

waste generation per capita decreases. Thus, the 

larger the household size, the smaller the per capita 

waste generation (Fig.5). The reason for this may be 

attributed to households’ social and economic 

activities bothering on waste generation. Odais et al.  

(1997) explained that bigger household members 

usually cook in bulk and share together or buy 

packaging items shared by all members compared to 

households having smaller members who buy 

similar items packed in the same way.  
 

 
Fig. 5 Relationship between Waste Generation 

and Household Size 

 Source: Bolaane and Ali, (2004) 

 

Table 7 Relationship between Per Capita Waste 

Generation and Household Size  
 

Household Size of the Various Households 

Average 

Waste per 

capita 

First 

Class 

Income 

Area  

Second 

Class 

Income 

Area   

Third Class 

Income 

Area   

First Class 

Income 

Area 

-0.711 - - 

Second 

Class 

Income 

Area 

- -0.825 - 

Third Class 

Income 

Area 

- - -0.706 

 

3.6 Potential for Recycling 
 

The percentage fractions of waste from the three 

socioeconomic areas having potential for recycling 

and composting are presented in Table 8. On the 

average, 81.7% of the total waste generated in the 

three socioeconomic areas had potential for 

recovery into other useful output such as energy 

recovery; out of this, 22.7% could be recycled and 

77.3% composted or suitable for other biological 

conversion. The highest fraction of compostable 

wastes (73% of the total waste stream) were 

generated from the first class income areas, Beach 

Road and the least (48%) from the third class income 

area, Adakope. Recyclable wastes on the another 

hand were obtained most (24%) from the waste 

stream generated by the second class income area. 

The third class income area, Adakope, generated the 

least fractions of both recyclable and compostable 

wastes. For the residual waste generated, the third 
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class area generated the highest (inert and 

miscellaneous).  

 

Generally, this trend of high compostable fractions 

in household wastes can be confirmed in low and 

middle income countries where a high percentage of 

compostable organic matter in the urban waste 

stream had been found ranging from 40 to 85% 

(Oyelola and Babatunde 2008) and recommended 

composting as a suitable treatment option for 

household wastes with a high percentage of organic 

matter (50%-90%). In Ensenada, Mexico, 86.4% of 

the waste generated had the potential to be used for 

recovery with only 13.7% ending up at the final 

disposal site (Aguilar-Virgen et al., 2010) and this 

compares fairly with the study from the TSM. 

    

ANOVA test on compostable waste generated from 

the three socioeconomic areas showed no significant 

difference between the compostable wastes 

generated in the first and second class income areas. 

However, there was a significant difference between 

the first class and third class socioeconomic areas. 

In the case of recyclable wastes the same amount of 

waste was significantly generated in the first and 

second class income areas but varied among these 

areas and the third class income area. For the 

residual waste generated the third class area 

generated the highest.  

 

Table 8 Fraction of Msw from the TSM Suitable 

for Recycling and Composting 
 

ITEM Beach 

Road % 

Essikafoambatem 

N0 1 % 

Adakope

%    

Compostable 72a 67a 48b 
Recyclable 19c 24c 15d 

Residue 9e 9e 37b 

NB: Values having the same alphabet code are 

significantly the same and differ with others 

with different alphabet 

 

3.7 Moisture Content of the Various 

Socioeconomic Classes of Solid Waste 
 

The moisture content of the organic wastes from all 

the three income areas of residence ranged from 

44.1% to 61.9%, with waste from Adakope having 

the lowest moisture content and Essikafoambatem 

No. 1 the highest (Table 9).  

 

Food and yard waste contributed higher amounts of 

moisture to the waste stream. Although moisture 

content is important in bioconversion process, it 

affects the weight making the collection and 

transportation processes overwhelming tasks. Often, 

moisture content in waste increases the weight of 

waste that gets to the disposal sites and therefore 

increases the leachates flow rate from the disposal 

site. From the study, two of the three socioeconomic 

income areas had ideal moisture contents in their 

waste; Beach Road, 59.1% and Essikafoambatem 

No 1, 61.9% which is in the optimum range for 

microbial activities. The optimum moisture content 

often ranges from 50% to 60% for most metabolic 

activity to occur (Lopez Zavala and Funamizu, 

2005). Below this range, microbial activity 

decreases and biological conversion processes are 

slowed. The moisture contents obtained in this study 

compared fairly with work conducted by 

Kazimbaya-Senkwe and Mwale (2001).  

 

Table 9 Moisture Content of MSW  
 

Class/com

ponent 

Beach 

Road/first 

class 

Essikafoambatem No 

1/ second class 

Adakope/third 

class 

Moisture

% 
59.05 61.87 44.06 

 

4 Conclusions  
 

Household wastes from the Takoradi sub-metro 

were mainly food, yard waste, wood, paper and 

cardboard, plastics, glass, textiles, leather and 

rubber and metals just like it is in many cities from 

developing countries. Organic wastes from all the 

three socioeconomic groups were about 60% and 

plastics 11.74%.  

 

Solid waste fractions from the TSM were averagely 

made up of 81.7% recyclables and compostable. 

Only 18.4% of the waste may destined for disposal 

if appropriate recycling, anaerobic digestion and 

composting facilities are installed for processing. 

Although waste separation was not practiced in the 

sub-metropolis there was a general willingness 

among the inhabitants of the metropolis to separate 

waste at source. The average per capita waste 

generation for TSM was 0.70 kg/cap/day, for all the 

three socio-economic incomes levels with the 

highest waste generation (0.76 kg/cap/day being 

households from the first class income areas. 

Moisture content of the waste stream in TSM was 

55% suggesting that biological conversion could be 

the best treatment option for the waste. 
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