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1. Introduction 

The management of wastes has been a global concern since the 1960s when the world became aware of 
the impact on the environment and life [1]-[3]. The effective management of generated wastes has been 
benchmarked on three determinants, being the environmental sustainability, economic value and social 
implications [4]. Other indicators of a successful waste management practice are the energy consumption, 
landfill volume, waste generation, rate of composting, recycling and incineration [4]. However, the 
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 The inefficient collection of solid wastes is a global phenomenon that has received 
attention in recent years for the ever-increasing annual waste generation records. 
However, indicators to the effective application of the amassing routs are missing. 
Hence, the generally accepted source-sorting model was explored to identify the 
determinants that will enhance source separation of wastes at the workplace. This 
paper presents a foremost report on the indicators to an effective operation of solid 
wastes source segregation. A quantitatively examined data was collected in sixty-six 
working days during a monitoring and evaluation process of twenty sets of twin-
dustbins that were located at the study area. The generated solid wastes were 
commonly sorted (65%) in comparison with the mixed collection. Most of the wastes 
were separated on the third month (80%) of education compared to the first (54%) 
and second months (61%). Wednesday displayed the working day with the utmost 
sorted wastes (73%) compared to the other days. All dustbins recorded impressive 
sorting at the different locations in the Institute. A little over one thousand Ghana 
cedis savings was made in the first year. Tested null hypothesis showed that, duration 
and timing of continuous education were significant determinants of the efficient 
source segregation, relative to the dustbin locations. Therefore, the daily education 
of waste generators on how to separate wastes at source and the economic benefits 
will enhance source separation irrespective of the location. 
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required conditions to an effective implementation of a solid waste management practice such as the source 
sorting have not yet been explored.  

The emphasis on domestic wastes generation and its management have received enormous attention in 
developing economies [5]-[11]. Nonetheless, the workplace experience is rarely discussed even though the 
working population keeps increasing.  For this reason, it is imperative that, wastes management at the place 
of work is streamlined to protect the worker and the environment. Developed worlds like Europe [12] and 
America [13] have extensively studied [14] and adopted efficient systems [14], [15] of managing wastes 
whilst the story remains different in Africa [10], [16]-[19]. The proper collection of the wastes promotes a 
cleaner environment, low cost of recycling and healthy employees [20], [21].  

Furthermore, the protection of the environment from solid wastes pollutants for economic gains 
enhances the sustainability of the collection process [22]. This is predominantly carried out by the source 
sorting of generated solid wastes for recycling, reuse, incineration, production of refuse derived fuels, and 
energy generation [23]-[25]. Additionally, the optimisation of this collection process is found in the use of 
two dustbin categories (food wastes and other wastes) over others [26], which contributes to the low cost 
of the implementation as well as, eliminate barriers [27] to the collection process. The reward and 
introduction of small recycling enterprises model [22] was also found to improve the segregation at source 
even though it did not guarantee sustainability. Similarly, the introduction of source separation at the 
workplace was found to enhance domestic segregation programme in Bangkok which indicates a direct 
correlation between workplace segregation and that of the household [28]. For this reason, a knowledge of 
the indicators to the effective implementation of source segregation at the workplace will correspondingly 
provide a bedrock for the domestic counterpart. In the source separation practice, the generators separated 
solid wastes before dumping in designated dustbins. The wastes were sorted according to the types [26]. 
For instance, in organic wastes dominated settlements, dustbins were labelled organic and non-organic 
wastes with different dustbin colour codes. Similarly, a plastic wastes dominated environment had dustbins 
for plastic and non-plastic wastes, and so on [26].  

Relating the developed economies to that of the developing world, the source sorting of solid wastes 
have been efficiently implemented in countries like China, USA, and UK [29]. Ghana is yet to adopt the 
source segregation method of managing solid wastes on a large scale even though Institutional pilot 
programmes are sited, such as, the Environmental Protection Agency (EPA), the Ghana Armed Forces 
(GAF), and selected schools in Accra [30]. Likewise, the Council for Scientific and Industrial Research-
Institute of Industrial Research (CSIR-IIR) introduced the piloting of source separation of solid wastes on 
its premises to improve the waste collection process.   

2. Methodology 

2.1. Purpose of Study  

This study explored the CSIR-IIR pilot in the identification of the factors for the implementation of 
source sorting and collection of solid wastes at the workplace. Tested hypothesis (H) included H1 to H3 
stated as follow: 

H1 – Continuous informal user education improves solid wastes separation at source. 
H2 – Day of waste generation in the week (Monday to Friday) affects source sorting.  
H3 – Dustbin location influences compliance to source sorting of solid wastes. 

Considerations for the indicators have been sparingly mentioned in literature [28]. However, the records 
on the influence of the indicators on source segregation at the workplace are missing. Therefore, the work 
seeks to report findings from the study on the indicators for effective implementation of source segregation 
at the workplace. 

2.2. Research Questions  

The following questions directed the study: 

(a) Does the duration of continuous informal education contribute to effective source separation? 

(b) Does the day of waste generation influence the effectiveness of source sorting? 

(c) Does the location of dustbin affects the efficient source separation?  

The study area was the CSIR-IIR, East-Legon, Accra. The diverse social background of the staff 
provided bases for choosing the Institute. Data generated from the survey represent the varied social 
spectrum at the CSIR-IIR.  
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2.3. Study Design 

The exploratory research design was adopted, which was carried out by a quantitative data collection 
method. Administered questionnaires tallied generated graphs for interpretations. 

2.4. Study Area 

The CSIR-IIR offices are located at the commercial hub of East-Legon, a town in the Greater Accra 
region of Ghana (Fig. 1). The Institute is Ghana's leading industrial research institution formed through a 
merger of the former Industrial Research Institute (IRI) and Scientific Instrumentation Centre (SIC) in 
1998. The CSIR-IIR drives national development and global competitiveness in industry through scientific 
and technological research. It is equipped with expertise in the physical sciences such as, Renewable energy 
and Energy audit, Industrial process design, Metrology, Information management, Materials and 
manufacturing processes, and Engineering design and prototyping. In 2018, the Institute received the best 
energy efficient organisation in Ghana award at the Ghana energy awards ceremony. It has a population 
size of 110 workers comprising of senior members (32), senior staff (59) and junior staff (19). 

 
Fig. 1 A map of the CSIR-IIR compound showing dustbin location in the blocks 

2.5. Sampling and Sample Size 

 Stratified sampling aided the data collection process. Sample size was calculated from the formula 
described by Yamane, 1973 as cited in [31], Eq. (1). The formula combined the number of available 
dustbins and the margin of error to arrive at a potential minimum number of dustbins for sampling.  

𝑛 =
𝑁

1+𝑁(Ɛ)2  =
40

1+40(0.10)2  =  29       (1) 

Given that: n is the minimum sample size; N is the total number of dustbins (= 40); and 𝜀 is the margin 
of error (10%). Hence, the 29 dustbins formed the minimum sample size. Nonetheless, the sampling 
covered the total number of available dustbins, 40 dustbins.  

2.6. Data Collection and Analysis 

The study period covered 66 working days during which a daily monitoring of the forty dustbins and 
logging of a table formed the collected data. The bins were colour coded bluish for plastic wastes and 
greenish for non-plastic wastes and located on the four blocks and the compound of the Institution, Fig. 1. 
Each dustbin was designated a number code comprising of the sampling year, the location, and the dustbin 
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number. An early morning logging before working hours provided an opportunity to obtain dustbin status 
of the preceding day prior to the generation of fresh solid wastes on the day of sampling. The partly and 
not sorted waste bins had a manual handpicking to distinct the days of waste generation.  

2.7. The Instrument 

The instrument categorised the wastes sorting at the dustbins into ‘not sorted’, ‘partly sorted’, and 
‘sorted’ ratings. A ‘sorted’ dustbin contained only the designated content. It did not have any foreign 
material in it. For instance, a dustbin for plastic wastes had only plastic wastes content and not mixed with 
non-plastic wastes, and vice versa. A setup with one mixed wastes dustbin and a well-sorted dustbin 
describes a ‘partly sorted’ bin. Similarly, a setup that had both dustbins with mixed contents formed the 
‘not sorted’ bins. Dustbins that had no waste contents during the data collection were marked as “Empty”. 
The carting personnel emptied the dustbins on Mondays and Wednesdays in differently colour-coded sacks 
for easy identification of the sorted wastes. Informal door-to-door interactions explained the sorting process 
and the relevance to staff of the Institute.  

2.8. Data Analyses 

A manual compilation of data using Microsoft Excel exported output onto the Statistical Package for 
the Social Sciences (SPSS) version 18 platform. Generated tables recorded the frequencies and calculated 
percentages under the three main research questions. The considered factors were dustbin location, day of 
waste generation in the week, and duration of continuous education. The location measured the effects of 
varied user background like the population size, age, expertise and other variables on the responses to 
sorting at source in a given area. The monthly assessment determined the changes in compliance level with 
duration of informal education. Day of waste generation in the week (Monday to Friday) identified the 
effect of the weekday on source segregation at the workplace. 

2.9. Calculation of Savings on the Wastes Collection 

The calculation of the savings followed Eq. (2).  

𝑆𝑎𝑣𝑖𝑛𝑔𝑠 =  𝑦(𝑥 − 𝑧)         (2) 

Where, 𝑥 is the cost of carting mixed wastes, z is the cost of source separation, and y is the period in months.   

3. Results and Discussion 

The general observation was that, generated solid wastes were sorted at source (65%) and collected in 
all the dustbins (Fig. 2). This indicates a consumer endorsement of the source sorting and collection of 
solid wastes in dedicated dustbins. 

 
Fig. 2 A chart showing the general level of compliance by blocks 

3.1. Does the duration of continuous informal education contributes to effective source separation? 

The education of dustbin users is relevant to the effective implementation of a waste management 
practice [32], which was demonstrated by dustbin users in Naples and Palermo, Italy, for impressive 
collection of paper and cardboard wastes [32]. Furthermore, the work explores the duration of an informal 
enlightenment of respondents and its impact on source sorting. 
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Fig. 3 Impact of informal education duration on source sorting and collection of solid wastes 

The education of dustbin users was assessed to determine the influence on an efficient implementation 
of source sorting. An informal education was carried out to explain the source separation method and its 
benefits to the Institution. This was consistently carried out in the study period and compared to the changes 
in the sorting at the dustbins (Fig. 3). The source sorting improved with continuous education from August 
to October. A remarkable source sorting of the solid wastes was observed in the third month (79.5%), 
which was an improvement over, the September - 61.3% and August - 53.5% records. Correspondingly, 
the first month (August) of education recorded the highest percentage of partly ‘sorted’ and ‘not sorted’ 
bins compared to the second (September) and third (October) months. Similarly, the increase in sorting 
induced a decline in the ‘not sorted’ and ‘partly sorted’ during the study period. Hence, it can be inferred 
that, source separation of solid wastes improved over a continuous period of informal education of dustbin 
users. 

Furthermore, a test of the null hypothesis indicated a relationship between the source sorting and the 
period of informal education, Table 1. The p-value (0.00 < 0.05) demonstrated a significant level of 95% 
for the dependence of the source sorting on duration of dustbin user education. A longer period of education 
was required for the efficient source separation and collection of the wastes at the workplace. 

Therefore, a successful implementation of source sorting will be dependent on a prolonged education 
of dustbin users, which was recommended in literature [26], [33], [34]. 

Table 1 Tests of the null hypotheses using the Pearson Chi-Square test 
 Indicators 

 
Duration of 
Education 

Working Day of the Week 
(Monday to Friday) 

Location of dustbin 

Pearson Chi-Square 

Value 114.789 91.087 17.906 

df 6.000 12.000 12.000 

Asymptotic sig. 
(2 sided) 

0.000 0.000 0.119 

 

3.2. Does the day of waste generation influence the effectiveness of source sorting?  

The days of the week were explored in the determination of the factors that influenced efficient source 
segregation and collection of solid wastes. Source sorting of the solid wastes at the dustbins exhibited 
higher percentage frequencies than the partly sorted, not sorted and empty dustbins in the week. This 
indicates that the wastes were generally sorted in the days of the week, Fig. 4. 

 
Fig. 4 A figure showing the sorting in the working days of the week 
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However, the level of sorting did not show a logical trend from Monday to Friday. Wednesday displayed 
impressive source sorting (73.4 %) compared to the other days. Monday exhibited the worst performing 
day for source segregation (53.1%) which was attributed to the difficulty in readjusting to the waste 
disposal method of the Institute, which was different from the domestic mixed method. There was a gentle 
increase in the sorting from Monday to Wednesday and subsequently decline from Thursday to Friday. An 
indication of fatigue and changes in the behaviour of dustbin users [35], [36]. A test of the null hypothesis 
showed that, there was a relationship between the days of the week and effective source sorting, Table 1. 

3.3. Does the location of dustbin affects the efficient source separation?  

The efficiency of the source segregation of solid wastes was assessed according to the five locations, 
being, blocks A, B, C, D and the compound. 

 
Fig. 5 Influence of dustbin location on source separation of wastes 

All the blocks and the compound had higher percentages of source sorting and collection of the 
generated wastes in the twin-dustbins, Fig. 5. Block D displayed the highest compliance with 73% sorting 
compared to the other blocks. This was followed by blocks C (67.9%), B (65.1%), A (62.2%), and the 
compound (61.8%). A few of the dustbins were not sorted in the blocks compared to those on the 
compound. This can be attributed to the wastes that were generated by visitors to the Institute who were 
mostly not educated on source sorting of solid wastes. 

The null hypothesis which states that, dustbin location does not influence the effectiveness of solid 
wastes collection was tested by the Pearson Chi-square test, Table 1. The p-value (0.119 > 0.05) indicates 
no relationship between the effective waste collection, and the location of the dustbins. There was no 
significant difference in the location of the dustbins and the effectiveness of the source sorting and 
collection. The numerical differences observed in Fig. 5 was not significant in the test. Hence, the 
effectiveness of source separation at the Institute was independent of the dustbin location which is 
consistent with literature [37]-[39]. 

3.4. Economic Benefits 

The sustainability of the waste collecting system was not only dependent on the environmental and 
social impact but the economics of the implementation process as well [40]. The financial gains in 
managing the solid wastes improved waste collection in the literature [22], [33], [41], [42], which indicates 
that, in the absence of money incentive schemes, [22] source segregation will fail. However, a comparison 
of the carting cost for sorted wastes which in most cases was null to the mixed wastes demonstrated an 
indirect financial gain, Fig. 6. 

 
Fig. 6 Financial gains by the Institute 
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The Institute made savings on the disposal of the sorted wastes compared to the mixed ones. The sorted 
waste became a resource, and freely collected by organic composting and biogas generation firms, as well 
as recycling companies. And so, the source sorting eliminated the cost of incentive schemes by 
governments whilst dustbin users made gains from the savings on the carting of their wastes. 

The non-plastic wastes which were mainly food and other organic wastes were fed into a bio-digester 
system for the generation of methane gas whilst the clean plastics were sent to industry for recycling. The 
unrecyclable wastes were subsequently incinerated into ashes. A little over one thousand Ghana cedis was 
saved in a year of the implementation. A projection indicates a yield of ten thousand Ghana cedis in ten 
years at the same rate of waste carting and cost of implementation. Hence, the dustbin users and 
management made economic gains in the implementation process which enhanced the sustainability [43]. 

4. Conclusion 

Altogether, the determinants to an efficient source sorting were found to lie in the duration and timing 
of educating dustbin users at the workplace. The economic benefits of the waste management method was 
also relevant in ensuring its sustainability. Location of dustbins was on the other hand not significant to the 
implementation of the source sorting process. Hence, a successful replacement of mixed waste collection 
with source segregation requires a medium to long-term informal education of dustbin users, which should 
be intensified on the first and fourth days of implementation. The economic gains in putting-in-place the 
source separation system provides a bedrock for the sustainability of the waste management practice [44]. 
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