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Abstract 

Packaging waste is an important waste stream in Nigeria today. As calculated through 

a dumpsite waste compositional analysis in this research, packaging waste was found 

to make about 30.6 percent of a typical municipal solid waste by composition. Food 

waste have also been verified by several researches to constitute about 50 percent of 

generated municipal solid waste. Waste in Nigeria have traditionally been disposed in 

a mixed form where all materials including organic waste are put together in a single 

waste bin. In order to increase the recycling and recovery yield, there is a need for the 

adoption of a separated waste collection system that allows for the effective sorting 

and treatment of different waste materials.  

In a survey conducted in this research with 234 respondents, 200 respondents (85 

percent) have supported the separated waste collection system, 32 (13 percent) 

respondents did not, while the remaining 2 respondents have claimed indifferent. On 

accessing to determine the perception and support level of the citizens to 

environmental sustainability, an average sustainability score of 65.39 percent have 

been derived by participants in the survey. 

Therefore, in this sense, and also based on the discoveries from analysing  the present 

situation of municipal solid waste management, including a review of recycling 

capacities in Nigeria presently, this research has been conducted in support of the 

circular economy plan to develop a municipal solid waste separation technique with 3 

main separation categories (waste containers). Category 1 consists of plastics, paper 

and metal waste products which could be collected by packaging waste recyclers and 

the so called “middlemen” in the recycling value chain. Category 2 consists of glass, 

ceramics and other materials including laminates and wood. Materials in this category 

are less recyclable and more useful for heavy industries. Category 3 includes food and 

other forms of organic waste which in this research has been recommended for use 

as feedstock in the production of biogas as a renewable form of energy.  

 

Keywords: Packaging, municipal solid waste, separated waste collection, recycling, 

food and organic waste, circular economy. 
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1   Introduction and Research Problem 

Nigeria is one of the largest countries in Africa with a population of about 200 million 

citizens and a yearly urban growth rate of about 3.58% (NBS, 2017). Although the 

country has a huge economic power and more resources compared to other African 

countries, environmental pollution is a major problem as a result of the poor system of 

waste management in the country till date. Most wastes end up in drainages causing 

more harmful effects such as drainage blockage, water contamination, excessive 

flooding and littering of streets.  According to a recent report, over 32 million tons of 

Municipal solid waste is produced yearly in Nigeria (Wale, 2020). This accounts for 

about 1.59 percent of the 2.01 billion tonnes of municipal waste generated globally 

and 18.40 percent of waste generated in Sub-Saharan Africa. It is also projected that 

the global waste generation is expected to reach 3.40 billion tonnes by the year 2050. 

See the information provided by World bank (Anonymous, 2020). Of the total municipal 

waste generated in Nigeria, barely 20 to 30 percent is being collected. The remaining 

percent ends up in dumping sites, drainages and water bodies Over 50 percent of the 

waste collected is also recorded to be food waste (Charles, 2015).  

 

Figure 1: Projection of waste generation globally; by region (millions of tonnes/year). Source: World 
bank. 

It is estimated by most researchers that on an average, 0.5 to 0.6kg/capita/day of 

household waste is generated by citizens (Oguntoyinbo, 2012), while the world bank 

report of the year 2020 reveals that the waste generated per capita globally is about 

0.74kg on an average (World bank, 2020). A case study of Lagos also revealed that 

with a population of over 10 million people as at 2012, the Lagos State Waste 

Management Authority (LAWMA) only had the capacity of collecting about 9000 tons 

of household waste per day while in Kano (a Northern state in Nigeria), Bayero 

University Consultancy Unit revealed that an estimated amount of 3849 tons/day is 

being generated (Oyebode, 2018).  
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Unlike other advanced Nations of the world, Nigeria does not have yet an organized 

waste prevention program. There is also no existing household waste separation 

system in Nigeria presently. Most households put all forms of waste together in a waste 

bin and this makes separation and recycling difficult. A study by Covenant University, 

Nigeria reveals that the lack of technical expertise and the high construction cost for 

conventional material recovery facilities (MRFS) are major factors affecting the 

improvement of the country’s waste management system in general. The study also 

concludes that a proper characterization of waste is necessary to help facilitate an 

effective waste management and recovery system (Olukanni et al., 2018).   

There is no data available regarding what percentage of waste generated is packaging 

waste in Nigeria. Therefore, the impact of packaging on the total amount of waste in 

Nigeria is not known in quantitative terms. However, it is stated that aluminum cans 

for instance have a recycling rate of about 70 percent, while of the total plastics used 

for packaging, only less than 10 percent is being recycled nationwide. See information 

provided by Businessday Investigation (Ojewale, 2019). The focus of this research is 

on municipal solid waste since in Nigeria presently, this is the only waste stream that 

has been analyzed by researchers. There exist no valid data on other waste streams 

such as construction and demolition waste, Industrial waste etc.  

Within the scope of this research, the characterization of collection and recycling 

systems for packaging and food waste includes an analysis and the adoption of 

suitable pre-collection and collection methods for waste, a description of recycling 

capacities and further recommendations for an effective waste management in 

Nigeria. 

A major aim of establishing a separated waste collection system is to improve 

environmental conditions since the high rate of material and energy recovery derived 

from this system through reuse and recycling will help reduce the extraction of 

resources required in producing new materials (Margallo et al., 2010). This is the 

reason recycling is being recognised globally as a sustainable strategy for the 

management of municipal waste and methods towards increased recycling are being 

promoted in both developed and developing countries (Bolaane, 2006). Hence, to deal 

effectively with the issues of environmental pollution and waste management in 

general, the most desirable approach is the recycling of unprevented waste materials 

alongside with composting incineration and other waste treatment methods 

(Keramitsoglou and Tsagarakis, 2013). 
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1.1   Thesis structure 

The outline of this research is as follows. Chapter 2 highlights the aim of the research 

with major research questions to be addressed. Chapter 3 presents a review of 

previously published literature related to this topic. Chapter 4 discusses the 

methodology and activities contained in the research work. Chapter 5 analyses the 

results obtained while a discussion with a focus on the challenges with improving the 

current waste management system and the situation of food waste is made is made 

in Chapter 6. A conclusion and summary on findings will be made in Chapter 7 while 

recommendations for implementing the proposed design will be presented in chapter 

8.  

 

 

 

Figure 2: Thesis structure  
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2   Aim and Research Question 

This research seeks to evaluate the present waste management situation and develop 

a novel characterization (waste separation) for the collection and recycling of 

packaging and food waste in Nigeria. As much as the primary focus is on packaging 

waste, the addition of food waste in the characterization process is necessary in order 

to develop an effective waste collection methodology. Otherwise, there are higher 

chances of food contamination on separated packaging materials, hence, making 

recycling more difficult. 

The main research question is “How can a separated waste collection system be 

introduced into the Nigerian economy considering all technical, economic, 

social and environmental aspects?” 

In order to answer the main research question, three sub-research questions have 

been developed and stated as follows: 

• What is the status quo in Nigeria regarding; 

The amount of waste generated yearly and per capita in different regions as 

well as collectively? 

The estimated percentage of packaging waste from a typical municipal 

waste? 

The percentage composition of municipal solid waste and packaging waste 

by material types? 

The collection, treatment, and disposal of waste in Nigeria with a focus on 

packaging waste? 

The recycling infrastructure available and recycling rates of all packaging 

materials? 

Main challenges affecting the proper disposal and management of waste? 

• What is a feasible starting point for developing a separated waste collection 

system in Nigeria in order to enable the effective recycling of waste? This 

includes; 

      An analysis of the different separated waste collection systems available. 

The perception of the citizens to sustainability and their willingness to    

participate, as well as pay for a separated waste collection. 

• Which regulations could be passed to the public and industries towards a 

sustainable packaging and municipal solid waste management? 
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3   Literature Review 

There are several researches published in the area of municipal solid waste 

management in Nigeria. Most of the publications were within the year 2001 to 2010 

while few recent publications have been made leveraging on the previous ones. The 

publication efforts also vary from scientifically sound researches to shallow ones and 

this have led to inconsistencies in waste data and disparities in the different reports as 

regards waste quantities and compositions. It is also observed that most of the 

researches conducted by different scholars have only covered their individual areas 

of interest. Hence, the data on composition of packaging and household waste, 

disposal and treatment methods, and other related waste management topics are 

seen to be specialization-oriented, making it a complex process putting the bits of 

information together from various sources. Although it is observed that each 

researcher has only covered waste management topics of interest to them, their 

publications have contributed in fractions to the analysis of waste management in 

Nigeria. In this paper, a comprehensive literature review is made making use of the 

major publications in environmental studies, packaging and packaging waste, waste 

collection and municipal solid waste management in general. A thorough verification 

of data was made in order to identify and use the valid and proven ones. 

Packaging and food waste make a significant fraction of municipal solid waste in 

Nigeria (an estimation of the fraction of packaging waste have been made through an 

original experiment analysed in the result section). Most researchers when analysing 

materials such as plastics, glass and paper have done them in a collective manner 

(for instance, the data for plastics also contain plastics from other different sources as 

well) and there have not been any specific study on packaging waste in Nigeria prior 

to this. Hence, terms used frequently and, in some cases, interchangeably throughout 

this research are “packaging waste”, “municipal solid waste”, and “household waste”. 

 

3.1   Municipal waste in Nigeria  

Municipal solid waste (MSW), popularly known as “trash” is described as any non-

liquid and non-gaseous products from the day to day activities of humans that could 

be referred to as being no more useful or not capable of carrying out its initial intended 

functions. This includes packaging products, textiles, furniture, bottles and cans, 

electronic appliances, batteries, food, newspapers and so on. Sources of MSW 

includes waste from residential areas and commercial institutions such as business 

offices, schools, and medical hospitals. It should be noted that as adopted by this 

research, MSW does not include industrial waste, hazardous or construction and 

demolition waste (U.S. EPA, 2018, Leton and Omotosho, 2004). 

The management of municipal solid waste in Nigeria is a complex issue today owing 

to several factors including the rapidly increasing population, urbanization, increasing 

production rates and standard of living. This has affected the waste generated in 

Nigeria both in terms of quantity of waste generated and the composition, coupled with 

increased diversity, the introduction of new materials and so on (Agunwamba, 2003). 
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Ogboi et al. (2009) argued that the earning power and economic growth of the country 

have an impact on the composition of Municipal waste generated in Nigeria. In 

attempting to speed up industrial activities and boosting the economic development 

by most developing countries, they often fail to take note of the generation of waste 

resulting. Also, most developing countries usually spend a huge amount of financial 

resources in setting up certain waste management programs which do not often 

necessarily amount to the improvement of the waste management sector (World bank, 

2012). The research also highlighted that the high-income earners have the capacity 

of generating more packaging waste through their increased use of packaged 

products. This statement is validated by the world bank report on waste producers as 

shown in figure 3 below. The substances making up municipal solid waste in Nigeria 

mainly includes organic substances, plastics, metals, textile, glass, rubber and paper 

(Ogwueleka, 2009), while emerging streams of waste in this section includes e-waste 

such as used mobile phones, computers and other forms of electronic devices 

(Charles, 2015). 

 

Figure 3: Waste collection rates, by income level (percent). Source: World bank 

In the past two decades, it is observed that there has been an increase in both the 

quantity and diversity of household waste in Nigeria. New packaging materials and 

packaging designs for instance have emerged, civilization has also improved making 

more Nigerian companies to switch from the use of traditional materials to the adoption 

of the latest competitive packaging methods for the sales of consumer goods. The 

major stages of Municipal waste management in Nigeria includes the generation and 

immediate storage of waste in a mixed form, the collection and transfer of the waste 

by either formal or informal waste collectors, the sorting and treatment of collected 

recyclable wastes, material recovery processes and the final disposal of untreated 

waste. These stages differ in capacities with major gaps in most cases. For instance, 

the amount of generated household waste is found to be much higher than the amount 

of waste collected. Of the waste collected, the fraction of material recovery is minute. 

Hence, it can be stated that Nigeria currently runs a poor and ineffective waste 

management system. (Charles, 2015).  
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Charles (2015) reported that an average of 0.5kg/capita/day is being generated in 

Nigeria, but a more recent research conducted by Ike et al. (2018) revealed that there 

has been a significant growth in average waste generated per capital from 

0.5kg/capita/day to about 0.65kg/capita/day. Waste generated per capital could be as 

low as 0.13kg/capita/day in some cities like Ogbomosho but as high as 

0.71kg/capita/day in other cities such as Ado- Ekiti. The variation of data is possibly 

due to the earning power of individuals in those cities, eating habits and the price of 

goods, especially food items. The generation of waste could also vary with weather 

seasons, festive periods etc. However, most published researches have stayed 

consistent with the fact that of the total municipal waste generated annually, about 50 

percent on an average is food or organic waste (Charles, 2015). Ike et al. (2018) made 

their research based on existing data and was able to successfully update some facts 

about waste generation and treatment in Nigeria by carrying out a new research in 

three major cities in Nigeria including Minna (northern Nigeria), Birnin Kebbi (northern 

Nigeria) and Enugu (eastern Nigeria). Their research also estimated an increase in 

the amount of waste generated per year from 32 million tons to about 42 million tons. 

His research also includes recent data of states having the highest values of waste 

generation per capita per day as shown in table 1 below. 

Table 1: Quantity of solid waste generated in some cities across Nigeria 

City  Population 
Estimation 

Estimated 
kg/capita/day 

Tonnes/day Tonnes/year 

Minna 346,524 0.68 235 86,007 

Enugu 817,757 0.74 605 220,876 

Birnin Kebbi 128,403 0.65 83 30,463 

Lagos 21,000,000 0.92 119,320 7,051,800 

Port Harcourt 1,363,596 0.85 1,159 423,055 

Bauchi 493,730 0.68 336 122,543 

Abuja 1,857,298 0.95 1764 644018 

Ibadan 3,565,108 0.72 2566 936,910 

Kaduna 1,582,102 0.70 1107 404,227 

Onitsha 561,066 0.69 383 139,950 

Sokoto 563,824 0.68 596 217,642 

Jos 816,824 0.73 596 217,642 

Benin City 1,125,058 0.78 877 320,304 
Source: Ike, (2018) 

Concerning the disparities in research results by some scholars, Charles (2015) 

revealed some inconsistencies in the estimated amount of waste per individual 

calculated surprisingly in the same year. For instance, the research by Lawal and 

Garba (2013) estimated the amount of solid waste per capita in Bauchi state (Northern 

Nigeria) to be 0.31 kg/capita/day while another research conducted in the same year 

by Audu et al. (2013) reported an estimated amount of 0.86kg/capita/day. Another 

disparity discovered by Charles (2015) is the difference in waste generation data in 

Kano (Northern Nigeria) as Bichi and Amatobi (2013) estimated the waste per capita 

to be 0.31kg/capita/day while the research by Omarou et al. (2012) in the previous 

year estimated a value of 0.81kg/capita/day for the same city. In the opinion of this 

research, reasons for these differences despite the close year range may include 
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differences in the methods of research, differences in researcher’s specialization, 

factors of consideration and possibly differences in weather seasons when the 

researches were conducted.  

 
Figure 4: Solid Waste Generation in Nigerian Cities Tons Per Month, Source: Department of 
Sanitation/Solid Waste Management, Federal Ministry of Environment Abuja Nigeria (2010 Estimated 
Values) 

 

Since most of the data available in reports and research publications are outdated and 

invalid in most cases, Onu (2012) discussed that there is a need for the provision of 

recent and verified data that can adequately describe the present situation of waste 

generation and composition by volume in Nigeria. Also stated in the research is a need 

to understand the severity of the problems caused by the improper disposal of waste 

in Nigeria so as to enable the Government and other private waste management 

organizations to take adequate measures towards handling them, in the view of 

achieving success in developing proper household waste disposal systems and 

significant waste generation reduction across all waste streams. Olukanni et. al. (2018) 

stated in their research that current municipal solid waste densities in Nigeria generally 

ranges between 250kg/m3 to 370kg/m3 depending on the region. Their research also 

criticized the government for taking the proper management of solid waste in Nigeria 

lightly in the past and highlighted that there has been some improvement observed 

recently.  

Table A1 in the Appendix section gives a summary of data collected from different 

researchers by Charles (2015). These data were collected from different cities in 

Nigeria regarding the amount of various waste types generated per year in those cities. 

Majority of the waste generated includes food waste, polythene bags, paper, glass, 

metals, plastics, batteries and textiles. The sources of waste composition analysis also 

vary with research and includes dumping sites, homes, public and private institutions. 

Figure 5 below is a chart developed to summarize the data from Table A1 of the 
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Appendix section. The chart is obtained by calculating the average of all waste 

composition values compiled. It is shown that the fraction of organic waste takes about 

49 percent of the total municipal solid waste generated in the country. This is 

consistent with the results from previously published researches on the composition 

of municipal solid waste in Nigeria. Of the other materials analysed, it is shown that 

plastics and paper have been the most disposed municipal solid waste in those years. 

However, it must be noted that firstly, the values are for materials from different 

applications, for instance the plastics and paper data are not only packaging materials, 

and secondly, there are possible changes in disposal rates by material today. 

 

Figure 5: A compilation of research data by different researchers on the composition of waste in 
Nigeria within the year range 2001 – 2013. Data was extracted from a research paper published by 
Charles Nnaji (2015).   

CPE (2010) made an extensive report on the composition of municipal solid wastes in 

dumping sites and waste sources of different capacities in Nigeria. According to the 

report, these waste sources ranges from low-density to high-density sites. Also 

analysed are wastes from institutional and commercial sources. The results as shown 

in table 2 also corresponds to the fact that food and organic waste (referred to as 

organics) take about 50 percent of municipal solid waste although in the report, much 

lower percentage of food waste was found in high density dumping sites due to the 

presence of a large fraction of fines and other sandy inorganic waste. 

Table 2: Estimate of municipal solid waste composition by source in Nigeria 

Waste 
source 

Organics 
(%) 

Plastics 
(%) 

Paper 
(%) 

Glass 
(%) 

Metal 
(%) 

Textiles 
(%) 

Fines 
(%) 

Others 
(%) 

LD 57.5 6.10 4.30 2.30 2.50 2.90 21.0 3.40 

MD 53.7 7.10 4.10 1.70 2.01 2.40 27.1 1.70 

HD 36.4 8.04 2.59 0.86 1.75 3.67 41.0 5.73 

COM 27.9 10.20 10.90 6.90 3.40 1.20 36.4 3.10 

INS 44.8 5.90 8.90 1.20 0.90 0.30 36.4 3.10 
Source: CPE, (2010). Note: LD=Low Density; MD=Medium Density; HD=High Density; 

COM=Commercial; INS=Institutional 
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UNU-WIDER (2010) argued that most developing countries generate more organic 

waste than the more advanced ones. The report stated that the fractions of organic 

waste in the total municipal solid waste of developing countries are found to be about 

three times when compared to waste generated in the developed countries. Since the 

source of waste analysed may have an impact on the results obtained in terms of 

waste composition, it is important that a proper choice of waste sampling be made 

when conducting any municipal solid waste characterization study. The most preferred 

source of waste for composition analysis is waste freshly collected from homes and 

offices, while another suitable and often used method is the analysis of waste from 

dumping sites. Seasons such as festive seasons and weather conditions are important 

factors that could affect the composition of waste as the use of seasonal products 

would in turn affect the amount and composition of waste disposed. It is also observed 

that the waste collected from dumping sites might have been compromised in cases 

where scavengers or waste collectors have selected valuable recyclable materials 

including packaging materials, hence leaving the compostable and non-valuable 

materials such as paper, dusts and other broken materials (Lisa and Anders, 2008).  

The traditional packaging material used in Nigerian stores for shopping is the single 

use polythene bag. Only a few stores like the pharmacies have adopted the use of 

paper in the sales of medicinal drugs. The volume of polythene bags that ends up as 

waste is alarming in Nigeria today as most of the citizens do not understand yet the 

need for reuse. They often find it offensive when the stores refuse to package goods 

that could be easily held with the hand or transferred to their vehicles in polythene 

bags. Hence, it is quite a difficult process even for stores in support of sustainability to 

operate profitably in Nigeria. Although the polythene bags are highly recyclable, most 

of them end up in drainages, causing a blockage of water flows, some are being used 

as fuel for burning while the ones that end up in the dumping sites look very 

unattractive for collection due to contamination. The poverty rate in the country has 

also not made matters better as more companies are beginning to package their 

products in smaller plastic sachets in order to make them affordable for the poor 

(Charles, 2015).  

The management of municipal solid waste in Nigeria is primarily carried out by 

institutions at the State and Local government level, generally referred to as the 

Formal Waste Management System (FWMS). However, due to the ineffectiveness of 

the government authorities and the low capacities of the private ones, there exists 

unregulated and unregistered activities of people in the country involved in the 

collection of waste, disposal and recycling for profit making. This is referred to as the 

Informal Waste Management System (IWMS). Therefore, both the formal and informal 

waste management systems are key players and important in describing the waste 

management activities in Nigeria presently. There also exists a mutually beneficial 

relationship between both (Oguntoyinbo, 2012).  

On the one hand, the formal waste management system includes government and 

other private registered waste management companies that are involved in the 

collection of waste as well as the transportation, treatment and the final disposal of 

waste. Some of these institutions have recycling companies as partners who collect 

useful waste materials for their recycling activities. On the other hand, the Informal 
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waste management system comprise majorly of unregulated activities of waste 

collection, sorting, and often times reuse and resale of partially useful waste (e.g. 

dumped electronic devices) by individuals called scavengers, street waste pickers, 

group of uneducated and unemployed individuals who do the door to door collection 

of waste (itinerant waste buyers), small private enterprises for profit making from 

waste, etc. (Afon, 2007). Nzeadibe (2009) stated that while most formal waste 

collectors would collect and treat all types of waste without a profit-oriented motive, 

the informal waste collectors are highly selective and highly skilled in targeting waste 

with high value, and also high reuse or recycling market potential. They also have a 

huge connection and are fast at locating potential customers in the recycling industry.  

Adama (2011) concluded that the presence of informal waste collectors and 

scavengers in developing countries is majorly as a result of the failure of the 

Government. 

3.2   Status of waste collection, recycling and disposal in Nigeria  

The proper collection, recycling and disposal of waste are very crucial and major 

stages of any waste management system. Previous studies have shown that about 30 

to up to 60 percent of waste generated in Nigeria is not collected (Charles, 2015, 

Ogwueleka, 2009). There are several reasons to the poor waste collection rates 

including factors such as bad road networks, poor technical, management and 

economic performance of the waste management authorities, use of substandard and 

inadequate facilities, inability to optimize resources and collection routes, and on the 

part of the citizens, the refusal or non-corporation in the payment of waste collection 

bills (Ogwueleka, 2009).  

As established previously in this paper, there exists presently no separation or pre-

treatment for packaging and Municipal waste in Nigeria. Therefore, a mixed 

composition of waste exists during disposal. Most of this waste ends up in the streets, 

roadside drainages and illegal dumping sites due to poor or no waste collection 

platforms in some areas causing a huge environmental pollution with health risks. 

There also exists no properly engineered landfill site in Nigeria till date. Therefore, the 

waste disposed in dumping sites are not managed effectively. Most of these dumping 

sites are located close to major roads leading to the migration of some waste materials 

to the roads and streets. Matter et al. (2013) reported that due to the inadequacies in 

the collection of household waste in most developing countries, waste is often 

disposed in streets, open dumping sites, rivers and drainages. This could lead to the 

degradation of soil, as well as the pollution of water and the atmosphere, leading to 

the spread of germs and diseases. However, Asim et al. (2012) added that the 

improper disposal of waste in streets and drainages make them readily available to be 

picked by waste collectors. 

Ike et al.(2018) reported that in the year 2010, two major Nigerian cities such as Lagos 

and Ibadan (both in the south-western regions of Nigeria) which used to be the centres 

of tourist attraction have now been ranked as part of the dirtiest and environmentally 

unsafe places to live in the world. Onitsha and Aba, which are south eastern cities and 

high in commercial trade activities joined this list in the year 2015. The research also 
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stated that the poor waste management and disposal situation is the case for most 

other cities in Nigeria as well leading to the littering of roads, drainage lines and the 

conversion of most vacant lands into illegal dumping sites. 

Onu (2012) established that there exist two primary methods for the collection of 

municipal solid waste in Nigeria presently. These include the door-to-door waste 

collection system and the dropping of waste at depots or communal waste disposal 

points. The collected waste is in mixed form due to the absence of a waste separation 

technique. Prior to collection, household waste is being stored in smaller units indoors 

(in most kitchens) in a mixed form. This implies that all forms of waste including organic 

waste are put together in a small waste bin. When the waste bin is full or at certain 

intervals depending on the households, the waste is transferred to a larger bin located 

outside the building where it is easily accessible by waste trucks. Households who 

have not registered with any waste collection company also use these large storage 

containers and have their waste collected by the informal waste collectors (usually 

truck pushers). However, some other households prefer to keep their waste indoors in 

those smaller units and have it collected by truck pushers who do door-to-door 

collection (Charles, 2015).  

There are health and environmental implications of the storage of waste in households 

whether internally or externally. Waste improperly stored, kept for too long or 

overflowing bins could pose serious health risks to household members and 

community dwellers at large. This happens when the bins become heavily 

contaminated, providing a breeding place for insects and germs and possibly a 

harbourage for diseases. Therefore, the government is lately encouraging the use of 

waste plastic bags as this would reduce the level of contamination. Secondly, the 

bagging of waste makes collection much easier since it now looks less irritating to the 

waste collectors. Typical waste bins in Nigeria includes plastic bins, steel drums, 

sacks, polythene bags and paper bags. Being distinguished by the type material used, 

the choice of bin by households depends on the nature of waste to be stored (wet or 

dry), the durability of the bin and its affordability (Charles, 2015). 

 

Figure 6: Atypical roadside overflowing bin in Nigeria. Photo credit: pulse.ng 
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A compilation of results from some researchers about the percentage use of the 

different waste storage types in Nigeria is shown in table 3 below. Here, it is revealed 

that most households make use of the plastic bins especially for the storage of waste 

internally, followed by the use of larger metal drums for storing more waste externally, 

and also for waste collection purposes. The regions where the research have been 

conducted includes Abeokuta and Ibadan as western regions of Nigeria, the DFID data 

for domestic, institutional and commercial waste conducted in Abuja being a northern 

region of Nigeria, and the analysis of Awka (Anambra state) as a southern region of 

Nigeria. Since most of the data analysed are over 10 years ago, there would have 

been significant changes to the use of these waste storages and the adoption of more 

modern ones presently. Therefore, in this sense, it is expected that there is a 

significant increase in the use of standard reuse bins across the country today. 

Table 3: Percent use of several waste storage mediums in Nigeria 

 Abeokuta Ibadan Abuja 
Domestic 

Abuja 
Institutional 

Abuja 
Commercial 

Awka 

Plastic 
bin 

43.89% 40% 13% 31% 25% 81.5% 

Paper 
bags 

6.53%      

Polythene 
bag 

28.44% 39.6% 10% 5% 16% 7.7% 

Used 
drum 

15.15% 28.4%     

Sacks 6.53%  5% 6% 17%  

Metal bin   7% 13% 31% 10.8% 

Others   5% 6% 17%  

Standard 
reuse bin 

  60% 45%   

Source Achi et al. 
(2012) 

Alakinde 
(2012) 

DFID 
(2004) 

DFID (2004) DFID (2004) Modebe 
et al. 
(2010) 

 

The report of DFID (2004) shows that over 56 percent of residents in the federal capital 

territory of Nigeria (Abuja) have their waste collected by waste management 

authorities. Looking at the year range between 2004 and 2020, there is certainly a 

significant increase in the collection capacity of waste management authorities in 

Abuja today. The compilation of waste disposal means investigated by researchers in 

different regions of Nigeria is shown in table 4. The high level of collection for disposal 

by waste management authorities in Abuja may be attributed to the state being the 

capital of the country and hence having a high level of federal management control. 

As shown in the table, other regions in the west and south of Nigeria are high on 

burning and open dumping activities. As much as these negative and illegal means of 

waste disposal must have reduced presently when compared to values in the table, 

there still exists a significant and worrisome level of these activities in Nigeria today. 
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Table 4: Compilation of waste disposal means in Nigeria by percentage.  

 Open     
dump 

Burning Burying Truck pushers 
(public/private) 

WMA1 Others 

Abeokuta 
(Achi et al., 

2012) 

26.28 47.44 6.28 14.19 5.81 - 

Maiduguri 
(Dauda and 
Osita, 2003) 

52 41 4 - - 3 

Ughelli 
(Efe, 2013) 

54 7 13 - - 26 

Abuja 
(Domestic) 

(DFID, 2004) 

19 7 - 18 56 - 

Abuja 
(Commercial) 
(DFID, 2004) 

17 17 - 19 37 - 

Abuja 
(Institutional) 
(DFID, 2004) 

9 29 - 15 47 - 

Bauchi 
(Ogwuche, 

2013) 

30 20 - 10 40 - 

Uyo 
(Ukpong and 
Udofia, 2011) 

24 18.8 - - 43.6 13.5 

 

Nnaji and Utsev (2011) suggested that the sorting of waste for recycling and proper 

disposal can be made easier if waste is being stored in different waste bins per 

category of waste from the source. This principle is generally known as the Sorting at 

Source (sorting at Source). Previous studies have shown that the SAS principle have 

been practiced in some regions of Nigeria. For instance, Achi et al. (2012) revealed 

that some households in Abeokuta (western Nigeria) have practiced this method of 

waste separation. However, in their research, it was observed that about 70 percent 

of those who separated their waste did so for monetary benefits and do not necessarily 

understand the environmental impacts or sustainability implications of this process.  

The collected waste by both the formal and informal waste management organizations 

(as explained in the previous section) are disposed in these dumping sites and burned 

openly, releasing dangerous gases to the atmosphere. Some are delivered to 

recycling companies while just few ends up being incinerated. An example of an 

organization that carries out incineration of waste is the Lagos State Waste 

Management Authority (LAWMA). Being a government owned body operating in 

Lagos, the authority seems to have the highest impact in terms of waste collection and 

 
1 WMA: Waste Management Authority. 
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management in Lagos state, and one of the best waste management institutions in the 

country. See information provided by LAWMA (Anonymous, 2020). Other major waste 

management authorities in Nigeria includes the Enugu State Waste Management 

Authority (ESWAMA), Niger State Environmental Protection Agency (NISEPA), Kebbi 

Urban Development Authority (KUDA) among others (Ike, 2018).  

 

Figure 7: A typical dumping site in Nigeria. Source: Wale Bakare.  

Olukanni et al (2018) stated that over the years, there have been a drastic increase in 

the generation of municipal solid waste in Nigeria but there has not been a 

corresponding increase in waste management capacities by organizations and 

government authorities. Highlighted in the research is the fact that an upscale of 

financial and technical resources would help bring about a parallel growth rate on both 

ends. This also includes the active participation and encouragement of recycling and 

material recovery processes by collection and waste management organizations at 

both private and government levels. 

In the year 2014, a major news publishing house (Vanguard) published a report by 

LAWMA stating that Lagos state produces about 12,000 metric tons of waste per day. 

This huge amount of waste is beyond the capacity of LAWMA and other private waste 

management companies combined. Therefore, out of this amount, only about 20 to 30 

percent gets collected and disposed or incinerated. See information provided by 

Vanguard publishing house (Olusunkanmi, 2014). Awosusi (2010) reported that most 

municipal waste management authorities are often faced with much more waste than 

they can handle leading to overwhelming situations. This often leads to break downs 

in their operations such as frequent damages of the collection trucks, inadequate 

manpower to carry out collection and treatment activities, poor payment of staff and 
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so on. Ogwueleka (2009) also observed that most governmental waste management 

organizations are often faced with problems of insufficient funding and this in many 

cases would lead to the delay in the payment of staff. The staff resultingly embarks on 

strikes over the delay of their wages and the waste in communities are left unattended 

to. 

Over the years, recycling activities, which comprises majorly of the collection, sorting, 

compaction and the export of waste to recycling companies is carried out by the 

informal waste collectors especially in the urban areas. Waste plastics, metals and 

clothing materials are collected by informal waste collectors listed in the previous 

paragraph from dumpsites, street bins and with the use of waste collector carts for 

door to door collection activities. As much as this is an illegal and unhygienic way of 

waste collection and management, environmental pollution would have been much 

worse in Nigeria today without the informal waste collection system. (Oguntoyinbo, 

2012). Wilson et al. (2006) revealed that the main economic motive regarding the 

collection of waste by informal waste collectors is not in the charge they demand from 

households but on the income that they get when they resell the collected waste to 

either recyclers or other interested buyers. 

 

Figure 8: current framework of municipal solid waste in Nigeria. Source: Obiora and Tochukwu, 2019 

The UN-Habitat (2010) reported that in most cases globally, the informal waste 

collectors consist of the poor, disadvantaged, disabled, and marginalized social group 

of people who resort to scavenging as a means of survival. However, their socio-

economic and demographic characteristics in terms of gender, age and marital status 

may vary from location to location (Asim et al., 2012). Medina (2007) also reported 

that the number of scavengers and informal waste pickers in most developing 

countries could be as much as 2 percent of the total population. However, this fact is 

contestable since the consensus carried out by most countries do not usually include 

a category of data for the number people involved in scavenging or collection of waste 

whether formally or informally (Zia et al., 2008). Chi et.al. (2011) also describes the 

activities of the informal waste collectors as being part of a shallow economy where 
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individuals involved do not usually have or require a licence to operate, do not pay 

taxes to the government, and are therefore usually not included in the social welfare, 

government insurance or any sort of funding schemes. 

The collected waste is usually segregated to pick out materials that are valuable and 

useful in any form. The useful materials are cleaned, dried and classified accordingly 

by their respective material classification (e.g. metal cans, plastic bottles, folding 

carton boxes etc.). The organic waste and other residual wastes collected are usually 

sold to animal feed producing companies in making a feedstock for animals e.g. pigs, 

catfish while some are used in making manure for agricultural crop cultivation (Asim 

et al., 2012).  

The itinerant waste buyers (informal waste collectors) sell valuable waste materials to 

middlemen who afterwards sell to recycling companies. The middlemen (intermediate 

buyers or middle dealers as shown in Figure 9) consists of the primary and secondary 

dealers, junk shops, recycling SMEs, brokers, wholesalers and waste processors 

(Wilson et al., 2006). They play a very important role since the recycling industry 

basically demands recyclable materials in huge quantites and would not want to 

patronize individual waste collectors to buy in smaller quantities as this would be a 

more stressful process. Hence, the middlemen would buy from different waste 

collectors in order to make an accumulation, do a compaction and other necessary 

pre-processing of the waste before selling to the main dealers (large waste 

management enterprises or exporters) who finally sells them in bulk to the recycling 

or manufacturing companies (Sembiring and Nitivattananon, 2010).  In general, 

informal waste collectors make about 22.5 to 47 dollars weekly and this serves as a 

means of sustenance economically for them and their families (Ogwueleka, 2011).  

Since the collection of waste by the informal waste collectors are for profit purpose 

and not with the mentality of environmental pollution control or sustainable 

development, some have become highly selective in terms of waste collection. 

Generally, the waste types collected includes plastics, ferrous and nonferrous metals, 

bottles, paper and aluminium materials. Other forms of waste and uncollected waste 

materials either ends up littering the streets and drainages or are burnt illegally by 

families, leading to the release of harmful gasses to the atmosphere. Most families do 

this to avoid paying for the collection and proper disposal of waste. (Oguntoyinbo, 

2012). 
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Figure 9: Key stakeholders in formal and informal recycling. Source: Bolaane (2006) 

The informal waste management system in general gives room for the introduction of 

new enterprises, opportunities for investments and the evolution of new trading 

networks within the country. The informal sector also helps ensure a steady and 

reliable supply of valuable and recyclable materials to recycling companies both locally 

and internationally in the form of secondary raw materials such as plastic pellets. Since 

they have a high share in the waste management of the country, the informal waste 

management sector from their waste collection capacity by volume help reduce the 

cost and burden in terms of the volume of waste on the formal waste management 

organizations (Matter et al., 2013). The material substitution potential of the 

recyclables against virgin materials help facilitate low cost manufacturing of packaging 

products and other materials, hence, making these products readily available at 

affordable costs within communities (Wilson et al., 2006).  

A research by Nzeadibe (2009) revealed that the most collected packaging waste 

materials and municipal waste materials generally are the plastics. The percentage of 

the aluminium cans is relatively low probably due to the light weight of the cans or the 

low markets for aluminium can beverage drinks in the region where the research was 

conducted. In general, the most collected and recycled materials in Nigeria by both 

formal and informal waste collectors are the metals, paper and the PET bottles. Table 

5 below shows the results of the analysis made in the research. 
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Table 5: Data on majorly recovered and recycled materials in Enugu, Nigeria 

Materials Quantity (kg per year) 

Plastics 14,400 

Non-Ferrous Metals 550 

Ferrous Metals 18,120 

Glass bottles 8005 

Total 41,075 
Source: Nzeadibe, (2009) 

There are also several risks associated with the collection of waste in Nigeria 

especially by the informal waste collectors. This is often because they hardly adhere 

to personal protective measures when carrying out their collection activities. Hence, 

they are often exposed to germs and other accidental risks which could be very 

dangerous to their health. Valuable and recyclable materials received by waste 

collectors in mixed form are usually contaminated and relatively of a lower grade 

compared to a situation where waste separation exists.  As outlined in a research 

made by Wilson et al. (2006), table 6 shows some potential risks that could be incurred 

along the entire waste collection and treatment value chain. Mangisvo (2010) also 

reported that most scavengers and informal waste collectors, especially the women 

and children from developing countries use their bare hands in collecting waste. Since 

there is no form of protection on their hands, they are often exposed to toxic materials 

such as sharp objects, broken glasses, needles, etc. Exposure to improperly disposed 

hospital refuse could also lead to their exposure to diseases as severe as HIV and 

AIDs, and Hepatitis. The inhalation of smoke in the burning process could lead to 

health problems on inhalation while the Green House Gases (GHG) emissions 

involved also contributes to climate change. 

 

Table 6: potential risks during waste collection and handling 

Risk Factor Examples of possible risk 

Composition of waste Broken glass, sharp items, gas, dust 

Organic decomposing waste Bio-aerosols, gaseous emissions, 
leachate 

Handling of waste Lifting, accident, working in traffic 

Processing of waste Air and water emissions, fires, odour, 
noise 

Disposal of waste Odour, noise, vibration, explosion 
Source Wilson et al., (2006), Chukwunonye et al., (2013) 

As established in this research, most of the recycling activities or what is mostly 

referred to as recycling in Nigeria often involves the collection of recyclables and the 

export of these materials to the main recycling companies in other countries. Only on 

a small scale does the country have SMEs recycling plastics to produce local 

household materials. Therefore, the volume of recycled products produced in the 

country is on a small scale, and another challenge is that they are often seen as 

substandard, making them difficult to thrive in the competitive market (Adebola, 2005). 

Looking at the plastics and packaging industry in Nigeria, Sindiku (2011) reported that 

the sector which had about 50 plastics and plastic packaging companies combined as 
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at the year 1960 have grown much to having not less than 3000 companies in the year 

2013, and an overall production capacity of over 100,000 tons of plastics per year. The 

report also highlighted that although the application and production rate of recycled 

plastics is low in Nigeria till date, there have been significant levels of growth recently 

especially in the recycling of plastics into products such as single use nylon bags, 

hangers, footwears, boxes, foot mats, waste bins, large water containers, plastic 

chairs, bowls and buckets, reservoirs and so on. 

During a Fair trade and exhibition on the Nigerian plastics, printing and packaging 

sector in the year 2018, it was revealed that less than 12 percent of plastics is recycled 

in Nigeria while over 80 percent of plastics, especially beverage bottles end up in 

dumping sites and drainages (PPP,2018). A notable recycling company with a fast 

growth potential in Nigeria today is Wecyclers. They have their operation based in 

Lagos and have been performing commendably regarding the collection of plastics 

among other municipal wastes in Lagos state. The company collects, sort, compress 

and sell to recycling companies within Lagos. Presently, the operating capacity of the 

company is within the reach of about 20,000 houses in Lagos with a projection to reach 

500,000 houses in 2023. See information provided by KBFUS (Anonymous, 2019).  

The recycling rate of a certain packaging material depends on several factors including 

the degree of accessibility of the packaging waste, the presence of local markets for 

collection and processing, the level of supply and demand of the waste packaging 

material, the price of extracting and processing virgin materials, the profit margin, 

sustainability factors and so on (Wilson et al., 2006). Adebola (2005) highlighted that 

there are several benefits to the recycling of packaging waste and municipal solid 

waste in general which includes the creation of more job opportunities for citizens, 

therefore, supporting the alleviation of poverty. Other benefits include increasing 

environmental protection and sustainable development in general. Adu and Aremu 

(2012) revealed that the amount of recyclable materials found in most municipal solid 

waste of low-, middle- and high-income countries averagely constitutes about 17 

percent, 43 percent and 62 percent of the total waste respectively.  

In the field of packaging, recyclable solid materials include paper, plastics, glass and 

metals (both ferrous and nonferrous). The plastics are often shredded and processed 

into pellets for the manufacture of new plastics or other allied plastic-based products. 

Paper cardboard can be recycled as well into newsprint, tissue paper, carton boxes 

and other forms of bulk paper packaging. However, repeated recycling of paper would 

lead to the limitation of its use to lower application purposes since there is often a 

reduction in properties of a recycled paper per number of recycling times (mainly the 

reduction of the fibre length). Therefore, paper at some point are only recycled into 

lower quality tissue paper or the low-quality production of newspaper (Olukanni, 2018). 

Waste glass is often recycled by glass and terrazzo manufacturing companies while 

metals, mostly aluminium is smelted into ingot and sold to foundries (Agbaeze et al., 

2014). 
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Agunwamba (2003) revealed that the implementation of well-planned recycling 

programs in Nigeria would bring about huge savings of up to about 78 percent of the 

annual waste management costs and about 79.5 percent savings in costs that would 

have gone to the establishment of landfills. Adu and Aremu (2012) added that aside 

the economic gains achievable through the upscale of recycling activities in Nigeria, 

there are also significant environmental benefits such as the reduction of Green House 

Gas emissions, a decrease in land and water pollution from both improper disposal 

activities and processes for the extraction of raw materials for virgin plastics 

production, and also the improvement of air quality due to reduced burning and 

incineration activities. 

As reported in a review by Martin et al. (2006), the recycling of household and other 

Municipal waste is justified by four major points. These are: 

• The reduction in demand for virgin raw materials 

• The achievement of relatively fewer environmental impacts when compared to 

virgin materials in terms of material extraction, the processing and 

transportation 

• Generally, relatively lesser energy consumption with recyclates compared to 

virgin materials during manufacturing 

• Less waste is finally disposed after recycling 

The research by Onu (2012) revealed that the ignorance of the Nigerian citizens and 

the weak policy implementation power of the government are major causes of the poor 

state of waste management in the country today. The UN-HABITAT (2010) added that 

there is also a lack of enough public education regarding the proper disposal of waste 

in communities especially for people living in the rural areas. Hence, rural dwellers are 

found to maintain the traditional, improper way of disposing waste which includes the 

illegal burning of waste, dumping of waste in flowing rivers, bushes and at worst cases 

on the streets. The report highlighted that in order to bring about an improvement in 

the rate of recycling and reduce the amount of unrecycled waste to be finally disposed, 

there is a need for corporation among communities, voluntary non-governmental 

organizations, the formal waste collectors and the Government institutions. It was also 

argued that there is a need to cut the cost of the formal waste management system 

that their services might be made affordable for all. This can be achieved when there 

is the required support derived from the Government and efficient facilities are being 

used in the collection and treatment of waste. 

 

3.3    Description of a separated Municipal solid waste collection 
 System 
A typical waste collection system for separated municipal waste consists of two major 

stages; the pre-collection stage and the collection stage. In the pre-collection stage, 

waste is being handled from its origin and separated into their respective material 

classes (glass, paper, plastics, bio waste etc) or as otherwise specified (e.g. recyclable 

and non-recyclable). In this stage, other pre-processing activities such as 

compression, dismantling, moisture removal etc. may occur (Gallardo et al., 2015). 
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The second stage, which is the collection stage for the separated waste, could be done 

in a number of ways (e.g. pneumatic, door-to-door or drop off collection) depending 

on factors such as infrastructural development, the economy and technological 

advancement of the country, tradition among other factors. In any of the cases 

adopted, collection involves the transfer of waste from the immediate disposal and 

separation point to a treatment plant for either recycling, material recovery or any other 

waste treatment purposes (Rada et al., 2013).  

The pneumatic waste collection system involves the use of underground pipes in 

transferring the separated waste with the aid of a vacuum into waste collection 

containers for the respective waste streams. When the container is full, the waste is 

collected using trucks to the final site for treatment, material recovery, preparation for 

recycling, separation for landfill etc. The pneumatic waste collection system is also 

known as the static or stationary waste collection system. The door-to-door waste 

collection system is a process whereby the separated waste is being collected by 

waste collectors (either formal or informal) at individual houses and then transported 

directly to the treatment plants for processing. The drop off collection system requires 

that the waste be dropped in certain containers placed in strategic positions in 

communities. The waste collectors with the use of truck then empty the containers 

regularly and transport the waste to the processing sites. Usually, the drop off and 

door-to-door waste collection system do exist together in most advanced countries 

(Teerioja et al., 2012). 

In designing a pneumatic waste collection system, the waste collection point may 

include one or more inlets depending on the number of waste fractions (NWF) being 

operated. This is explained in detail in the next paragraphs of this section. The 

collection points could be installed in homes or at strategic points outdoor within the 

communities. The pneumatic waste collection system can collect up to 80 percent of 

waste generated in municipalities. However, there are limitations to using the 

pneumatic waste collection system such as size restrictions to what can be 

transported. Hence, waste within the size limit of the underground pipelines can only 

be collected with this system. Another limitation is regarding the inability to collect 

liquid waste, hazardous and waste electrical and electronic equipment (WEEE) in most 

cases (Envac AB, 2009). 

Iriarte et al. (2009) indicated in their research that the pneumatic waste collection 

system could also be mobile. In this case, the waste is being transported from the 

immediate disposal point pneumatically but on a short distance to a suction point 

where collection is made using a truck. However, the stationary pneumatic waste 

collection system can cover longer distances and hence more widely used. 

Both stages (pre-collection and collection stages) require a specific process design 

each. For instance, the pre-collection stage needs to have elements such as the 

Waste Fraction Rate (ratio of collected waste to the total municipal waste generated), 

Storage Level (SL), the type of bin used etc. well defined (Gallardo et al. 2015). 

Countinho-Rodrigues et al. (2012) also noted that basic starting points include the 

determination of the number of facilities per community and in what sizes, their 

operating capacities, location in communities, actual number of community dwellers 
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to be assigned to each facility, and so on must be well analysed and determined. The 

research also made known that these characteristics may vary with different 

geographical zones and conditions.  

In designing a collection system, a specific Number of Waste Fraction (NWF) must be 

determined in the pre-collection stage. This is the number of categories that waste is 

being separated into right at the source (e.g. glass, plastics, paper, metal etc.). 

Depending on several factors like the recycling capacity of the country, the 

technological advancement rate, space restrictions in homes etc., the NWF can vary 

from zero which is a case whereby all waste types are put into a single container, to a 

high rate of waste separation, into various material types as mentioned above 

(Gallardo et al., 2015).  For instance, in Spain, waste is separated into four or five 

fractions which includes glass, paper, light packaging, and organic matter (Gallardo et 

al., 2015) while in Portugal, there exists five waste fractions including glass, paper, 

packaging, batteries and bio waste (EC, 2014). In Sweden, a much higher NWF exists 

where waste is being separated into about eight fractions to include newsprint, paper, 

glass, hard plastics, plastic film, metal, bio waste and residual waste (Gallardo et al., 

2015). Mor et al. (2006) established that in order to determine a suitable NWF, a 

characterization and an analysis of compositions of waste streams generated is 

required to allow for accuracy in estimations, the determination of recycling potentials 

for each waste streams, and effectiveness in the management of the waste separation 

and collection system in general. 

Secondly, a Storage Level (SL) for each waste fraction is selected. This refers to the 

distance that a citizen must cover (usually a walkable distance) in order to dispose the 

separated waste for collection by waste management authorities. The Storage Level 

depends on several factors including the cost, population density, and the number of 

waste fractions (NWF). For the achievement of a high waste fractioning rate, the SL 

should be designed to be short enough in order to make it easier for citizens to dispose 

their waste. The third step is to specify the location of the storage points for the waste. 

The storage point depends on the two previous steps, that is the waste fraction and 

the storage level that have been determined. The storage points should be more and 

nearer in highly dense communities than in less dense areas. The GIS environment is 

a relevant tool in designing and optimizing this part. Thereafter, the fourth stage is 

determining the volume of storage for each separated waste. Factors to consider 

additionally within these stages are the type of bin to be used and the material for 

designing the bin, methods to mitigate the overflowing of bin and so on (Gallardo et 

al., 2015).  

Gallardo et al. (2015) also stated in their research that since the citizens as the primary 

waste generators play an active role in the pre-collection stage, this means that the 

social factor must be taken more importantly in selecting a feasible waste separation 

and collection technique as the citizens must be willing and capable of implementing 

the tasks efficiently and without much constraints. The citizen’s participation is critical 

as there are several factors why they may not support or participate in a waste 

separation system (Bolaane, 2006). These factors include long distances to the 

collection point in the case where separated waste must be disposed by citizens, 

overflowing bins due to inconsistent or irregular collection by waste management 
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organizations or inadequate storage facilities for collected waste, lack of sufficient 

space for waste separation in households, poor knowledge about selective waste 

collection and the need for recycling, presence of family members who are unwilling 

to participate or support the system and so on (Keramitsoglou and Tsagarakis, 2013). 

Bolaane (2006) also argued that the participation of the public is the touchstone to the 

success of any recycling scheme. It is therefore necessary to increase environmental 

awareness and make citizens see the need to take their responsibility regarding the 

effective management of waste (Vicente and Reis, 2008). Mueller (2013) reported that 

an increase in household waste separation is achievable when more investment is 

made in educating citizens about recycling through educational programs and 

seminars, while Bolaane (2006) suggested that a suitable methodology to help assess 

the acceptance level of any new waste separation or management technique is 

through the conduction of citizen’s survey and the use of questionnaires.  

Comparisons have been made between the situations with a separated waste 

collection system and communities that do not have one. For instance, Lavee (2007) 

found that it is more economically viable to operate a separated waste collection 

system in large and medium sized communities compared to smaller ones. Tonjes and 

Mallikarjun (2013) explained that environmental factors must be considered before 

establishing pre collection and waste management systems in general in order to 

ensure efficiency. Regarding the cost of establishing a waste management system, 

Tavares et al. (2009) and Rada et al. (2013) revealed that a separated waste collection 

system may take up to 70 percent of the total cost for municipal  solid waste 

management of which the major cost goes to fuelling the collection trucks, but this may 

vary with the actual waste pre-collection system being operated. Mazzanti et al. (2008) 

added that a review and establishment of legislations is an important factor when 

designing a separate collection waste management system, and that regulations can 

limit, eliminate or condition the markets for certain packaging materials and waste e.g. 

single use plastic bags. 
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Figure 10: Typical Schematic representation of a waste collection methodology. Source: Gallardo et 
al. (2015) 

 

3.4    Legal Aspects; An overview of the Nigerian Waste   
 Management Policy 

The policy on waste management in Nigeria covers all regulations, legislations and 

standards towards the control of all activities related to the generation, treatment and 

disposal of waste (Eneh, 2010). The origin of waste management in terms of solid 

waste collection and disposal responsibilities started with the local governments 

(Ayotamuno, 2004). Eneh (2010) reported that the aim of the Nigerian Environmental 

Policy is to achieve sustainable development with the particular interest of securing 

the environment for Nigerians in order to ensure soundness in health and well-being, 

ensure the conservation of natural resources and the regulation of every activities 

surrounding their extraction and use, and by so maintain benefits for both present and 

future generations. The policy also includes the restoration and enhancement of 

ecosystems, ensuring the functioning of the biosphere and the preservation of 

biodiversity in the nation. Strategies includes the promotion of environmental 

awareness publicly, fostering cooperation with other countries and international 

institutions for the sake of environmental development, the optimization in the use of 

all trans-boundary natural resources and the elimination of environmental pollution in 

general. 
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The first major law enacted by the Nigerian Government for the monitoring of waste 

management procedures in the country is the FEPA (Federal Environmental 

Protection Agency) act of 1988. This establishment was made after the discovery of a 

toxic waste that have been improperly dumped by a foreign production company in 

Delta state, Nigeria in the year 1987. The FEPA was fully in charge of the regulation 

of waste collection, treatment and finally, the disposal methods for waste streams such 

as solid waste, industrial waste, hazardous and all municipal wastes. The agency also 

made it mandatory for organizations to make an Environmental Impact Assessment 

(EIA) of their production or organizational activities, as well as for the development of 

any new projects within the organizations. There are subsequent policies and 

strategies revolving around the FEPA act of 1988 in order to combat the degradation 

of the environment. These included the Harmful Waste Act 1988, the waste 

management regulation S.1.9 of 1991 and the Environmental Impact Assessment 

Decree No. 86 of 1992 (NESREA, 2009).  

Ike (2018) outlined some of the responsibilities of the FEPA as stated constitutionally 

to include: 

• Securing the quality of the Nigerian environment and ensuring the well-being 

and health of her citizens 

• Raising public awareness through diverse means to the citizens on topics 

related to environmental development  

• Encouraging and supporting both individual and community projects related to 

environmental protection and development  

Aside the FEPA Act of 1988, other regulations have followed to act as supportive 

measures in the management of waste in Nigeria. For instance, in the year 1989, a 

State Environmental Protection Commission known as the EPC was established in 

each state across Nigeria for the sake of complementing the activities of the FEPA. 

Major tasks by the EPC includes the following: 

• The provision of advice regarding the formulation and implementation of 

policies within the state 

• Strategies towards the effective enforcement of policies and rules on the 

collection and disposal of waste 

• Monitoring services on waste discharges of any form and the regulation of 

environmental impacts incurred through the discharge of waste 

• Rendering of advice and support to the local government on waste 

management procedures 

• Develop a feasible master plan on the management of solid waste with a focus 

on collection and disposal methods in the country generally 

• The provision of guidelines, specifications and other operational environmental 

criteria and standards for the protection of the environment (Ike, 2018). 
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Two additional regulations were formulated in the year 1991 by the FEPA as follows; 

• The National protection management on solid and hazardous waste 

• The pollution abatement in industries and facilities generating waste (Ike, 

2018). 

Another key regulation established by the FEPA was the Environmental Sanitation 

decree of the year 1997 which declared a compulsory sanitation exercise by all 

communities to be carried out every last Saturday of the month within the hours of 

7am till 10am (NESREA, 2009).  

Due to the inability of the FEPA in effectively implementing the environmental 

management policies and ensuring compliance of regulations, the Federal 

Government established the Ministry of Environment (MoE) in the year 1999 which 

took over all responsibilities of the FEPA and have become the main institution 

responsible for all waste management procedures and legislations today (Anukam, 

1997). A new and currently running policy was hence established by the Ministry of 

Environment called the National Environmental Standards and Regulations 

Enforcement Agency (NESREA) Act 2007, repealing the FEPA Act. The NESREA has 

been commissioned to regulate and enforce all environmental regulations and laws, 

provide guidelines, reviews and establish new policies towards the improvement of the 

environmental condition of the country. The NESREA is also responsible for enforcing 

compliance to international agreements and treaties concerning the environment, and 

to promote the Nigerian waste management hierarchy as shown in figure 11 

(NESREA, 2009). 

Another notable regulatory body set up by the Federal Government to make 

operations in the country’s capital is the Abuja Environmental Protection Board 

(AEPB). The AEPB is officially responsible for the management of all forms of solid 

wastes in Abuja (to include industrial, hazardous, construction and demolition waste). 

The core responsibilities of this organization are to: 

• Ensure the removal, treatment and disposal of all domestic and industrial waste 

in the state 

• Maintain the cleanliness of all public drainages and streets in communities 

• Register and keep records of private waste collection companies 

• Prepare and periodically update strategies for improving waste collection and 

disposal 

• Regulate and approve all legal waste disposal systems in the city  

• Encourage the recycling of industrial waste across the state 

• Develop and recommend basic standards and procedures for the treatment of 

all forms of waste including toxic waste and ensure that these standards are 

not in conflict with the regulations of the FEPA. 

• Develop and recommend systems for the safe collection and disposal of 

hazardous and toxic waste in the state 

• Provide educational platforms for the public on acceptable waste disposal 

methods for both municipal and industrial wastes 
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• Initiate new waste management legislations while ensuring the compliance of 

existing ones (CPE, 2010). 

Ogwueleka (2009) stated that majority of the Nigerians do not properly understand the 

existing Nigerian regulations and legislations on solid waste management, and this 

have affected acceptability and their successful enforcement. Afun (2010) also added 

that over 80 percent of Nigerians do not yet understand the concept of sustainable 

development and sustainable waste management practices. Some are also not aware 

of the penalties stated by the government on defaulters of these regulations. UN-

HABITAT (2010) revealed that for the effective implementation of any environmental 

policy measures, factors such as the socio-economic and socio-cultural aspects must 

be properly addressed. To add to this, all physical and environmental dimensions 

associated with the legislation must meet local conditions and be implementable.  

 

Figure 11: The Nigerian waste management hierarchy.  Source: Environmental Protection Agency 
(2009) 

Ogwueleka (2009) also revealed that as much as international bodies and donor 

agencies have made efforts by carrying out projects towards the improvement of 

municipal solid waste management in Nigeria, there has not been much success 

achieved due to the adoption of common approaches by these organizations. Their 

conventional approach towards the implementation of projects are usually centralized 

and hence cannot adequately meet the needs of different cities in the country 

individually. Therefore, in order to carry out waste management projects in Nigeria, 

the heterogenic nature of the member states and cities must be taken into account as 

what works for one may not necessarily work for the other due to several factors 

including their culture, earning power of indigenes, education level, state of 

infrastructural development and so on. 
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Onu (2012) stated that the penalties imposed by the current policy demands that fines 

ranging from 20,000 Naira to as high as 500,000 Naira (as with the case of the single 

use plastic ban explained in the discussion section) be paid by defaulters of any of the 

environmental laws and regulations within the country. However, there has been little, 

or no success recorded in making defaulters pay for their offenses in this sense. 

Onyenekenwa and Agbazue (2011) also argued that the fragmentation of the Nigerian 

policies has negative effects regarding implementation and development possibilities 

in the waste management sector. There are identified today under the NESREA Act 

2007 several other policies, diverse legislations and regulations that are complex to 

link together, seen as ineffective, wastes time, resources, and promote corruption as 

most of the funds released by the Government towards the implementation of projects 

and policies are being mismanaged. Eneh (2011) concluded that Nigeria is very vast 

in the release of policies but poor in terms of their implementation. The law corruption 

in Nigeria is a major factor to this situation thereby leading to the waste of time and 

resources put into developing these policies. 

Ike et al. (2018) indicated that the adoption of strategies and regulations from more 

advanced countries or countries that have been successful in improving their waste 

management capacities could be a key to making significant impacts in Nigeria 

regarding the management of waste. Particularly, a reference was made to the 

Sunshine regulation, a waste management performance regulator established by the 

government of Portugal. This organization is responsible for publicly reporting the 

activities and performance of each city within the country. They have recorded success 

in improving the waste management capacity of Portugal because cities with poor 

performances would get “shamefaced” and make efforts to improve or make 

necessary adjustments as indicated by the published reports.  

 

3.5   Definition of sustainability 

The topic of sustainability and sustainable development (SD) emerged in the 1980s 

and with the major publication (Our common Future) of the world commission on 

environment and development, generally known as the Brundtland report. The report 

defines sustainability as “the development that meets the needs of the present without 

compromising the ability of future generations to meet their own needs” (Brundtland, 

1987). 

Sustainability is a complex concept and dynamic in nature. A Three pillar model, 

interlinked and of equal importance which consists of the Economy, Environment and 

the Society is recognized globally in handling sustainability topics and this means that 

to achieve sustainability on a certain process, it is important that feasibility is achieved 

economically, the environment is not tampered with and there is social acceptance 

and benefits for the people (Jayant S. et al, 2015). In the opinion of this research, the 

adoption of a separated collection technique for packaging and municipal solid waste 

is a sustainable waste management system in itself. However, the sustainability 

prospects may vary internally in terms of which waste separation and collection 

method is being applied to ensure lower environmental impacts, economic affordability 
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and the willingness to practice and maintain operation by the people. Therefore, social 

and environmental aspects must be reconciled with economic factors as the most 

environmentally friendly waste separation and collection system may not be the most 

economic option or in some cases, too expensive to afford (Sepiacci and Manca, 

2015).  

An important tool in accessing sustainability for processes as applicable in waste 

management is the Life Cycle Analysis (LCA). This process is used in analysing all 

three environmental, social and economic factors. As regards the environmental 

impact assessment, LCA is used in analysing different waste separation and collection 

systems including their individual subsystems and waste treatment methods to identify 

areas that can be improved to achieve better environmental performance. Hence, a 

waste collection and treatment method with a minimum environmental impact is 

usually encouraged (Winkler and Bilitewski, 2007). Veronica (2015) highlighted that 

although waste LCA provides a systematic framework for the evaluation of the most 

environmentally sustainable waste management processes, they are often not 

feasible for implementation in certain regions due to economic concerns as economic 

factors are in sensitive cases often placed a priority to that of the environment. The 

description of environmental sustainability and environmental impacts associated with 

the use of different waste separation and collection systems is explicitly discussed in 

the next section of this chapter. 

Previous researches conducted regarding the economic sustainability of waste 

collection methods includes that of Groot et al. (2013) who developed a robust model 

for the financial costs including that of carbon emissions when a separated collection 

system is being carried out on plastic packaging waste (PPW). The research revealed 

that it would cost 2 times more to separate the PPW at the source than when it is 

sorted after collection. Also, on analysing source separation for PPW further, it was 

observed that it would cost 2.5 times more to use the curb side collection method than 

to use the drop off system. As defined in a report published by the Nordic Council of 

Ministers (2007), waste management stakeholders include the generators of waste in 

households or public institutions, the operators of waste management facilities, and 

the waste authorities. Also stated in the report is that the assessment of economic 

sustainability for a waste management process depends mainly on three factors 

including: 

• The determination of which costs to be assessed e.g. private or social costs 

• The determination of who to address these costs to e.g. waste management 

facility operators, individual households, public organizations or the community 

at large. 

• The cost calculation method to be applied for analysis of waste management 

systems 

The report further highlighted that on the one hand, private costs includes cash flows 

incurred by stakeholders. This is referred to as internal costs and are often addressed 

when making financial assessments. On the other hand, social costs include the sum 

of both the private and external costs and are often addressed in socio-economic 

assessments. 
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Generally adopted methods for the evaluation of economic sustainability and costs 

assessment by researchers have included Economic assessment, financial 

assessment, Total Cost Assessment, Cost Benefit Analysis, and Life Cycle Costing 

(LCC). Of all above mentioned methods, the Life Cycle Costing has been found to be 

a more consistent and comprehensive tool for combining especially both 

environmental and economic assessments. A calculation method that covers all costs, 

referred to as Social Life Cycle Costing (SLCC) is explained in the next section of this 

chapter. 

Concerning social sustainability, Özeler et al. (2006) stated that the co-operation of 

residents in communities is a pre-requisite for the successful implementation of any 

waste management plan. Sembiring and Nitivattananon (2010) also noted that since 

the public play a major role, they must be well educated and sensitized as regards the 

need for adopting a waste separation technique and the benefits of recycling, 

especially for the fact that this brings about a cleaner and healthier environment. 

Therefore, educational campaigns, advertisements using posters and social media, 

lectures in schools and other institutions could help bring about positive results in this 

sense. Lakioti et al (2017) added that the social acceptability by communities could 

pose a barrier and constraining factor to the smooth implementation and expansion of 

a waste separation and collection scheme. Furthermore, the research outlined key 

strategies for gaining social acceptability to include the involvement of the public in 

social projects, by constantly informing and updating them concerning any ongoing 

developments, the involvement of the public in decision making and their participation 

in financial matters related to the projects. 

Myllymaa et al., 2008 revealed that the choice of a waste separation and collection 

technique is important since the cost at this stage represents about 50 to 70 percent 

of the total cost for operating a waste management system. However, to sustainably 

maintain a typical waste separation and collection technique, methods must be 

continuously developed to enable the reduction of these costs as the lesser the cost 

for separation and collection, the more willing the citizens are to participate. 

 

3.6      Internal sustainability: A comparison of the Pneumatic, Door-to-Door, 

 and Drop off collection systems 

Although all three pneumatic, drop off, and the door-to-door separated waste collection 

systems have been in existence for decades, the most popularly known and most 

widely used method till date is the door-to-door collection system. The door-to-door 

waste collection system involves the use of vehicles and trucks in the collection of 

separated wastes, house to house in every community while the pneumatic waste 

collection system involves the use of pipelines, usually underground in the transfer of 

waste to a central collection point. The drop off waste collection system is similar to 

the door-to-door waste collection system except for the fact that the citizens would 

have to walk some distances in dropping the waste at large containers within the 

communities. This is popularly known as the kerbside waste collection.  Many 

literatures refer to the door-to-door and drop off collection system as traditional, 

however, the pneumatic waste collection system is not a novelty (Zandi and Hayden, 
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1969). The popularity of the pneumatic waste collection system has increased lately 

especially in newly developed residential areas and communities of most advanced 

countries, especially in the regions of Europe and Asia. The Pneumatic waste 

collection system is also of relevance especially in areas where there is no possibility 

of running the door-to-door or drop off waste collection system. This could be due to 

transportation or other environmental related reasons (Al-Ghamdi and AbuRizaiza, 

2003). 

Several researchers have argued that the pneumatic waste collection system is a 

more sustainable and superior method for the collection of municipal waste especially 

from an environmental perspective, since it decreases the need for vehicles emitting 

Green House Gases during operation and also provides a more attractive and 

convenient means of disposing waste in households when compared to the other two 

aforementioned options. The pneumatic waste collection method is also lower in terms 

of land use since there would be no need for the occupation of spaces by waste 

collection points and kerbs 

ide bins. Hence, these spaces can be used for more efficient purposes during the 

planning of a new residential area (Jackson, 2004). In  terms of cost and economic 

sustainability in general, it is argued that although the pneumatic waste collection 

system is very expensive and energy intensive to establish due to heavy processes 

like the excavation of land, and laying of pipelines, use of metals and so on, this 

process will cost less than the other two waste collection systems in the long run. 

However, what is contestable today is if this economic advantage would apply as well 

on already established cities considering the implications in terms of restructure of the 

community plan (Teerioja et al., 2012). 

Poulsen et al., (1995) explained that the traditional door-to-door waste collection 

system could be challenging in some older urban areas with an unfavourable 

topography, climate factor especially in times where it snows makes door-to-door 

collection system more difficult, and that accidental risks are often frequent with the 

use of the door-to-door collection systems. Jackson (2004) added that the pneumatic 

waste collection system provides a more attractive method compared to the use of 

vehicles by reducing issues related to traffic and road transportation such as noise, 

release of harmful gases, traffic congestions, increased safety and hygienic levels. 

Kasui (2007) also reported that consultants have analysed and suggested that a 

means to enhancing waste separation in the pre-collection stage can be more 

effectively achieved by operating the pneumatic waste collection system. 

In analysing the economic or socio-economic sustainability of the above systems, a 

Life Cycle Analysis (LCA) method known as the social life-cycle cost analysis (SLCCA) 

is required (Dahlbo et al., 2007). The SLCCA works by making an analysis of all costs 

that is incurred within the entire life cycle of the waste collection process (Teerioja et 

al., 2012). The results of analysis made on the SLCC is a useful tool in complementing 

that of the Environmental LCA and both are equally important when making decisions 

as regards choosing a suitable or more sustainable waste collection and management 

method in a case where different options exists. For instance, the European 

Commission (EC) in the year 2005 have required that economic information be 
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provided in addition to environmental impact assessments when decisions are to be 

made on waste management related topics within the EU (European Commission, 

2005).  

As explained by Teerioja et al., (2012), the Social Life Cycle Costs for a given waste 

collection and management process is given as the sum of total market costs, and the 

cost of environmental effects incurred expressed in monetary terms. Mathematically, 

this is expressed as follows: 

SLCC = IC + OC + EC 

Where:  

IC = Investment costs on a typical waste management system 

OC = Operational costs (e.g. transportation costs, manpower, cost of facilities) 

EC = Environmental cost of all activities related to the collection of waste (damage due 

to emissions) 

Environmental costs in monetary value vary with the type of gas emissions. For 

instance, Tol (2005) noted the monetary estimate for climate change damage to be 

about 20.87 euros/CO2-equivalent tonne, The Nordic Council of Ministers (2007) 

reported that SO2 emissions costs 970 euros/SO2 tonne, while Heatco (2007) 

accounted that NOx emissions would cost about 900 euros/NOx tonne. Results of the 

research on cost analysis carried out by Teerioja et al. (2012) showed on the one hand 

that a typical door-to-door waste collection system has an investment cost of about 45 

percent while the operational cost takes about 54 percent. Also, the total external 

environmental cost of for the door-to-door collection system could be as low as 1 

percent or less of the total cost. On the other hand, a typical hypothetical pneumatic 

waste collection system has a much higher investment cost of about 83 percent of the 

total cost while the operational cost could be as low as 17 percent. For the pneumatic 

waste collection system, the environmental cost is also discovered to be less than 1 

percent of the total costs. Therefore, on the final comparison of total social costs for 

the pneumatic waste collection system with the door-to-door waste collection system, 

it was concluded that an hypothetical pneumatic waste collection system could cost 6 

times much higher than the traditional door-to-door waste collection system owing to 

the huge investment cost for establishing the pneumatic system. 

Henna et al. (2012) highlighted that with the traditional door-to-door waste collection 

system on the one hand, most of the GHG emissions are due to the transportation 

activities involved and represents the most important GHG emission source within the 

entire system. However, the use of modern and energy efficient trucks would help 

minimize this effect. On the other hand, processes accounting for the major GHG 

emissions with a pneumatic waste collection system are the manufacturing activities 

of system components e.g. the steel pipe construction, construction of the waste 

terminal and so on. Additionally, the research (Teerioja et al., 2012) highlighted that 

the pneumatic  system costs 40 percent lesser in terms of waste collection (vacuum) 

while as much as the pneumatic waste collection system would have lower 

environmental costs when in operation, the system would acquire about 2.5 times 
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higher environmental costs than the door-to-door collection system when the 

emissions due to the manufacturing of parts and the installation of pipes are being 

included. 

Table 7: Social life-cycle costing comparison between the door-to-door and pneumatic waste 
collection system.   

 Door-to-door 
collection 

Cost (euros/ 
waste tonne) 
 

Pneumatic 
collection 

Cost (euros/ 
waste tonne) 
 

 
IC 
 
 

Waste sheds 21 Waste terminal 93 

Truck 10 Pipes 141 

Containers 3 Inlets 110 

Total 33 Total 343 

Share of total 
SLCC 

45 percent Share of total 
SLCC 

83 percent 

 
 
 
OC 
 
 

Maintenance 
and repair 

12 Maintenance, 
repair and 
monitoring 

55 

Collection and 
Transport 

27 Electricity use 4 

  Transport (incl. 
truck costs) 

12 

Total 40 Total 71 

Share of total 
SLCC 

54 percent Share of total 
SLCC 

17 percent 

 
 
EC 
 

CO2-equiv. 0.36 CO2-equiv. 1.12 

NOx 0.14 NOx 0.11 

SO2 >0.01 SO2 0.06 

Total 0.51 Total 1.29 

Share of total 
SLCC 

1 percent Share of total 
SLCC 

< 1 percent 

Total SLCC                                      74       414 
Extracted from research made by Teerioja et al., 2012 

In determining environmental sustainability, another key element of  Life Cycle 

Assessment (LCA) is used. This is generally referred to as the Life Cycle Inventory 

(LCI). The tool is useful in assessing and quantifying relevant impacts throughout the 

entire life cycle of a typical waste collection system (Henna et al., 2012).  Henna et al. 

(2012) made an extensive research in comparing environmental sustainability 

between a hypothetical stationary pneumatic waste collection system and an existing 

conventional door-to-door waste collection system. In their research, the emissions 

from both waste collections were analysed. Components of the life cycle phases 

analysed includes emissions during the manufacture of components for each system, 

the installation of these components and the operation of the entire waste collection 

system including waste transportation. 
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In order to analyse the environmental impacts with the use of the door-to-door waste 

collection system, Henna et al. (2012) considered the following in making a Life Cycle 

Inventory: 

• Environmental impacts due to the manufacture of waste containers  

• Impacts during the transportation and collection of waste from households to 

treatment and final disposal sites 

• Impacts due to the production of diesel fuel for transport vehicles 

As regards the hypothetical pneumatic waste collection system, Henna et al. (2012) in 

their research highlighted that the following phases are relevant for the Life Cycle 

Inventory: 

• Pipeline manufacture and the construction of waste collection points, 

production of raw materials involved e.g. steel, concrete etc. 

• Production of raw materials for waste terminal construction and the construction 

of related components, transportation of materials 

• Pipeline installation and related activities such as the excavation of land 

• Installation and use of electricity 

• Transportation of collected waste at terminals to treatment and final disposal 

sites 

• Production of diesel fuel for transport vehicles. 

Iriarte et al. (2009) argued that the door to door collection system has higher 

environmental impact than the pneumatic waste collection system. Rives et al. (2010) 

also added that the use of large containers for waste collection at drop off points has 

lesser environmental impacts when compared to the door-to-door waste collection 

system. 

Tavares et al. (2009) explained that during the collection of waste for door-to-door 

waste collection system, the vehicles involved emit significant amount of atmospheric 

pollutant emissions including gases such as CO2, NO2 and so on. These gases being 

greenhouse gases therefore contribute to the greenhouse effects and acid rain effects.  
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4   Materials and Methods 

A review and update of waste generation data (municipal solid waste and packaging 

waste) in different regions will be conducted with a focus on Lagos/Ogun state 

(western Nigeria), Rivers state (southern Nigeria), Abuja and Kano (Northern Nigeria). 

This is because of their relatively higher population densities and economic 

development. A packaging wate composition experiment is intended to be carried out 

on three typical dumping sites in Lagos/Ogun, Abuja and Rivers state; In these 

dumping sites, five chunks of waste of 5kg by weight each will be collected and 

separated accordingly to determine what percentage is packaging waste. The average 

fraction of packaging waste derived would be correlated with the data on composition 

of municipal solid waste in Nigeria in order to determine the percentage of packaging 

waste generated annually by material type.  

A waste collector will be employed for the collection of waste in the dumpsites and 

with close supervision, the separation and weighting will be carried out using the 

following materials: 

• A manual weighing scale with 100kg maximum capacity 

• Plastic bowls for waste collection, separation and weighting 

• Protective hand gloves 

• A pictorial guideline for the identification of materials and related materials that 

fall in the “packaging waste category. 

 

 
 

 
 

    

Figure 12: The calibrated weighing scale and pictorial guideline for packaging waste composition 

experiment. Photo credits: Omolara, Oderinde. 

With the aid of online surveys and interview with waste management experts, more 

data will be collected as regards the following; 

• Packaging waste generation in households from the most disposed material to 

the least, the number of fractions that citizens are willing to separate their waste 

into in households. 

• Desired frequency of waste collection, how much the citizens are willing to pay 

for separated waste collection, their perception and support level for 

sustainable development in this sense.   
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• The recycling capacities, current data on the amount of waste generation 

annually, category of the most recycled materials in Nigeria, problems faced by 

the Nigerian waste management system and feasible solutions. 

The online software “UmfrageOnline” was used for the survey. 

This research supports the plan for a circular economy and therefore does not support 

any form of material to remain unrecyclable. Hence, from the final number of waste 

fractions determined, different materials will be placed in each category with the aim 

of ensuring recyclability in any case. Therefore, the categorization of waste materials 

into waste containers would be made based on which material is more recyclable, or 

which group of materials can be easily collected and recycled by the same recycling 

companies.  

 

Figure 13: Research question and proposed method  

 

4.1   Life Cycle Analysis 

In the discussion section, an LCA will be conducted to measure and compare 

environmental impacts from the production of biogas using food waste as a feedstock 

compared to that of the production of diesel as a fossil fuel. This is to determine how 

much of GHG reduction among other relevant environmental benefits that the 

production of biogas would have over diesel production. The OpenLCA software and 

ecoinvent database will be used to perform this analysis. OpenLCA is a professional 

LCA and footprint software that has a variety of features and many available 

databases. An important advantage against other professional LCA software is that 
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openLCA is an open access software. It is also endorsed by the US Environmental 

Protection Agency (cfpub.epa.gov/si/index.cfm). The ecoinvent database is an 

extensive and comprehensive collection of datasets on life cycle inventory, including 

a large number of products, production processes and value chains (see 

https://www.ecoinvent.org/ for more information on the database).   
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5   Results 

This chapter contains results of the research and have been divided in 3 sections. In 

the first section, an analysis of data collected from the dumpsite regarding the 

composition of packaging waste from a typical disposed municipal solid waste will be 

made. The results obtained will then be correlated with values of municipal solid waste 

compositions already analysed in previous researches (as contained in the literature 

review) to determine in terms of percentages, the composition of packaging waste by 

material (e.g. glass, paper, plastics etc). 

5.1   Packaging waste composition 

Results of packaging waste composition obtained from a dumpsite is shown here. The 

initial plan of this research was to conduct the experiment in 3 different dumping sites 

in Nigeria to include a dumping site in the western part, one from the south and the 

third from the Northern part of Nigeria. But due to two major constraints faced which 

includes the lack of enough funds (The experiment carried out on the dumpsite was 

self-funded), and the restriction of movement in the country as a result of the Corona 

Virus 2019 (COVID-19) outbreak, we were only able to conduct the packaging waste 

composition experiment on one dumpsite located in the western part of Nigeria. 

Specifically, the dumpsite is located along Alagbole- Akute road, Ogun state. It was 

observed that plastics have been collected from some part of the dumping site prior to 

the experiment, so we ensured to locate a possibly untouched region of the dumpsite 

for our analysis. Therefore, special care was taken that there has not been a 

compromise of waste analysed or a shortage of plastics from the samples collected. 

     

Figure 14: Dumpsite used for packaging composition analysis. Photo credits: Omolara 
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Waste have been collected randomly 5 times in chunks and weighted on the weighing 

scale to obtain a mass of 5kg for each. Separation is then done for each carefully in 

order to collect all waste related to packaging. The picture guideline (figure 12b) 

showing examples of materials that fall into the packaging product category was used 

by the waste separator. The packaging waste separated for weighting included 

plastics, metal cans, glass, paper, laminates, and other flexibles. There were not much 

metal cans found in the samples. This is typical of almost all dumpsites especially due 

to the high collection rate of aluminium and steel cans by waste collectors for its 

relatively higher profitability. 

 

       

 Figure 15: A 5kg sample collected for separation and the separation process. Photo credits: Omolara 
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Figure 16: packaging waste weighted after separation. Photo credits: Omolara 

The table below shows the mass of packaging waste collected from each sample of 

waste analysed and an average derived. A challenge faced during separation is the 

contamination of some packaging materials by sand and cases where the packaging 

has not been totally emptied before disposal. Since the separation of waste was done 

neatly and the unnecessary deposits removed as much as possible, the remaining 

deposits that have made it to the separated waste are minute and insignificant to the 

total packaging waste weighted for each sample. 

 

Table 8: Composition of packaging waste 

S/N Mass of waste 
collected (kg) 

Mass of packaging  
waste (kg) 

Percentage 
 

1 5 1.30 26 

2 5 1.45 29 

3 5 2.0 40 

4 5 1.65 33 

5 5 1.25 25 

AVERAGE 1.53 30.6 

 

From the Table above, packaging waste (collective) was found to range from 25 

percent to as high as 40 percent of a typical dumpsite municipal solid waste. On an 

average, 30.6 percent of waste disposed in dumping sites is packaging waste as 

derived from the experiment. 

Using the compilation of waste data from the appendix section (Table A1), a 

correlation with materials that fall in the same category with packaging materials was 

carried out. The categories include plastics, paper, metal, glass and others. The 
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“others” category was included since other packaging waste such as laminates and 

flexibles would in most cases fall there. Using the percentages provided in the table, 

a final composition of packaging waste by material was derived. 

 

Table 9: Normalized results for packaging waste by composition 

 Percentage x factor of 0.306 Normalization (%) 

Metal 5.6 1.71 13.87 

Glass 5.0 1.53 12.41 

Plastics 10.6 3.24 26.28 

Paper 12.8 3.92 31.79 

Others 6.3 1.93 15.65 

Total 40.3 12.33 100 

  

Since the results above were derived from correlating with the previous municipal solid 

waste composition by material type data, it also follows that the most used packaging 

material is paper (31.79 percent) followed by plastics (26.28 percent). This value is 

reasonable as most of the Fast-moving consumer goods (FMCG) in Nigeria are 

packaged in paper especially as secondary packaging, boxes and cartons are often 

used generally for the packaging of both food and noon food products. Therefore, 

paper has a much broader scope of application as a packaging material. It is also 

observed that the collection rate of paper for recycling in Nigeria is poor. In areas 

where the collection of paper exist, old newspapers are often collected to produce 

tissue paper products. 

 

 

Figure 17: Graphical results of packaging waste composition by material 

12,41

26,28

31,79

13,87

15,65

Packaging waste composition by material

Glass Plastic Paper Metal Others



FH Campus Wien 

University of Applied Sciences 

 

53 
 

The amount of plastics found in dumpsites is seen to be high due to its low profitability 

in recycling and the absence of government regulation on the collection and treatment 

of plastic packaging waste. Unlike more advanced countries where the government 

places a high demand for extended producer responsibility (EPR), companies in 

Nigeria using plastics for the packaging of their products (especially beverage drinks) 

are not pressured to carry out collection or increase the recycled content of their 

products. 

Also, some companies import the plastic packaging from other countries, and this 

makes the collection and export of used plastic rather an impossible process. Metal 

(aluminium and steel) use in packaging is very limited due to the cost. As much as a 

high rate of recovery is achieved using metal cans, only large beverage companies 

can afford this method. Most of the cans are also usually imported but can be easily 

melted into ingots and used by foundries for other non-packaging related applications. 

Glass is seen to have the lowest composition since most of the glass used in beverage 

packaging are returnable bottle. Hence, only the few single-use glass packaging in 

non-beverage drinks applications (e.g. in packaging salad creams, medicinal drugs 

etc), glass from expensive wines and imported alcoholic drinks, and broken glass 

bottles from both categories make it to the dumping sites.  
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5.2   Questionnaire review- Residents 

A survey was broadcasted across Nigeria and special care was taken to ensure that 

residents from the four geographical zones (south, east, west and North) participated. 

Within 4 weeks of disseminating the survey questionnaires, about 234 responses were 

recorded. The survey was conducted using the UmfrageOnline platform. The software 

was accessible free using the FH student email address; therefore, no cost was 

incurred in carrying out the survey. 

 

Figure 18: Screenshot showing the number of participants in the survey 

 

5.2.1   Descriptive statistics 

231 respondents filled the age range section while the other 4 decided to not make it 

known, hence the percentage in the “other category”. 112 respondents were between 

the age range of 26-35 years, 89 respondents within the age range of 18-25 years, 17 

respondents were between the age range of 36-45 years, 9 respondents were above 

45 years, while 3 respondents were below the age of 18. 

 

Figure 19: Graphical representation of respondents in the survey by age range 
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Regarding the region of residence, most of the participants in the survey were from 

the western part of Nigeria (especially from Lagos and Ogun state), which had about 

146 respondents, 36 respondents were from the north, 35 respondents from the south, 

while the eastern part had 14 respondents.  

 

Figure 20: Graphical representation of respondents in the survey by region 

 

 

Figure 21: Combined representation of age range with location of survey participants 

5.2.2   Survey Questions 

Questions asked during the survey are analysed below with an analysis of responses 

for each. 

Question 1: Do you support a separated waste collection system? 
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A crucial aspect of this research is to estimate the number of fractions that residents 

would be willing to separate their waste into, especially on the immediate disposal of 

household waste. Of the 232 respondents that answered this question, 200 were in 

support of a separated waste collection system while 32 did not. 

Question 2: If yes, into how many fractions are you willing to separate your waste 

aside a separate container for organic waste? 

As explained in the literature review section, factors that often affect the willingness of 

residents from participating in this process includes the lack of enough space in their 

kitchens, lack of proper orientation or the high cost of purchasing and maintaining a 

waste separation system in households. Of the 200 respondents who claimed to 

support the separated waste collection system, below is a table showing the number 

of waste bins they are willing to have. 

Table 10: Results for the number of waste fractions by survey respondents  

Number of bins Respondents Percentage 

   
102 52.58 

   
63 32.47 

    
22 11.34 

     
7 3.61 

 

Very few number of respondents (3.61 percent) have supported the separation of 

waste into 5 fractions. This means that it might be a difficult process to separate waste 

into their different material types distinctly such as plastic, metal, paper, glass and 

flexibles/laminates in the case of 5 separations. The most feasible option for a start 

would be the separation into 2 containers, aside a separate container for food waste. 

Hence, it must be determined which combination of packaging materials will be in each 

of the containers.  

Question 3: How often should your waste be collected? 

Considering the present situation of waste disposal in Nigeria, the collection duration 

varies with households, it also varies with the income level of residents in most cases. 

Some, especially the low-income residents do not have their waste properly disposed 

at all. Therefore, it is evident that the collection charge factor must be put into 

consideration when establishing a collection system in order to draw a balance 

between the low- and high-income earners. 119 respondents opted for the weekly 

collection of waste, 38 respondents preferred that the collection be done bi-weekly, 30 

respondents selected the monthly option while 13 respondents do not want their waste 

collected. 
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Figure 22: Results of waste collection frequency by respondents  

 

Question 4: How much (in naira) are you willing to pay monthly for your waste 

collection? 

As stated previously, payment for waste collection is one of the biggest challenges 

faced in the waste management sector of Nigeria today. Unlike more advanced 

countries, Nigeria does not have a system where the government pays and, in some 

cases, get the costs from residents through taxes. Therefore, waste collection 

companies, whether governmental or private must determine how much residents are 

willing to pay for their waste collection. From the survey, most of the respondents (41.5 

percent) noted that they are willing to pay between 300 and 500 naira monthly. This is 

typical of a low-income earner in Nigeria. However, the high-income earners would be 

more willing to pay more, as high as 1000 naira above for their monthly waste 

collection. In the “other” category, some stated that the Government should take full 

responsibility for the waste collection while one of the respondents stated that he/she 

is not willing to pay any amount. From the evaluation of responses in this regard, it is 

practicable to suggest a collection fee within 500 to 1000 naira monthly for the 

separated collection of household waste. 

 

Figure 23: Results showing the willingness to pay by respondents monthly for waste collection 



FH Campus Wien 

University of Applied Sciences 

 

58 
 

Question 5: Which packaging material do you dispose the most? 

Respondents were asked to rate the packaging materials they often use and dispose 

with a rating of 5 for the most disposed packaging material and a rating of 1 for the 

least. On analysing this results it was observed that plastics have the highest 

percentage by selection of the rating 5. However, on analysing the average and 

considering the other ratings, metal was discovered to be the most disposed 

packaging material. From the table, metals have an average rating of 3.38 while 

plastics have a rating of 3.19. This is followed by glass with a rating of 2.90 and paper 

with a rating of 2.85, while flexibles have the lowest average rating of 2.69. 

There are possibilities that some respondents must have considered disposal by 

weight when making the selection. Hence, the low disposal rating for paper. 

Considering the data in this section overall, it is reasonable to have metal and plastics 

as the most disposed packaging material but it is important to add that metals have a 

much higher rate of recovery and are almost immediately collected from the dumpsite, 

making them invisible.  

 

Figure 24: Statistical representation of packaging materials by frequentness of disposal 

 

Question 6: What does sustainability mean to you? 

A major goal of Sustainable Development is that lesser Green House Gasses be 

emitted for any process. How much do you care for the environment against cost? 

There is a strong argument that most residents in African countries do not understand 

the topic of sustainability, and this is probably why the drive and support for 

sustainability and sustainable development in most African regions have been 

relatively low. A final question was asked to determine how willing the residents of 

Nigeria are to pay in the support of sustainable developments (environmental 

sustainability through separated waste collection in this case). A visual analogue scale 

was provided in the survey where respondents were made to toggle between their 

care for cost or the environment. 

With cost set at a score of 0, and environment at a cost of 100, we derived an average 

of 65.39. This means that the respondents were only a little about an average willing 

to support environmental sustainability over cost. In the opinion of this research, a 
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more environmental supportive situation would be where we have a score of 80 for 

instance. The graphical representation of input score by residents is shown in the 

graph below. 

 

Figure 25: Graphical representation of sustainability score by survey participants 

 

5.2.3   Other comments from Respondents 

A section was provided where respondents could make other comments regarding the 

separated waste collection system and municipal solid waste management in general. 

Of the 85 inputs made in this section, below is a selection of important comments from 

the respondents in direct quotes: 

“Disposing waste properly and also separate waste that paper from glass or metal or 

food waste” 

“It should be implemented by the government, so as to ensure proper separation of 

wastes for easy accessibility in terms of reuse or recycling” 

“Educating of citizens on the benefit of wate recycling” 

“It makes recycling easier and faster.. Sorting of wastes by separating them based on 

the material composition aids waste disposal and recycling” 

“It's a good welcome idea which reduce waste around our environment which reduce 

pollution and water erosion” 

“I strongly believe that a separated waste collection system will help in improving and 

making our environment be healthy, more comfortable and can also make Nigeria a 

Free disease for its dwellers. Thank you very much” 

“Government should empower the recycling companies” 

“They should improve more on drainage system. It is so interrelated with the wastage 

management” 
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“By planting stationary bins where people can dispose the waste and pay. Which can 

be carried for the disposal by the management. And collection of plastic bottles for 

recycling and reuse” 

While disposing or collecting Waste, the properties of the waste should be put into 

consideration: 

1. Reactivity 

2. Odour 

3.toxicity 

4. Corrosiveness 

5. Ignition 

“Incentives to motivate people to separate their waste” 

“A separated waste disposal system will serve to help separate between bio-

degradable substances and non - biodegradable substances” 

“The citizens of Nigeria should be taught on waste management and its effect on 

environment and the planet. Government Policies should favour waste disposal, 

sorting and management rather than dispersal. In communities like UNILAG waste 

collection is working in a good state but can still be improved by more orientation and 

proper awareness” 

“The government should improve more on this aspect by placing about 4/5 waste bins 

in each street” 

“Waste collection could be a lot easier in term of the separation of types of waste for 

the purpose of reusable materials in daily waste. Waste materials could be separated 

into solid and liquid, thereafter to resalable and non-reusable materials. This will help 

to fast track materials to be reuse” 
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5.3   Interview- Recycling companies 

In order to collect valid data from experts in the waste management sector, invitations 

for an interview was sent to some waste collection and recycling companies in Nigeria. 

Specifically, invites were sent to the following companies: 

• Recyclepoints Limited, Lagos, Nigeria 

• Greehhill Recycling Nigeria Limited 

• Wecyclers Nigeria Limited 

• Street waste company limited 

• Vicfold Recyclers Limited 

• Richbol Environmental Services Limited 

• Waste-point Nigeria Limited 

• Agoa Waste Management Company 

• Trashusers Nigeria Limited 

• Lagos State Waste Management Authority 

Due to the lockdown experienced during the period of the invitation as a result of the 

Corona virus 2019 (Covid 19) outbreak, it was difficult getting responses as the 

invitations were sent to official email addresses. One of the invites responded making 

an apology for the inability to participate as a result of the challenges faced by the 

company in engaging customers during the lock down period. It is logical that the other 

companies who have not responded must have had a similar case.  

However, Agoa Waste Management Company responded, and we had a successful 

interview. Agoa Waste Management Company is a waste collection, treatment and 

recycling company based in Lagos (western Nigeria) with a specialization in collecting 

household waste of every type, construction waste, medical waste (biohazardous 

waste) and industrial waste. With a global outlook, the company also provides 

consultancy services for industries operating within Nigeria. 

The interview went as follows: 

Question 1: Do you prefer that your company name be mentioned in the thesis 
or not? 
 

Response: Yes, you can mention 
 

Question 2: Although very old and rather outdated, research has it that about 32 
million tons of municipal waste is being generated annually. What 
do you think about this data? 
Is it the same to date? If not, what is the current status in quantitative 
terms from your view? 
 

Response: By now it would have been triple, Since the population has 
increased and in Lagos alone generates about 162,000 Tons/month 
 

Question 3: Do you recommend and support a separated waste collection 
system for Nigeria? 
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Response: Yes 
 

Question 4: Please give an estimate (in Kg, Tons, or Percentages) of the 
composition of waste collected by your company if available 
(weekly, monthly or yearly) 
 

Response:  
 

Organic waste: 43 percent 
Plastics: 23 percent 
Metals: 1 percent 
Paper/paperboard: 13 percent 
Glass: 1 percent 
Other waste (laminates, wood, flexibles, etc.): 39 percent  
 

Question: Which material do you recycle the most? 
 

Response: Plastics 
Paper 
Metal 
Glass 
Others (including flexibles, laminates, wood etc.) 
 

Question: What in your opinion are the major challenges of the Nigerian Waste 
Management System and your suggestions for improvement? 
 

Response:  
 

Lagos State Population (More People = More Waste) 
Lagos State Size (Small to other States) 
There used to be 5 identified dumpsites, only 3 are operational 
Not enough space to dump waste 
Introduction of House to House collection of Recyclable materials 
Encourage recyclable segregation/separation from general waste 
Recycling creates jobs 
 

Question From your experience, how much do you think the Nigerian 
Government/people support environmental sustainability? 
 

Response: In Lagos 85%, in Nigeria 40% 
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5.4   Summary of Results; Proposed Design of the Separated Waste 
 Collection System for Nigeria 

Based on the scientific, technical and economic findings of this research as regards 

the current municipal solid waste management system of Nigeria (in terms of waste 

volume, composition, the activities of collection and recycling companies, and their 

operating capacities), the possible waste separation and collection method available 

today, and data analysed from the surveys and interview made, the following proposal 

is being made as regards the characterization of collection and recycling systems for 

packaging and food waste in Nigeria: 

• The separation of waste into 3 categories in all households, and institutions. 

Each category should have the following materials contained: 

Category 1: Plastics, paper, metal 

Category 2: Glass, ceramics, laminates, wood, furniture and other waste types 

Category 3: Organic waste (food waste) 

Justification: The most recycled materials (packaging and non-packaging) in Nigeria 

by either private or government owned recycling companies are found to be the 

plastics, metal and paper, while glass and other types of waste materials have 

relatively lower or no recycling rates in the country presently. Also, majority of the 

recycling companies in Nigeria have all of plastics, paper and metal being recycled in 

their business model. Hence, the material combination in category 1 can be easily 

transferred to them while materials in category 2 would most likely end up being 

landfilled, except for glass which could be collected by the few glass processing 

companies available in the country today. 

           
                     

Category 1 and 2 

 

 
 

 

 

 
 

Category 3 

 

          
 

   

 

Figure 26: Container samples for separated waste collection. Photo credits: Oderinde 
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As analysed in the discussion section, the collected organic waste could be recycled 

into fertilizers, animal feeds and in a more technical sense, the generation of biogas 

as a renewable form of energy. 

• The adoption of both the door to door and drop off waste collection systems in 

communities as the pneumatic waste collection system would pose to be a 

more technical and capital-intensive mode of operation to establish. Logically, 

the door to door waste collection system is a relatively expensive process when 

compared to the drop off waste collection system. Therefore, community 

dwellers who cannot afford the door to door waste collection system would have 

the option of using the drop off waste collection system.  

 

• The adoption of a dual joint waste bin system for category 1 and 2 and a 

standalone waste bin for category 3 (as shown in figure 26). This is to enable 

easy access and placement of the bins in houses. Colour distinctions each bin 

is required for identification. 

 

• The weekly collection of waste as most preferred by respondents in the survey, 

and the monthly charge of 300 to 500 naira for low income earners and 600 to 

over 1000 naira for high income earners on waste collection by either 

government owned or private waste management organizations.  

 

Figure 27: Flowchart of the proposed separated waste collection system  
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6   Discussion 

There exists a low quality of material recovery due to the weak and disorganised waste 

collection system in Nigeria presently. It is also observed that factors such as bad road 

networks and the unwillingness of the people to pay for their waste collection have a 

significant contribution to this problem, Hence it is believed that once there is an 

economic growth and better infrastructure in place nationwide, there would also be an 

appreciable improvement on waste management in general.  

There are no accurate updated figures on solid waste generation in Nigeria as most 

of the researchers have concluded their research based on estimates. This is most 

especially for the number of tons generated per year in the country (Ike 2018). Hence, 

the Government needs to make efforts in updating data on waste generation and 

recycling rates in the country. As much as there are several experts in this field who 

are interested and willing to carry out this task, there is a need for funding as the 

collection and management of data is costly.  

Another concern aside that of the packaging waste is the growing amount of electronic 

waste being dumped in Nigeria. It is revealed that most of the imports of electronic 

wastes to Nigeria are illegal. They include used and partially functioning electronic 

devices such as mobile phones, laptops, television sets cables etc. The TRT WORLD 

Magazine reports that an estimated 500 containers enter the Nigerian port every 

month, having at least 500,000 used computers among other electronic devices. Major 

importers of these containers are the United states, Europe and Asia (Shola, 2019). 

The magazine also reports that most Nigerians, especially those with a low income 

prefer to buy used electrical devices compared to the new ones. This have been a 

major source of motivation for the illegal importers to continue in their activities. Also, 

the Government could be blamed for not having yet a strong implementation of bans 

on such wastes. Therefore, electronic waste is being generated massively as most of 

these devices are discovered to not function eventually or are not compatible for use 

in Nigeria. They end up in dumping sites, exposing the populace to hazardous waste.  

Law corruption and weak implementation of legislations are also major problems 

affecting waste management and waste management procedures in Nigeria. On the 

21st of May 2019, the Government passed a bill to ban single use plastics. See 

information provided by Qwenu (Tolu, 2019). This is referred to as the 2018 plastic 

prohibition bill that bans the manufacture, importation and use of single use plastic 

bags. A charge of 500,000 naira was placed as a fine against any defaulter. However, 

since when the bill was passed till date, there has not been a successful 

implementation. Lack of substitutes is also a major factor that have contributed to the 

failure of its implementation. It is also observed that there are no directives on 

packaging waste or any enforcement by the government on retailing companies to 

collect packaging waste from their products or upscale the recycle content of their 

packaging materials. These methods have proven effective in developed countries 

and should be adopted in Nigeria as well. 
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The lack of adequate funding for both waste management companies, and local 

governments make the proper collection and disposal of waste a difficult task. If the 

Federal Government ensures to make sufficient provision of funds to enable 

communities carry out their individual waste collection plan, there is bound to be a 

significant improvement thereby leading to a decrease in the amount of uncollected or 

untreated waste in the country, and subsequently giving a chance of achieving a 100 

percent collection capacity for all waste generated at households, companies and 

other institutions across the country (Ogbonna et al., 2007). Facilities and amenities 

needed by local governments includes large waste bins for kerbside waste collections, 

personal protective equipment for social workers operating within the local 

governments, vehicles and trucks for collection, funding for the payment of workers in 

charge of waste collection and so on.  

To analyse the impact of poor funding for instance, it is observed that most local 

governments running a formal waste collection system usually operate with less than 

the required staff for an effective collection. This is often due to the inability to 

consistently pay waste collectors monthly. Therefore, a form of downsizing is done 

which makes door to door collection and other waste collection methods a more 

stressful and time-consuming process. At the end, not all homes are being checked 

for collection in most cases. Waste collection workers are found to lack motivation due 

to the poor renumeration received and this have led to slackness in carrying out their 

duties. There is also no opportunity for promotions neither are there any promises or 

structures laid for the increases in their wages with time. This therefore means that the 

Nigerian Government needs to pay more attention in terms of investments to waste 

collectors nationwide as they play a key role towards the success of any waste 

management plan. Waste collectors should be given the proper training and be paid 

well in order to ensure their effectiveness and maintain their interest in the job. They 

should also be tagged as important personnel in the society and not to be taken as 

menial workers. With a change in mentality of the people and show of respect for 

waste collectors, there would be in most cases a boost of self-esteem and interest on 

the part of the workers leading to better corporation and performance. 

Another challenge faced by the waste management sector in Nigeria today is the 

inappropriate location, operation and maintenance of dumping sites. Most dumping 

sites are located close to major roads and residential areas and this have exposed 

community dwellers to severe health risks and unpleasant smells. The children in rural 

areas especially gather and play in such dirty areas, making them prone to 

contamination through the unconscious ingestion of some harmful substances when 

dirty hands from touching waste at the dumpsite gets in contact with their mouth and 

nostrils. The improperly managed and often overflowing dumping sites within 

communities have also become a breeding place for different kinds of rodents and 

insects including rats, mosquitoes, flies, cockroaches etc. This situation in several 

cases have brought about the spread of disease to both waste collectors and children 

who play around the dumping sites. Common disease spread through this means are 

malaria, diarrhoea, and cholera (Adegoke, 2006). Most waste collectors are often not 

properly protected from contamination and contacts with substances in the dumpsites 

when carrying out their activities. The lack of protective wears also exposes them to 
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risks of accidents such as cuts from sharp objects like glass and metals. A solution to 

this problem is ensuring the adequate use of protective wears by waste management 

staff during waste collection and treatment activities. Also, recycling should be 

improved in order to reduce the amount of materials that ends up in the dumping sites. 

Waste disposal is the final stage in a waste management value chain (Charles, 2015). 

The amount of waste that ends up at this stage can be significantly influenced by 

activities of the previous stages including reuse, recycling and other material recovery 

capacities. There is also no properly engineered landfill site in Nigeria and these 

dumping sites are usually referred to as landfill sites in most publications and reports. 

In the opinion of this research, this is technically wrong. It is also observed that most 

workers especially in the governmental waste management institutions do not have 

an engineering background neither do they have the basic technical training of a waste 

management personnel. This have also become a barrier for advancement and a 

major reason for the ineffectiveness and inefficiency experienced in the waste 

management sector of Nigeria today. The improper disposal of waste at dumping sites 

also have a negative impact on the economy in the sense that properties such as land 

for sale in close areas to the dumping sites are being devalued, making such lands 

stay unsold or unused for a long time. The unpleasant sight of such dumping areas 

makes Nigeria a less attractive place for tourists. Hence, revenue that could be 

generated by the government through this means is being lost (Ogwueleka, 2009). 

Nigeria is faced with a problem of bad road networks and heavy traffic congestions. 

This makes door-to-door collection a difficult task. Some roads are too narrow and 

unsuitable for waste trucks, and during the rainy seasons, matters gets worse. 

Because the compactor trucks used in the collection of waste are very expensive to 

purchase and maintain, most private waste management companies would not want 

to expose them to severely dangerous road network conditions in order to prevent 

their frequent breakdowns (Imam et al., 2008).   

When a mixture of waste is kept for long at dumping sites, microbial activities taking 

place within a period often leads to the generation of methane gas. If not properly 

trapped and collected, excessive emission of the gasses contributes to global warming 

and in worse cases could lead to fire explosions (Charles, 2015). In order to reduce 

the amount and frequency of waste being dropped in dumpsites, the collected 

municipal solid waste must be thoroughly treated so as to retrieve as much recyclable 

and reusable materials as possible, and by this, only the few entirely useless materials 

will end up being disposed. This is because the indiscriminate burring of waste in 

dumpsite releases harmful gasses to the atmosphere. It resultingly leads to serious air 

pollution in the areas of activity, making air unfit for breathing. The smoke released 

also contributes negatively to other environmental factors such as the increase in GHG 

emissions, land contamination, leaching leading to the contamination of water bodies 

for dumping sites close to rivers and the release of toxins to the environment. 

Therefore, high material recovery rates achievable through separated waste collection 

and thorough waste treatment processes (sorting, material and energy recovery, etc) 

are vital in achieving low final waste disposal rates in Nigeria. High recycling rates 

obtained through separated waste collection would also lead to resource conservation 

(Charles, 2015). 
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As revealed by Charles (2015), the environmental impact assessment of dumpsites is 

not usually done in Nigeria. This is an essential phase of a waste management process 

as it would help determine the right location to establish a dumping site in any region 

of Nigeria. This research proposes the conduction of environmental impact 

assessments on both existing and newly developed dumping and landfill sites in 

Nigeria. 

In addition, in order to achieve the successful implementation of a separated waste 

collection system and the upscale of recycling capacities in Nigeria, it is important to 

create educational platforms that would enable the growth in awareness for all citizens. 

It is expected that adjustment might take some time as some would still prefer to stick 

to the traditional improper way of waste disposal. Hence, the right sensitization about 

the need and benefits of a separated waste collection system and the provision of the 

necessary support by the government e.g. the supply of waste bins to citizens and 

adequate protective wears to the waste collectors are essential. It is believed that if 

citizens of the country are made to see how much a proper disposal of packaging 

waste and the provision of packaging waste will positively relieve the environment from 

harm and even bring about monetary benefits, they would be more willing to participate 

responsibly. Enforcement should also be made effective in order to maintain 

consistency. To this end, the regulation of waste separation and collection activities 

should be made a high priority by government bodies at all levels. 

 

6.1   Food waste and loss in Nigeria 

There are several reasons for the high level of food waste and food loss in Nigeria 

today. Food loss can be defined as the decrease in the quality (whether in nutrient, 

edibility, calorific and acceptability levels) and quantity (amount) of food, while food 

waste is defined as the removal of a certain food from the food value chain due to the 

food being unfit for human consumption whether through spoilage or expiration. In 

most reports, the terms “food waste” and “food loss” have been used Interchangeably, 

however, it is more appropriate to note food waste as a form of food loss (FAO, 2014). 

These loses are found to occur at different stages along the food value chain including 

the farming and production stages, the post-harvest, processing, storage, distribution 

and consumption stages. 

A recent report by the Minister of Agriculture and Rural Development have revealed 

that about 30 to 40 percent of most food produced and sold in Nigeria is being wasted. 

See the information provided by The Nigerian Voice (Odimegwu, 2018). Another report 

by Farm Radio International (Blythe, 2018) revealed that an estimated one third of 

harvested food is being lost during the post-harvest stage and never makes it to the 

market. The report further broke down harvested crop loss to include 40 percent of 

root crops (e.g. yam, potatoes, cassava, etc), 50 percent of fruits (e.g. orange, banana, 

pineapples etc) and 20 percent of cereals (e.g. rice, maize, Sorghum etc). This 

research recommends that the Government supports local farmers by providing 

modern facilities for their farming activities. The proper sensitization and funding of 

farmers will bring about an upscale of food production and maintenance of food 
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throughout the value chain will lead to an increase in food security and sustainability 

in the country. 

 

 
Figure 28: Cultivated maize that have reduced in value due to poor storage. Photo credit: Femi Royal 

 

Losses of farm produce and food products often vary with geographical regions as 

well as with seasons. For instance, it is observed that there is more food loss in Nigeria 

during crop harvest seasons and rainy seasons. This is mainly because of the 

shortage in efficient storage systems that should correspond to the country’s 

production capacity. The existing ones are found to be of poor quality, thereby not 

capable of withstanding severe weather conditions. Another important factor is the 

transport systems. It is observed that food transported from farmlands especially in 

the Northern part of Nigeria to the west are often faced with the risks of damage, 

especially when transport vehicles break down due to bad roads or improper 

maintenance. On the part of the consumer, the remaining percentage of food that hits 

the market also is faced with risks of spoilage due to lack of enough preservation. The 

poor electricity status in Nigeria makes it difficult to store food for long as refrigerators 

and freezers are not constantly cold. 

Regarding sales in the market, food waste in Nigeria also occur due to the excessive 

buying and cooking of some citizens. Nigerians, especially the rich often buy food in 

large quantities and have them wasted due to lack of enough storage or bad food 

conservation habits. These wasted food items could had been easily given to the poor 

and needy in most cases. Also, the presence of insects and pests such as rodents in 

households makes the storage of food difficult as pests often attack stored food, 

making them unfit for human consumption, and hence, leading to unintentional food 

wastage. 
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Figure 29: Food loss along the food value chain. Source: Global food policy report 

As much as packaging waste is being recycled globally today, there are equally 

possibilities for the recycling of food waste. There exist different techniques applied 

especially by developed countries in recycling food waste, for instance in the 

production of clean energy. This research proposes a recycle of food waste generated 

in Nigeria to produce biogas as renewable form of energy. 

Biogas is a mixture of gases with a high share of methane (usually 50-70%), produced 

through the decomposition of organic matter (biomass / feedstock). Biomethane is in 

turn a result of biogas upgrading, whereby other gases are removed from biogas and 

methane share reaches over 90 percent. In a broader perspective, biogas is one of 

several biofuels (e.g. biodiesel). Biofuels are based on plant biomass (food waste in 

this regard) that can be burned to produce energy, in which they are similar to fossil 

fuels. They however have faster recovery rates in the sense that food waste for 

instance is generated daily and this makes them considered as renewable energy 

(Guo et al., 2015). Just like fossil fuels, they can be utilized in different areas, such as 

transport, cooking, as well as heat and electricity production (Creutzig et al., 2015).  

Biogas production can use a large variety of feedstocks, including special energy 

crops (maize, lay crops, sweet potato, straw, etc.), agricultural waste (plant residues 

and animal manure) and municipal waste (Guo et al., 2015). 

The production of biogas from agricultural and municipal waste is one of the trending 

and promising environmentally friendly technologies in the world today. This is 

because biogas production is driven by energy sustainable processes that contribute 

relatively less to climate change when compared to natural gas production from fossil 

fuels (Jiří et al., 2016). With a rise in biogas energy production from 0.28 exajoules to 

as high as 1.33 exajoules between 2000 and 2017 (Wang, 2019), the global biogas 

production is projected to be worth about 110 billion US dollars by the year 2025, with 

a compound annual growth rate of 7% (Global Market Insights, 2019). 

The widely used and commercially most successful technology for biogas production 

today is anaerobic digestion (AD) (Koornneef et al., 2013). In this process, a certain 

group of bacteria transform the biomass into biogas and digestate (biofertilizer) in the 

absence of oxygen. Compared to the refined natural gas delivered to the end user, 



FH Campus Wien 

University of Applied Sciences 

 

71 
 

biogas has a lower share of methane but a higher share of carbon dioxide, as well as 

other components such as water vapor, hydrogen, carbon dioxide, sulphide and 

ammonia. Therefore, in some cases (e.g. to be used as a vehicle fuel), it must be 

purified of contaminants (especially CO2) and this is referred to as the upgrade to 

biomethane (Muzenda, 2014; Zhou et al., 2017) 

To illustrate the sustainability of biogas production against carbon intensive energy 

sources, a brief LCA has been conducted in this research to compare the 

environmental impacts of producing biogas from waste against carbon intensive 

energy sources. In obtaining quantitative results, the environmental impacts due to the 

generation of 1MJ of energy were calculated for biogas from waste and diesel 

production. Diesel was chosen as a fossil fuel comparator due to its high level of 

industrial application. The same amount of energy yield (1MJ) was chosen, so that the 

environmental impacts are directly comparable.  

 

Figure 30: LCA environmental footprint results for biogas from waste versus diesel production 

The figure shows that the production of biogas from waste can achieve an 86% 

reduction of GHG against the production of diesel. Regarding the reduction of land 

use, an 84% reduction can be achieved, and there is no significant impact of biogas 

production on fossil fuel consumption, when compared to diesel production. Further 

information and tables related to the LCA results are provided in the Appendix section. 
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7   Conclusion 

This research has analysed the current situation regarding the management of 

municipal solid waste in Nigeria with a special interest in packaging waste. Although 

published researches and reports highlights that the amount of municipal solid waste 

generation in Nigeria is about 32 million tons annually, it is certain that there has been 

an increase in this value since the data have been collected over 10 years ago. The 

literature review section of this research has also established the fact that there exist 

no separated municipal solid waste management system in Nigeria presently, barely 

about 30 percent of generated household waste is being collected and have also not 

been properly treated or disposed due to the lack of properly engineered landfill sites 

in Nigeria. In general, the poor attention of the Government and the lack of sound 

policies have been the reasons for the challenges faced by the waste management 

sector of Nigeria. 

It is also discovered that what is tagged as the recycling of packaging materials in 

Nigeria, especially plastics, have majorly been the collection by middlemen and the 

export to recycling companies based abroad. Hence, there is no significant level of 

recycling activities in Nigeria. This is however in the exception of the metal packaging 

materials which has a much higher level of recycling in Nigeria due to its relatively 

better profitability. 

The compositional analysis carried out in this research has revealed that the 

percentage of packaging waste from municipal solid waste generated in Nigeria 

ranges from 25 percent to as high as 40 percent, and an average of 30.6 percent have 

been determined from the experiment made. However, since only one dumpsite has 

been used in carrying out this experiment, the results are contestable and would 

require further extensive experiments for the purpose of validation. 

From the surveys and interview conducted in the result section, it is estimated that 

more than 50 percent of Nigerians would likely be in support of a separated waste 

collection system. However, there is a low possibility of distinctly separating waste 

materials into their individual container. Therefore, based on the combined analysis in 

the result section, municipal solid waste with a focus on packaging waste have been 

separated into three main categories to include a separate category for food waste. 
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8   Recommendation 

In this chapter, key recommendations will be made based on the findings from the 

literature review and the analysis made in the results section. These includes technical 

recommendations towards the effective implementation of the proposed separated 

waste collection system, economic recommendations to ensure the collective 

participation of citizens, and legal recommendations for all individuals and industries 

producing waste. In the last section of this chapter, future work on this research as 

regards the management of packaging waste and municipal waste in general will be 

discussed.  

8.1   Technical recommendation 

The design of state-of-the-art waste treatment and recycling facilities across the 

country with the establishment of properly engineered landfill sites. This would help in 

the gradual elimination of illegal dumpsites across the country.  

The government should take full responsibility for the provision and maintenance of 

large drop off collection bins in communities and ensure frequent collection of waste 

in order to prevent the overflowing of bins. The supply of waste collection trucks in all 

local government would also help reduce the stress and inadequacies experienced as 

regards waste collection today. 

 

8.2   Economy recommendation 

The interest and active participation of waste management workers should be 

stimulated through timely and attractive renumerations. Hence, this is a call that the 

Government places more importance and relevance on waste management workers. 

Funding of waste management authorities across state and local government levels 

should be done with the aim of increasing the efficiency of waste collection activities, 

the proper maintenance of large waste bins and the frequent collection of waste in 

communities. 

Waste bins for households should be subsidized for increased affordability and a 

properly engineered billing system be designed especially in support of low-income 

earners in the country. This is to ensure the effective participation of the public sector 

in implementing the proposed separated waste collection system. 

The promotion of environmental pollution control and recycling programs across all 

educational levels in the country and financial sensitization of citizens for effective 

participation. 
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8.3   Legal recommendation 

The introduction of packaging waste directives, and waste management targets 

including reduce, recycling, and reuse targets should be established in support of the 

circular economy plan. 

The Government should revive impositions on production and packaging companies 

regarding their corporate social responsibility using methods such as the “polluter pays 

principle”, and legislations on their recycling commitments. 

The recognition of activities by the informal waste collectors considering their massive 

impact as regards the collection of waste. In this sense, procedures should be 

lightened in the bid to make more informal waste collectors qualify to become formal. 

Their activities should also be supported through providing them with the necessary 

operational facilities and equipment. 

 

8.4   Future work 

Valid data as regards the amount of waste being generated in different regions of 

Nigeria annually and municipal solid waste per capita has not been collected in the 

past 10 years. Waste management experts and researchers have only given logical 

predictions and estimations of current waste values. A proposal is hereby made for a 

continuation of this research in conjunction with the Ministry of Environment and other 

Environmental agencies in Nigeria to conduct a technical analysis, providing verified 

figures of waste volumes across the country presently. 

This includes the verification of packaging waste volumes generated annually, 

packaging waste percentage composition by material types, current recycling rates of 

packaging waste by material types and future trends in markets, waste generation, 

and recycling capacities for the proper monitoring and action by waste management 

authorities.  
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10   Appendix 

 

S/N Location Region OW M G P PP TX OT Rate Source of 
Waste 

Source 

1 Port Harcourt South 38.6 10.8 23   6.4 21.2 0.6 Dumpsite Abah and Ohimain (2010 

2 Delta South 37 10 6 21 18 5 3 0.29  Egun (2012 

3 Uyo South  65 4 3 10 8 3 7 0.54  Okey et al. 

4 Calabar  South 41.99 15.33  14.7 16  11.98  Dumpsite  

5 Okigwe South 77 1 4 2 12  4  Market Etusim et al. (2013) 

6 Onitsha  East 49 8.7 4.5 17.9 8.1 10.1 1.7 0.53  Ogwueleka (2009) 

7 Umuahia East 52.2 3 0.6 1.5 18.5  24.2   Onwughara et al. (2010) 

8 Benin West 78 4 3 9 4  2 0.43  Igbinomwanhia (2011) 

9 Ibadan West 64.9 2.9 1.7 9.9 14.2  6.4 0.71  Adewunmi et al 

10 Abeokuta  West 26.3 5.26 5.75 24.95 25.57  21.21 0.66  Ukoje (2012) 

11 Lagos West 68.16 2.08 1.78 3.64 12.46  11.88 0.63 Homes Oyetola (2012), Ogwueleka (2009) 

12 Ogbomosho West 56.4 1.5  10.4 15.7 2.5 13.5 0.13 Homes Afon (2007) 

13 Ilorin West 24.8 5.2 3.2 10.8 20 2 34 0.48 Waste Trucks Ibrahim et al. (2012) Ukoje (2011) 

14 Markurdi North 49.2 2.09 1.62 7.08 3.63 2.24 34.14 0.54 Homes Sha’Ato et al. (2007) 

15 Kano North 57.48 3.9 2.53 17.55 6.72 4.88 7.34 0.31 Homes Bichi & Amatobi (2013) 

16 Zaria North 45.2 7 7.2 8 17.8 2 12.8 0.3  Ukoje (2011) 

17 Minna North 44.63 3.6 1.11 5.91   44.75 0.5 Homes Adeoye et al. (2011) 

18 Abuja North 52 5 2 10 11 20 10 0.57 Homes DFID (2004) 

19 Jos North 27.5 7.51 10 6.75 14.8 6.87 26.89  Dumpsite Egbere et al. (2001) 

20 Gboko North 17.3 10 8.7  12.7 11.3 40 0.44 Homes Akpen and Aondoakaa (2009) 

 AVERAGE  48.6 5.6 5.0 10.6 12.8 6.3 16.9 0.48   
Table: A1 compilation of research data by different researchers on the composition of waste in Nigeria within the year range 2001 – 2013. Data was extracted from a 

research paper published by Charles Nnaji (2015).   Note:    OW: Organic Waste, M: Metals, G: Glass, P: Plastic, PP: Paper, TX: Textile OT: Others (including 

Polythene bags, rubber, wood, drugs and chemicals, ashes), Rate is in Kg/capita/day. 
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Table A2: LCA results; Biogas from waste 

 

 

 

Name Result Reference factor for normalization

Normalized 

value Weighting factor

Normalized and 

weighted result Contribution

climate change, biogenic 0,04666159 0,00E+00 0,00% 0,00E+00 0,00%

climate change, fossil 0,03111961 0,00E+00 0,00% 0,00E+00 0,00%

climate change, land use and land use change 2,6938E-05 0,00E+00 0,00% 0,00E+00 0,00%

climate change, total 0,07780814 7,76E+03 1,00E-05 22,19% 2,22E-06 8,77%

ecosystem quality, freshwater and terrestrial acidification 0,00682324 5,55E+01 1,23E-04 6,64% 8,16E-06 32,17%

ecosystem quality, freshwater ecotoxicity 0,0108141 1,18E+04 9,16E-07 0,00% 0,00E+00 0,00%

ecosystem quality, freshwater eutrophication 1,2794E-05 2,55E+00 5,02E-06 2,95% 1,48E-07 0,58%

ecosystem quality, marine eutrophication 0,0002228 2,83E+01 7,87E-06 3,12% 2,46E-07 0,97%

ecosystem quality, terrestrial eutrophication 0,02997342 1,77E+02 1,69E-04 3,91% 6,62E-06 26,09%

human health, carcinogenic effects 3,3747E-10 3,85E-05 8,77E-06 0,00% 0,00E+00 0,00%

human health, ionising radiation 0,00225421 4,22E+03 5,34E-07 5,37% 2,87E-08 0,11%

human health, non-carciogenic effects 3,1401E-09 4,75E-04 6,61E-06 0,00% 0,00E+00 0,00%

human health, ozone layer depletion 9,5775E-10 2,23E-02 4,29E-08 6,75% 2,90E-09 0,01%

human health, photochemical ozone creation 9,1216E-05 4,06E+01 2,25E-06 5,10% 1,15E-07 0,45%

human health, respiratory effects, inorganics 4,7652E-08 6,37E-04 7,48E-05 9,54% 7,14E-06 28,12%

resources, dissipated water 0,00413007 1,15E+04 3,59E-07 9,03% 3,24E-08 0,13%

resources, fossils 0,31709903 6,53E+04 4,86E-06 8,92% 4,33E-07 1,71%

resources, land use 0,32577426 1,33E+06 2,45E-07 8,42% 2,06E-08 0,08%

resources, minerals and metals 1,4516E-07 5,79E-02 2,51E-06 8,08% 2,03E-07 0,80%

2,54E-05 100,00%TOTAL RESULT
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Table A3: LCA results; Diesel production 

 

 

 

 

Name Result Reference factor for normalization

Normalized 

value Weighting factor

Normalized and 

weighted result Contribution

climate change, biogenic 0,00041018 0,00E+00 0,00% 0,00E+00 0,00%

climate change, fossil 0,55722291 0,00E+00 0,00% 0,00E+00 0,00%

climate change, land use and land use change 0,00020254 0,00E+00 0,00% 0,00E+00 0,00%

climate change, total 0,55783563 7,76E+03 7,19E-05 22,19% 1,60E-05 13,82%

ecosystem quality, freshwater and terrestrial acidification 0,00654917 5,55E+01 1,18E-04 6,64% 7,84E-06 6,79%

ecosystem quality, freshwater ecotoxicity 0,41254028 1,18E+04 3,50E-05 0,00% 0,00E+00 0,00%

ecosystem quality, freshwater eutrophication 6,3519E-05 2,55E+00 2,49E-05 2,95% 7,35E-07 0,64%

ecosystem quality, marine eutrophication 0,00071642 2,83E+01 2,53E-05 3,12% 7,90E-07 0,68%

ecosystem quality, terrestrial eutrophication 0,00782714 1,77E+02 4,42E-05 3,91% 1,73E-06 1,50%

human health, carcinogenic effects 4,7134E-09 3,85E-05 1,22E-04 0,00% 0,00E+00 0,00%

human health, ionising radiation 0,24404073 4,22E+03 5,78E-05 5,37% 3,11E-06 2,69%

human health, non-carciogenic effects 4,2984E-08 4,75E-04 9,05E-05 0,00% 0,00E+00 0,00%

human health, ozone layer depletion 8,6599E-07 2,23E-02 3,88E-05 6,75% 2,62E-06 2,27%

human health, photochemical ozone creation 0,00327901 4,06E+01 8,08E-05 5,10% 4,12E-06 3,57%

human health, respiratory effects, inorganics 3,368E-08 6,37E-04 5,29E-05 9,54% 5,04E-06 4,37%

resources, dissipated water 0,05805564 1,15E+04 5,05E-06 9,03% 4,56E-07 0,39%

resources, fossils 53,0678121 6,53E+04 8,13E-04 8,92% 7,25E-05 62,79%

resources, land use 2,02390166 1,33E+06 1,52E-06 8,42% 1,28E-07 0,11%

resources, minerals and metals 3,1642E-07 5,79E-02 5,46E-06 8,08% 4,42E-07 0,38%

1,15E-04 100,00%TOTAL RESULT
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Figure A1: Photos from the packaging waste composition experiment 1. Photo credits: Omolara. 
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Figure A2: Photos from the packaging waste composition experiment 2. Photo credits: Omolara. 

 

 


