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Abstract
Solid waste increase is inevitable globally due to anthropogenic activities. This adds bur-
den to waste management systems in developing countries including Zimbabwe. Currently, 
life cycle assessment (LCA) model is used to achieve sustainability and circular economy 
(CE) in solid waste management. Therefore, the main goal of this paper was to unearth 
LCA model applicability in solid waste management in Zimbabwe. Data sources were 
retrieved from databases like Scopus, ScienceDirect and Springer, although government 
documents were also used. In Zimbabwe, organic and inorganic solid waste is generated 
from various sources, namely industries, institutions and households. Solid waste manage-
ment in Zimbabwe is based on traditional linear approach where waste is collected and 
disposed through landfilling, burning, incineration, burying, open pits or illegally. Most 
disposal approaches occupy base of waste management pyramid, hence posing detrimen-
tal impacts to human health, terrestrial, aquatic and atmospheric ecosystems. Management 
approaches are far from Agenda 21, Sustainable Development Goals (SDGs), Zimbabwe 
Vision 2030 and National Development Strategy 1 demands. Literature revealed that LCA 
model can be utilised to achieve sustainable solid waste management in countries like Zim-
babwe. LCA model is essential in management of solid waste in Zimbabwe, since it assists 
decision makers in selecting management approaches with less environmental health 
impacts. Moreover, LCA enables application of waste material reuse, recycle, repairing 
and recovery, thus narrowing the gap to achieve CE and economic growth in Zimbabwe. 
Owing to LCA model implementation of waste management legislation and policies which 
support energy recovery and circular economy became easier in Zimbabwe.
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Introduction

Generation of solid waste is an unavoidable natural consequence of anthropogenic activi-
ties worldwide [35, 111]. This implies that production and increase of solid waste is driven 
by human existence. Godfrey et al. [30] and Cudjoe and Acquah [21] opined that African 
countries are facing solid waste management crisis translating to various environmental 
health problems. In Africa, constraints in management of solid waste are ascribed to socio-
economic and political problems [21, 35]. Consequently, Zimbabwe is also facing numer-
ous problems in management of solid waste, since it is not spared by regional problems. 
According to Mandevere and Jerie [66] and Chikowore [15], solid waste management is 
among problematic issues confronting Zimbabwe. Therefore, it needs to be dealt with con-
sidering economic, social, environmental and political aspects to achieve sustainability. In 
the Zimbabwean context, increase of solid waste is attributed to urbanisation, population 
increase, disease outbreaks and better living standards [55, 66]. However, in the Zimba-
bwean context, solid waste increase is exerting pressure to humanity and already fragile 
environment.

In Zimbabwe, solid waste is generated from institutions, manufacturing and construc-
tion industries, supermarkets, households and streets among other sources [55, 109]. This 
revealed that various types of solid waste which may include hazardous and non-haz-
ardous waste are produced in Zimbabwe and hence need attention. Existence of several 
waste types facilitates disposal of solid waste using numerous approaches, namely incin-
eration, landfilling, open dumpsites, burning and open pits [40, 41, 58]. However, most of 
the approaches used occupy the base of the waste management hierarchy and hence have 
potential to cause environmental problems. In a view upheld by Makarichi et al. [62] and 
Nhubu and Muzenda [83], Zimbabwe’s mismanagement of solid waste is associated with 
water, air and land pollution while threatening human life. Henceforth, it is clear that solid 
waste management standards in Zimbabwe are far from reaching requirements of Agenda 
21, Chapter 21 and current Sustainable Development Goals. Management of solid waste 
particularly disposal of waste is emerging as a problem due to solid waste increase and 
Not In My Backyard Syndrome in Zimbabwe [44, 103]. Jerie and Tevera [44] highlighted 
that public resistance is ascribed to their awareness that solid waste management stages to 
cause health risks and soil, air, water and land contamination. This means Zimbabwean 
municipalities must move away from linear traditional waste management approaches 
which focuses on collection to disposal.

In order to achieve sustainable waste management in Zimbabwe, solid waste must be 
managed following most desired approaches on the waste management hierarchy which 
prioritises prevention, recycle and recovery [64, 65],Mahamba, 2015). Consequently, the 
country must adopt solid waste management hierarchy philosophy’s apex which put much 
emphasis on waste prevention to safeguard the environment and human health. Accord-
ing to Yadav and Samadder [113] and Yadav and Samadder [115], in order to adopt most 
desired approaches of waste management hierarchy, a number of techniques may be utilised. 
Therefore, evaluation of solid waste management options is required to unearth performance 
towards the environment. Evaluation and determination of the most sustainable strategy 
of solid waste management system can be carried out through life cycle assessment model 
(LCA) [5, 71, 116]. LCA model presented to be effective in implementing appropriate solid 
waste management in nations such as Brazil [19]. LCA supports circular economy which 
insists the issue of waste reduction and redesigning of solid waste materials and therefore 
facilitates sustainable waste management in Asian countries [3] and Romania [29]. As a 
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result, LCA model facilitates assessment of environmental health impacts associated with 
utilised solid waste management elements and makes it possible to simulate solid waste 
management scenarios to achieve sustainability. Yadav and Samadder [113] and Aldhafeeri 
and Alhazmi [3] that LCA enable decision makers to choose appropriate waste management 
approaches which safeguard the environment while supporting CE.

Yadav and Samadder [114] and Nhubu et al. [86] indicated that LCA model is among 
the widely accepted strategies for quantification and evaluating environmental problems 
associated with waste management options. This means LCA can be used as a break-
through to minimise detrimental impacts associated with solid waste. LCA presents to be 
applicable in Turkey [116], Italy [20], Malaysia [97], China [13], Singapore [2] and Thai-
land [105]. Considering this, LCA is able to bear fruits in both developed and develop-
ing regions in terms of solid waste management,hence, Zimbabwe can also test and apply 
the model. A number of LCA studies reported that conversion of solid waste to energy, 
biological treatment and recycling of solid waste is regarded as sustainable compared to 
landfilling and thermal treatment like incineration [114],Dastjerdi et al., 2019; Mukherjee 
et al., 2020). Consequently, LCA minimise the quantity of solid waste destined in disposal 
sites through using recovery, recycling and reuse, thus upholding CE concept. However, in 
the Zimbabwean context, landfilling and incineration are mostly applied [42, 83]. Hence, 
their effectiveness can be assessed through LCA model in order to achieve sustainability 
using landfills and incinerators which allow energy recovery. The reason being LCA model 
can be used to carry out precise comparison and figure out environmentally friendly solid 
waste management approaches [5, 49]. In order to overcome prevailing challenges in solid 
waste management, countries like Zimbabwe are supposed to adopt LCA model which 
supports CE.

Ciambrone [18] and Khandelwal et  al. [49] indicate that life cycle assessment (LCA) 
is a tool used to assess environmental problems and benefits associated with the product 
throughout its life cycle, that is, from raw material acquisition and down to disposal. LCA 
systems include cradle to grave, cradle to gate and cradle to cradle. LCA was formulated 
around the 1970s [25]. Its primary objective was for packaging analysis considering envi-
ronmental aspects such as resource conservation and energy use. Coca-Cola was among 
the first companies to carryout internal LCA to determine containers with lower negative 
impacts to the environment comparing glass and plastic beverage containers [8, 25]. LCA 
facilitates comparison of different products or waste management systems, therefore mak-
ing a good platform for environmental improvement [8]. LCA techniques will not guar-
antee that one can choose an environmentally superior waste management system since 
actual environmental effects of waste depend on when, where and how they are released 
into the environment [48, 106],Khandelwal et al., 2018). Consequently, the application of 
LCA model in solid waste management remains general and almost subjective. LCA model 
is more limited since it does not consider available waste management processes and chal-
lenges and does not include course of action to deal with the problem [22, 48] and requires 
adequate resources, experts and waste management data (Gallego and Tarpani, 2019). 
Therefore, it may be difficult for countries experiencing a myriad of challenges to adopt 
LCA model in solid waste management owing to its loopholes and demands.

Moreover, the LCA model proved to be effective in developed countries such as Canada 
[57], Sweden and Italy (Laurent et  al., 2014a). This may be attributed to availability of 
resources, namely finance, experts, waste treatment and disposal facilities and solid waste 
data in terms of quality and quantity. Additionally, life cycle assessment presents to be 
effective in management of solid waste globally, as shown by various studies carried out 
across the globe (Table 1). However, the studies are surrounded by various gaps (Table 1) 
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for instance focusing on single type of solid waste or disposal strategies as well as putting 
much emphasis on developed nations but in one city or town. Therefore, to address the 
gap, the current review paper takes into account aspects related to solid waste of different 
nature, management techniques and life cycle assessment to attain sustainability and circu-
lar economy. In developing regions like Africa, specifically Southern Africa, studies related 
to application of LCA model in solid waste management are limited [83, 114]. Similarly, 
like other African countries, application of LCA model in solid waste is still evolving in 
Zimbabwe, since it is usually not spared by regional problems. In the Zimbabwean context, 
studies related to solid waste put much emphasis on nature of solid waste, management 
approaches and associated environmental risks. As a result, the researches neglect stud-
ies directed to management of solid waste applying various models including LCA model. 
In addition, the abovementioned information denotes that there is spatiotemporal variation 
in effectiveness and applicability of LCA model in solid waste management. Therefore, 
applicability of LCA is surrounded by skepticism due to its weaknesses; however, they are 
outweighed by its strengths. Also, major studies carried out in Zimbabwe demonstrated 
limited literature which focuses on Zimbabwe as a whole since they put much emphasis 
on single cities particularly Harare (Table 2). In order to address this gap, this paper offers 
a comprehensive review with wider scope considering local and international literature. 
Existence of few secondary sources emphasizing on solid waste and LCA in Zimbabwe in 
Table 2 is supported by Fig. 1 developed using data from Scopus. Therefore, this review 
intends to focus on applicability of LCA model in solid waste management in the context 
of Zimbabwe. The major aim is to figure out potential and ability of LCA model to facili-
tate attainment of sustainable solid waste management and CE in Zimbabwe.

Description of the Study Area

The study focused on Zimbabwe, a landlocked country located in Southern part of Africa. 
The country covers approximately 390.757 square kilometre of Africa. The country 
shares geographical and political boundaries with South Africa, Mozambique, Botswana 
and Zambia. Zimbabwe experience sub-tropical climate consisting of two major season, 
namely hot wet summer and cool dry winter. The country’s yearly average rainfall is 
670 mm received between November and March while average temperature is between 15 
degree Celsius and 25 degree Celsius. Zimbabwe is divided into 5 agro-ecological zones 
considering precipitation and temperature with 1st region experiencing high rainfall while 
5th region received lest rainfall. According to ZIMSTAT [121], Zimbabwe’s population is 
around 15.1 million. Zimbabweans reside in both rural areas and urban areas. The coun-
try’s single city/town areas have potential to generate approximately 467,303 tonnes of 
solid waste annually [83]. In Zimbabwe, about 38.6% are urban dwellers [121],therefore, 
urbanisation is also adding substantive quantity of solid waste to the country’s total waste. 
Mandevere and Jerie [66] revealed that approximately, 90 percent of solid waste generated 
in Zimbabwean cities is disposed, while 10 percent is either converted through processes 
like reuse and recycling. This revealed that in Zimbabwe, management of solid waste is 
through traditional linear approach which focuses on collection and disposal. This strategy 
is known to be associated with various environmental health problems. Hence, Zimbabwe 
must adopt a LCA model which assesses existing solid waste management approaches to 
minimise environmental health impacts.
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Methodology

The study sought to review applicability of life cycle assessment model in solid waste 
management in Zimbabwe. In order to accomplish the review, already published literature 
related to Zimbabwe was used. Nevertheless, solid waste literature from other countries was 
reviewed for comparison and benchmarking with Zimbabwean literature. Already exist-
ing literature was searched applying direct search approaches and key words. The review 
process put much emphasis on articles and books published in peer-reviewed scientific 
journals, although governments’ reports and documents were considered. Secondary data 
sources were retrieved from Google Scholar, Scopus, ScienceDirect, Sage Publications, 
PubMed, Elsevier and Springer as well as government websites. In order to meet require-
ments of the review paper, literature written in English and published from 2012 to 2023 
were considered. Reliability as well as validity was guaranteed through in-text and end-text 
referencing. Major key words used during the search include life cycle assessment, solid 
waste, solid waste management, Zimbabwe, environmental impacts and circular economy. 
However, searching of literature was carried out using phrases such as solid waste, hospital 
solid waste, electronic waste, construction and demolition waste, institutional waste and 
municipal solid waste. In order to review relevant literature which addresses potential ben-
efits of utilising LCA model issues and management of solid waste, only secondary sources 
from 2012 to current dates were used.

Composition of Solid Waste Generated in Zimbabwe

Solid waste produced in Zimbabwe mirrors solid waste generated in most developing coun-
tries particularly those in Sub-Saharan Africa [62]. This reveals that generated solid waste 
consists of organic, non-organic, recyclables, non-recyclables, combustible and non-com-
bustible waste. As a result, sources of solid waste in Zimbabwe vary; hence, composition 

Fig. 1   Number of LCA and solid waste documents published under Scopus.  Source: Authors
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of solid waste varies (Table 3). In Zimbabwean cities, 84% of solid waste consist of recy-
clables such as papers, cardboard, glass bottles and jars, plastics products, metal contain-
ers and food waste, while 16% is not recyclable for instance absorbent hygienic products, 
namely diapers and sanitary pads [120]. Consequently, a large quantity of solid waste 
in Zimbabwe can be used as a resource in formal and informal industries. According to 
Makarichi et al. [62] and Maqhuzu et al. [68], proportion of solid waste encompasses tex-
tiles, plastics, paper, leather, glass, wood, rubber, metals, among others. This diversity of 
solid waste needs different management techniques particularly disposal and treatment 
approaches which lead to recycling, recover and reuse, thus paving route for energy recov-
ery and circular economy in the Zimbabwean context.

Currently, quantity of electronic, food and wood waste is adding substantial quantity of solid 
waste due to changes in living standards and technology in Zimbabwe [66],Tongesai et  al., 
2018). This denotes that solid waste in Zimbabwe may consist of hazardous and non-hazardous 
from various sources. In the Zimbabwean context, institutions like (schools, hospitals) indus-
tries and households have potential to generate hazardous waste such as sharps, infectious waste, 
radioactive waste, cytotoxic, electronic waste, pharmaceutical waste and metal waste [41],Tonge-
sai et al., 2018; [14]. This suggests that attention and conformity to solid waste segregation is 
vital to lessen burden and challenges in management of solid waste with different characteristics. 
This congruence with Ramachandra et al. [95] and Jerie and Musasa [42] that data regarding 
solid waste composition and segregation is essential in developing waste collection, conveyance, 
treatment and disposal strategies. Therefore, considering various types of solid waste in Zimba-
bwe (Table 3), no single technique can manage different types of waste effectively. Henceforth, 
various management strategies may be applied to overcome constraints faced in management of 
waste of different fraction. In a view upheld by Yadav and Samadder [115] and Khandelwal et al. 
[49], management of various types of waste requires numerous approaches since none of the 
existing strategy suits all waste.

Solid Waste Management Approaches in Zimbabwe

Solid waste management is described as collection, transportation and recovery as well as 
solid waste disposal, including monitoring of the operations involved and caring of disposal 
areas [44]. This implies that management strategies encompass various processes which need 
attention to avert environmental problems. In the Zimbabwean context, municipalities are 
accountable for management of solid waste, as stipulated by Urban Council Act Chapter 29:15 
(Jerie and Mandevere, 2018; [12]. As a result, generators of solid waste including households 
and institutions remain mere participants while the municipalities shoulder the burden of solid 
waste management. Additionally, only urbanites are beneficiaries of the Act as stipulated by 
its name,hence, rural areas are neglected. In Zimbabwe, collection of solid waste from house-
holds and institutions is done by municipalities using dump trucks through kerbside or block 
(communal) collection approach [62, 83]. However, collection of solid waste is termed ineffi-
cient due to shortage of fuel, labour, trucks and improper planning during dispatching of waste 
trucks since solid waste may last for a week without being collected [55, 109]. Although this 
contradicts with climatic conditions (Subtropical climate) which promote rapid decomposi-
tion of solid waste, hence it should be collected at least twice per week [66]. In the Zimba-
bwean context, 70% of municipality’s waste budget is used for waste collection [55, 88]. This 
demonstrated that Zimbabwe as a country focuses on waste collection while giving less atten-
tion to waste reduction alternatives,therefore, large volume of waste is collected and disposed. 
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Moreover, application of recycling, reuse and reduction approaches is still evolving in Zimba-
bwe. A scenario demonstrated that ninety percent (90% of generated solid waste in Zimbabwe 
is disposed through legal and illegal strategies [65],Jerie and Mandevere, 2018) while 10% 
is recycled, composting and reused [50]. This revealed that solid waste is considered a use-
less product of no value, yet it can be used as a resource to achieve green economy as well as 
economic growth. Additionally, by recycling and reusing approximately 10% of solid waste 
means the issue of CE is neglected in Zimbabwe.

Disposal and treatment of solid waste is done through open pits, open burning, incinera-
tion, landfilling and open dumpsites [41, 81, 92], while burying is practised but at lower rate 
[58]. This articulates that the country put much emphasis on waste management hierarchy’s 
secondary approaches while giving less attention to primary strategies, namely recycle, reuse 
and prevention.

In Zimbabwe, solid waste is disposed in improperly engineered landfills without leachate 
control or collection systems [82, 83],this is exemplified by Pomona dumpsite [50]. This 
opines that landfills in Zimbabwe are operated as dumpsites where solid waste is disposed, not 
compacted and left uncovered. According to Chanza et al. [9], urban areas notably Bulawayo, 
Harare, Beitbridge, Gweru, Mutare and Bindura are still dumping solid waste on unsanitary 
landfills without leachate control systems. As a result, dissolved acids, ions and solids from 
landfills have potential to affect ground and surface water quality negatively. Currently, crop-
ping of illegal dumpsites is rampant in Zimbabwe since piles of solid waste are now a com-
mon sight along road edges, open spaces and drains [81, 103]. Mushrooming of illegal dump-
sites is an end product of inefficiency waste management approaches specifically collection. 
Emerging of illegal dumpsites is ascribed to inefficiency waste collection [62],however, the 
city fathers owed it to ignorance and resistance of residents [65, 99]. Hence, due to unaware-
ness, residents eliminate piles of uncollected solid waste through illegal solid waste disposal 
approaches including backyard burning. Makarichi et al. [62] and Nhubu et al. [85] coincide 
that 37.6% of solid waste generated in Zimbabwe is disposed through open burning. Adoption 
of open burning may be attributed to its ability to reduce volume of solid waste at genera-
tion source and disposal sites. However, incineration of solid is highly practised to minimise 
quantity and toxicity of solid waste specifically medical solid waste [42]. Nevertheless, from 
an environmental perspective, these combustion processes are harmful since they release toxic 
gases exemplified by carbon dioxide, monoxide, sulphur dioxide and nitrous oxide with poten-
tial to contaminate the atmosphere. To worsen the scenario, most of the incinerators used in 
Zimbabwe are substandard (Shabani and Jerie, 2023); hence, they are failing to meet require-
ments of CE, namely energy recovery from incinerators. Management of solid waste in Zim-
babwe is guided by legislation for instance Environmental Management Act 20:27 and Public 
Health Act [39]. However, problems associated with solid waste remain a challenge in Zimba-
bwe due to lack of law enforcement, citizens’ resistance and unawareness. In order to address 
the gaps hindering ability of existing solid waste legal frameworks in Zimbabwe, a combina-
tion of various aspects including utilisation of LCA model is required (Nyakudya et al., 2022).

Environmental Health Problems Associated with Solid Waste 
Management Approaches

Inappropriate handling and management of solid waste result in a number of social, 
economic and environmental problems [15, 66]. This suggests that contaminants from 
solid waste have potential to hinder economic progress while causing environmental 
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deterioration. In the Zimbabwean context, improperly disposed waste results in land pol-
lution [15, 92], therefore compromising land aesthetic value [65]. As a result, poorly dis-
posed solid waste can affect activities such as tourism which generates income for Zimba-
bwe, hence fuelling economic deterioration. This assertion is supported by Tevera (1991) 
and Jerie (2006) that normally people are not comfortable with areas with solid waste; 
hence tourists are not exempted. Decline in tourist inflow means income from tourism is 
reduced while most of the employees in the tourism sector lost their jobs. Furthermore, 
light solid waste, namely plastics and papers from landfills, can be transported by wind and 
deposited in water sources as well as residents’ yards.

Inorganic and organic contaminants from non-lined disposal sites result in deterioration of 
water quality chemical and physical parameters, namely temperature, PH, hardness, electrical con-
ductivity and total dissolved solids [63, 104]. Similarly, in Zimbabwe, pollutants from dumpsites 
affect aquatic life by causing eutrophication that facilitates emerging of water hyacinth [65],Jerie 
and Mandevere, 2018). Hence, besides increasing water scarcity, solid waste pollutants affect crea-
tures living in water, for instance fish yet humans consume them. Additionally, pathogens from 
decomposing solid waste can result in cropping of waterborne ailments notably typhoid, dysen-
tery, cholera as well as diarrhoea in Zimbabwe [16, 80]. Henceforth, mismanaged solid waste is 
affecting the surrounding environment and human lives are not spared. Incineration as well as 
open burning generates toxic gases (nitrous oxide, carbon dioxide, carbon monoxide, sulphur 
dioxide), thus causing air pollution (Mangizvo and Chinamasa, 2008; Chatira-Muchopa, 2019). 
Hence, need for LCA model is unavoidable since Nhubu et al. [87] indicated that comparison of 
impacts associated with disposal approaches can be achieved through applying LCA. According 
to Muchandiona [72] and Chapungu et al. [10], landfills devoid of gas outlets release odour and 
methane into the atmosphere. Considering this, inappropriately disposed solid waste produce trace 
gases, greenhouse gases and particulate matter with potential to pose global warming and acid 
rain. Nhubu and Muzenda [83] and Shabani and Jerie (2023) lament that emissions from landfills 
and incomplete combustion of solid waste accelerate climate change which is already felt globally.

Jerie and Zulu [45] and EPA [26] coincide that environmental attributes located near dump-
sites specifically less than 500 m are vulnerable to pollutants. Therefore, toxic gases from incin-
eration and decomposing solid waste may cause eye, nose and skin irritation among people in 
proximity to the dumpsites or waste treatment sites. Exposure to furans, heavy metals, dioxins 
and radiation from incomplete combustion and incineration causes health problems to people 
since they are known to be mutagenic and carcinogenic [41],Zubar and Andrees, 2019; [110]. 
Therefore, one may argue that waste workers responsible for solid waste incineration and burn-
ing are vulnerable to skin burns and cancer unknowingly. Incomplete combustion of solid waste 
such as electronic waste and medical equipment such as clinical thermometers and sphyg-
momanometer generate heavy metals like mercury, nickel, lead, zinc, cadmium, among others 
[41, 107]. However, burning of electronic and medical waste is rampant in Zimbabwe,hence, 
various metals are released into the environment. Nevertheless, metals have potential to impact 
reproductive systems and pregnant mothers and facilitate occurrence of genetic disorder among 
unborn babies [32, 52, 107]. This means females are more vulnerable since their foetuses’ 
weight, genetic chromosome and neurodevelopment are affected negatively, thus ruining lives 
of future generation. This goes in line with Ncube et al. (2017b), Munyai and Nunu [74] and 
Muzvondiwa [76] that females are more vulnerable to pollutants from solid waste since they are 
involved in waste management at various institutions and households.

Inappropriately managed solid waste open pits, dumpsites, landfills and illegal dumpsites 
are mostly used by mosquitoes, houseflies (Musca domestica), false stable flies (Muscina stab-
ulans), stable flies (Stomoxys calcitrans), cockroaches, rats and rodents as breeding grounds 
[41, 44, 109]. Nevertheless, flies as well as cockroaches may move from dumpsites to nearest 
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households freely and therefore have potential to spread pathogens which affect human health. 
Similarly, unrestricted movement of mosquitoes can lead to spread of malaria to citizens yet 
according to Muchena et al. [73] and Mbunge et al. [69] that malaria is among major health 
problems confronting Zimbabwe. Hence, proper monitoring and assessment of waste disposal 
strategies is essential since it can contribute to reduction of malaria outbreak. Moreover, par-
tially secured and non-secured dumpsites in Zimbabwe are accessed by children, waste scav-
engers, birds and animals (Mangizvo, 2010, [51, 82]. This suggests that human beings includ-
ing children are vulnerable to respiratory diseases due to dust from waste and cuts as well as 
pricks due to contact with sharp waste. As a result, human beings can be exposed to HIV and 
AIDS, hepatitis B and C, COVID 19 and tetanus due to solid waste (sharp) injuries. In the 
African context, particularly Sub-Saharan Africa, 30% (hepatitis B and C) and 2.5% (HIV) 
new infections are attributed to injuries from solid waste annually [1].

To worsen the scenario, loading as well as offloading of solid waste during transportation and 
disposal processes is associated with musculoskeletal problems and pains [38, 41]. This entails 
that glissile and sessile dislocations of elbows, fingers, back and shoulder bones are inevitable 
among Zimbabwean waste workers since waste management processes are done manually.

Furthermore, marauding scavenging animals and scattered solid waste piles create an 
eyesore environment and nuisance to Zimbabwe [99],Kwenda et al., 202). As a result, if 
solid waste is mismanaged, it can affect the health of Zimbabweans particularly mental 
health of those near to dumpsite who are already stigmatised. Dumpsites accommodate 
materials with high potential of explosion, reaction and to ignite [41], therefore creating 
favourable sites for fire outbreak. An issue which is associated with most of the dump-
sites in Zimbabwe, as exhibited by fire outbreak at dumpsites such as Pomona in 2013 and 
Golden Quarry in 2000 in Zimbabwe [10, 50, 81]. This asserts that dumpsites may act as 
sources of fire resulting in biodiversity loss, air contamination and property loss as well as 
loss of lives, thus affecting the country’s socio-economic and environmental aspects. Con-
sequently, solid waste management approaches affect the environment negatively, while 
posing detrimental impacts to human health thus contradicting the requirements of the 
global sustainable development goals. Hence, a clearly structured assessment and evalu-
ation of management approaches including disposal strategies is essential to narrow the 
gap to reach sustainable development as well as Zimbabwe National Development Strategy 
1 objectives. Potential environmental health effects associated with solid waste manage-
ment techniques can be assessed through life cycle assessment [117],Nabavi-Pelesaraei, 
2022). This entails that quantifying of environmental health risks that emanate from solid 
waste can be minimised through utilisation of life cycle assessment model. This presents 
to be effective in countries such as Korea [53]. In a view upheld by Aung et al. [6] and 
Zhang et al. [117], life cycle assessment is regarded as a unique comprehensive approach 
to examine environmental problems that emanate from solid waste management processes, 
due to its ability to compare various methods. Therefore, life cycle assessment model can 
be applied in order to improve existing solid waste monitoring techniques in Zimbabwe.

Relevance of Life Cycle Assessment (LCA) Model to Management 
of Solid Waste in Zimbabwe

LCA model is made up of four major stages [37, 47], namely goal and scope definition, 
life cycle inventory analysis, life cycle impact assessment and interpretation of results 
[96],Nabavi-Pelesaraei, 2022). Taking this into account, LCA model presents to be 
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effective in planning, implementation, evaluating and designing of ecologically accept-
able material disposal approaches and processes. This congruence with Aung et al. [6] and 
Nabavi-Pelesaraei et al. [77] that LCA model considers socio-economic as well as environ-
mental aspects when dealing with solid waste management issues. This asserts that LCA 
model can create low hanging fruits for Zimbabwe to achieve sustainability in terms of 
waste management. Güereca et al. [31] noted that LCA model was applied in solid waste 
management since year 1995. As a result, LCA model was pinned in solid waste manage-
ment strategies and processes almost two and half decades ago. Differences in sources, vol-
umes and characteristics of solid waste as well as various disposal and treatment strategies 
enable LCA model to emerge as an appropriate assessment model (Mendes et al., 2004; 
[24, 77]. This revealed that application of LCA model enables countries to determine solid 
waste management approaches, processes and techniques with least impacts to natural eco-
system and human beings. ISO 14040 indicated that LCA model for waste management 
from generation to treatment or disposal and processing includes goal and scope, life cycle 
inventory [46, 119] and life cycle impact assessment as well as result interpretation [101].

LCA model presents to be essential in improving solid waste management in both devel-
oping and developed countries (Yadav et  al., 2018; [24]. This suggests that LCA model 
can be applied in Zimbabwe to accelerate adoption of appropriate solid waste management 
approaches. In Zimbabwe, different types of solid waste is generated from various sources 
[41, 44, 109]. As a result numerous materials which the initial users regard useless need to 
go through life cycle assessment to know the best processing strategies to achieve circular 
economy. This is because LCA model is considered a comprehensive tool in terms of com-
paring environmental impacts associated with products and management systems [23, 77]. 
In this view, LCA model may pave route for Zimbabwe to adopt waste management hier-
archy’s highly recommended waste management approaches notably recycling and reuse 
which upholds CE.

Moreover, through assessment of products’ life cycle, waste management authorities 
are able to differentiate solid waste into materials which can be used as resources [17]. 
In the Zimbabwean context, LCA model is essential to choose solid waste which can be 
processed to produce energy since energy is scarce. Considering solid waste as source of 
energy, few quantity of solid waste is destined in dumpsites, hence minimising pressure 
of solid waste to the environment. Generation of energy from solid waste means waste is 
regarded as source of energy and is no longer disposed. Acquiring of energy from waste 
means solid waste provides energy for economic growth. Minimisation of disposed 
solid waste increases the life span of landfills as well as dumpsites, hence reducing bur-
den of creating and locating new disposal sites to municipalities. This is particularly 
vital to Zimbabwe since locating of dumpsites is currently problematic owing to Not 
In My Backyard philosophy [44, 83, 103], where humans are not willing to be in close 
proximity to waste sites. LCA of solid waste management techniques enables selection 
of disposal approaches with less emissions [17]. In view of this, Zimbabwe may reduce 
reliance on management approaches such as combustion and incineration which release 
greenhouse gases by adopting LCA model. As a result, LCA model is relevant in man-
agement of solid waste in order to minimise rate of climate change in Zimbabwe, since 
Jerie and Mandevere (2018) and Nhubu et al. (2019a, b, c coincide that emissions such 
as carbon monoxide, nitrous oxide, sulphur dioxide, methane and carbon dioxide from 
poorly managed solid waste cause global warming as well as climate change. Arushan-
yan et al. [4] and Christensen et al. [17] argued that LCA model exhibits to bear fruits in 
terms of waste management regulations and policy evaluation in Sweden. This implies 
that in order for Zimbabwe to strengthen its solid waste monitoring legal framework as 
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well as policies, LCA model should come into play. This is critical since in Zimbabwe 
improper management of solid waste is also ascribed to legal framework loopholes and 
policy gaps [39, 61, 76]. LCA model paved way for disposal of food waste with pro-
cesses which facilitate conversion of food waste for instance composting [101], thus 
facilitating adoption of CE. This postulates that by applying LCA, people may benefit 
from biogas from composting alongside manure which can be used as fertilizer, thus 
promoting attainment of Sustainable Development Goal 2 (Zero hunger) in Zimbabwe.

LCA model phase 1 (Goal and Scope) is set to compare waste management options 
considering product recovery, cost, transport and energy consumption [46, 101]. Hence, 
application of LCA model may enable Zimbabwe to utilise waste management strate-
gies which are economically feasible in terms of cost and economic development. Saber 
et  al. [96] and Nabavi-Pelesaraei et  al. [77] concur that the second phase (Life Cycle 
Inventory) is where waste management data regarding required labour, nature and quan-
tity of pollutants is collected, through research. Therefore, LCA model will stimulate 
carrying out of qualitative and quantitative researches related to solid waste in the Zim-
babwean context. The researches will create a room for the country to implement man-
agement approaches which tallies with requirements of sustainability pillars, namely 
social, environmental and economic aspects. This revealed that LCA model is relevant 
in Zimbabwe since existing data concerning source, quantity and quality of solid waste 
is less reliable [55, 83], yet adequate data is essential during planning. Life Cycle Impact 
Assessment referred to as phase 3 involves categorising of waste management tech-
niques according to effects they cause to the environment [46, 96]. Henceforth, LCA 
model provides Zimbabwe the opportunity to use alternatives with minimum impacts 
to aquatic, terrestrial and atmospheric ecosystem as well as humans, thus narrowing 
the gap to reach demands of National Development Strategy 1 goals such as environ-
mental protection and natural resource management. According to Damgaard et al. [23] 
and Christensen et al. [17], the final LCA model stage (phase 4) put much emphasis on 
interpretation of results in order to assess if the adopted management strategies match 
phase 1 stipulated goals as well as scope. Hence, LCA phase 4 enables the country to 
evaluate and re-evaluate already existing and developed waste management. Consider-
ing this, potential benefits associated with LCA model, it is clear that Zimbabwe may 
create low hanging fruits to achieve sustainable development goals at national and inter-
national level. Therefore, Zimbabwe must apply LCA model in order to develop com-
prehensive waste management approaches which maintain environmental integrity as 
well as achieving CE. Relevance, benefits and applicability of LCA model in solid waste 
management in the Zimbabwean context are summarised in Fig. 2.

Conclusion

Solid waste management is among problems which are now beyond normal state worldwide. 
This is visible in resource constrained nations which are still undergoing development, urbani-
sation and population increase. Consequently, countries resorted to various models such as 
LCA model and its stages to attain sustainable solid waste management. Literature indicated 
high adoption, effectiveness and application of LCA model in developed countries compared to 
developing nations. This is visible in Zimbabwe where adoption of LCA model is still at min-
iature stage and evolving as demonstrated by limited LCA literature related to solid waste and 
solid waste management approaches which focus on collection and disposal. Less application of 
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LCA model may be ascribed to lack of resources, experts and technology. In Zimbabwe, human 
activities are the major drivers of solid waste generation from industries, street sweeping, insti-
tutions and commercial buildings, among others. Therefore, anthropogenic activities remain 
major threats to environmental integrity across the globe not sparing Zimbabwe. Reviewed lit-
erature demonstrated that co-storage and indiscriminate disposal of solid waste is common in 
Zimbabwe. This revealed that life cycle impact assessment of disposed products is mostly rare 
since solid waste is managed together regardless of source and nature. However, LCA literature 
pointed out that segregation assists in implementing environmentally acceptable disposal and 
treatment techniques such as material recovery and composting. This lead to minimisation of 
pollution associated with solid waste and attainment of the CE. Application of LCA model in 
solid waste management paves route for Zimbabwe to focus on the apex of waste management 
hierarchy and converts solid waste to fuel, gas and electricity. This entails that by applying LCA 
model, Zimbabwe narrows the gap to reach SDGs goals 11 (Sustainable Cities and Communi-
ties) and 12 (Responsible Consumption and Production), Agenda 21, Chapter 21 and Zimbabwe 
Vision 2030 which support waste recycling, reuse, prevention and recovery. Therefore, through 
LCA model, Zimbabwe may achieve the aspects of EC and green economic growth. Figure 2 
denotes some of the opportunities pinning LCA model in solid waste management in Zimbabwe.

Fig. 2   An idealised framework showing why Zimbabwe should apply LCA model in solid waste manage-
ment.  Source: Authors



2249Circular Economy and Sustainability (2023) 3:2233–2253	

1 3

Author Contribution  Takunda Shabani (T. S): preparation and writing of original draft.
Steven Jerie (S.J): reviewing and analysis of the review paper.
Tapiwa Shabani (T.S): compiling of documents used and writing of the original draft.

Data Availability  The datasets generated during or analysed during the current study are available from the 
corresponding author on reasonable request.

Declarations 

And have complied as applicable with the statement on “Ethical responsibilities of Authors” as found in the 
Instructions for Authors and are aware that with minor exceptions. No changes can be made to authorship 
once the paper is submitted. 

Ethical Approval  Approval was granted by Midlands State University to carry out the research as well as to 
publish under its name. All sources were properly cited to avoid plagiarism.

Consent to Participate  All authors participated and agreed to participate up to final revision of the manu-
script.

Consent for Publication  All authors agreed to publish the review.

Conflict of Interest  The authors declare no competing interests.

References

	 1.	 Abidoye A, Adebis T, Aluko O, Ewegbemi M, Popoola B (2016). Knowledge, attitudes and percep-
tions of occupational hazards and safety practices in Nigerian healthcare workers. BMC Research

	 2.	 Ahamed A, Vallam P, Iyer NS, Veksha A, Bobacka J, Lisak G (2021) Life cycle assessment of plastic 
grocery bags and their alternatives in cities with confined waste management structure: a Singapore 
case study. J Clean Prod 278:123956

	 3.	 Aldhafeeri ZM, Alhazmi H (2022) Sustainability assessment of municipal solid waste in Riyadh, 
Saudi Arabia, in the framework of circular economy transition. Sustainability 14(9):5093

	 4.	 Arushanyan Y, Björklund A, Eriksson O, Finnveden G, LjunggrenSöderman M, Sundqvist JO, Stenmarck Å 
(2017) Environmental assessment of possible future waste management scenarios. Energies 10(2):247

	 5.	 Aryan V, Font-Brucart M, Maga D (2018) A comparative life cycle assessment of end-of-life treat-
ment pathways for photovoltaic back sheets. Prog Photovoltaics Res Appl 26(7):443–459

	 6.	 Aung TS, Luan S, Xu Q (2019) Application of multi-criteria-decision approach for the analysis of 
medical waste management systems in Myanmar. J Clean Prod 222:733–745

	 7.	 Aziz NIHA, Hanafiah MM, Gheewala SH (2019) A review on life cycle assessment of biogas produc-
tion: challenges and future perspectives in Malaysia. Biomass Bioenerg 122:361–374

	 8.	 Cays J (2020) An environmental life cycle approach to design: LCA for designers and the design mar-
ket. Springer Nature

	 9.	 Chanza N, Nhahuye A, Mundoga T, Moyo FF (2017) Emerging solid waste management issues in 
Beitbridge border town: evidence from a participatory research

	 10.	 Chapungu L, Zinhiva H, Marange NE (2015) Assessment of domestic solid waste management sys-
tems in rural district service centres: the case of Ngangu residential area in Chimanimani District, 
Zimbabwe. J Solid Waste Technol Manag 41(1):96–105

	 11.	 Charis G, Danha G, Muzenda E (2019) A review of timber waste utilization: Challenges and opportu-
nities in Zimbabwe. Procedia Manuf 35:419–429

	 12	 Chatira-Muchopa B, Tarisayi KS, Chidarikire M (2019) Solid waste management practices in Zimba-
bwe: a case study of one secondary school. J Transdiscipl Res Southern Africa 15(1):1–5

	 13.	 Chen J, Wang Z, Wu Y, Li L, Li B, Pan DA, Zuo T (2019) Environmental benefits of secondary cop-
per from primary copper based on life cycle assessment in China. Resour Conserv Recycl 146:35–44

	 14.	 Chihiya JM, Nhedzi E, Mapira J (2022) Challenges of solid waste segregation at Unki Platinum mine 
in Shurugwi, Zimbabwe. Eur J Social Sci Stud 7(6)

	 15.	 Chikowore N (2021) Factors influencing household waste management practices in Zimbabwe. J 
Mater Cycles Waste Manage 23(1):386–393



2250	 Circular Economy and Sustainability (2023) 3:2233–2253

1 3

	 16.	 Chirisa I, Nyamadzawo L, Bandauko E, Mutsindikwa N (2015) The 2008/2009 cholera outbreak in Harare, 
Zimbabwe: case of failure in urban environmental health and planning. Rev Environ Health 30(2):117–124

	 17.	 Christensen TH, Damgaard A, Levis J, Zhao Y, Björklund A, Arena U, Bisinella V (2020) Applica-
tion of LCA modelling in integrated waste management. Waste Manage 118:313–322

	 18.	 Ciambrone DF (2018) Environmental life cycle analysis. CRC Press
	 19.	 Coelho LMG, Lange LC (2018) Applying life cycle assessment to support environmentally sustain-

able waste management strategies in Brazil. Resour Conserv Recycl 128:438–450
	 20.	 Colangelo F, Petrillo A, Cioffi R, Borrelli C, Forcina A (2018) Life cycle assessment of recycled con-

cretes: a case study in southern Italy. Sci Total Environ 615:1506–1517
	 21.	 Cudjoe D, Acquah PM (2021) Environmental impact analysis of municipal solid waste incineration in 

African countries. Chemosphere 265:129186
	 22.	 Curran MA (2014) Strengths and limitations of life cycle assessment. In Background and future pros-

pects in life cycle assessment (189–206). Springer, Dordrecht
	 23.	 Damgaard A, Riber C, Fruergaard T, Hulgaard T, Christensen TH (2010) Life-cycle-assessment of the his-

torical development of air pollution control and energy recovery in waste incineration. Waste Manage 
30(7):1244–1250

	 24.	 Das S, Lee SH, Kumar P, Kim KH, Lee SS, Bhattacharya SS (2019) Solid waste management: scope 
and the challenge of sustainability. J Clean Prod 228:658–678

	 25.	 Dicks AP, Hent A (2015) An introduction to life cycle assessment. In Green Chemistry Metrics (pp. 
81–90). Springer, Cham

	 26.	 EPA (2020) Sustainable materials: non-hazardous materials and waste management hierarchy. www.​
epa.​gov Accessed 14 December 2022

	 27.	 Frankl P, Rubik F (2000) Application of LCA in general. In Life Cycle Assessment in Industry and 
Business (43–51). Springer, Berlin, Heidelberg

	 28.	 Gallego-Schmid A, Tarpani RRZ (2019) Life cycle assessment of wastewater treatment in developing 
countries: a review. Water Res 153:63–79

	 29.	 Ghinea C, Gavrilescu M (2019) Solid waste management for circular economy: challenges and oppor-
tunities in Romania–the case study of Iasi County. Towards Zero Waste: Circular Economy Boost, 
Waste to Resources, 25–60

	 30.	 Godfrey L, Ahmed MT, Gebremedhin KG, Katima JH, Oelofse S, Osibanjo O, Yonli AH (2019) Solid 
waste management in Africa: governance failure or development opportunity. Reg Dev Africa 235

	 31.	 Güereca LP, Gassó S, Baldasano JM, Jiménez-Guerrero P (2006) Life cycle assessment of two bio-
waste management systems for Barcelona, Spain. Resour Conserv Recycl 49(1):32–48

	 32.	 Gull AA, Nekhili M, Nagati H, Chtioui T (2018) Beyond gender diversity: how specific attributes of 
female directors affect earnings management. Br Account Rev 50(3):255–274

	 33.	 Hasan MK, Shahriar A, Jim KU (2019) Water pollution in Bangladesh and its impact on public 
health. Heliyon 5(8):e02145

	 34.	 Hobwana C, Ngaza N, Mapira J (2018) Challenges of waste management in Chiredzi, Zimbabwe. Eur 
J Social Sci Studies

	 35.	 Ifeoluwa OB (2019) Harmful effects and management of indiscriminate solid waste disposal on 
human and its environment in Nigeria: a review. Global J Res Rev 6(1):1–4

	 36.	 Inyinbor AA, Bello OS, Fadiji AE, Inyinbor HE (2018) Threats from antibiotics: a serious environ-
mental concern. J Environ Chem Eng 6(1):784–793

	 37.	 ISO (2006) ISO 14044, Environmental management-Life cycle assessment-Requirements and guidelines
	 38.	 Jerie S (2012) Occupational health and safety problems among workers in the wood processing indus-

tries in Mutare, Zimbabwe. J Emerg Trends Econ Manag Sci 3(3):278–285
	 39.	 Jerie S (2013) Quo vadis solid waste management legislation in the informal sector of Harare
	 40.	 Jerie S (2014) Analysis of enterprise profile and composition of solid waste generated in the informal 

sector of Gweru, Zimbabwe. J Waste Manag 2014
	 41.	 Jerie S (2016) Occupational risks associated with solid waste management in the informal sector of 

Gweru, Zimbabwe. J Environ Public Health 2016
	 42.	 Jerie S, Musasa T (2022). Solid waste management and the covid 19 pandemic lockdown in 

Zvishavane town, Zimbabwe. Ethiop J Environ Stud Manag 15(3)
	 43.	 Jerie S, Mndevere B (2018) Household solid waste management: how effective are the strategies used 

in Harare Zimbabwe. J Environ Waste Manag Recycl 2(1):1622
	 44.	 Jerie S, Tevera D (2014) Solid waste management practices in the informal sector of Gweru, Zimbabwe. J 

Waste Manag 2014
	 45.	 Jerie S, Zulu S (2017) Site suitability analysis for solid waste landfill site location using geographic information 

systems and remote sensing: a case study of Banket Town Board. Zimbabwe Rev Social Sci 2(4):19–31

http://www.epa.gov
http://www.epa.gov


2251Circular Economy and Sustainability (2023) 3:2233–2253	

1 3

	 46.	 Jin Y, Chen T, Chen X, Yu Z (2015) Life-cycle assessment of energy consumption and environmental 
impact of an integrated food waste-based biogas plant. Appl Energy 151:227–236

	 47.	 Kaab A, Sharifi M, Mobli H, Nabavi-Pelesaraei A, Chau KW (2019) Use of optimization techniques 
for energy use efficiency and environmental life cycle assessment modification in sugarcane produc-
tion. Energy 181:1298–1320

	 48.	 Karmperis AC, Aravossis K, Tatsiopoulos IP, Sotirchos A (2013) Decision support models for solid 
waste management: review and game-theoretic approaches. Waste Manage 33(5):1290–1301

	 49.	 Khandelwal H, Dhar H, Thalla AK, Kumar S (2019) Application of life cycle assessment in munici-
pal solid waste management: A worldwide critical review. J Clean Prod 209:630–654

	 50.	 Kharlamova MD, Mada SY, Grachev VA (2016) Landfills: problems, solutions and decision-making 
of waste disposal in Harare (Zimbabwe). Biosci, Biotechnol Res Asia 13(1):307

	 51.	 Khumalo N, Maviza A, Nunu WN (2021) Spatial dynamics of illegal dumpsites and prevalence of 
diarrhoeal diseases in Makokoba Township in Bulawayo. Zimbabwe Scientific African 13:e00939

	 52.	 Kim S, Eom S, Kim HJ, Lee JJ, Choi G, Choi S, Eun SH (2018) Association between maternal exposure 
to major phthalates, heavy metals, and persistent organic pollutants, and the neurodevelopmental perfor-
mances of their children at 1 to 2 years of age-CHECK cohort study. Sci Total Environ 624:377–384

	 53.	 Koo JK, Jeong SI (2015) Sustainability and shared smart and mutual–green growth (SSaM-GG) in 
Korean medical waste management. Waste Manage Res 33(5):410–418

	 54.	 Kumari K, Kumar S, Rajagopal V, Khare A, Kumar R (2019) Emission from open burning of munici-
pal solid waste in India. Environ Technol 40(17):2201–2214

	 55.	 Kwenda PR, Lagerwall G, Eker S, van Ruijven B (2022) Identifying the leverage points in the house-
hold solid waste management system for Harare, Zimbabwe, using network analysis techniques. Sus-
tainability 14(19):12405

	 56.	 Laurent A, Bakas I, Clavreul J, Bernstad A, Niero M, Gentil E, Christensen TH (2014) Review of LCA studies 
of solid waste management systems–Part I: lessons learned and perspectives. Waste Manage 34(3):573–588

	 57.	 Lesage P, Samson R (2016) The Quebec life cycle inventory database project. Int J Life Cycle Assess 
21(9):1282–1289

	 58.	 Mafume N, Zendera W, Mutetwa M (2016) Challenges of solid waste management in Zimbabwe: a 
case study of Sakubva high density suburb. J Environ Waste Manag 3:142–155

	 59.	 Magidi M (2022) The role of the informal economy in promoting urban sustainability: evidence from 
a small Zimbabwean town. Dev South Afr 39(2):209–223

	 60.	 Mahamba C (2015) Characterisation and management of non-formal solid waste management dis-
posal sites in Harare, Zimbabwe

	 61.	 Makamba DNJ (2022) Policy gaps on solid waste management: case of Chegutu Municipality Zimba-
bwe. Policy 5(03)

	 62.	 Makarichi L, Jutidamrongphan W, Techato KA (2018) The evolution of waste-to-energy incineration: 
a review. Renew Sustain Energy Rev 91:812–821

	 63.	 Makuleke P, Ngole-Jeme VM (2020) Soil heavy metal distribution with depth around a closed 
landfill and their uptake by Datura stramonium. Appl Environ Soil Sci 2020:1–14

	 64.	 Makwara EC, Snodia S (2013) Confronting the reckless gambling with people’s health and lives: 
urban solid waste management in Zimbabwe. Eur J Sustain Dev 2(1):67–67

	 65.	 Mandevere B (2015) An investigation into the effectiveness of household solid waste management 
strategies in Harare, Zimbabwe (Doctoral dissertation, University of South Africa)

	 66.	 Mandevere B, Jerie S (2018) Household solid waste management: how effective are the strategies 
used in Harare Zimbabwe. J Environ Waste Manag Recycl 2(1):1622

	 67.	 Maphosa V, Maphosa M (2020) E-waste management in Sub-Saharan Africa: a systematic litera-
ture review. Cogent Business Manag 7(1):1814503

	 68.	 Maqhuzu AB, Yoshikawa K, Takahashi F (2019) The effect of coal alternative fuel from municipal 
solid wastes employing hydrothermal carbonization on atmospheric pollutant emissions in Zimba-
bwe. Sci Total Environ 668:743–759

	 69.	 Mbunge E, Millham R, Sibiya MN, Takavarasha S (2021). Impact of COVID-19 on Malaria elimination: jux-
taposing indoor residual spraying and mobile phones in Buhera Rural District, Zimbabwe

	 70.	 Mendes P, Santos AC, Nunes LM, Teixeira MR (2013) Evaluating municipal solid waste manage-
ment performance in regions with strong seasonal variability. Ecol Ind 30:170–177

	 71.	 Menikpura SNM, Gheewala SH, Bonnet S, Chiemchaisri C (2013) Evaluation of the effect of 
recycling on sustainability of municipal solid waste management in Thailand. Waste Biomass Val-
orization 4(2):237–257

	 72.	 Muchandiona A (2013) Challenges and opportunities in solid waste management in Zimbabwe’s urban 
councils



2252	 Circular Economy and Sustainability (2023) 3:2233–2253

1 3

	 73.	 Muchena G, Dube B, Chikodzore R, Pasipamire J, Murugasampillay S, Mberikunashe J (2018) 
A review of progress towards sub-national malaria elimination in Matabeleland South Province, 
Zimbabwe (2011–2015): a qualitative study. Malar J 17(1):1–7

	 74.	 Munyai O, Nunu WN (2020) Health effects associated with proximity to waste collection points in 
Beitbridge Municipality, Zimbabwe. Waste Manage 105:501–510

	 75.	 Mutsvanga T, Mapira J, Ngaza N (2018) Gold ore waste management challenges at Renco mine, 
Zimbabwe. Eur J Social Sci Stud

	 76.	 Muzvondiwa R (2021) The role of community participation in solid waste management in Zimba-
bwe: the case of Nyanga township. The Dyke 15(1):116–130

	 77.	 Nabavi-Pelesaraei A, Mohammadkashi N, Naderloo L, Abbasi M, Chau KW (2022) Principal of 
environmental life cycle assessment for medical waste during COVID-19 outbreak to support sus-
tainable development goals. Sci Total Environ 827:154416

	 78.	 Nanda S, Berruti F (2021) Municipal solid waste management and landfilling technologies: a 
review. Environ Chem Lett 19(2):1433–1456

	 79.	 Ncube F, Ncube EJ, Voyi K (2017) A systematic critical review of epidemiological studies on 
public health concerns of municipal solid waste handling. Perspect in Public Health 137(2):102–
108. https://​doi.​org/​10.​1177/​17579​13916​639077

	 80.	 Nedziwe R, Murairwa S (2022) Efficient integrated solid waste management system for MC 
Municipality in Zimbabwe

	 81.	 Nemadire S, Mapurazi S, Nyamadzawo G (2017) Formalising informal solid waste recycling at 
the Pomona dumpsite in Harare, Zimbabwe. Nat Res Forum 41:176–178

	 82.	 Ngaza, N. (2018). Effects of the dumpsite on Runyararo West and Victoria Ranch residents Masv-
ingo City, Zimbabwe. Eur J Social Sci Stud

	 83.	 Nhubu T, Muzenda E (2019) Determination of the least impactful municipal solid waste manage-
ment option in Harare. Zimbabwe Processes 7(11):785

	 84.	 Nhubu T, Mbohwa C, Muzenda E, Patel B (2019) Impacts of waste management practices on water 
resources in Harare. In wastes: Solutions, treatments and opportunities III (531–536). CRC Press

	 85.	 Nhubu T, Mbohwa C, Muzenda E, Patel B (2019b) Impacts of waste management practices on water 
resources in Harare. In Wastes: Solutions, Treatments and Opportunities III (531–536). CRC Press

	 86.	 Nhubu T, Muzenda E, Mbohwa C (2022) Process contributions to life cycle impacts of municipal 
solid waste management options in Harare, Zimbabwe. Int J Environ Waste Manage 29(4):425–443

	 87.	 Nhubu T, Muzenda E, Mbohwa C, Agbenyeku EO (2020) Comparative assessment of compositing and anaer-
obic digestion of municipal biodegradable waste in Harare. Zimbabwe Environ Progress Sustain Energy 
39(4):e13376

	 88.	 Nhubu T, Muzenda E, Mbohwa C, Patel B, Mateescu C (2019c). Suitability of municipal solid 
waste transfer stations in Harare, Zimbabwe. In 2019 7th International Renewable and Sustainable 
Energy Conference (IRSEC) (1–5). IEEE

	 89.	 Njini N, Mapira J (2018) Challenges of waste management at Jena Mine, Kwekwe, Zimbabwe and 
their possible solutions. Eur J Social Sci Stud

	 90.	 Nyakudya P, Madyira DM, Madushele N (n.d) Seeking circularity: a review of zimbabwe waste man-
agement policies towards a circular economy

	 91.	 Nyamayedenga VK, Tsvere M (2020) Real time data capture: a response to unsustainable dumping of dispos-
able diapers and sanitary pads in Gweru City, Zimbabwe. East Afr J Educ Social Sci (EAJESS) 1(2):54–64

	 92.	 Nyatsanza T, Kudzai NS (2016) The usefulness of including women in household solid waste man-
agement A case study of Dzivaresekwa high density suburb Harare. Int J Social Sci 21(3):92–108

	 93.	 Nyemba WR, Hondo A, Mbohwa C, Madiye L (2018) Unlocking economic value and sustainable 
furniture manufacturing through recycling and reuse of sawdust. Procedia Manuf 21:510–517

	 94.	 Perugini F, Mastellone ML, Arena U (2005) A life cycle assessment of mechanical and feedstock 
recycling options for management of plastic packaging wastes. Environ Prog 24(2):137–154

	 95.	 Ramachandra TV, Bharath HA, Kulkarni G, Han SS (2018) Municipal solid waste: generation, com-
position and GHG emissions in Bangalore, India. Renew Sustain Energy Rev 82:1122–1136

	 96.	 Saber Z, Esmaeili M, Pirdashti H, Motevali A, Nabavi-Pelesaraei A (2020) Exergoenvironmental-Life cycle 
cost analysis for conventional, low external input and organic systems of rice paddy production. J Clean 
Prod 263:121529

	 97.	 Saheri S, Mir MA, Basri NEA, Mahmood NZ, Begum RA (2012) Life cycle assessment for solid 
waste disposal options in Malaysia. Pol J Environ Stud 21(5):1377–1382

	 98.	 Shumba T, Moyo M, Mhlanga S (2020). Feasibility and optimization of plastic waste energy recovery 
process as a plastic waste management tool in Zimbabwe. In Proceedings of the 2nd African interna-
tional conference on industrial engineering and operations management. Harare, Zimbabwe

https://doi.org/10.1177/1757913916639077


2253Circular Economy and Sustainability (2023) 3:2233–2253	

1 3

	 99.	 Sinthumule NI, Mkumbuzi SH (2019) Participation in community-based solid waste management in 
Nkulumane suburb, Bulawayo. Zimbabwe Resources 8(1):30

	100.	 Soheilifard F, Marzban A, Raini MG, Taki M, van Zelm R (2020) Chemical footprint of pesticides used in 
citrus orchards based on canopy deposition and off-target losses. Sci Total Environ 732:139118

	101.	 Sridhar A, Kapoor A, Kumar PS, Ponnuchamy M, Balasubramanian S, Prabhakar S (2021) Conver-
sion of food waste to energy: a focus on sustainability and life cycle assessment. Fuel 302:121069

	102.	 Tan RB, Khoo HH (2006) Impact assessment of waste management options in Singapore. J Air Waste 
Manag Assoc 56(3):244–254

	103.	 Tanyanyiwa VI (2015) Not in my backyard (NIMBY)?: The accumulation of solid waste in the ave-
nues area, Harare, Zimbabwe. Int J Innov Res Dev 4(2):122

	104.	 Teta C, Hikwa T (2017) Heavy metal contamination of ground water from an unlined landfill in Bula-
wayo. Zimbabwe J Health Pollut 7(15):18–27

	105.	 Thushari I, Vicheanteab J, Janjaroen D (2020) Material flow analysis and life cycle assessment of 
solid waste management in urban green areas. Thail Sustain Environ Res 30(1):1–17

	106.	 Thyberg KL, Tonjes DJ (2015) A management framework for municipal solid waste systems and its 
application to food waste prevention. Systems 3(3):133–151

	107.	 Tongesayi T, Kugara J, Tongesayi S (2018) Waste dumpsites and public health: a case for lead expo-
sure in Zimbabwe and potential global implications. Environ Geochem Health 40(1):375–381

	108.	 Tsang MP, Sonnemann GW, Bassani DM (2016) Life-cycle assessment of cradle-to-grave opportuni-
ties and environmental impacts of organic photovoltaic solar panels compared to conventional tech-
nologies. Sol Energy Mater Sol Cells 156:37–48

	109.	 Tsiko RG, Togarepi S (2012) A situational analysis of waste management in Harare. Zimbabwe J Am 
Sci 8(4):692–706

	110.	 Velis CA, Cook E (2021) Mismanagement of plastic waste through open burning with emphasis on 
the global south: a systematic review of risks to occupational and public health. Environ Sci Technol 
55(11):7186–7207

	111.	 Vergara SE, Tchobanoglous G (2012) Municipal solid waste and the environment: a global perspec-
tive. Annu Rev Environ Resour 37(1):277–309

	112.	 Winkler J, Bilitewski B (2007) Comparative evaluation of life cycle assessment models for solid 
waste management. Waste Manage 27(8):1021–1031

	113.	 Yadav P, Samadder SR (2014) Life cycle assessment of solid waste management options: a review. 
Recent Res Sci Technol 6(1)

	114.	 Yadav P, Samadder SR (2017) A global prospective of income distribution and its effect on life cycle 
assessment of municipal solid waste management: a review. Environ Sci Pollut Res 24(10):9123–9141

	115.	 Yadav P, Samadder SR (2018) A critical review of the life cycle assessment studies on solid waste 
management in Asian countries. J Clean Prod 185:492–515

	116.	 Yay ASE (2015) Application of life cycle assessment (LCA) for municipal solid waste management: a 
case study of Sakarya. J Clean Prod 94:284–293

	117.	 Zhang J, Qin Q, Li G, Tseng CH (2021) Sustainable municipal waste management strategies through 
life cycle assessment method: a review. J Environ Manage 287:112238

	118.	 Zhang Y, Luo W, Wang J, Wang Y, Xu Y, Xiao J (2019) A review of life cycle assessment of recycled 
aggregate concrete. Constr Build Mater 209:115–125

	119.	 Zhou Z, Tang Y, Chi Y, Ni M, Buekens A (2018) Waste-to-energy: a review of life cycle assessment 
and its extension methods. Waste Manag Res 36(1):3–16

	120.	 Zikali NM, Chingoto RM, Utete B, Kunedzimwe F (2022) Household solid waste handling practices 
and recycling value for integrated solid waste management in a developing city in Zimbabwe. Scien-
tific African 16:e01150

	121.	 ZIMSTAT (2022) Census 2022: Preliminary Report, Zimbabwe National Statistics Agency, Harare, 
Zimbabwe

	122.	 Zubair M, Adrees A (2019) Dioxins and furans emerging contaminants of air in Olvera. JD. R(Ed) Air 
pollution Monitoring, qualifications and Removal of Gases and Particles. Intech Open, London UK

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive rights to this article under 
a publishing agreement with the author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of such publishing agreement and 
applicable law.


	Applicability of the Life Cycle Assessment Model in Solid Waste Management in Zimbabwe
	Abstract
	Introduction
	Description of the Study Area
	Methodology
	Composition of Solid Waste Generated in Zimbabwe
	Solid Waste Management Approaches in Zimbabwe
	Environmental Health Problems Associated with Solid Waste Management Approaches
	Relevance of Life Cycle Assessment (LCA) Model to Management of Solid Waste in Zimbabwe
	Conclusion
	References


