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a b s t r a c t 

In this paper a novel holistic approach to assess the performance of waste management systems (WMSs) is 

presented. The so called WMS development stage concept (WMS-DSC) can be used by practitioners or decision 

makers to assess primarily the WMS at the municipal level. The WMS categorization into development stages 

notably enables a clear identification of symptoms, the causes of possible waste mismanagement and potential 

measures for improvement. The concept can be used to (i) assess the status quo of a WMS and, based on 

this, identify possible measures for implementation; (ii) check whether relevant system conditions to implement 

a specific measure are met; (iii) monitor the progress of a WMS; and (iv) compare the WMSs of different 

cities. The concept consists of five development stages: stage 1 – absence or lack of essential elements of 

waste management; stage 2 – reliable collection and improved landfill sites; stage 3 – separate collection and 

sorting; stage 4 – expansion of the recycling industry; and stage 5 – circular economy (CE), waste as a resource. 

While stage 1 describes the absence of or a very immature and malfunctioning WMS, stage 5 stands for a fully 

implemented CE. By equating the highest stage to the objectives that have evolved today globally for a sustainable 

CE, this concept can be used to identify targets and the most suitable steps for an individual WMS towards a 

future best practice of CE. 

• A holistic approach to assess waste management systems’ performance is presented. 
• A benchmarking tool to estimate the circular economy (CE) evolvement in cities. 
• Usable for cities both in the Global North and South to identify CE potentials. 
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Specifications Table 

Subject Area: Environmental Science 

More specific subject area: Waste Management Systems 

Method name: Waste management system development stage concept (WMS-DSC) 

Name and reference of original method: Not applicable 

Resource availability: Not applicable 

Introduction 

The assessment of waste management systems (WMSs) is a fundamental step to develop and

improve waste management (WM). From a global perspective, the status of WMSs spans an extremely

wide area. In many low-income countries, even the most fundamental components of WMS, ensuring 

health and environmental safety of the population, are partly lacking. In contrast, in high-income

countries, WMSs are far developed regarding technology as well as organizational and logistical 

management and ensure a safe and environmentally sound treatment of waste [17] . Still, also here,

WMSs are considered insufficient in view of their contribution to sustainable development, notably 

the mitigation of climate change and reduction of the demand for primary raw materials. To tackle

this challenge, in recent years, the concept of a circular economy (CE) has evolved, notably in the

European Union (EU), where it has been adopted as a guiding principle of policy [14] . A CE is

“[…] an economic system that is based on business models which replace the ‘end-of-life’ concept

with reducing, alternatively reusing, recycling and recovering materials in production/distribution 

and consumption processes, thus operating at the micro level (products, companies, consumers), 

meso level (eco-industrial parks) and macro level (city, region, nation and beyond), with the aim

to accomplish sustainable development, which implies creating environmental quality, economic 

prosperity and social equity, to the benefit of current and future generations.” [18] . The idea of CE

is meant to reduce waste to a minimum and keep materials and products as long as possible in the

economic cycle [19] . Therefore, the vision of CE comprehends the promotion of prevention, reuse and

recycling of waste and concurrently the reduction of waste that is being incinerated or landfilled. 

Kirchherr et al. [ 18 , p. 229] stated that “[…] CE must be understood as a fundamental systemic

change instead of a bit of twisting of the status quo to ensure its impact.” Consequently, this means

that to reach a CE status, it is necessary to assess the whole WMS, including all related components.

Thus, the assessment of WMSs can be seen as an essential tool to monitor and foster the global effort s

towards a CE. In order to achieve this, an assessment methodology has to cover all relevant system

components of a WMS (e.g., governance, waste market, collection, recycling and recovery, disposal, 

prevention and reuse), identifying the determining characteristics of any state and relating these to 

the identification and successful measures for improvement. 

In a review by Campitelli and Schebek [7] , 366 peer-reviewed articles assessing WMS in cities

and published before May 2019 were analyzed concerning the used assessment methods and the 

analyzed WMS components. The review shows that mostly, life cycle approaches were used solely 

(n. 92) or in combination with other methods (n. 54) to analyze WMSs. Fifty-three (53) studies

used benchmarking tools and performance indicators for WMS analysis, whereof 21 used them in 

combination with other methods. Out of the 366 case studies, four studies examined all relevant WMS

components simultaneously using surveys [1] , a combination of methods such as scenario analysis

and performance indicators [15] , life cycle approaches in combination with economic models [2] and

benchmarking tools combined with surveys [34] . 

Moreover, to assess the WMS as well as the CE performance of a city, a large amount of data

and information are needed. Methods such as life cycle or other sustainability assessment approaches
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Table 1 

Overview of the general structure of the WMS-DSC matrix (empty form) 

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 

Governance 

Sector and market 

Collection and transport 

Waste disposal 

Energy recovery 

Waste recycling 

Prevention and reuse 
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eed a great amount of data, which is often lacking in countries of the Global South. Consequently,

enchmarking is a suitable method for such cases because, depending on its design, it can work with

oth qualitative and quantitative information [7] , even if data is lacking. 

A well-known benchmarking tool for WMS analysis is the “Wasteaware” benchmark tool developed

y Wilson et al. [33] , which allows the examination of various system components of a WMS (e.g.

ollection, recycling, disposal, governance). Mendes et al. [21] adapted the management tool Balance

corecard from [16] to analyze public and private waste organizations in Portugal. Recently, new

enchmarking methods have been published, which assess WMSs by defining WM development

anges as sort of maturity levels [13] or development bands [31] . Both methods see the achievement

f a CE as the final achievable level of WM development. While Fatimah et al.’s [13] approach

ocuses more on the analysis of an industry 4.0 based smart CE, the framework of Whiteman et al.

31] was developed to be mainly applied in low- and middle-income countries to promote the WMS

evelopment towards a CE. UN-Habitat [29] also developed the Waste Wise Cities Tool, which consists

f guidelines on how cities should collect waste related data with the aim of reducing the data

ap. Furthermore, it also includes control levels, “ladders”, for different WMS components (collection,

isposal, recycling and recovery). This is a diagnostic tool for WMS performance assessment in cities

ll over the world, but it is mainly meant to support cities from the Global South, where lack of data

s a crucial problem that hinders WMS development. 

All benchmarking methods stated above can be used for rapid assessment of the WMS

erformance or for specific parts of a WMS, but they are limited in terms of an in-depth and holistic

nalysis of the whole WMS performance. Therefore, holistic approaches to WMS assessment are still

are or are usually presented in a simplified way, such that the level of detail and completeness is

educed [7] . Often, WMS components regarding the waste sector and market, prevention and reuse

re missing or underrepresented in the assessment as well as issues regarding governance. 

This paper presents a novel holistic approach based on the general idea of development stages for

he assessment of WMS performance. The approach presented here enables an in-depth analysis of

he WMS performance for cities and goes further in comparison with the approaches of Fatimah et al.

13] , Whiteman et al. [31] and UN-Habitat [29] . 

The structuring based on development stages has already been applied in other application areas,

.g. by the European Commission for capacity building [10] . In the context of WM, the German

inistry of Environment defined five technological development stages, starting from the extensive

ncontrolled dumping and ending with the status of CE [4] . Striegel [27] described ten fields of action

ubdivided into five development stages to support low and middle income countries in establishing

MSs [27] . Based on these publications, the general idea of the WMS-DSC was initiated in 2017. 

In contrast to the other benchmarking methods, our approach goes further and comprises the

ollowing novel and unique features: 

WMS is characterized clearly by components and systems boundaries. 

Every development stage is worked out as a detailed hypothetical scenario for all relevant WMS

components (see Table 1 ), including different dimensions such as governance, economic, social,

organizational, environmental and technical aspects [7] . 

The performance assessment is expanded by the distance-to-target (DTT) concept, which is a widely

used method in life cycle assessment to assess the actual state of a specific issue and relate it to
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the desired state (target). The distance to the target is normally expressed by a specific value [9] .

However, the integration of DTT in WMS assessment concept is still missing. By integrating the DTT

concept, it is possible to estimate the quantitative or qualitative distances to a higher development

stage, which in this paper are expressed by pre-defined stages. 

Based on the analysis results, measures to improve the WMS can directly be identified by the user

of the WMS-DSC, considering the higher stages. 

Interactions between the different WMS (sub)components are visible: firstly, this enables a better 

understanding of the complex system of WM; secondly, it helps to identify possible causes of waste

mismanagement. 

Method details 

The approach presented here is called WMS development stage concept (WMS-DSC), and a 

categorization scheme for characterizing the development stages of WMSs is introduced. It can be 

used by practitioners or decision makers, who are familiar with the WMS under study, (i) to assess

the actual WMS and (ii) to analyze whether the system conditions are met for the introduction of

specific (e.g. technological) measures. Besides the analysis of the status quo, it can also be used (iii)

to monitor the progress of a WMS and (iv) as a benchmarking tool to compare WMSs, for example

of different municipalities. Regardless of the motivation for using the tool, recommendations for 

action or improvement measures can be derived based on the assessment results and the scenario

descriptions. The WMS-DSC is primarily designed to assess the WMSs of cities and municipalities,

but the structure of the concept enables also an assessment of WMSs on a regional or national scale.

However, by doing this, it must be noted that the holistic character is clearly reduced as some criteria

only apply to the municipal level. 

The WMS-DSC can generally be used for all WMSs (urban and rural) and is adaptable to countries

of the Global South and Global North. The concept is primarily focused on municipal solid waste. 

WMS-DSC approach 

The WMS-DSC approach consists of a matrix, in a similar style as the capacity scanning matrix

of the European Commission [10] . The WMS-DSC matrix is based on a checklist (see S1 “WMS-DSC

simplified Excel tool for assessment” and S2 “Detailed WMS-DSC matrix description”) that frames five 

development stages for seven WMS components. The general structure of the matrix is shown in

Table 1 , and the detailed descriptions in Table 2 . 

The five stages are based on the defined development stages of BMUB [4] : 

1 st Stage: “Absence or lack of essential elements of waste management”

2 nd Stage: “Reliable collection and improved landfill sites”

3 rd Stage: “Separate collection and sorting”

4 th Stage: “Expansion of the recycling industry”

5 th Stage: “Circular economy – waste as a resource”

While stage 1 describes a very immature and poorly functioning WMS, stage 5 is equivalent to a

successful CE. The increase of the development stage always implies an improvement in comparison 

to the lower stage. Every development stage represents a hypothetical scenario. The stage descriptions 

have their origins in BMUB [4] and Striegel [27] , but they have been further modified and described

in detail, taking into account additional system components and different literature. 

For this purpose, various research articles on WM and CE have been reviewed and included, which

are cited in the detailed WMS-DSC (S2). For stage 1, literature mainly dealing with WM problems and

challenges, especially in low and middle income countries, was used for the description. The stage

descriptions from stage 2 onwards are principally oriented towards the EU’s WM evolution regarding 

directives and guidelines as well as objectives and other WM activities (technological, environmental, 

etc.). Therefore, the European WM and CE activities and their waste related legislation are used as a

benchmark, which was also done in other studies [3 , 5 , 26] . Moreover, stages 2 and 3 rely mostly on
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Table 2 

Description of the WMS components adapted according to Campitelli and Schebek [7] . 

WMS components Description 

Governance 

“G”

All measures that are needed to manage, control and regulate WM at the municipal, regional 

or national level. For example laws, regulations, policy and financial instruments, waste plans, 

programs, concepts, authorities, and other supervisory bodies, institutions, or WM services. 

This component is divided into 16 subcomponents assigned to four groups: 
• Legislation and other policies (G.1 – G.6): 

Duties and targets; laws, regulations and agreements; nomenclature; national WM; regional 

WM; and municipal WM 

• Administration and monitoring (G.7 – G.11): 

Control mechanisms; authorization and public participation; quality standards and threshold 

value; data collection; reporting and evaluation 
• Education and research (G.12 – G.14): 

Education; research; awareness building 
• Occupational safety, health and environmental protection (G.15 – G.16): Occupational 

health and safety measures; environmental protection measures 

Sector and market 

“SM”

All market activities and aspects concerning WM (including recycling markets, import and 

export of waste, employment); the structuring of the WM sector (including public and private 

company structures); the integration of the informal sector; financial funding of WM activities 

and waste projects; trading and broking of waste products or secondary raw materials and 

fuels. This component is divided into seven subcomponents: 
• Sector and Market (SM.1 – SM.7): 

Sector development; jobs; informal sector; WMS structure and organization; financial 

funding; enterprises; recycling market 

Collection and 

transport 

“CT”

Measures such as the collection of waste systems (e.g. door-to-door), separation at source of 

different waste types (MSW; hazardous waste, etc.), and their transportation and storage (e.g. 

transfer stations) are included here. Also, aspects concerning service providers and collection 

efficiencies and collection rates are included. This component is divided into eight 

subcomponents: 
• Collection and transport (CT.1 – CT.8): 

Waste collection; service provider; collection rates; separate collection; collection of 

recyclables; waste transport; transfer stations; collection of hazardous wastes 

Waste disposal 

“WD”

All measures and aspects regarding the disposal of waste (open dumping, open burning, 

landfilling, and other means of disposal), the different qualities of landfilling, and leachate and 

landfill gas management are included. This component is divided into five subcomponents: 
• Waste disposal (WD.1 – WD.5): 

Waste disposal; operational measures; leachate water management; landfill gas 

management; other means of disposal 

Energy recovery 

“ER”

Aspects and measures of plants that use waste as a fuel (like the controlled incineration of 

waste to produce thermal or electrical energy), co-incineration and the conversion of RDFs 

into energy as a substitute for fossil fuels are described here. This component is divided into 

three subcomponents: 
• Energy recovery (ER.1 – ER.3): 

Thermal disposal and energy recovery; incineration plants; energy and raw material 

recovery 

Waste recycling 

“WR”

Measures to recycle different wastes, such as composting, fermentation, sorting and other 

recycling plants (especially material recycling), are described here as well as recycling rates, 

diversion rates (DR) and the circular material use rate (CMUR). This component is divided into 

eight subcomponents: 
• Waste recycling (WR.1 – WR.8): 

Waste recycling; composting, fermentation, sorting and recycling plants; RDFs; recycling of 

construction and demolition waste; recycling rates; DR and CMUR 

Prevention and reuse 

“PR”

Measures to prevent waste and promote reuse activities as well as innovative business models, 

such as sharing and repairing and effort s of companies regarding the optimization of processes 

and products (product design), are included here. It also comprises indicators such as waste 

generation and Zero-Waste-Index (ZWI). This component is divided into six subcomponents: 
• Prevention and reuse (PR.1 – PR.6): 

Prevention; circular business and usage models; product design; process optimization and 

operational disposal strategies; waste generation; ZWI 
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Table 3 

List of WMS (sub)components, including their level of application. 

Level of application 

National Regional Municipal Company WMS components WMS subcomponents 

Governance G.1 Duties and targets x 

G.2 Laws, regulations and agreements x 

G.3 Nomenclature x 

G.4 National level WM x 

G.5 Regional level WM x 

G.6 Municipal level WM x 

G.7 Stakeholder cooperation x x x 

G.8 Control mechanisms x x x 

G.9 Authorization and public participation x x x 

G.10 Quality standards and threshold values x 

G.11 Data collection, reporting and evaluation x x x 

G.12 Education x x x 

G.13 Research x x 

G.14 Awareness building x x x 

G.15 Occupational health and safety x x x 

G.16 Environmental protection x x x x 

Sector and market SM.1 Sector development x x x x 

SM.2 Jobs x x x x 

SM.3 Informal sector x x x 

SM.4 WM system structure and organization x x x x 

SM.5 Financial funding x x x 

SM.6 Enterprises x 

SM.7 Recycling market x x x 

Collection and 

transport 

CT.1 Waste collection x 

CT.2 Service provider x 

CT.3 Collection rates x 

CT.4 Separate collection x 

CT.5 Collection of recyclables x 

CT.6 Waste transport x 

CT.7 Transfer stations x 

CT.8 Collection of hazardous wastes x 

Waste disposal WD.1 Waste disposal x x x 

WD.2 Operational measures x x 

WD.3 Leachate water management x x 

WD.4 Landfill gas management x x 

WD.5 Other means of disposal x x x 

Energy recovery ER.1 Thermal disposal and energy recovery x x 

ER.2 Incineration plants x x 

ER.3 Energy and raw material recovery x x 

Waste recycling WR.1 Waste recycling x x 

WR.2 Composting x x 

WR.3 Fermentation x x 

WR.4 Sorting and recycling plants x x 

WR.5 Refuse derived fuel x x 

WR.6 Recycling of construction and demolition 

waste 

x x 

WR.7 Recycling rates x x x 

WR.8 Diversion rate and Circular material use 

rate 

x 

Prevention and 

reuse 

PR.1 Prevention x x x 

PR.2 Circular business and usage models x 

PR.3 Product design x 

PR.4 Process optimization and operational 

disposal strategies 

x 

PR.5 Waste generation x x x 

PR.6 Zero-waste index x x x 
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uidebooks on WM for the implementation of waste treatment plants, e.g. from the World Bank, and

n findings and experiences from relevant scientific studies. In stage 4, publications illustrating the

uccessful implementation of novel measures and the state of the art are used as basis. In addition,

tudies and documents with targets and recommendations for action to increase the CE potential, such

s the CE Action Plan of the EU [11] , were incorporated. For stage 5, which represents a functioning

E (best-case scenario), literature with current CE research topics and with CE visions was taken into

ccount [6 , 11 , 13 , 14 , 22 , 31] . Despite the fact that the stages derived from the historical evolvement of

he German and European WM and stage 5 contains visions and ideals of a CE, which are also being

iscussed in the EU, they also contain other visions of a CE society, which are not directly related to

ermany or the EU. Consequently, it does not mean that one or more German or European cities were

sed to describe stage 5. Stage 5 is a fictional best-case scenario, which describes a well-functioning

E. This scenario does not exist in any city yet. It is advantageous to use this concept in any case if

he city under study wants to follow the CE definition of the EU or if the CE potentials have to be

dentified. 

All stages have assigned WM driver(s) [32] and main target(s), enabling a clear mapping of the

ndividual stages. The detailed descriptions of all stages are presented as follows: 

1 st Stage: “Absence or lack of essential elements of waste management”

The main driver and target for this stage is the removal of any kind of waste. The waste is not

orted at source and discarded on uncontrolled dumping sites or openly burned. The legal situation is

ery weak and there are almost no control mechanisms. Lack of responsibilities and unclear structures

ead to unregulated, unreliable, ineffective, and expensive waste collection and disposal activities.

here is a huge lack of waste-related data or statistics. The informal sector is an essential part of

he WM as it operates in waste collection and sorting of recyclables. Occupational safety, health

rotection, and climate and environmental protection measures are almost non-existent. 

Driver: Removal of waste 

Main target: Collection and removal of waste from housing areas 

2 nd Stage: “Reliable collection and improved landfill sites”

In this stage, the protection of humans from the health hazards associated with improper disposal

f wastes is becoming more important. The main target of this stage is to stop uncontrolled dumping

nd open burning and to move towards a controlled disposal of waste. Also, the legal situation

s getting more stringent and specific; responsibilities are defined, and control bodies have been

mplemented. Waste related data collection is introduced to evaluate the actual WM at the municipal,

egional, or even national scale. Waste concepts, plans, or programs are becoming more important to

ake existing WM more transparent and create disposal security. Waste collection has been further

xpanded, but has not been widely established (especially in rural areas). The financing of WM is

etting more stable. Simple recycling plants (e.g. composting plants) are implemented. WM offers

reat employment potential, but there is a lack of qualified personnel. Health security in the waste

ector, urban hygiene, and conditions in the informal sector have been improved. Recycling markets

re expanding. 

New driver: Protection of human health 

Main targets: Stop of uncontrolled dumping and open burning 

3 rd Stage: “Separate collection and sorting”

This stage is predominantly characterized by the driver “environmental and climate protection”.

he reduction of emissions from landfills and its volume are the main targets of this stage. Waste

egregation at source, higher collection rates, and the increased use of sorting facilities are the basis

f high-quality sorting. Waste collection services are becoming more efficient. Additionally, due to

tricter regulations concerning the disposal of waste in sanitary landfills, energy recovery, anaerobic

igestion and the use of waste as refuse-derived fuels (RDF) are considered relevant alternatives of

aste treatment. Sales markets emerge for the use of RDF and other recycling products. Regulations

n the monitoring of emissions released from waste treatment plants have been implemented
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to reduce emissions from WM. The informal sector has been completely formalized through the 

formation of responsible umbrella organizations or interest groups or by their integration into 

private sector enterprises. Extended producer responsibility is introduced to make distributors and 

manufacturers more accountable for their products after becoming waste. This may lead to a possible

formation of dual systems or other take-back concepts as well as efforts in ecological product design.

Also, more jobs are being created in the WM sector regarding the construction and operation of

treatment plants. An intensified use of automation can lead to higher occupational health and safety

in the waste sector. Initiatives and programs to strengthen the environmental awareness regarding 

waste are conducted. 

New driver: Environmental and climate protection 

Main targets: Reduction of landfill volume and its emissions 

4 th Stage: “Expansion of the recycling industry”

First, efforts are made to close material loops not only on a national scale but also on a company

scale (including industrial symbiosis). Therefore, material recycling of waste becomes a matter of 

growing relevance. The main driver of this stage is the effective use of waste as a valuable resource.

The primary target is to expand the use of waste as a resource to produce secondary raw materials.

The sector is expanding and its importance in the context of resource policy is rising. WM planning

is integrated into resource and energy efficiency concepts. 

Modern and high-end technologies are used to produce mono fractions with a high quality or to

treat wastes properly, in an environmentally friendly and resource-efficient manner. Recovery of fuels 

from waste through waste-to-energy plants (incineration, fermentation plants, etc.) are alternatives to 

material recycling. Landfilling of inert and pre-treated waste is still practiced, but landfilling rates of

municipal solid waste (MSW) are decreasing. Waste prevention is getting more and more important. 

WM services are more often delegated to private providers or to WM associations as well as

public-private partnerships. Competition in the waste sector is growing. Qualified personnel, especially 

in the development, planning, construction, and operation of advanced technologies, are strongly 

requested. 

New driver: Resource value of waste 

Main target: Increased use of waste as a resource 

5 th Stage: “Circular economy – waste as a resource”

Conserving natural resources is the essential driver of this stage. This stage describes visions of

the future, considering a successful implementation of a CE. The concept of the CE (including circular

bioeconomy) is intended as a fundamental concept of resource management and is put into practice.

Objectives such as waste prevention, substitution of fossil resources with bio-based alternatives, and 

enhancing resource efficiency are pursued to a significant extent. The recirculation of waste materials 

into the material cycle can be verified by very high recycling rates. The transparent data situation

in the field of production and WM in combination with a more extensive use of digitization enables

a more efficient and resource-saving economy. The reuse of products and the prevention of waste

result in an ongoing trend towards more innovative business models, such as leasing, sharing, and

low-packaging trade, which gain a high social standing and are actively used by large proportions of

the society and enterprises. The quality of recyclates and their quantitative availability are publicly 

monitored and reported, so that secondary materials are systematically and extensively used in 

industry to minimize supply risks and to remain competitive. The practical application of CE makes

a significant contribution to a resource-efficient and low-carbon economy, which can be clearly 

monitored by the respective sustainability indicators. 

New driver: Conserve natural resources 

Main target: Avoid waste and increase resource efficiency 

By categorizing a WMS into development stages, it is possible to identify symptoms and causes

of waste mismanagement and potential measures for improvement. Furthermore, it enables decision 

makers to identify how the WMS, for example in a city, is structured and how the performance

of the WMS is evolving. Therefore, this framework can be used by local actors for self-assessment
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o detect essential WMS activity fields. This can also happen in cooperation with development

artners (e.g. sponsors as the World Bank) to identify the next WMS improvement steps. However,

he final introduction of future measures for this sector requires experts in the field of WM, who

re responsible for designing the measure(s) implementation as well as verifying the financial

ffordability of the future implementation. 

Due to a missing universally accepted definition for WMSs, a harmonized definition has been

erived to include all relevant aspects in the WMS-DSC. A system generally consists of boundaries,

omponents, and existing interdependencies between the various components. Moreover, it comprises

ll technical, organizational, and other resources required for the independent performance of a group

f tasks or a function [30] . Furthermore, the WMS meets the requirements to be classified as an

nfrastructure system as well. It is a public good as well as a basic condition for economic activities

ithin a country or across national borders to take place [23] . It is a long-living and capital-intensive

ystem and is highly regulated with a networked nature due to the existing interdependencies and

omplementarities within the system itself and with other infrastructure systems, for example water,

raffic, and energy [20] . It is not a classic network infrastructure, such as traffic, water and energy

nfrastructures, but WM has networking characteristics (e.g. collection routes, waste treatment spots)

8] . The numerous linkages between the components inside and outside the WMS makes it a very

omplex system [25] . 

By combining the above mentioned-issues with the definitions of WM from the amended European

aste Framework Directive 2008/98/EC (Directive (EU) 2018/851) [12] and the United Nations

nvironment Glossary [ 28 ], the definition of the term WMS is as follows: 

A waste management system (WMS) is a system-relevant infrastructure system that has the function

f collecting, treating (including sorting) and disposing all types of generated waste. Activities that

romote waste prevention and reuse or concern trading and broking of waste or secondary raw materials

re also part of the system as well as components regarding all governance (e.g. public authorities,

aws, regulations), technical (e.g. treatment technologies), and organizational (e.g. infrastructure, collecting

ervices) aspects and other resources (e.g. qualified labor, financial resources, natural resources) required

or this function. 

According to this definition, we here specify a) WMS components and b) system boundaries. 

a) WMS components 

The considered WMS components in the WMS-DSC are based on the WMS components’ definitions

n the systematic literature review of Campitelli and Schebek [7] in which seven relevant WMS

omponents were identified. Considering the above WMS definition, the components’ definitions have

een further adapted ( Table 2 ). 

b) System boundaries 

In general, when assessing systems, it is of particular relevance to define the system boundaries in

hich the system to be assessed is located. Depending on the chosen assessment objective, the system

oundary can vary. The modular design of the WMS-DSC makes it possible to examine a specific WMS

omponent (e.g., governance only) or political scale (e.g., national level only), but it has to be taken

nto account that this limits also the holistic nature of the concept. 

In the detailed WMS-DSC (S2) , the subcomponents and their criteria follow a clear structure, which

s presented in Fig. 1 . The structure is illustrated by the example of the subcomponent G.8 ( Fig. 1 A)

nd its criterion G.8.2.1 ( Fig. 1 B). 

Beside the WMS component number and the name, the level of application and, if applicable,

he impact on the United Nations Sustainable Development Goals (SDG’s) are mentioned for every

ubcomponent ( Fig. 1 A). In the WMS-DSC, four levels of application have been identified: national

nat.), regional (reg.), municipal (mun.), and company (comp.). These four levels will support the

ser in assessing a single criterion. They should make it easier for the user to find the respective

nformation to assess the criterion. For example, there are subcomponents that can be found only

t the national level, such as national legislation; similarly, waste collection is mostly applied at the

unicipal level. Moreover, there are some criteria that can be present at multiple political levels in

arallel, such as stakeholder cooperation and environmental protection measures (see Table 3 ). 

In addition to the level of application, the level of influence must also be mentioned here, which

iffers from the level of application. The level of influence means that a criterion whose level of
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Fig. 1. Description of (A) the structure of the subcomponents and (B) the coding of the criteria. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

application is national is also directly influencing the underlying political levels. For example, the data

or information to assess G.2. Laws, regulations and agreements can be found at the national scale, but

it directly impacts regional and municipal waste policies and legislative frameworks. 

All criteria mentioned in Table 3 have an influence on municipal WMS assessment. Consequently, 

this means that if municipal WMSs are assessed, all subcomponents notwithstanding their level 

of application have to be considered. For regional WMS assessment, it is necessary to consider

subcomponents from the national and regional levels (columns 1 and 2 in Table 3 ), because of the

hierarchical dependency. The situation is different if the national WMS is assessed. Accordingly, only 

subcomponents that can be applied at the national level (column 1 in Table 3 ) should be considered.

When the company level is the focus of assessment, it should be noted that it can only be applied to

a limited extent, because of the small number of existing criteria (column 4 in Table 3 ). However, the

concept may be of interest to companies if WM issues are relevant to the site selection of a company

or in order to examine the different sites of multinational companies with regard to the existing WM

situation in areas where their facilities are located. In this case, the municipal, regional as well as

national conditions are also relevant. 

WMS-DSC use instructions 

Principally, the descriptions of the components in the different stages correspond to a checklist. 

This checklist can be practically used by WM experts or other persons who have an in-depth

understanding of the current WMS in the investigated city, for example by administrative or local

employees or even citizens’ initiatives. The WMS-DSC consists of an Excel checklist for quick 

assessment (S1) and a more detailed description (S2) of the assessment criteria in the checklist. 

The framework should be applied following six steps: 

Step 1: Definition of objective 

In step 1, the objective(s) of the investigation is/are defined: 

i) Assessment of the actual WMS state and identification of suitable measures to introduce, based

on the actual WMS conditions 

ii) Assessment of existing preconditions to implement specific measures (target state) 

iii) Monitoring of progress (Condition: Assessment has been done before, e.g. 5 years ago) 

iv) Comparison of different WMSs 

Independent of the chosen objective, improvement measures can be derived based on the 

assessment results. 

Step 2: Definition of the system boundary 

Step 2 defines the system boundary of the assessment. Firstly, the WMS under study has to be

selected. As mentioned before, the WMS-DSC is designed to assess the WMS at the municipal level

(e.g. city or municipality), but also regional and national WMSs can be assessed as well as WMS in
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he context of companies. If objective (iv) (see step 1) is chosen, then more WMSs case studies have

o be selected. 

Depending on the selected objective(s) (step 1), it may be necessary to assess all WMS components

e.g. objective i) or only specific components (e.g. objective ii). Therefore, if objective (i) is selected,

hen it is recommended that all seven WMS components be assessed. If objective (ii) is chosen, then

he implementation measure must be defined at this point. Furthermore, the needed preconditions

ave to be marked in the WMS-DSC to define the “target state”. For example, if the conditions for the

mplementation of a composting plant is to be examined, it may not be necessary to assess the WMS

omponents ER.1 to ER. 3 regarding energy recovery. 

Step 3: Assessment of the case study 

When assessing a WMS for the first time, it makes sense to assess stage 1 vertically, i.e. all seven

omponents from top to bottom. After stage 1 has been fully assessed, from stage 2 onwards, it is

ecommended to assess the components horizontally, i.e. from left to right. 

In the Excel checklist (S1) , the user can choose in the dropdown list if the single criterion is

 = met, pm = partially met, nm = not met, or na = not available. “Not available” has to be chosen

f the geographical circumstances do not enable it (e.g. WD.5.1, waste burning or dumping on high

eas and coastal waters, would be obsolete if the city or the nation is not near a high sea or coast),

f energy recovery (incineration) is not desired by the city/nation and will not be promoted, or if no

ata is available (e.g. missing recycling rates). If certain data (e.g. recycling rates, indices) are only

vailable at the national level and not at the municipal level, the national data can be used, but this

ust be indicated somewhere in the assessment to increase transparency and traceability. 

The criteria are as far as possible formulated in a positive way. Conversely, in the best case, all

riteria in stage 1 are ticked as “not met,” and from stage 2 onwards, they are ticked as “met”. In

eneral, if a stage 2 criterion is ticked, then, where applicable, the corresponding counterpart in stage

 should be ticked as “not met”. 

Some subcomponents’ criteria are underlined. The underlined criteria represent important

ilestones that are essential to building a WMS or even a CE. At the end of the assessment, these

ilestones help to identify essential recommendations for action. 

Moreover, some criteria need conditions that are not included in the same subcomponent. If this

s the case, the required criteria have been added in brackets; see the following example: “SM.4.3.2:

ompanies specialized in waste recycling/disposal need a specific certification (G.8.3.4) to work in

M”. The required certification is defined in the WMS component G.8.3.3 (“Introduction of regulated

nd recognized certification of specialized WM companies”). This means that if the system boundary

s set in a way to include only specific WMS components, it is necessary for this case to include the

nteractions (dependencies), which are part of an excluded WMS component. 

Step 4: Stage determination of subcomponents 

An exact determination of the stage for a subcomponent is possible, when all characteristics of the

tage are ticked. Therefore, for a subcomponent to be fully in stage 3, all criteria of stage 3 have to

e met; otherwise, it is only partly in stage 3. The results of the analysis can be directly visualized

n S1 in the Excel map “results overview”. In order to provide a consistent visualization of the results

able (see Fig. 2 ), users are advised to do the following: 

If the criteria of a stage-related subcomponent.... 

...are completely “met,” then the fields are marked dark blue. 

...are completely “not met,” then the fields are white. 

...all other combinations are interpreted as “partly met” and are, therefore, marked with light blue.

If a subcomponent’s criteria are met at different stages, then an exact determination is not possible.

n this case, the range has to be mentioned (e.g. “CT.3 is between stage 1 and stage 4”). If a WMS

omponent extends over several stages, this shows that the development of the WMS component is

ngoing. Therefore, only the criteria that are “met” are considered to define the stages and, finally, the

ange. 
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Fig. 2. Example of the graphical presentation of the analysis results for the “Collection and Transport” subcomponent. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

However, this assessment can also be useful in identifying the additional criteria that are necessary

to move to the next stage. Considering the DTT principle, in this case, the distance is determined by

the stages, and the main target is to achieve stage 5, which is the best-case scenario. If objective (ii)

is investigated, then the target is equal to the implementation measure (see step 2). 

Subcomponents are not always described consistently in all stages. In some cases, certain criteria 

are only present at stage 2 or higher (e.g. G.2.3.5) or only go up to stage 2 as the maximum (e.g.

G.4.2.1 and G.4.2.2). This means that not every subcomponent can necessarily reach stage 1 or stage 5.

Step 5: Determination of improvement measures 

Depending on the objective selected in step 1, different result types can be generated. They may

be very detailed, involving the identification of specific measures for further implementation (e.g. 

introduction of separation at source), or more abstract, such as the identification of possible WM

activity fields (e.g. promoting material recycling). Depending on the assessment, a large number of 

measures may result. In order to maintain a clear overview, we advise users to divide the measures

into clusters. These clusters may be subcomponent-related. But due to the existing interdependencies 

between the different subcom ponents, it would also make sense to cluster measures that are topic-

related (e.g. “Promote recycling,” “Ensure area-wide collection,” “Ensure disposal security”) or aligned 

to the SDGs. 

Furthermore, if different cities or municipalities in a country are assessed, similarities and 

differences can be identified from the respective city-specific results. An upscaling of the city-related 

WMS conditions at the national level can be realized if the case studies examined are representative

of the country. This analysis permits the drawing of conclusions regarding whether the WM in a

country is evolving homogeneously or whether a big diversity has been identified. Finally, by equating

stage 5 to a well-functioning CE, with this concept, the CE potential can be estimated and measures

derived on how to exploit existing potentials. 

Step 6: Assignment to the United Nations Sustainable Development Goals (optional step) 

Step 6 is an optional step that can be taken if an assessment of the WMS concerning the SDGs is

desired. In the detailed assessment concept (S2) , the corresponding SDGs (see example in Fig. 1 A)

have been assigned to the respective subcomponents where possible. The SDGs and the assigned

WMS-DSC subcomponents are listed in S3 . 

The use of the WMS-DSC for cities of the Global North and Global South 

The descriptions of the stages from 1 to 4 mainly leaned on WM developments in the European

area, but developments in low and middle income countries are also taken into account, mostly in

the stage descriptions 1 to 3. As mentioned before, the final stage 5 describes a fictional best-case

scenario of a well-functioning CE. Therefore, even if a city of a high income country has a good

performance (e.g. stage 4) in the subcomponents of governance, at the same time, it may have a
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Fig. 3. Dependencies between the different WMS components. 
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eak performance in component prevention and reuse. For cities of the Global South, it works in the

ame way. They may have good performances regarding waste generation but have great optimization

otentials concerning waste disposal. This concept allows the rewarding of aspects that are good or

uccessful in a WMS with a higher stage assignment. 

When using the concept, it should be noted that the financial barriers for cities in the Global

outh are greater than those of cities in the Global North, so funding, e.g. from development banks

r international alliances, is required. Regarding the CE visions that are described in stage 5, the

M costs may rise with increasing stage. This surely depends on the stages that are targeted (e.g.

tage 3 or stage 5) and what infrastructures are already in place. Consequently, implementing certain

echnologies may not yet be an option for specific cities in the Global South. However, it is definitely

mportant to know the potentials on which the city can build on. It should be highlighted that the

ision of a CE does not only mean technological change but also social change, which is why it

ay take a considerable amount of time, depending on the country, until stage 5 is achieved. It is

lso important to mention that the concept is independent of time, i.e. the stages of the individual

omponents do not necessarily have to be reached at the same time, since components may be

ependent on one another. However, it must be emphasized that, from a systemic point of view,

overnance must be seen as the foundation, collection and transport as well as sector and market

s the first build up level and the other components as the second build up level concerning their

ependencies (see Fig. 3 ). 

On the one hand, the concept can support cities to identify necessary measures and to better

escribe the desired future steps in WM development. On the other hand, the concept may be used

lso by development banks and other funding agencies to identify funding targets and milestones of

rojects as well as to review them after approval. 

onclusion and Outlook 

The concept presented in this paper was designed to meet two requirements: First, to represent

he extensive complex system of WM as holistic as possible. Second, to present it as simple as

ossible, so that it can also be used by non-experts, who however have a good knowledge of the WMS

nder study. Since the concept consists mostly of qualitative criteria, an unequivocal selection is not

lways possible because it allows a considerable amount of room for interpretation by the WMS-DSC

ser. This must be taken into account in every assessment case. 

In summary the WMS-DSC provides a comprehensive concept, displaying the most relevant but

ertainly not all existing interactions between the various criteria. But where possible, the relevant

nteractions have been interlinked throughout the concept. However, it has no claim to completeness,

ecause of the high complexity of the system and the rapid development in this area. The concept

as already been tested for the city of Marrakech (Morocco) and for the Seychelles. The results of the

ase study of Marrakech will be published in a separate publication. 

This categorization approach can also be used for educational purpose in universities to facilitate

he understanding of WMSs and the existing interconnections between the various WMS components.

his is a great chance, also, to raise awareness regarding WM. Furthermore, due to existing
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educational projects in Morocco and Ivory Coast, the authors are planning to translate this WMS-

DSC into different languages (e.g. French), so that it can be used by more countries, for example

francophone states. 

Due to the fact that the WMS-DSC method enables an in-depth analysis of the WMS and CE

performance of a city, it could also be applied after the usage of the rapid assessment approaches

of Fatimah et al [13] ., Whiteman et al [31] . and UN-Habitat [29] to get the big picture of the WMS

performance. 

There is great research potential to create such development stage concepts for other areas. In a

modified form, the concept can be created for other infrastructure systems (e.g. wastewater, energy, 

and transport) as well as for industrial sectors (textile processing, agriculture, etc.). There is a chance

that these concepts could be used as a basis in the context of Water-Soil-Waste Nexus [24] . 

Declaration of Competing Interest 

The authors declare that they have no known competing financial interests or personal 

relationships that could have appeared to influence the work reported in this paper. 

Funding 

We acknowledge the support by the Deutsche Forschungsgemeinschaft (DFG – German Research 

Foundation) and the Open Access Publishing Fund of Technical University of Darmstadt. 

Acknowledgments 

We would like to thank our project partners for the good ongoing collaboration and Karl-Heinz

Striegel, Wolfgang Pfaff-Simoneit, and Günter Müller; through their long experience in implementing 

waste concepts and treatment plants in European and African countries, they made important 

contributions to the concept through their feedback. Moreover, the first author wants to thank his

colleagues Christian Dierks, Tabea Hagedorn, Oumaima Aryoug, Regina Berlinger, Alba Sanchez, Almut 

Güldemund, Susanne Hanesch and Michael Gottschling and his friends Robert and Greta Schorr 

for their feedback. Lastly, thanks to the anonymous reviewers for their valuable comments and

suggestions. 

Supplementary materials 

Supplementary material associated with this article can be found, in the online version, at doi: 10.

1016/j.mex.2022.101634 . 

References 

[1] I.A . Al-Khatib , H.A . Arafat , T. Basheer , H. Shawahneh , A. Salahat , J. Eid , W. Ali , Trends and problems of solid waste

management in developing countries: a case study in seven Palestinian districts, Waste Manage. 27 (12) (2007) 1910–1919 .

[2] Y. Arushanyan , A. Bjorklund , O. Eriksson , G. Finnveden , M.L. Soderman , J.-O. Sundqvist , A. Stenmarck , Environmental
assessment of possible future waste management scenarios, Energies 10 (2) (2017) . 

[3] B.D. Azevedo , L.F. Scavarda , R.G.G. Caiado , M. Fuss , Improving urban household solid waste management in developing
countries based on the German experience, Waste Manage. (2020) . 

[4] BMUB, 2016. Modern waste - goals and paths: Germany’s expertise for an advanced circular economy, 28 pp. https://www.
giz.de/de/downloads/giz2016- en- vdma _ Modern _ Waste _ Management.pdf . Accessed 11 January 2022. 

[5] A. Borthakur , Policy approaches on e-waste in the emerging economies: a review of the existing governance with special

reference to India and South Africa, J. Cleaner Prod. 252 (2020) 119885 . 
[6] Buschmann, R., Meyer, K., Scheider, H., Heinz, R., Jedelhauser, M., Tauer, R., 2020. Making the EU fit for future: what the

German environmental associations want from the European green deal, 8 pp. Accessed 5 February 2021. 
[7] A. Campitelli , L. Schebek , How is the performance of waste management systems assessed globally? A systematic review,

J. Cleaner Prod. (2020) 272 . 
[8] M. Caniato , Assessment and design of local regulation in solid waste management in low- and middle-income countries,

in: A. Asquer, F. Becchis, D. Russolillo (Eds.), The Political Economy of Local Regulation: Theoretical Frameworks and

International Case Studies, Palgrave Macmillan UK, London, 2017, pp. 277–286 . 
[9] V. Castellani , L. Benini , S. Sala , R. Pant , A distance-to-target weighting method for Europe 2020, Int J Life Cycle Assess 21

(8) (2016) 1159–1169 . 

https://doi.org/10.1016/j.mex.2022.101634
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0001
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0001
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0001
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0001
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0001
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0001
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0001
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0001
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0002
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0002
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0002
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0002
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0002
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0002
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0002
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0002
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0003
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0003
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0003
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0003
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0003
https://www.giz.de/de/downloads/giz2016-en-vdma_Modern_Waste_Management.pdf
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0005
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0005
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0007
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0007
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0007
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0008
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0008
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0009
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0009
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0009
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0009
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0009


A. Campitelli, J. Kannengießer and L. Schebek / MethodsX 9 (2022) 101634 15 

 

[  

 

 

 

 

 

 

 

[  

[  

[  

[  

[  

[

[  

[  

 

 

 

[  

[

[  

[  

[

[  

 

[  
[10] EC, 2011. Toolkit for capacity development 2010. Tools and methods series Reference document, Luxembourg, 69 pp.

Accessed 20 May 2020. 
[11] EC, 2020. A new circular economy action plan: for a cleaner and more competitive Europe. COM(2020) 98 final , Brussels. 

12] European Union, 2018. Directive 2018/851 of the European parliament and of the council 31 May 2018 amending directive
2008/98/EC on waste: (EU) 2018/851 official journal of the European union. 

[13] Y.A. Fatimah , K. Govindan , R. Murniningsih , A. Setiawan , Industry 4.0 based sustainable circular economy approach for
smart waste management system to achieve sustainable development goals: A case study of Indonesia, J. Cleaner Prod.

269 (2020) 122263 . 

[14] M.C. Friant , W.J. Vermeulen , R. Salomone , Analysing European union circular economy policies: words versus actions,
Sustain. Prod. Consum. 27 (2021) 337–353 . 

[15] L.I. Fuldauer , M.C. Ives , D. Adshead , S. Thacker , J.W. Hall , Participatory planning of the future of waste management in
small island developing states to deliver on the sustainable development goals, J. Clean Prod. 223 (2019) 147–162 . 

[16] R.S. Kaplan , D.P. Norton , The strategy map: guide to aligning intangible assets, Strategy Leadership 32 (5) (2004) 10–17 . 
[17] Kaza, S., Yao, L., Bhada-Tata, P., van Woerden, F., 2018. What a waste 2.0: a global snapshot of solid waste management to

2050, 296 pp. Accessed 21 September 2018. 

[18] J. Kirchherr , D. Reike , M. Hekkert , Conceptualizing the circular economy: an analysis of 114 definitions, Resour. Conserv.
Recycl. 127 (2017) 221–232 . 

[19] J. Korhonen , C. Nuur , A. Feldmann , S.E. Birkie , Circular economy as an essentially contested concept, J. Cleaner Prod. 175
(2018) 544–552 . 

20] J. Markard , Transformation of infrastructures: sector characteristics and implications for fundamental change, J. Infrastruct.
Syst. 17 (3) (2011) 107–117 . 

21] P. Mendes , A.C. Santos , F. Perna , M. Ribau Teixeira , The balanced scorecard as an integrated model applied to the

Portuguese public service: a case study in the waste sector, J. Cleaner Prod. 24 (2012) 20–29 . 
22] Müller, F., Kohlmeyer, R., Krüger, F., Kosmol, J., Krause, Susann, Dorer, Conrad, Röhreich, M., 2020. Guiding principles of a

circular economy [Leitsätze einer Kreislaufwirtschaft], Dessau-Roßlau, 36 pp. Accessed 26 November 2020. 
23] E.-H. Ritter , in: Hand dictionary of regional planning: [Handwörterbuch der Raumordnung], 4.th ed., ARL, Hannover, 2005,

p. 1364 . 
24] M. Roidt , T. Avellán , Learning from integrated management approaches to implement the Nexus, J. Environ. Manage. 237

(2019) 609–616 . 
25] J.K. Seadon , Sustainable waste management systems, J. Cleaner Prod. 18 (16-17) (2010) 1639–1651 . 

26] M.R. Sebola , P.T. Mativenga , J. Pretorius , A benchmark study of waste tyre recycling in South Africa to European union

practice, Procedia CIRP 69 (2018) 950–955 . 
27] K.-H. Striegel , Stage concept for sustainable circular economy: Contribution of the waste management sector

to resource and climate protection within international cooperation, in: Proceedings of the [Stufenkonzept zur
nachhaltigen Kreislaufwirtschaft. Beitrag der Abfallwirtschaft zum Ressourcen- und Klimaschutz in der internationalen

Zusammenarbeit.]. 14. Meeting of the ANS/DWA technical committee AK-5 „International waste management“, 28 October
2015, Frankfurt am Main, 2015 . 

28] UN, w.y. Environment glossary: waste management. https://unstats.un.org/unsd/environmentgl/gesform.asp?getitem=1182 .

Accessed 7 September 2018. 
29] UN-Habitat, 2021. Waste wise cities tool, 84 pp. Accessed 15 December 2021. 

30] VDI, in: Terminology of Energy Management and Waste Treatment – Fundamentals: VDI 3459, Beuth Verlag, Berlin, 2017,
p. 102 . 

31] A. Whiteman , M. Webster , D.C. Wilson , The nine development bands: A conceptual framework and global theory for waste
and development, Waste Manage. Res. (2021) 734242X211035926 . 

32] D.C. Wilson , Development drivers for waste management, Waste Manage. Res. 25 (3) (2007) 198–207 . 

33] D.C. Wilson , L. Rodic , M.J. Cowing , C.A . Velis , A .D. Whiteman , A . Scheinberg , R. Vilches , D. Masterson , J. Stretz , B. Oelz ,
’Wasteaware’ benchmark indicators for integrated sustainable waste management in cities, Waste Manage. 35 (2015)

329–342 . 
34] A.U. Zaman , Measuring waste management performance using the ‘zero waste index’: the case of adelaide, Australia. J.

Cleaner Prod. 66 (2014) 407–419 . 

http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0013
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0013
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0013
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0013
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0013
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0014
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0014
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0014
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0014
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0015
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0015
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0015
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0015
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0015
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0015
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0016
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0016
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0016
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0018
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0018
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0018
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0018
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0019
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0019
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0019
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0019
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0019
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0020
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0020
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0021
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0021
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0021
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0021
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0021
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0023
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0023
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0024
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0024
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0024
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0025
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0025
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0026
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0026
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0026
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0026
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0027
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0027
https://unstats.un.org/unsd/environmentgl/gesform.asp?getitem=1182
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0030
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0031
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0031
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0031
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0031
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0032
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0032
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0033
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0033
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0033
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0033
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0033
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0033
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0033
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0033
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0033
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0033
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0033
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0034
http://refhub.elsevier.com/S2215-0161(22)00019-X/sbref0034

	Approach to assess the performance of waste management systems towards a circular economy: waste management system development stage concept (WMS-DSC)
	Introduction
	Method details
	WMS-DSC approach
	WMS-DSC use instructions
	The use of the WMS-DSC for cities of the Global North and Global South

	Conclusion and Outlook
	Declaration of Competing Interest
	Funding
	Acknowledgments
	Supplementary materials
	References


