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Abstract 9 

How is the performance of waste management systems (WMS) assessed globally? In order to answer 10 

this question, 366 peer-reviewed research articles in English, which assessed the WMS of cities or 11 

countries focusing on municipal solid waste (MSW), are systematically reviewed to 1) identify existing 12 

correlations between country income group and different considered issues that indicate possible future 13 

trends, and 2) categorize assessment methods concerning the suitability for decision makers and for 14 

different country income groups and based on this 3) determine the evolution of WMS assessment for 15 

the different country categories since the 1980es. The considered issues are the used assessment 16 

methods, investigated WMS components, assessment aspects, funding support and outcome of the 17 

study. For this systematic review three databases (Web of Science, ScienceDirect and Technik und 18 

Management – TEMA) as well as snowballing were used to identify relevant articles. The results show 19 

that the assessment of WMS is a crucial and still relevant topic according to the increasing number of 20 

publications in the last 40 years. 40% of all reviewed studies used life cycle approaches and their 21 

combination with other assessment methods to assess the performance of WMSs. Environmental aspects 22 

are the most investigated aspects. Only four studies assessed all defined WMS components. Three 23 

different method categorizations are defined: A) data generating methods (e.g. surveys), B) simple 24 

assessment methods (e.g. benchmarking) and C) complex assessment methods (e.g. LCA, MCDM, 25 

DEA). Type B methods are mostly suitable for decision makers as well as for all investigated country 26 

types, regarding the needed data and the simplicity of the methods. Based on the review results, future 27 

research should focus more on the development of simple, quick and user-friendly methods with great 28 

potential for WMS optimization by ensuring a holistic view to assess the performance of WMSs. 29 
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Highlights 33 

 Surveys and interviews are suitable assessment methods, if no data is available.34 

 Benchmarking is a suitable method for decision makers.35 

 Life cycle approaches are mainly used to assess waste management systems (WMSs).36 

 Analysis of low income countries and waste prevention are rather underrepresented.37 

 Only four studies assessed all defined WMS components.38 
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Abbreviations 39 

AHP Analytical Hierarchy Process 40 

CBA Cost-benefit analysis 41 

CEA Cost effectiveness analysis 42 

DEA Data envelopment analysis 43 

EIA Environmental impact assessment 44 

GHG  Greenhouse gas 45 

GIS Geographic information system 46 

HI High-income 47 

IFI International funding institutions 48 

LCA Life cycle assessment 49 

LCC Life cycle costing 50 

LCSA  Life cycle sustainability assessment 51 

LI Low income 52 

LMI Lower-middle income 53 

MCDM  Multi-criteria decision-making 54 

MFA  Material flow analysis 55 

MSW  Municipal solid waste 56 

RA Risk assessment 57 

RDF Refuse derived fuel 58 

SD ScienceDirect 59 

SEA Strategic environmental assessment 60 

SFA Substance flow analysis 61 

SLCA  Social life cycle assessment 62 

UMI Upper-middle income 63 

WM Waste management 64 

WMS  Waste management system  65 

WMSs  Waste management systems 66 

WOS  Web of Science 67 

1. Introduction68 

In any society a well-functioning management of municipal waste is a central element for a good quality69 

of life, a clean environment and the conservation of natural resources. However, the implementation of70 

a well-operating waste management system (WMS) for municipal solid waste (MSW) is still a challenge71 

for many countries in the world, particularly for developing and emerging countries. The United Nations72 

Environment Programme assumes that around two billion people worldwide are excluded from73 

municipal waste collection (UNEP, 2015). Consequently, this promotes wild dumping into the74 

environment (water, soil) or open burning. As shown by Kaza et al. (2018), these are the mainly used75 

disposal practices in countries that do not have a well-functioning WMS. The consequences are serious:76 

impacts on human health, loss of valuable resources and climate gas emissions. Besides that, a lot of77 

other factors influence the sound implementation of WMSs as Governance (Marshall and Farahbakhsh,78 

2013), which is crucial for building up a WMS (Filho et al., 2016) as well as lack of financial resources79 

(Wilson and Velis, 2015). Moreover, social factors as rapid urban growth, which in turn lead to an80 

increased amount of waste, and poverty are other aspects which complicate the sound implementation81 

of WMSs and thus the handling of waste (Kaza et al., 2018; UNEP, 2015). Hence, it should be a principle82 

goal to be pursued by countries to improve their WMS by enabling a proper disposal, recycling and83 

recovery of waste and to promote waste prevention. So, they are able 1) to cope with the increasing84 

waste quantities, especially in fast-growing regions, 2) avoid the irreversible loss of valuable resources85 

(Georgescu-Roegen, 1971), 3) decouple the resource use from population growth as well as economic86 

growth (Matthews et al., 2000) and 4) to keep the negative risks as low as possible.87 
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For improving the performance of waste management in a country, different stakeholders and decision 88 

makers have to cooperate or to be coordinated: notably municipal and/or regional administration, 89 

national authorities, experts for waste collection and technological treatment, but also consumers and 90 

local population. Due to the importance of waste management for sustainable development but also to 91 

face the challenges in developing and emerging countries, international development agencies and 92 

funding organizations contribute to national efforts. However, owing to the complex set of problems 93 

interacting in waste management, it is a challenge to conceive targeted measures for improvement as 94 

well as to invest money efficiently, because of the following reasons. Firstly, there are multifold 95 

expectations what a WMS should provide: a safe disposal of (dangerous) waste, health protection, 96 

resource recovery, climate mitigation, creation of jobs, etc. Consequently, the improvement or 97 

optimization of WMS pose a multicriteria decision problem. Secondly, a WMS is a complex system, 98 

with interconnections between the single system components (Seadon, 2010) where often it is not clear 99 

whether measures affect the system as a whole or only single components. (Finnveden et al., 2007). 100 

Thus, for efficient improvement of WMSs it is desirable to use clear assessment methods to characterize 101 

the performance of a WMS in view of its multiple targets and components in order to 1) identify existing 102 

problems or improving potentials and 2) control the successfulness of measures after implementation. 103 

Different reviews identified assessment methods for decision support in the context of waste 104 

management. Pires et al. (2011) evaluated system analysis techniques for waste management in 105 

European countries. Finnveden et al. (2007) and Allesch and Brunner (2014) provided a guidance for 106 

the selection of appropriate assessment methods for decision makers, while Zurbrügg et al. (2014) 107 

analyzed the general applicability of different assessment methods for developing countries and 108 

identified their strengths and weaknesses. Karmperis et al. (2013) surveyed decision support models that 109 

are commonly used in the solid waste management area.  110 



4 

 

 

Table 1 presents a compilation of the assessment methods identified in the referred reviews: 111 

Table 1 Summary of methods for WMS assessment. 112 

Assessment methods 
Finnveden 

et al. (2007) 

Pires et 

al. (2011) 

Karmperis et 

al. (2013) 

Zurbrügg et 

al. (2014) 

Allesch & 

Brunner (2014) 

Benchmarking     X 

Business canvas and business environment 

assessment 
  

 
X  

Clean development mechanism    X  

computer based multiple sustainability 

assessment 
  

 
X  

Cost effectiveness analysis (CEA) X    X 

Cost-benefit analysis (CBA) X X X X X 

Eco efficiency analysis     X 

Emergy analysis     X 

Energy analysis X     

Entropy analysis X X  X X 

Environmental impact assessment (EIA) X X   X 

Environmental management system X     

Environmental technology assessment     X  

Exergy analysis X X  X X 

Forecasting models    X  

Integrated modelling system    X  

Investment analysis X     

Life cycle assessment (LCA) X X X X X 

Life cycle costing (LCC) X   X X 

Management information system, decision 

support system and expert systems 
 X 

 
  

Material flow analysis (MFA) X X  X X 

Multi-criteria-decision-making (MCDM)   X  X 

Optimization models    X  

Risk assessment (RA) X X  X X 

Scenario development  X    

Simulation models    X  

Social and organisational network analysis    X  

Socioeconomic assessment  X    

Stakeholder analysis    X  

Strategic environmental assessment (SEA) X    X 

Substance flow analysis (SFA) X     

Sustainability assessment by success and 

efficiency factors 
 X 

 
X  

Sustainability assessment of technologies     X  

Technology appropriateness    X  

Additionally, some reviews focused on single assessment methods such as Goulart Coelho et al. (2017), 113 

who evaluated and compared different Multi-criteria-decision-making (MCDM) applications as well as 114 

their use in the context of waste management for developing countries and rapidly growing regions. The 115 

authors determined that existing approaches and available technologies for urban waste management 116 

are not fully exploited. Bani et al. (2009) reviewed different Decision Support System (DSS) 117 

applications and described the evolution of the DSS development starting from 1996. Over time, DSS 118 

models and applications included more waste management aspects translated in different variables and 119 

mathematical formulations as well as combining DSS models with other tools like Geographical 120 

Information Systems (GIS). Consequently, DSS tools got more complex. The authors saw a big 121 

opportunity with the technological evolution of computing power and software applications, which can 122 

help to optimize DSS tools to reduce uncertainties in the results.  123 
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Life Cycle Assessment (LCA) has received special attention in literature considering the assessment of 124 

WMSs. Ekvall et al. (2007) described LCA as tool for the assessment of waste management, but also 125 

discussing limitations. Winkler and Bilitewski (2007) compared six different LCA models concerning 126 

specific criteria (i.e. user friendliness, adjustability, interpretability, the covered LCA-elements). Cleary 127 

(2009) compared 20 LCA studies of MSW, focusing on the methodological transparency, used LCA 128 

computer models, impact categories, weighting, sensitivity analysis, etc. Laurent et al. (2014) evaluated 129 

222 LCA studies of solid WMSs regarding the LCA methodology phases (goal definition, scope 130 

definition, inventory analysis, impact assessment, interpretation). Khandelwal et al. (2019) reviewed 131 

153 LCA studies of MSW management systems by analyzing time evolution, geographical distribution, 132 

and the applied methodology. The review summarized the use of the functional units, LCA model, LCIA 133 

method, MSW management options, and other findings concerning MSW composition, income group, 134 

and possible application gaps. 135 

In spite of a broad literature and many methodological approaches, practical application is still limited 136 

and it is an open question, how helpful these approaches are for practical application. As can be seen in 137 

Table 1 many different methods exist and are used in the literature to assess WMS. Regarding the 138 

suitability of assessment methods for developing countries, Zurbrügg et al. (2014) concluded that the 139 

use of comprehensive assessment methods is very limited, because most of them are designed from 140 

academia for academic purposes and so, they are too complex for the existing local capacities and thus 141 

for decision makers. Also, not all assessment tools are able to evaluate different aspects, such as 142 

economic, environmental, social, technical, organizational, or Governance. Frequently, only the 143 

combination of different tools and approaches may enable a holistic and comprehensive assessment of 144 

various aspects. A further point is the necessary data for different methodological approaches, where 145 

data availability is a far higher challenge in developing compared to industrial countries. Summing up, 146 

in order to promote the benefits of using assessment methods in practice, a much more scrutinized 147 

analysis of methods for the assessment of WMS in developing countries is needed than can be found in 148 

literature up to now. 149 

1.1. Research question and scope of the study 150 

The general question of this study is: How is the performance of waste management systems assessed 151 

globally? By answering this general question another interesting question emerges regarding the 152 

suitability of assessment methods for different income countries as well as the applicability for decision 153 

makers. So, the second important question is: How can the applicability of assessment methods for WMS 154 

be described? Based on these two questions, the analysis of assessment methods goes along with the 155 

issues of investigated cities and countries, assessment of WMS components, used assessment methods 156 

and investigated aspects, the outcome of the assessment and the funding of the research study. 157 

In this study, 366 scientific peer-reviewed publications in English are reviewed systematically by 158 

analyzing the issues mentioned above. For this purpose, some analysis criteria from the above-159 

mentioned existing reviews are used along with new criteria to enhance the results. 160 

The novelty of this study in comparison to the foregoing reviews is: 161 

1. Firstly, it focuses on the assessment practices in combination with the country categorization by 162 

income group according to the World Bank (low (LI), lower-middle (LMI), upper-middle (UMI) 163 

and high income (HI) countries) (World Bank, 2019). Furthermore, this analysis determines 164 

more precisely existing correlations between the specific income group of the investigated 165 

countries and assessment methods, investigated aspects, WMS components, funding and 166 
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decision makers. By linking the results of the current research in combination with the World 167 

Bank's income related country categories, correlations are expected that indicate possible trends 168 

or developments in the respective country category. Along the whole study, a special emphasis 169 

will be given to low and middle income countries. 170 

2. Secondly, the analyzed assessment methods are categorized regarding their suitability for 171 

different countries according to their income group and applicability for decision makers. 172 

3. Thirdly, the evolution of WMS assessment in the context of MSW emphasizing on cities and 173 

countries over the last 40 years for the different country categories is evaluated. 174 

2. Material and methods 175 

The literature research for this paper was carried out in line with the PRISMA guidelines for systematic 176 

reviews (Liberati et al., 2009; Moher et al., 2015). The completed PRISMA-checklist as recommended 177 

from Liberati et al. (2009) has been attached as supplementary material (see SM2). First, the search 178 

strategy, the screening process including the eligibility criteria and the information sources are 179 

described. Subsequently, the data extraction and the analysis criteria for the systematic review are 180 

presented. 181 

2.1. Search strategy 182 

For the systematic literature review, databases and information sources as Web of Science (WoS), 183 

Technik und Management (TEMA®) and ScienceDirect (SD) were used. SD was used as one database, 184 

due to the missing full access of the Scopus database. The following keywords were used for the search 185 

in the three databases: “waste management", “assess”, “assessment”, “evaluation”, “evaluate”, 186 

“classification” and “classify”. In WoS and SD the keywords were used to identify matching titles, 187 

abstracts and keywords; in TEMA only the search for titles and abstracts was possible. The limits of the 188 

search are defined as follows: only peer-reviewed research articles in English published or available in 189 

early access status before the 31st of May 2019. Some journals have different types for naming peer-190 

reviewed research articles, e.g. country reports (Waste Management Journal) or case studies (Waste 191 

Management and Research). These types of articles were also included for further analysis. Review 192 

articles, conference papers, books, preliminary works and grey literature were excluded during the 193 

search process. The Boolean operators AND/OR/NOT were used in WoS and TEMA to separate the 194 

keywords and to specify the results. The same was done for SD with the exception of using only 195 

AND/OR operators in the search query, due to the restricted use of Boolean operators (max. 8) in the 196 

advanced search. In WoS the possibility to refine journals, which evidently do not address the issue (e.g. 197 

Nuclear, Water, Medicine Journals), was applied. The described search strategy resulted in a total of 198 

6.100 search findings. The used search query, the refining search criteria (limits) and the associated 199 

search results for each database are listed in Table A1 (see Appendix). In addition, 64 relevant articles, 200 

which did not result from the defined search strategy, but had been identified using “snowballing” or 201 

suggested after the article downloading process (especially in SD), were also included in the screening 202 

process to select the relevant studies for review. 203 

2.2. Screening process 204 

The screening process was performed by the corresponding author. The search results of WoS, SD and 205 

TEMA (including the reported limits and the refined criteria) were, 2.980, 2.303 and 817 findings, 206 

respectively. The literature information was exported to the reference management program Citavi 207 

Version 6.1. Citavi was used to perform the study selection process. 1.801 duplicates were detected by 208 

Citavi during the import of the reference information. Although proceedings, book chapters or grey 209 

literature were excluded in the first step, 200 were still found in the list of matching articles. All these 210 

references were removed before the start of the title and abstract screening phase. 211 
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To make sure that only relevant articles are analyzed in the final reviewing step, first the title and then 212 

the abstract of 4.163 articles were further checked by using the following eligibility criteria: 213 

 The screened article is a research article and not a review article. 214 

 The authors investigated MSW streams in combination with the assessment of waste 215 

treatment/disposal technologies, waste policies, waste management concepts, plans or strategies. 216 

 The authors investigated the MSW stream as a whole and more than one waste component. 217 

 The authors assessed these issues for cities, regions or countries (case study). 218 

In this study the components of a WMS are defined as follows:  219 

 waste control and regulation (incl. Governance and Management) 220 

 waste market (incl. trading and broking) 221 

 waste collection and transport 222 

 waste prevention and re-use 223 

 waste recycling 224 

 energy recovery 225 

 waste disposal (landfilling, dumping, open burning) 226 

 227 

According to Wilson et al. (2012), the components are distinguished into physical components 228 

(collection, prevention, recycling, recovery and disposal) and Governance components (waste market, 229 

waste control and regulation). The description of the single WMS components is specified in Table A2 230 

(see Appendix) and the investigated assessments aspects in Table A3 (see Appendix). 231 

 232 

If at least one criterion was not fulfilled, the article was excluded. 412 articles were identified as relevant. 233 

As next step, the digital or print versions of the relevant papers were acquired via the university library 234 

of the Technical University of Darmstadt. Four articles were not accessible and could therefore not be 235 

further investigated. After the complete reception of all other articles, they were checked again according 236 

to the eligibility criteria. The second screening excluded 46 articles, because only after reading the full 237 

article it was evident that the eligibility criteria were not fulfilled. Other reasons for exclusion were that 238 

the full text of some papers were in a different language (e.g. Portuguese, Spanish), but contained an 239 

English title and abstract, so they were not excluded in the first screening procedure. Papers, which 240 

analyzed fictitious cities or regions or, which turned out to be methodological papers without referring 241 

to a case study were excluded as well. Figure 1 shows the overview of the screening process for the 242 

identification of relevant articles.  243 
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244 
Figure 1 Overview of the screening process to identify relevant publications for review adapted from 245 

Liberati et al. (2009).  246 
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2.3. Data extraction and analysis 247 

Finally, 366 articles were identified as relevant and subsequently analyzed in detail. For managing the 248 

data of these articles an excel sheet was developed (see SM1). The following descriptive information: 249 

title, author(s), year of publication, abstract, investigated location(s), World bank country classification 250 

and funding information, were extracted from the included studies and documented in the developed 251 

sheet. 252 

In order to give an answer to the research questions (1. “How is the performance of waste management 253 

systems assessed globally?” and 2. “How can the applicability of assessment methods for WMS be 254 

described?”), the 366 studies were analyzed according to the following questions grouped in four topics: 255 

Topic 1: Investigated cities and countries 256 

1. Which income group were the investigated cases assigned to? 257 

2. Was the case study comparing the WMS of different cities or countries? 258 

3. Did the research receive funding? If yes, by whom? 259 

Topic 2: Assessment of WMS components 260 

4. Which components of the waste management system were analyzed? 261 

Topic 3: Used assessment methods and investigated aspects 262 

5. What assessment method was used? 263 

6. Which aspects were assessed? 264 

7. Did the study only assess a case study or present also a new assessment tool? 265 

8. If a new tool was presented: Who can use the newly developed tool? 266 

Topic 4: Outcome of the assessment 267 

9. Was the result of the study a less advanced or more advanced WMS? 268 

10. Were measures proposed to improve the WMS for the investigated case(s)? 269 

11. Did the authors categorize the WMS of the investigated cases after assessment? 270 

Besides the descriptive information, the coding for each question as well as the complete results of the 271 

analysis are included for each study in the developed excel sheet named “Review Analysis 272 

Documentation”, which is available as supplementary material (see SM1). 273 

2.4. Data synthesis 274 

For each of the 366 relevant studies, the four topics and the corresponding questions were examined. 275 

The results are presented and discussed in chapter 3, including the use of graphical charts. Correlations 276 

between the specific income group of the investigated countries and assessment methods, investigated 277 

aspects, WMS components, funding and decision makers are described. On this basis, the results of the 278 

assessment of WMS as well as developments and possible trends are summarized for each country 279 

category by highlighting similarities and differences between the different categories. Due to the existing 280 

similarities, the categories LMI and LI are presented in one section. Moreover, the analyzed assessment 281 

methods are categorized regarding their suitability for different countries according to their income 282 

group and applicability for decision makers.  283 
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3. Results and discussion 284 

In this section, the results based on the systematic review of 366 peer-reviewed research articles are 285 

presented. The following chapter is subdivided into the four identified topics from the previous chapter, 286 

i.e. investigated cities and countries, assessment of WMS components, used assessment methods and 287 

investigated aspects, and outcome of the assessment. 288 

3.1. Investigated cities and countries 289 

The increasing number of publications over the last four decades regarding the assessment of WMSs in 290 

cities and countries shows that this research topic is still important and necessary (Figure 2). Most of 291 

the identified studies assessed WMS of HI (n. 161; 44%) and UMI countries (n. 120; 33%), while only 292 

a small part of the studies focuses on LMI (n. 53; 14%) and LI countries (n. 12; 3%). 20 studies assess 293 

and compare countries from different income groups (Note: This category is termed "mixed" in the 294 

subsequent text). Figure 2 presents the publication year of the scientific papers and the investigated 295 

countries (HI, UMI, LMI, LI, or mixed). Regarding the results, the first relevant study was found in 296 

1984. While at the beginning the number of studies assessing HI countries are dominating, from 2014 297 

on, studies investigating UMI countries are predominating the statistics. In comparison with the country 298 

categories, LI countries are rather underrepresented. Generally, since 2009 the amount of publications 299 

regarding assessment of WMS for MSW increased in comparison to the past years. From 2016 on, the 300 

number of published studies rises annually. A further growth in the number of publications is quite 301 

conceivable due to the trend shown in Figure 2, not only for HI and UMI countries, but especially for 302 

LMI countries due to the rising number of published studies since 2015. 303 

 304 

Figure 2 Number of publications by year and income group regarding the 366 reviewed studies. *Note: Only studies until May 305 
2019 were considered. 306 

In Figure 3 the identified publications are assigned to the World Bank classification by region (World 307 

Bank, 2019). However, 23 studies examine cities and countries of different regions. The highest number 308 

of WMS assessment studies concerns China (n. 35), followed by Italy (n. 33) and then India, Brazil and 309 

Iran with 15 studies each (see Table A4). 310 
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 311 

Figure 3 Identified studies (366) classified by region according to the classification of the World Bank (2019). 312 

84% of all the reviewed studies assess only one city; the remaining assess more than one city/country 313 

by comparing them (Figure A1). The ratio of comparison to non-comparison studies is for HI: 1:7, UMI: 314 

1:10; LMI: 1:6 and LI: 1:11). The exception is for mixed regions, for which the comparison is the 315 

determining criterion. 316 

Nearly 46% of the reviewed studies have mentioned in the acknowledgment or funding chapter that their 317 

research was financially supported by national governments, international or national organizations as 318 

well as from universities through a Ph.D. scholarship (see Table A5). Another 46% did not provide any 319 

information regarding financial support in their publications. Only 8% have stated that the research did 320 

not receive external funding. Figure 4 shows the direct linkage between the investigated country 321 

categories (central column) according to their financial supporters (left column) as well as to their 322 

investigators (right column). Case studies investigating HI countries are carried out by researchers of HI 323 

countries. Nearly 40% of these studies were funded by HI countries only a really small part is funded 324 

by mixed countries (e.g. organizations as the European Union) or UMI countries, which is mostly the 325 

case for Taiwan, which is often supported by Chinese funding bodies. Research done in UMI countries 326 

is mostly done by UMI countries or also in cooperation with HI countries. Half of them are funded by 327 

UMI countries and only a few studies are funded by HI countries or mixed countries. It is noticeable 328 

that some case studies in LMI countries are analyzed in collaboration with or completely by HI or UMI 329 

countries, which can be attributed to the fact that in those countries the waste related research subjects 330 

are explored more extensively. 45% of all LMI studies got financial support. The funding is partly 331 

deriving from LMI or countries with a higher income as well as organizations like the United Nations 332 

or the European Union. The same can be observed for LI countries. For those studies, which included 333 

funding information (50%), we can say that studies in LI countries are not financed by LI countries. 334 

Studies in LI countries are mainly carried out from foreign countries and rarely in cooperation with local 335 

research institutions. However, this does not necessarily mean that no local experts were involved in the 336 

assessment. In the study of Halla and Majani (1999), which was carried out by a local university with 337 

the aim to investigate innovative ways for solid WM in Dar-Es-Salaam, Tanzania no help from foreign 338 

countries is mentioned. 339 
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 340 

Figure 4 Illustration of the research and funding interconnections of all 366 case studies by income group.  341 

3.2. Assessment of WMS components 342 

WMSs consist of different components, which are essential for its functionality. But as can be seen in 343 

Figure 5 the WMS components are not assessed in an equal share. A large number of studies analyze 344 

treatment (recycling and energy recovery) and disposal options (n. 278), by comparing them with each 345 

other, whether by using LCA (n. 74) or combinations of different methods (n. 90). Most of these 346 

investigations include the collection and transport of waste (n. 214). In 143 and 91 studies, respectively, 347 

the components “waste market” and “control and regulation” are investigated in combination with 348 

treatment and disposal options. As already determined by Allesch and Brunner (2014), waste prevention 349 

and reuse is yet the least assessed WMS component. Although it has the highest priority in the waste 350 

hierarchy for several regions as the European Union (EC, 2008) and waste recovery helps to promote 351 

the decoupling of resource use from economic growth (Matthews et al., 2000). The most significant 352 

difficulty here is the assessment of avoided waste, which is often very difficult to quantify (Gentil et al., 353 

2011), though it shows high environmental benefits (Cleary, 2014; Gentil et al., 2011). In total, only 25 354 

studies take the examination of waste prevention into consideration. Waste prevention is mostly 355 

examined in HI countries. 356 

Just four studies assess all defined WMS components. Al-Khatib et al. (2007) used surveys to evaluate 357 

the WMS of seven Palestinian districts to determine trends and problems of the current system. Zaman 358 

and Lehmann (2013) measured the waste management performance in Adelaide, Australia using the 359 

Zero Waste Index and additionally they conducted online surveys with local waste experts to identify 360 

the most important priority areas for future waste management strategies. Arushanyan et al. (2017) 361 

analyzed environmental impacts of several policy instruments including fees and taxes for Sweden by 362 

using a LCA. Fuldauer et. al (2019) proposed an integrated methodology for long-term waste 363 

management planning of the future of waste management in small island developing states to deliver on 364 

the Sustainable Development Goals.  365 

Studies, which used life cycle approaches alone or in combination with other methods are in most all 366 

cases considering physical components, without including waste prevention, market concerns and waste 367 

control and regulation in their assessment. In pure LCA studies, only three consider prevention in their 368 

environmental evaluation (Cleary, 2014; Mohareb et al., 2008; Morais Lima et al., 2019) and only two 369 

considered waste control and regulation (Corsten et al., 2013; Liamsanguan and Gheewala, 2008). 370 

Studies, which included control and regulation aspects are those, which combined life cycle approaches 371 

with other methods as policy analysis (Arushanyan et al., 2017; Deus et al., 2017; Falzon et al., 2013; 372 
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Jaunich et al., 2019; Liu et al., 2017), MCDM (Su et al., 2010), SEA and performance indicators 373 

(Salhofer et al., 2007) or also single score index with Analytical Hierarchy Process (AHP) (Aleisa and 374 

Al-Jarallah, 2018). 375 

In case studies using benchmarking only three out of 32 studies investigated some physical and 376 

Governance components by integrating also waste prevention in the analysis (Barron et al., 1996; 377 

Zaman, 2014; Zaman and Swapan, 2016).  378 

 379 

Figure 5 Assessed WMS components of the 366 reviewed publications classified by income group. 380 

In Figure A2 the assessed WMS components are put in relation to the publication year. It indicates that 381 

the evaluation of waste collection, recycling, recovery, disposal and market has been always of great 382 

interest. Since 2007, the consideration of waste control and regulation has been included in some studies. 383 

For waste prevention there is no significant change so far. 384 

3.3. Used assessment methods and investigated aspects 385 

For the assessment of WMSs diverse methods have been identified. To guarantee a concise overview, 386 

these methods are clustered into eight categories (i.e., life cycle approach, benchmark and indicators, 387 

MCDM, data-envelopment analysis (DEA), surveys, mathematical models, other and the combination 388 

of different methods). Methods categorized as “other” are methods as energy, exergy, emergy, economic 389 

and policy analyses as well as MFA/SFA, GHG-analysis, rapid impact assessment or SEA. Studies for 390 

which no precise method was described or identifiable have been classified in the group "no method". 391 

In Figure 6 the nine categories indicating the total findings are presented. Methods based on life cycle 392 

approaches and the combination of methods are largely applied. The category “combination” represents 393 

the largest group, since it enables a consideration of different assessment aspects. Off all studies using 394 

life cycle approaches, 87 are exclusively LCA studies assessing environmental aspects; the remaining 395 

five are social LCA (SLCA) (Ibanez-Fores et al., 2019), life cycle sustainability assessment (LCSA) 396 

(Wang et al., 2018; Zhou et al., 2019), dynamic life cycle-based optimization and decision support tool 397 

(Roberts et al., 2018) as well as iWaste a simulation model based on LCA (Corsten et al., 2013). But 398 
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including the LCA studies allocated to the category “combination,” the number of studies combining 399 

LCA with other methods (e.g. LCC, material flow analysis - MFA, cost or policy analysis, MCDM) 400 

rises up to 146. This result shows that LCA is first, a commonly used method in literature to perform 401 

environmental investigations and secondly, a suitable tool to combine it with other methods.  402 

Methods as benchmarking (n. 32), MCDM (n. 27) or DEA (n. 3) allow the evaluation of multiple aspects. 403 

Nevertheless, these methods are also combined; 21 studies used benchmarking or performance 404 

indicators, 15 MCDM and 4 DEA in combination with other methods. 405 

There are various methods in the review analysis that are not mentioned separately in the upcoming 406 

diagrams, because they are almost entirely used in combination with other methods. MFA for example 407 

is used in 16 studies in combination with methods as LCA, policy or cost analysis, environmental 408 

indicators or MCDM, while only three made use of it without combining it with other methods (Allesch 409 

and Brunner, 2017; dos Muchangos et al., 2017; Markic et al., 2019). The approach strategic 410 

environmental assessment (SEA) is used in three studies in combination with multi-criteria evaluation 411 

(Josimović et al., 2015), performance indicators (Federico et al., 2009) and LCA (Salhofer et al., 2007). 412 

Cost-benefit analysis (CBA) can be found eleven times in combination with other methods as for 413 

example cost effectiveness analysis (CEA) (Döberl et al., 2002; Weng and Fujiwara, 2011), LCA (Chang 414 

et al., 2012; Chang and Lin, 2013a; Nguyen Phuc Thanh and Matsui, 2012), GIS (Chang, N. and Lin, 415 

Y. T., 1997), MCDM (Abou Najm et al., 2002; Chang et al., 1996; Chang and Davila, 2007; Chang and 416 

Lin, 2013b) or as variation as in the study of Jamasb and Nepal (2010), who used social CBA. 417 

As already mentioned, since 2009 the amount of publications regarding the assessment of WMS is 418 

growing. From 2004 on, LCA is applied extensively to assess WMS, which proves that is has established 419 

as a good tool for environmental evaluation. The combination of methods increased since 2010 and the 420 

use of benchmarking and performance indicators since 2012. 421 

 422 

Figure 6 Number of reviewed publications (366) regarding the criterion assessment method (groups).  423 

All assessment methods require specific type of data as metrics (e.g. population, waste composition, 424 

recycling rates, landfill rates, number of waste pickers) or literal descriptions (e.g. service quality, level 425 

of awareness). The depth of detail and the type of data, which is needed for application can vary 426 

depending on the investigated aspects and system components. Quantitative data is mostly needed for 427 

the assessment of environmental, economic as well as technical aspects by using metrics from impact 428 
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assessment (e.g. GHG-emissions, resource depletion), financial data (e.g. costs, revenues) or various 429 

rates (collection or recycling rates, etc.) or efficiency indicators (Halkos and Petrou, 2019; Kaufman et 430 

al., 2010; Yang et al., 2018) as well as indices (Yadav and Samadder, 2018a; Zaman and Lehmann, 431 

2013). Whereas qualitative data is usually used to assess organizational, Governance and social aspects. 432 

The generation of this non-numerical data is done for example by the utilization of methods as structured 433 

interviews or group discussions (Dangi et al., 2017; Kassahun and Birara, 2018; Lalitha and Fernando, 434 

2019). 435 

Methods, like mathematical modelling, MCDM, DEA and life cycle approaches for example, need a big 436 

amount of robust data for calculations to guarantee valid results. These mostly complex methods need 437 

a lot of data, which has the positive effect that they can go more into detail regarding WMS assessment, 438 

then for example benchmarking tools can do. Life cycle approaches need specific data, which are often 439 

not available in countries, where data collection is lacking (Zurbrügg et al., 2014). That is why these 440 

methods are mainly used to evaluate WMSs in HI and UMI countries. However, twelve studies 441 

performed LCA for LMI countries (Batool and Chuadhry, 2009; Islam and Moniruzzaman, 2019; 442 

Majeed et al., 2018; Menikpura et al., 2012; Nguyen Phuc Thanh and Matsui, 2013; Ogundipe and 443 

Jimoh, 2015; Rana et al., 2019; Sharma and Chandel, 2017; Singh and Basak, 2018; Syeda et al., 2017; 444 

Wang et al., 2018; Yadav and Samadder, 2018b). Only three studies examine the WMS in LI countries 445 

using LCA (Oyoo et al., 2014) and MCDM (Kapepula et al., 2007; Makarichi et al., 2018). When 446 

developing countries use data-rich methods, the validity of the results must be viewed critically. In the 447 

case of LCA, it is possible that for assessing WMSs in developing countries for example data from HI 448 

countries (e.g. from databases) is used and many assumptions has to be included to calculate the 449 

environmental impacts. Subsequently, uncertainties cannot be avoided (Finnveden et al., 2007). So, the 450 

validity of the calculated results and the representativeness are not assured anymore. The more detailed 451 

data are needed, the less applicable they are for countries in which waste relevant data are not 452 

systematically collected or the access is not provided due to for example uncooperative institutions (e.g. 453 

authorities or private companies). 454 

In contrast, surveys and interviews are more appropriate methods for such circumstances, because they 455 

generate data. Surveys, interviews and waste analyses have been found in 15 studies, which investigate 456 

WMSs of mostly LMI or LI countries, due to the existing lack of data (see also Figure 7). For 16 studies 457 

in mostly LMI countries no clear assessment method was described in the publication. Sometimes the 458 

authors mentioned the use of literature or management analysis without going into detail regarding the 459 

methodological approach. 460 

Benchmarking tools and indicators are generally user-friendly with the goal to simplify the assessment 461 

in order to give a first overview. The needed data for assessment can be quantitative or qualitative, that 462 

is why, these assessment methods are suitable for all country types as well as for decision makers. To 463 

increase the investigation depth more complex methods (e.g. LCA, MCDM, DEA, etc.) can be used. 464 

For the comparison of different case studies, performance indicators for benchmarking (e.g. wasteaware 465 

benchmark indicators (Wilson et al., 2012)) or composite indicators (e.g. Zero Waste Index (Zaman, 466 

2014)) as well as LCA, DEA and other mathematical models are frequently used. 467 

Generally, assessment methods can be described with regard to their applicability for assessment aspects 468 

(environmental, economic, etc.), system components, the data situation, the different country groups and 469 

the users of the methods. In order to ensure a clear overview of the methods, the identified one are 470 
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categorized into the following three clusters regarding the needed data and the applicability for the users 471 

and country groups: 472 

Type A: “Data generating methods” Methods, which are used to generate quantitative and qualitative 473 

data, for example surveys, interviews, waste analysis or field investigations. Type A methods are 474 

mostly applied by academics and less usable for decision makers. These methods are suitable in 475 

countries in which waste related data is lacking (e.g. mostly low and middle income countries). 476 

Type B: “Simple assessment methods” Benchmarking and performance indicators can be summarized 477 

in one group due to the amount of data needed and due to the fact that they are simplified assessment 478 

methods, which can be applied either by academics or by decision makers, as for example waste 479 

planners. These methods are suitable for mostly all country categories, since the assessment needs 480 

quantitative and/or qualitative data. 481 

Type C: “Complex assessment methods” System analysis methods, which are complex, because of the 482 

big amount of data needed (databases, in-depth analysis), the work with algorithms or due to the 483 

applicability are clustered here. Life cycle approaches, MCDM, DEA, mathematical models and the 484 

combination of complex methods are categorized to type C. Usually, these methods are applied by 485 

academics, but these complex models can also be simplified to get applicable for decision makers. 486 

Since, a big amount of data can be necessary these methods are more suitable for countries with a 487 

good and reliable data record in waste management (e.g. mostly the case in HI or UMI countries). 488 

 489 

Figure 7 Used assessment methods of the 366 reviewed publications classified by income group.  490 

Since 1980es, many new methodologies have been developed for WMS assessment (focusing on MSW). 491 

While 137 of the reviewed studies publish new methods, tools, frameworks or innovative combinations 492 

of already existing methods, the remaining 229 studies assess WMS by applying the existing methods. 493 

The majority of the newly developed methods are still too complex and mostly suitable for academic 494 

purposes, which underlines the findings of Zurbrügg et al. (2014). 37 new methods have been described 495 

as applicable for decision makers or waste planners. Out of this, twelve methods are type B methods as 496 

benchmarking tools (Aleluia and Ferrão, 2016; ElSaid and Aghezzaf, 2018; Ilic and Nikolic, 2016; 497 

Lavee and Khatib, 2010; Wilson et al., 2012; Zaman and Lehmann, 2013) and performance indicators 498 
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(Cifrian et al., 2015; da Silva et al., 2019; Fragkou et al., 2010; Fuss et al., 2018; Mendes et al., 2013; 499 

Rigamonti et al., 2016). The remaining are type C methods in combination or in a simplified way to be 500 

also applicable for decision makers. For example, Edalatpour et al. (2018) developed a waste 501 

management model based on a mathematical model, which can be applied by decision makers to gain a 502 

better performance of their WMS. Federico et al. (2009) presented an approach by using indices for 503 

public administration, which enables an integrated analysis of WMS in the framework of SEA. den Boer 504 

et al. (2007) developed a decision support tool for sustainability assessment based on LCA as well as 505 

Kirkeby et al. (2006), which developed a computer based model to perform the environmental 506 

assessment of WMS. Both studies simplified the LCA approach to be also applicable for decision 507 

makers. Besides, Inglezakis et al. (2018) designed a user-friendly decision support tool by combining 508 

MFA and MCDM for the evaluation of waste management plans. Also Vučijak et al. (2016) linked 509 

MCDM with AHP used for defining criteria weights and scenario analysis to support decision-making 510 

processes for the selection of sustainable WM alternatives. Le ThiKimOanh et al. (2015) as well as 511 

Hasome et al. (2001) combined cost analysis with performance indicators. While Le ThiKimOanh et al. 512 

(2015) is focusing only on the economic aspect, Hasome et al. (2001) integrated also environmental and 513 

technical aspects. Chifari et al. (2017) made an approach to generate well-founded considerations about 514 

policies over MSW management useful for researchers and decision makers by ensuring the quality of 515 

the process of generation and use of quantitative science. This approach is based on a metabolic network 516 

theory and multi-scale integrated analysis of societal and ecosystem metabolism including performance 517 

indicators. Bergeron (2016) designed a multi-method assessment regarding household waste 518 

management mainly for policy makers, which combines MFA policy analysis and SWOT-analysis with 519 

the goal to formulate new waste management strategies for policymakers and other decision makers.  520 

As already mentioned, the aspects of investigation can be a relevant factor for choosing a specific 521 

method or to combine them. The reviewed papers predominantly assess environmental and economic 522 

aspects, followed by technical, organizational, Governance and social aspects (Figure 8). Often the 523 

studies examine more than one aspect by combining them in different ways (Table A6): 2 aspects (74 524 

studies), 3 aspects (67 studies), 4 aspects (53 studies), 5 aspects (27 studies). 20 studies examine all 525 

investigated aspects. Out of these, ten use the wasteaware benchmark framework from Wilson et al. 526 

(2012). The remaining studies use other benchmarking approaches and indicators (AlHumid et al., 2019; 527 

Marques and Simões, 2009; Mendes et al., 2013; Parekh et al., 2015; Topic and Biedermann, 2015), 528 

MCDM (Tseng, 2009; Tseng and Lin, 2009; Vučijak et al., 2016) as well as integrated approaches 529 

(Fuldauer et al., 2019; Shekdar, 2009). Fuldauer et al. (2019) is yet the only study, which consider all 530 

WMS components and assessed all investigated aspects.  531 

However, the scope of 125 studies is the assessment of one single aspect. Among these, 112 focus on 532 

the environmental assessment of WMS, where mainly LCA is applied as a tool. The combination of 533 

environmental and economic aspects is widespread in literature with around 33 studies. Wherefore, 534 

mostly LCA (n. 21) is used combined with LCC (n. 3) or cost analyses (n. 16). 15 studies do a sustainable 535 

assessment concerning environmental, economic and social aspects, whereas most of them used LCA 536 

or MCDM.  537 
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 538 

Figure 8 Assessed aspects of the 366 reviewed publications classified by income group. 539 

3.4. Outcome of the assessment 540 

The assessment of WMSs is a useful method to evaluate the actual state and identify potentials for 541 

improvement, by providing recommended actions. The depth of detail of the proposed measures to 542 

optimize the WMS varies significantly from study to study. For this reason, the analysis was divided 543 

into three categories: "concrete measures", "unspecific measures" and "no measures" (see detailed 544 

description of these codes in SM1). For each category, some studies will be given as examples. Concrete 545 

measures are often mentioned in the discussion (Lima and Paulo, 2018) or conclusion chapter (Ali et 546 

al., 2019). Some studies (Lalitha and Fernando, 2019; Sharma et al., 2018) even contained an extra 547 

chapter only concerning optimization measures. Unspecified measures have been identified, if the study 548 

analyzed for example different scenarios and presented their findings only referring on the “best” and 549 

“worse” scenario regarding the analyzed aspects (Liikanen et al., 2017; Milutinovic et al., 2017). But, 550 

beyond this, no extra measures are proposed, which are required e.g. for the real implementation of the 551 

scenario or across all scenarios. Some studies did not mention any improvement measures, either 552 

because the focus of the paper concerned the used methodology (Bergeron, 2017; Hasome et al., 2001) 553 

or they describe merely problems and challenges of the status of WMS without providing any solutions 554 

or at least to point out existing strengths of the WMSs (Damanhuri et al., 2009). However, only 44% of 555 

the studies specify concrete recommendations for improvement on the basis of the gained results. 46% 556 

of the studies did not specify concrete measures. 10% do not have any optimization measures or 557 

suggestions for improvement. 558 

In two-thirds of the studies investigating LI and LMI countries concrete recommendations for action are 559 

included, whereas, for UMI and mixed countries, it was the case for around 50%. The situation is 560 

different for WMS assessment studies in HI countries; only around 30% suggest concrete improvement 561 

measures. 562 

22% of the studies indicate whether the WMS is less or more advanced. In comparative studies, 39 out 563 

of 60 make such a statement by comparing the condition of the different WMSs. Of these, the study of 564 

Yang et al. (2018) clusters the investigated case cities based on the obtained results. Yang et al. 565 

investigate the management effectiveness and efficiency of MSWM by using a DEA model. The 566 

obtained efficiency results from DEA are clustered to enable a comparison of the investigated cities. 567 

Cucchiella et al. (2014) presents a new framework using mathematical programming to assess the 568 

effectiveness of waste management quantitatively. Cucchiella et al. (2014) cluster the Italian regions in 569 
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different groups with similar waste management indications, which can be used to optimize the waste 570 

treatment in the clustered regions better. Parfitt et al. (2001) describes a new system of classification for 571 

local authorities using hierarchical cluster analysis to compare the local waste collection and provision 572 

of recycling infrastructure performance. 573 

Ranking or clustering the efficiency or the performance of WMS can be a good method for the 574 

comparison of cities, regions or countries. However, the comparison of WMS should not pursue the goal 575 

of judging systems that deserve improvement, but rather serve to gain important information from high 576 

performing WMSs.  577 

4. Developments and trends for WMS assessment 578 

In this part, the developments and trends for WMS assessment in HI, UMI, LMI, and LI countries are 579 

described based on the results of the systematic review. Moreover, the applicability of WMS assessment 580 

methods are described considering the type and amount of investigated aspects as well as WMS 581 

components. 582 

4.1. WMS assessment for LI and LMI countries 583 

The assessment of WMS in LI and LMI countries show similar trends and developments, that is why, 584 

they are discussed in one section. LI countries are the least analyzed country category followed by LMI 585 

countries. Influencing factors for this can be the lack of data and also non-existent or little financial 586 

support. Half of all LI studies received external funding, while for LMI studies it is nearly 45%. The 587 

research was mostly funded from national funds of HI or UMI countries (e.g. European Commission, 588 

the United States of America, Republic of China) or through foreign Ph.D. scholarships, but infrequently 589 

from the investigated countries themselves. The case studies from LMI countries are mostly investigated 590 

by LMI countries or in cooperation with or completely by HI or UMI countries. For LI countries the 591 

situation is quite different. The studies analyzing LI countries are rarely done lonely by local research 592 

institutions, but rather by HI or UMI countries or at least in cooperation with them. 593 

Regarding LI countries, the number of published articles between 2016 and 2018 show a slight increase, 594 

while it nearly doubled for LMI from 2017 to 2018. Due to the existing challenges in these countries, 595 

an increase in the number of published articles can be expected in future. With 15 studies India is up to 596 

now the most investigated country for the LMI category. While for LI countries the analysis of the waste 597 

collection, disposal, market and regulation are predominant, waste disposal, recycling, collection and 598 

energy recovery are relevant WMS components for LMI countries. Unfortunately, prevention and reuse 599 

are largely neglected in both cases. For LI countries only Halla and Majani (1999) and dos Muchangos 600 

et al. (2017) consider this component in their analyses and, whereas for LMI countries Oduro-Kwarteng 601 

et al. (2016), Al-Khatib et al. (2007), Khatib and Al-Khateeb (2009), Papargyropoulou et al. (2015) and 602 

Ahsan et al. (2014) included it in their investigations. 603 

In developing countries, lack of data is a known problem. Consequently, the applicability of 604 

methodologies is very limited (Zurbrügg et al., 2014). This is also confirmed by our results. Both country 605 

categories rarely applied type C methods, which need a significant amount of data. It is noticeable that 606 

for LMI countries, benchmarking, life cycle approaches as well as interviews and surveys are often 607 

utilized to evaluate WMSs. For LI countries, type A methods as surveys and interviews (incl. field 608 

investigation and waste analyses) are common used techniques, because they generate data and can be 609 

used to build up a database. In order to develop databases and statistics for waste management, those 610 

countries could, for example, follow the guidelines of UN solid waste accounting framework (United 611 

Nations et al., 2014). In both country categories those type A methods are commonly applied focusing 612 
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mostly on Governance, technical and organizational aspects. In 70% of all studies improving measures 613 

for LI and LMI countries are formulated. 614 

4.2. WMS assessment for UMI countries 615 

In comparison to the previous country categories, the number of publications for UMI countries 616 

regarding the WMS assessment for MSW is constantly high since 2013. The average of published 617 

articles since then is about 12 articles per year. In contrast to HI countries, this means that more 618 

publications are addressing UMI countries. The most studies are done for China (n. 35), followed by 619 

Iran and Brazil with 15 publications each. Unlike to LMI and LI countries, type C methods as life cycle 620 

approaches and combinations of methods are used the most. Relevant assessment aspects are 621 

environmental (n. 96) and economic (n. 67) aspects. 50% of the studies propose concrete measures for 622 

improving the WMS in UMI countries. Nearly half of all studies received grants for research. 623 

Contrasting to LI and LMI countries, the research for UMI studies was mostly financially supported by 624 

national research programs and through national funded Ph.D. fellowships from UMI countries and also 625 

from HI countries. The investigations are mainly carried out by UMI countries and to a certain extent in 626 

cooperation with HI countries. 627 

4.3. WMS assessment for HI countries 628 

Since 1984 a mean of around six studies per year concerning the assessment of WMS in HI countries 629 

have been published. Interestingly, studies addressing Italian WMS are published the most (n. 33). With 630 

regard to the applied methods, there are similarities with UMI countries. Type C methods as life cycle 631 

approaches and combinations of methods are also frequently used for HI countries, mainly assessing 632 

environmental (n. 131), economic (n. 85) and technical (n. 61) aspects. Unlike to UMI countries, type B 633 

methods as benchmarking and the use of indicators is also a utilized method for assessment. Concerning 634 

the recommendations for action, only a third of the studies propose concrete measures for improving 635 

WMSs. 69 studies out of 161 got financial funding almost entirely from national governments and 636 

national funded Ph.D. fellowships with the exception of studies concerning Taiwan, which are 637 

financially supported by the Republic of China. Where information on funding was available, it can be 638 

stated that the financing of the studies derives exclusively from HI countries. The assessment is 639 

completely done by HI countries, with little exceptions. Due to the expertise in some waste related 640 

research topics, some assessment studies of HI countries are focusing on cities or countries with middle 641 

or low income. 642 

4.4. Applicability of WMS assessment methods 643 

A lot of assessment methods are actually in use, whose applicability is still limited for LI and LMI 644 

countries, mostly due to the high amount of data needed, which cannot be provided for those countries 645 

(see Figure 9). Therefore, it is essential that a database is created to enhance WMS in these countries. 646 

Surveys, structured interviews as well as field investigations are methods, which can generate missing 647 

qualitative as well as quantitative data. Especially for those countries, for which waste relevant data is 648 

not available, due to lack of related statistical records (e.g. waste amount, waste composition), these 649 

methods are suitable. 650 
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 651 

Figure 9 Used assessment methods in studies according to the required data and the income groups. 652 

Only a part of the new developed assessment methods addresses waste planners and other decision 653 

makers, which are the main target group, who need these tools the most. The biggest part of innovative 654 

methods is still designed for academic purpose and often with the goal to inform decision makers about 655 

the assessment results. 656 

Table 2 summarizes some identified methods according to method type, the amount of investigated 657 

aspects, which could be found in the reviewed literature as well as the applicability for decision makers 658 

(municipal or regional administration, national authorities, experts for waste collection and 659 

technological treatment and international funding organizations) and academics. Notable is that 660 

benchmarking is applicable to investigate one single aspect up to all six aspects. Life cycle approaches 661 

as LCA, LCC or SLCA are limited regarding the investigated number of aspects, whereas life cycle 662 

variations as LCSA or combinations based on life cycle approaches are able to evaluate more aspects. 663 

Generally, MCDM, DEA models are used in the waste management context to investigate more than 664 

one aspect.  665 
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Table 2 Assignment of methods with regard to the possible amount of examined aspects, method type and suitability for 666 
stakeholders. 667 

  Investigated aspects 

Methods type Suitable for 1 2 3 4 5 6 

Type A Academics  Surveys & interviews  

Type B 
Decision makers 

& academics 
Benchmarking & performance indicators 

Type C 
Academics, 

(decision makers) 

LCA, 

SLCA, 

LCC 

 Life cycle variations  

 MCDM 

 DEA  

Mathematical models  

 668 

40% of all studies chose a classic life-cycle approach or the combination of them with other methods 669 

for WMS assessment. In general, environmental aspects (n. 112) are the most studied ones in this 670 

context, which is due to the fact that LCA (n. 87) is mainly used to assess environmental impacts. 671 

Besides, the combination of environmental with economic aspects (n. 33) and all six aspects (n. 20) are 672 

the most identified aspect combinations (see Table A6). Furthermore, Table A6 shows, which methods 673 

are used in the literature to investigate single or multiple aspects. 674 

4.5. Limitations of the study 675 

This systematic review might have missed some assessed cases, especially the ones which are published 676 

in proceedings or grey literature or are not written in English language. Also method papers, which did 677 

not contain a case study are not examined and are therefore not considered in this review. A further 678 

limitation is that individual waste streams are not examined, but only the MSW stream as a whole is 679 

considered. However, we searched three different databases to address as many different peer reviewed 680 

journals as possible. Moreover, it must be emphasized that this systematic review contains a wide range 681 

of peer-reviewed articles concerning the assessment of WMS in cities or countries. 682 

5. Conclusion, challenges and recommendations for future research 683 

In this systematic review 366 peer-reviewed research articles in English assessing WMS of cities or 684 

countries were analyzed. Assessment of WMS does not always mean that all relevant system 685 

components are addressed in the studies. For example, waste prevention is still the WMS component 686 

which is considered the least in all country types, although it has the highest priority in the waste 687 

hierarchy. So, future research should focus more on this component in the context of assessing WMSs. 688 

The component control and regulation is the second least assessed component, which is very 689 

fundamental for WMSs. Therefore, additional research regarding WMS components are recommended, 690 

to ensure a holistic view and to assess the performance of WMSs. There is a gap regarding the methods 691 

for clustering of WMS of cities and countries regarding their WMS performance including all relevant 692 

WMS components, which can be applied by decision makers. 693 

Generally, the assessment consists of two essential parts 1) assessment of the status quo and 2) 694 

formulating measures for improving. The performance of WMSs is mostly assessed using life cycle 695 

approaches and combining them with other assessment methods. Due to this fact, environmental aspects 696 

are the most investigated aspects for mostly all country types. Sometimes recommendations for WMS 697 

are not included in the research studies. Especially, for LCA studies it is noticeable that some of them 698 

only assess different scenarios (e.g. treatment options) and discuss results without subsequently 699 
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proposing concrete recommendations for action. This should be improved for further research, so that 700 

results of assessment studies can be directly used as basis for decision-making processes.  701 

Based on the results, three different method clusters are defined regarding the needed data, the 702 

applicability for users and suitability for country groups:  703 

Type A: Methods to generate qualitative and quantitative data as surveys and interviews; mainly used 704 

by academics and crucial for countries with high lack of data (e.g. LI and LMI countries) 705 

Type B: Simple assessment methods as benchmarking and performance indicators; suitable for decision 706 

makers and academics as well as for mostly all country types. 707 

Type C: Complex assessment methods with high amount of data as LCA, MCDM, DEA, mathematical 708 

models; mostly suitable for academics, if there are no simplified alternatives; they are mostly used in 709 

UMI and HI countries due to the needed specific data. 710 

The biggest challenges will be problematic in those countries with high data deficiency in the MSW 711 

sector in the context of assessing and improving WMSs. This is mainly the case for low and middle 712 

income countries. The same challenge exists also for decision makers, who want to rely their decision 713 

on robust WMS assessment, which is made difficult due to lack of data. Therefore, future research 714 

should focus more on the development of simple, quick and user-friendly methods with great potential 715 

for WMS optimization. This could be an option, so that waste related challenges most of all in low and 716 

middle income countries can be overcome without wasting precious time.  717 

Due to the existing challenges regarding lack of data, we expect that in future mainly type A and B 718 

methods will be used for LI countries. Whereas an increase of type C methods in LMI as well as LI 719 

countries is quite conceivable, under the condition that the data situation improves. For UMI countries, 720 

type C assessment methods will probably continue to be an essential assessment method. In comparison 721 

to UMI countries, besides type C also type B methods will be relevant options in HI countries regarding 722 

WMS assessment. The ranking or clustering of the efficiency or the performance of WMS can be a good 723 

method to compare cities, regions or countries.  724 

The assessment of WMS is crucial and still a relevant topic in the research field of waste management. 725 

The number of publications increased in the last 40 years for all country categories. But, studies 726 

addressing LI countries are still underrepresented. The review results show that the country categories 727 

developed similarly, but with a time shift. So, considering the future challenges low and middle income 728 

countries will meet, more assessment studies for these categories are expected to come. However, 729 

development aid in terms of funding support and research cooperation is needed to fasten the research 730 

in LMI and especially in LI countries for improving WMS and in order to be able to meet the existing 731 

and future challenges more effectively. 732 
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Appendix 741 

Table A1 Detailed search query for the performed literature review in the databases WoS, SD and TEMA. 742 

  743 

Database Search query 
Search 

results 

Web of Science 

(WoS) 

(TS= ((waste management AND (assess OR assessment OR evaluation OR 

classification OR evaluate OR classify) NOT (health care waste OR nuclear 

waste OR industrial waste OR chemical waste OR hazardous waste OR 

construction waste OR demolition waste OR e-waste OR waste water)))) AND 

LANGUAGE: (English) AND DOCUMENT TYPES: (Article) 

Indexes=SCI-EXPANDED, SSCI, A&HCI, BKCI-SSH, ESCI, CCR-

EXPANDED, IC Timespan= All years 

~ Refined by: [excluding] document types: (book review or letter or review or 

meeting abstract or correction or reprint or proceedings paper or data paper or 

book chapter or software review or editorial material ) and web of science 

categories: ( environmental sciences or engineering environmental or green 

sustainable science technology or environmental studies or engineering civil or 

materials science multidisciplinary or multidisciplinary sciences or ecology or 

regional urban planning or engineering multidisciplinary or management ) 

Note: The abbreviation “TS” is defined as TOPIC in Web of Science. TOPIC 

searches title, abstract, author keywords, and Keywords Plus. 

2.980 

ScienceDirect 

(SD) 

Title, abstract, keywords: ("waste management“ AND (assess OR assessment 

OR evaluation OR classification OR evaluate OR classify)). 

Timespan: All years. Publication Type: Research articles. 

 

Note: In ScienceDirect only 8 Boolean operators could be used for the search. 

So, the exclusion criteria “NOT” could not be included in the search strategy. 

2.303 

TEMA 

Title, abstract: "waste management" AND (assess OR assessment OR evaluation 

OR classification OR evaluate OR classify) NOT ("health care waste" OR 

"nuclear waste" OR "industrial waste" OR "chemical waste" OR "hazardous 

waste" OR "construction waste" OR "demolition waste" OR "e-waste" OR 

"waste water"); 

 

Timespan: All years. Language: English; Publication Type: Journal. 

817 
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Table A2 Description of the WMS components. 744 

WMS components Measures included 

waste control and 

regulation (Governance 

and Management) 

All measures, which are needed to manage and regulate the waste management sector 

in a city/region/country. For example: laws, regulations, policy instruments, waste 

plans, authorities and other supervisory bodies, institutions, WM service.  

waste market (trading 

and broking) 

All market activities concerning waste management (incl. recycling markets, import 

and export of waste); financing of waste projects; trading and broking of waste 

products or secondary raw materials has been investigated as well as revenues from 

waste products or energy recovery and costs for waste treatment and recycling. 

waste collection and 

transport 

Measures as the collection of waste through door-to-door or drop of systems and their 

transportation from collection points to storage places or recycling centers. 

waste prevention and  

re-use 

All measures, which are taken before a substance, material or product has become 

waste e.g. reusing products or extending their life span and measures as preparing for 

re-use, which are taken after products has become waste as checking, cleaning or 

repairing recovery operations. 

waste recycling 

Measures as composting or any other biological transformation process as well as 

recycling of plastics, metals and metal compounds, other inorganic materials, 

excluding energetic recovery operations. 

energy recovery 

All measures, which uses waste as fuel like the controlled incineration of waste (not 

open burning) to produce thermal or/and electrical energy or the production of refuse 

derived fuel (RDF), or biogas from anaerobic digestion to substitute other fossil fuels. 

waste disposal 
Measures as landfilling (uncontrolled, controlled, engineered, sanitary), dumping and 

open burning.  

 745 

Table A3 Description of the investigated assessment aspects. 746 

Assessment aspects Indicators included 

Environmental 

Assessment of environmental impacts and footprints including indicators as from life 

cycle impact assessment regarding climate, energy, fossil and biological resources, 

biodiversity, quality of air, soil, water and ecosystem services as well as odor and 

noise emissions. 

Economic 

Criteria for economic evaluation comprise for example investment, maintenance, 

labor and other operating costs for treatment facilities and collections or disposal 

systems, environmental costs, revenues from the sale of secondary raw materials, 

energy, prices for waste treatment and disposal, import and export issues. 

Social 

The assessment of social aspects can contain indicators regarding labor conditions, 

public health & safety, job creation, acceptance of WM systems (e.g. waste 

segregation, door-to-door collection), behavior, etc.  

Technical 

Technical indicators are for example various rates (recycling, landfilling, collection, 

etc.) or other technical aspects as waste characteristics, efficiency rates of treatment 

facilities, treatment and disposal capacities, technical reability. 

Organizational & 

Management 

The assessment of organizational aspects can includes indicators regarding the 

practical management of waste (e.g. disposal or collection services), site selection of 

facilities, the needed technical infrastructure (e.g. roads, treatment and disposal 

facilities, implementation time) or the organizational structures (private and public, 

formal and informal sector, etc.). 

Governance 

The assessment criteria Governance can contain the investigation on legal frameworks 

(e.g. policies, laws, regulations and other frameworks), targets, policy instruments 

(e.g. taxes) and the analysis of supervisory bodies as public administrations, 

institutions and other public authorities. Moreover, the assessment of user and 

provider inclusivity, public education and awareness as well as public involvement.  

 747 
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748 
Figure A1 Number of publications comparing cities or countries classified by income group for all 366 reviewed studies. 749 

 750 

 751 

Figure A2 Assessed WMS components of the 366 reviewed publications classified by publication year. *Note: Only studies 752 
until May 2019 were considered. 753 

  754 
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Table A4 Number of publications regarding to single countries and corresponding income group. 755 

No. of 

publications 

countries categorized by income group 

HI UMI LMI LI 

1 

Saudi Arabia, Greenland, 

Chile, Netherlands, 

Czech Republic, 

Germany, Finland 

Venezuela, 

Mauritius, 

Montenegro 

Bolivia, DR 

Congo, Mongolia, 

Cameroon, Egypt 

Zimbabwe, Ethiopia, 

Mozambique, 

Somaliland & Puntland 

(autonomous regions of 

Somalia), Senegal 

2 

Kuwait, Croatia, Malta, 

Australia, Denmark, 

Republic of Korea 

Kazakhstan, South 

Africa, Romania 

Sri Lanka, 

Cambodia, Ghana, 

Philippines 

Nepal, Uganda 

3 
Israel, Singapore, 

Portugal, Lithuania 

Bosnia & 

Herzegovina, Jordan 

Indonesia, Nigeria, 

West Bank 

Tanzania 

4 

Belgium, Switzerland, 

Austria, Hong Kong, 

Poland, Japan 

Lebanon, Malaysia Bangladesh  

5 
Portugal Russia, Mexico, 

Thailand 

Vietnam  

6 Sweden  Pakistan  

7 United Kingdom Serbia   

8 Canada    

9     

10 Spain Turkey   

11 Greece    

12     

13 USA, Taiwan    

14     

15  Iran, Brazil India  

…     

33 Italy    

34     

35  China   

 756 

Table A5 Results of the investigation of research funding for the reviewed studies according to country category and total. 757 

Funding information 
Country category 

total 
HI UMI LMI LI mixed 

no funding 11 8 4 1 4 28 

no information included 63 33 15 4 7 121 

no information regarding funding 20 15 10 1 2 48 

studies mentioning financial support 68 64 24 6 7 170 

total studies 161 120 53 12 20 366 

Ratio of funded research in relation to 

amount of studies 
42% 53% 45% 50% 35% 46% 

 758 
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Table A6 Classification of the reviewed papers using the investigated assessment aspects and eight assessment method groups (incl. “no method” and the subgroup “LCA variations” separately). 759 

Investigated assessment aspects 

(single and multiple)1 
LCA 

LCA 

variations 

Benchmark & 

indicators 
surveys MCDM DEA 

math. 

models 
other 

combination 

of methods 
no method 

overall 

amount2 

env. 87  1    1 7 16  112 

econ.   1     3 1  5 

tec.   2     3   5 

org.        1  1 2 

env. + econ.     1  4 2 26  33 

env. + Gov.        2 2  4 

env. + tec.   4     2 3  9 

econ. + tec.       2 2 4  8 

econ. + org.       2  2  4 

Gov. + tec.   1      1  2 

Gov. + org.   1 1    2  3 7 

org. + tec.   2 1 1   1 2  7 

env. + econ. + soc.     3   2 10  15 

env. + econ. + Gov.       1  2  3 

env. + econ. + tec.   2  3  3 2 2  12 

env. + econ. + org.     1  1  2  4 

econ. + soc. + org.    2     1  3 

econ. + Gov. + org.      1  1 3  5 

econ. + tec. + org.   1    1 1 5 1 9 

soc. + Gov. + org.  1        2 3 

Gov. + tec. + org.    3    2  3 8 

env. + Gov. + tec. + org.   1      1  2 

env. + econ. + soc.+ tec.     4 1 1  3  9 

env. + econ. + soc.+ org.     2    2  4 

env. + econ. + Gov. + tec.       3  1  4 

env. + econ. + tec. + org.  1   3 1 6  8  19 

econ. + soc. + Gov. + org.  1  1      1 3 

econ. + soc. + tec. + org.     1    1  2 

econ. + Gov. + tec. + org.    2 1    3  6 

env. + econ. + soc. + Gov. + tec.     1    2  3 

env. + econ. + soc. + Gov. + org.     2   1 5  8 

env. + econ. + soc. + tec. + org.   1  1   1 2  5 

env. + econ. + Gov. + tec. + org.  1 1 1       3 

econ. + soc. + Gov. + tec. + org.   1 2     2 2 7 

env. + econ. +  soc. + Gov. + tec. + org.   12  3   1 4  20 
1Abbreviations: env.: environmental; econ.: economic; soc.: social; Gov.: Governance; tec.: technical; org.: organizational 

2Note: Aspects (single and multiple) that appeared less than 2 times are not included in this table. Therefore, 11 aspects (2 single and 9 multiple) are not listed here. Mentions greater than 10 are 

highlighted in green. 

760 
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Supplementary Material 761 

SM1 – Prisma checklist 762 

SM2 – Review analysis documentation 763 
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