Approach to Assess the Performance of Waste Management Systems towards a Circular
Economy: Waste Management System Development Stage Concept (WMS-DSC)

Abbreviations:
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Research and development
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Stage 1
Absence or lack of essential elements of WM

Stage 2
Reliable collection and improved landfill sites

Stage 3
Separate collection and sorting

Stage 4
Expansion of the recycling industry

Stage 5
Circular economy - waste as a resource

Driver(s)

Removal of waste

Protection of human health

Environmental and climate protection

Resource value of waste

Conserve natural resources

Target(s)

Collection and removal of waste from housing areas

Stop of uncontrolled dumping and open burning

Reduction of landfill volume and its emissions

Increased use of waste as a resource

Avoid waste and increase resource efficiency

Governance —

Legislation and other policies | (G.1 - G.3)

G.1.1.1 National waste management (WM) targets are | G.1.2.1 Preliminary WM targets are defined in legislation. G.1.3.1 Environmental and climate protection aspects are G.1.4.1 WM targets are formulated based on Sustainable G.1.5.1 Achievement of ambitious targets regarding
missing. included in targets formulation. Development Goals (SDGs). CE and waste avoidance.
G.1.3.2 Time dependent targets to develop sustainable WM G.1.4.2 Formulation of targets for CE and_ Zero-Waste targets [2].
G.1 systems exist at all political levels* [1]. G.1.4.3 The wording changes from WM to circular economy (CE);
X G.1.3.3 WM targets are reviewed regularly [1] and their Wastes = Resources [3].
Duties and targets . ) .
(non- )achievement is communicated openly.
i) G.1.2.2 Waste disposal is a state responsibility.
G.1.1.2 A defined waste hierarchy is missing. G.1.3.4 A 5-stage waste hierarchy has been introduced:
1. prevention - 2. preparation for reuse - 3. material
recovery - 4. energy recovery - 5. disposal.
G.2.1.1 A national law on waste disposal is missing or G.2.2.1 Preliminary waste law? regulating waste disposal at G.2.3.1 The regulatory framework for WM consists of G.2.4.1 Laws and directives are constantly developed and G.2.5.1 CEis promoted more by market drivers than
in preparation [4]. national level is in force [4,5]. comprehensive waste laws? and associated directives tightened (max. every 5 years) to promote CE®, remove by legal regulations.
O Formulation of definitions for “wastes” and (regarding waste streams* and treatment plants®) [2]. barriers [8] and respond to (inter-)national challenges [1].
respective types of waste. [0 Mandatory recyclables collection from [0 Mandatory recyclables collection from businesses.
O Responsibility and role of different households. O Financial incentives and eco-labelling to promote
stakeholders in WM are identified [1]. O Substance or product bans. sustainable products and processes [9].
O Sancltlo.ns far non—crc])mp(l::a.nce W|thllegal [0 Ban of combined disposal of hazardous and non- [0 Minimum use rates for recyclates in product
MEFUEIES S EIETRITEE I WESKR EE: hazardous waste [1]. manufacturing [10].
[0 Right to repair” and further incentives? are defined to
promote CE.
G.2
X G.2.2.2 Clear guidelines for local authorities specify how G.2.3.2 Technical instructions and implementation regulations | G.2.4.2 Legal areas® are more closely interlinked to counteract
Laws, Regulations L . AT . .
dA ¢ waste laws and policies shall be implemented [11]. are legally binding [4]. illegal export or import of wastes [4].
an reements
fnat} G.2.3.3 Media related laws or ordinances (e.g., soil, water
protection, air pollution control) enter into force.
Impact on SDG 12.1 G.2.3.4 All WM related international agreements?® are ratified. | G.2.4.3 Duties from ratified international conventions are fulfilled.
12.4,12.75DG 12.c. G.2.4.4 In public procurement, at least 50 % are ecologically G.2.5.2 In public procurement, at least 80 % are
efficient and environmentally friendly products [12,13]. ecologically efficient and environmentally
friendly products.
G.2.3.5 Extended producer responsibility (EPR) is introduced G.2.4.5 Through stewardship obligations and EPR, environmental G.2.5.3 Cross-border EPR enables promising, fair and
[11]. policy transfers more responsibility** (financial or enforceable distribution of responsibility along
organizational) to manufacturers [7]. global supply chains [7].
G.2.4.6 An ecological evaluation of license fees in the context of
EPR (e.g., for packaging) is implemented [14].
G.2.4.7 EPRis extended beyond national borders along global
supply chains for all life cycle phases (cradle to grave) [7].
G.3 G.3.1.1 Lack of a legally established and standardized G.3.2.1 An initial simple nomenclature for certain types of G.3.3.1 A detailed nomenclature'? for waste types is regulated | G.3.4.1 The nomenclature is updated regularly in order to directly G.3.5.1 (Supra-)National collection of waste data
Nomenclature nomenclature for waste. wastes (organics, residual waste, plastics, metals, by law with the differentiation between non-hazardous take into account new types of waste as well as new state enables a more targeted implementation of
(nat.) glass) is regulated by law [4]. and hazardous waste [4]. of the art industrial processes and technologies[7]. measures.

1 All political levels means on national, regional (subnational) and municipal level.
2 Waste law describes at minimum: scope, WM tasks, relevant WM stakeholders, and actions for achieving the defined targets.
3 European Waste Framework Directive (https://eur-lex.europa.eu/eli/dir/2008/98) and its updates (https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A02008.0098-20180705&qid=1642604892683) as orientation. When implementing laws based on EU standards

(https://ec.europa.eu/environment/topics/waste-and-recycling/waste-law_en), it is important to adapt the laws to local conditions.

4 European directives with a focus on waste streams (e.g., biowaste, waste electronics, packaging, batteries, sewage sludge, vehicles, hazardous substances, commercial waste) as orientation: https://ec.europa.eu/environment/waste/legislation/c.htm.
5 European directives related to WM facilities (e.g., landfills, waste incineration plants) as orientation: https://ec.europa.eu/environment/waste/legislation/b.htm.
6 Laws promoting material recycling, eco-design, and the reparability and longevity of products [6]. Guiding legal regulations (e.g., to adjust the economic framework conditions or target quotas) are implemented if other drivers in the market are lacking or are insufficient [7].
7 This right obliges manufacturers to make their products repairable and to provide spare parts, software updates and repair manuals, volunteer repair initiatives and consumers for at least a specified period of time [10],[6].
8 E.g., tax relief, increase of statutory warranty depending on product, repair index (see also https://www.ecologie.gouv.fr/indice-reparabilite).

9 E.g., commercial, transport, regulatory, customs and environmental law.

10 These include global agreements such as: Basel Convention (1989), London Convention (1972), Joint Convention (Vienna, 1997), Hong Kong International Convention (2009), Kyoto Protocol incl. amendments (1997) or Paris Agreement (2016), Espoo Convention (1997), Aarhus Convention (1998), Nairobi
(2007) and agreements for specific associations of states, such as Bamako (1991; for African states), Waigani (1995, South Pacific states), Decision of the Council on the Control of Transboundary Movements of Wastes Destined for Recovery Operations (2001, for OECD states).

11 Manufacturers must carry out cleaning measures themselves or bear the costs in the event of improper behavior by users.

12 European Waste Catalogue [15] for orientation.
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Stage 1
Absence or lack of essential elements of WM

Stage 2
Reliable collection and improved landfill sites

Stage 3
Separate collection and sorting

Stage 4
Expansion of the recycling industry

Stage 5
Circular economy - waste as a resource

dependence on funds from higher levels (e.g.
national government) [4,16-18,23], WM
activities are reduced to a minimum.

G.6.1.5 Uneconomic waste collection and disposal

[5,18].

activities exists® [17,18].
G.6.2.8 Budgeting and cost accounting methods are used to
determine WM costs [18].

municipalities exist.

Governance — Legislation and other policies Il (G.3 — G.6)

G.4.1.1 A central body responsible for the G.4.2.1 Existence of a central body (e.g. ministry of
development and implementation of WM environment) responsible for the development and
strategies/policies is missing. implementation of WM strategies/policies [1,11].

G.4.2.2 National regulatory authority exists.

G.4.1.2 A national WM program that specifies the G.4.2.3 A national WM program exists. G.4.3.1 National waste prevention programs (incl. targets and G.4.4.1 WM programs, strategies and concepts are revised and
development of the waste sector by means of measures) are published. specified regularly (max. 5 years) focusing more on
specific measures is lacking. climate and resource protection aspects [4].

G.4.2.4 A national WM plan exists [5,11].
G.4.2.5 Concepts for safe disposal of hospital waste exist. G.4.3.2 Concepts for proper disposal or recycling of mining,
G.4 construction, forestry, agricultural and hazardous waste
National level WM (industrial sludge, chemical waste, etc.) exist [4].

(nat.) G.4.4.2 Government is increasingly involved in attempts to G.4.5.1 The involvement of the government
realize globally led collective actions for sustainable contributes to ensure the proper disposal of
resource management [9]. waste nationally and combat global

) environmental problems to a great extent.
G.4.4.3 Government implements measures to combat global
problems that are related to improper disposal (e.g.,
marine and space debris, microplastics).

G.4.1.3 Lack or fragile funding [4] for WM activities G.4.2.6 AWM budget is set in the federal budget, but it is G.4.3.3 A guaranteed WM budget is set in the federal budget
[16]. not guaranteed [16]. [16], which is sufficient to promote WM activities at all

G.4.1.4 Lack of national funding to improve WM G.4.2.7 National government grants financial aid to regions political levels.
systems on regional or municipal level [17,18]. or municipalities [19].

G.5.1.1 WM functions are dispersed across the G.5.2.1 A central body (e.g., a ministry of environment) G.5.3.1 Regional responsibilities regarding waste disposal and G.5.5.1 Regional efforts regarding CE lead to the rise
regional administration [17]; responsibilities developing and implementing WM strategies or recycling are clear and transparent. of several circular cities.
are unclear. policies and coordinating waste disposal and G.5.3.2 Interdisciplinary cooperation with other authorities (e.g.,

recovery activities exists [1,5,11]. spatial planning) exist [4].
G.5*% G.5.3.3 Effective mechanisms for siting landfills and other waste
Regional level WM 3 treatment facilities are in place [11].
(reg.) G.5.1.2 Aregional WM law and plan is missing or in G.5.2.2 Aregional waste law is in force. G.5.3.4 Regional waste laws are adapted to revised national waste G.5.4.1 Regional WM laws, plans, strategies and concepts are
preparation. G.5.2.3 A simplified regional WM plan is published. laws (G.2.3.1) revised and concretized regularly (max. 5 years) focusing
*(if applicable) G.5.3.5 A detailed regional WM plan is in place. more on climate and resource protection aspects [4].
G.5.3.6 Regional waste prevention programs are published.
Impact on SDG 11.b G.5.2.4 Regional concepts for the proper disposal of hospital G.5.3.7 Regional concepts for mining, construction, forestry, G.5.4.2 Regional plans exist ensuring sound waste disposal in
wastes are published. (G.4.2.5) agricultural and hazardous waste exist [4]. catastrophic events (natural disasters, pandemics,
crashes, attacks, war, etc.) [20].

G.5.1.3 Due to the lack of or fragile funding basis [4], G.5.2.5 A more stable regional funding base [4] for cost G.5.3.8 Budget for WM is sufficient to further optimize it at G.5.4.3 Supra-regional activities promoting CE are implemented.
WM activities are reduced to a minimum. recovery of WM activities is established* [17]. regional and municipal level.

G.6.1.1 Lack of jurisdiction and authority competences | G.6.2.1 Municipality has the jurisdiction and authority to G.6.3.1 Institutional coherence [11] in WM is communicated G.6.4.1 Municipality strives to become a "Circular City“[22]. G.6.5.1 The preconditions for achieving the status of
of the municipality to plan, finance and plan, finance and operate its WM system or to clearly and transparently and publicly available. "Circular City" [20] are in place.
operate WM system or to outsource tasks to outsource tasks [5,16]. G.6.3.2 Cooperation between WM and other municipal service
e.g. private firms [16]. G.6.2.2 An independent WM authority is established to sectors (wastewater management, transport planning, etc.)

G.6.1.2 WM functions are spread across different ensure municipal WM [1]; some functions are still exist in city management [5].
municipal institutions [16—18]; responsibilities spread across other municipal institutions [18]. G.6.3.3 Public WM companies and authorities use complaints
are unclear. G.6.2.3 Emerging of inter-municipal cooperation’s to carry mechanisms [11,17].

out WM tasks more efficiently?® [5,11,21].
G.6 G.6.2.4 Institutionalization of waste counseling for
Municipal level WM households commercial operators [4].
(mun.) G.6.1.3 A municipal waste bylaw and WM concept is G.6.2.5 A municipal waste bylaw is in force. G.6.3.4 Waste bylaws are adapted to revised national (G.2.3.1)and | G.6.4.2 Municipal WM bylaws and concepts are revised regularly
missing or in preparation. G.6.2.6 A municipal WM concept is publicly available. regional waste laws (G.5.3.4). (max. 5 years) focusing on climate and resource aspects
Impact on SDG 11.b G.6.3.5 A municipal waste prevention program (incl. targets and [4].
measures) is published. G.6.4.3 Municipal plans exist ensuring sound waste disposal in
catastrophic events (natural disasters, war, etc.) [20].
G.6.1.4 Due to lack or fragile funding base and high G.6.2.7 A stable municipal funding base [4] for WM G.6.3.6 Municipal WM budget is sufficient. G.6.4.4 Activities promoting CE in cooperation with foreign

13 “Regional” means political structures and institutions that lie between the municipal level and the national level. These can vary from nation to nation. If no regional structures are existent, then the points mentioned here should exist either at national or municipal level.
14 E.g., by a functioning fee collection system or by increased support for higher levels of administration.

15 E.g., joint waste collection, realization and maintenance of WM facilities.

16 E.g., through a functioning purpose-based socially responsible fee collection (e.g., consumption- or demand-based contributions) or increased promotion of higher administrative levels. Increase of willingness to pay, waste fees are linked to other taxes/charges (e.g. property, energy or water) [17],[18].
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Governance — Administration and monitoring (G.7 — G.11)

G.7

Stakeholder
cooperation

(nat., reg., mun.)

G.7.1.1 Interaction opportunities between the public
sector and other relevant WM stakeholders
are missing [16].

G.7.2.1 First platforms, committees emerge to promote
exchange between the public sector and other
relevant WM stakeholders.

G.7.3.1 Several stakeholder platforms and committees exist
and are essential for the exchange between the public
sector and other relevant WM stakeholders.

G.7.4.1 Competency centers are established to improve the
exchange between relevant WM stakeholders [14].

G.7.5.1 Innovative digital exchange formats improve the
flow and exchange of information between WM
stakeholders.

G.8
Control mechanisms
(nat., reg., mun.)

G.8.1.1 Lack of governmental bodies which monitor
and control WM activities.

G.8.2.1 National governmental control bodies for
monitoring of WM activities exist.

G.8.2.2 Regional councils exist for the lawful enforcement
of WM activities on a regional level.

G.8.3.1 Certification and accreditation bodies exist, which are
responsible for conformity assessments of e.g.,
products, persons or bodies.

G.8.3.2 Local authorities monitor activities of firms performing
municipal WM functions [5].

G.8.4.1 Successful transfer of WM tasks to private and public-
private-partnership (PPP) companies [18] due to skilled
supervisory institutions.

G.8.5.1 Reduction of state regulation [4] due to
functioning self-regulation and compliance with
existing rules by business and society [24].

G.8.3.3 Introduction of regulated and recognized certification
of specialized WM companies.

G.8.4.2 Definition of nationally standardized requirements for
expert qualification and for inspections performance [14].

G.8.4.3 Regular training of experts is established [14]

G.8.2.3 Monitoring of compliance with legal requirements
occurs selectively.

G.8.3.4 Stricter controls are established?’ (G.2.3.1) [4].

G.8.3.5 State controls are carried out selectively to inspect
labor and working conditions.

G.8.4.4 State controls increase to verify the compliance of labor
and worker protection measures.

G.8.3.6 Transport controls of imported and exported waste

G.8.4.5 Regular transport inspections for waste and recycling

G.8.5.2 Control mechanisms work well to identify and
sanction illegal behavior and activities in CE.

Authorization and
public participation
(nat., reg., mun.)

official authorization procedures.

G.9.1.2 Public participation is missing in authorization
procedures.

and recovery facilities are implemented.

G.9.2.2 Public participation is included in authorization
procedures.

procedures for large-scale WM plants.
G.9.3.2 Public participation in political WM decisions [24].

hearing procedures [4].

G.9.4.2 Public participation in political decision-making processes
regarding the CE is desired and made possible [26].

Impact on SDG 10.5 and recycled materials take place. materials increase detection of illegal disposal routes.

G.8.2.4 Monitoring of the construction, operation and G.8.3.7 Monitoring of all landfills (construction, operation and | G.8.4.6 Strict monitoring of all emissions from landfills and other
aftercare of landfills is carried out selectively. aftercare) and waste treatment plants takes place. treatment plants.

G.8.2.5 Despite possible sanctions (G.2.2.1), they are rarely G.8.3.8 Sanctioning in case of legal violations is increasing. G.8.4.7 Sanctioning has effect and incorrect practices in CE
imposed in case of legal violations in WM context. decrease.

G.8.2.6 Control mechanisms to limit corruption and G.8.3.9 Further development of anti-corruption mechanisms G.8.4.8 Monopolies in CE are regulated [23]. G.8.5.3 Corruption is almost contained due to
monopoles are introduced but barely applied. lead to an increased detection of corruption [25]. functioning control mechanisms.

G.8.5.4 Corporate monopolies in the WM sector are
prevented [5].
G.9 G.9.1.1 There is a lack of regulated and systematic G.9.2.1 Official authorization procedures for WM disposal G.9.3.1 Public participation is mandatory in authorization G.9.4.1 Recognized NGOs can participate in participation and G.9.5.1 Full transparency of authorization procedures is

guaranteed [4].

G.10

G.10.1.1 Quality standards and emission limits for
waste and treatment disposal plants are

G.10.2.1 Quality standards and emission limits for waste
disposal and treatment plants exist.

G.10.3.1 Permission requirements for disposal and treatment
plants are tightened (G.2.3.1).

G.10.4.1 Emission limits and quality standards for disposal and
treatment plants are updated and tightened regularly

G.10.5.1 Emission limits and reference values for disposal
facilities and secondary raw materials and fuels

Data collection,
reporting and
evaluation

(nat., reg., mun.)

for its export [4]

lacking. G.10.3.2 Emission limits'® and quality standards are uniform (max. every 5 years). are tightened in an extent that environmental
Quality standards and nationally coordinated. risks are reduced to a minimum.
and threshold
values G.10.1.2 Quality standards (incl. pollutant limits) for G.10.2.2 Quality standards and pollutant limits for certain G.10.3.3 Introduction of standardized national quality G.10.4.2 Expansion of and tighten quality standards increases the
(nat.) secondary materials are lacking. secondary materials exist. standards for certain secondary materials (e.g., quality of secondary materials and refuse derived fuels
G.10.2.3 Institutions / associations emerge, who promote plastics, glass, compost) and substitute fuels. (RDFs).
unified standards for secondary materials and fuels.
G.11.1.1 Data on waste collection and disposal G.11.2.1 Waste collection and disposal records are G.11.3.1 Data for all disposed wastes are documented (G.3.3.1) | G.11.4.1 Registration and notification procedures for different types | G.11.5.1 WM data and other environmentally relevant
(quantity, type, etc.) is missing [4]. introduced. and updated annually. of waste are standardized [14]. data are available to the public at all political
G.11.3.2 Municipalities and regions are obliged to record waste levels [4].
data and forward it to superior authorities.
G.11.3.3 Waste data is documented centrally and uniformly.
G.11.3.4 Different registration and notification procedures
G.11 (G.8.3.4) are established for various wastes [14] also

G.11.2.2 Simple management information systems (MIS) [11]
to identify, record and analyze waste relevant data
e.g. in public administration, are introduced.

G.11.3.5 Increase use of MIS in public administration.

G.11.4.2 Innovative MIS (with data warehouses and big data
applications) are used to analyze large data amounts user-
friendly and more quickly.

G.11.5.2 A smart WM system is emerging in which waste
data is integrated into large data centers and is
available in real time [24].

G.11.1.2 Representative waste statistics at national,
regional or municipal level are lacking.

G.11.2.3 Municipal or regional waste statistics (collection and
disposal) are created without being publicly
available.

G.11.3.6 Waste statistics are publicly available.
G.11.3.7 Waste balances and forecasts through improved data.

G.11.4.3 Data basis in the CE enables precise forecasts, meaningful
reporting and is a basis for political decisions.

G.11.3.8 Indicators are used to evaluate WM systems.

G.11.4.4 Use of different indicators for WM systems evaluation and
monitoring on all political levels .*°

G.11.5.3 (Supra-)National standardized benchmark
indicators to evaluate WM systems exist.

G.11.1.3 Specific collection, disposal, recovery and
recycling rates are lacking.

G.11.2.4 Collection, disposal, recovery and recycling rates are
estimated on all political levels.

G.11.3.9 Uniform collection, disposal and recycling rates exist
on all political levels.

17 E.g., inspections, reporting requirements, registration and notification requirements.
18 See also European Union emission limit values for emissions from industry (incl. emissions from waste treatment plants) [27].
19 Different indicators are used on the different levels, which makes a benchmark impossible [28].
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(nat., reg., mun.)

Impact on SDG 4.7

G.12.2.3 Study programs without WM focus are available to
train academic specialists (e.g., engineers), who can
be employed in WM.

G.12.3.3 Environmental science and WM study programs to
train academic staff exist.

G.12.1.2 Lack of educational programs for pupils in

G.12.2.4 WM relevant topics are voluntarily addressed in

G.12.3.4 In schools, environmental and waste topics are

G.12.4.2 In elementary and secondary schools, environmentally and

Governance — Education and research (G.12 - G.14)
G.12.1.1 Lack of training opportunities to qualify G.12.2.1 Education and training opportunities are available G.12.3.1 Emerging of job profiles for recycling or recovery. G.12.4.1 Qualification offers for specialized personnel in the field of | G.12.5.1 CE is an integral part of educational courses
personnel in WM. to train personnel in the field of WM. G.12.3.2 WM issues are addressed in professions for which the CE are expanded and adapted to current developments either for academics, pupils and workers.
G.12.2.2 Specific job profiles (skilled workers, technicians, handling of waste is relevant [24]. (Zero-Waste, waste prevention, climate protection, etc.).
engineers, etc.) emerge for urban cleaning, waste
el collection, sorting and disposal.
Education

Awareness building
(nat., reg., mun.)

Impact on SDG 12.8

and SDG 12.8
schools regarding WM. preliminary and secondary schools. taught increasingly on a voluntary basis [29]. CE relevant topics (e.g., recycling and waste prevention)
G.12.2.5 Educational pilot projects are launched selectively, ar<.e included in the curricula to raise awareness among
which are financed externally, e.g., by international children, adolescents and young adults [30].
active donors, NGOs or companies.
G.13.1.1 Lack of faculties or institutes?°, studying WM G.13.2.1 Research and development (R&D) faculties are G.13.3.1 At national and regional level, the expansion of R&D G.13.4.1 Interdisciplinary research centers are established to study
issues on their own or in cooperation with established at national or regional level [1] to study facilities [1] is promoted intensively. relevant CE issues.
G.13 other countries. WM issues. G.13.3.2 Increasing number of faculties/institutes at national
Research G.13.1.2 WM issues are only investigated by foreign G.13.2.2 Cooperation’s with foreign research institutions or level studying WM issues or having cooperation’s with
disciplines, research institutions or firms. firms and countries?! [31] regarding research and other countries regarding research and education.
(nat., reg.) education exist.
G.13.1.3 Research activities focus mainly on the setup G.13.2.3 Research activities focus mainly on the efficient G.13.3.3 Research activities are mainly focused on optimized G.13.4.2 Research activities focus mainly on the optimization of G.13.5.1 CE related research projects are usually
Impact on SDG 9.5 of waste collection and disposal collection, disposal and treatment of waste, and the and efficient waste recycling, risk minimization (social, process flows in the CE (e.g., through digitalization or interdisciplinary and holistic.
and SDG 9.5.a infrastructures. minimization of social and economic risks. economic and environmental) and resource efficiency. industrial symbiosis), bioeconomic approaches, waste
G.13.3.4 WM issues are more likely studied interdisciplinary. avoidance and Water-Waste-Soil Nexus [32].
G.13.4.3 Increase studies exploring CE potentials in companies.
G.14.1.1 Lack of awareness campaigns regarding WM. G.14.2.1 WM awareness campaigns?2 [4] are carried out on G.14.3.1 National and municipal initiatives/projects to raise G.14.4.1 Awareness campaigns especially to promote waste
some political levels. WM awareness are implemented. prevention and closing loops are carried out on all political
G.14 levels.

G.14.1.2 Population neglects the importance of WM
and lives mainly according to the "not-in-my-
backyard" principle [33].

G.14.2.2 Awareness regarding knowledge and concerns
about WM is increasing in small parts of the
population [33].

G.14.3.2 Society and individual companies gain experience and
acquire a basic understanding of aspects of WM,
including in the context of sustainability [33].

G.14.4.2 Survey results show positive changes in the attitude
regarding waste and CE in large parts of the population
and companies.

G.14.4.3 Learned values, interests and the motivation of individuals
are reflected in the growing public participation in political
decision-making processes (G.9.3.2) regarding CE [33].

G.14.5.1 Behavior changing of population and companies
enable a sustainable CE [24,33].

G.14.5.2 Increasing environmental awareness among the
population enables the achievement of
ambitious CE or zero-waste goals [34].

Governance — Occupational safety, health and enviro

nmental protection (G.15 — G.16)

G.15

Occupational health
and safety

(reg., mun., comp.)

G.15.1.1 Occupational health and safety measures
(OHSM)? in WM sector are fully neglected.

G.15.1.2 (Fatal) accidents, illnesses, etc. of personnel
[18] occur frequently.

G.15.2.1 OHSM in WM [4,16,35,36] are increasingly
implemented in the formal sector and rarely in the
informal sector.

G.15.2.2 Decrease of work-related accidents, illnesses, etc.
are registered firstly in the formal sector.

G.15.3.1 OHSM (e.g., increased automation) are implemented
entirely in formal and increasingly in the informal
sector.

G.15.3.2 Decrease of work-related accidents, illnesses, etc. are
registered in both sectors.

G.15.4.1 Due to existing control mechanisms (G.8.3.4 and
SM.6.3.7), a high level of occupational health and safety
exists.

G.15.5.1 The number of work-related accidents, illnesses,
etc. is reduced to a minimum.

G.15.1.3 Waste pickers work and live under poor

G.15.2.3 Only adults work at controlled landfills.

G.15.3.3 The prohibition of living on landfills and child labor is

(nat., reg., mun.,
comp.)

Impgc; Zng(;&g' conditions at waste dumps / landfills [18,21] G.15.2.4 Living in dumps or landfills and child labor is fully realized.
’ ’ G.15.1.4 Children work as waste pickers. generally prohibited, but still exists.
G.16 G.16.1.1 Environmental and climate aspects are G.16.2.1 Environmental and climate protection measures G.16.3.1 WM and pollution control are more significant in G.16.4.1 WM issues (waste-to-energy, secondary raw materials), G.16.5.1 CE makes a significant contribution to a
Erviiremmanial neglected in decision-making processes in are integrated in WM. environmental politics. are increasingly integrated in resource and energy resource-efficient and low-GHG economy.
protection politics, companies and society [21]. efficiency concepts [4].

G.16.2.2 Emissions trading (G.2.3.4) is applied; but, GHG
emissions from WM increase compared to 1990.

G.16.3.2 Initial emission savings in WM (WD.2.3.2); GHG
emissions decrease by < 10% compared to 1990.

G.16.4.2 GHG emissions related to CE are >10% to < 50% lower
compared to 1990.

G.16.5.2 GHG emissions from CE are > 50% lower
compared to 1990.

20 In the case of small regions (island states or small countries), there are may be no universities. If this is the case, it should be checked whether there are cooperation’s with other countries that enable the training of qualified personnel and research in WM.
21 Applies to small states or island states.
22 E.g. campaigns on proper waste separation, recycling and prevention of wild dumping, increasing the acceptance of waste treatment facilities, and on environmental and climate protection (e.g., clean-up campaigns).
23 Among these measures are: uniforms, gloves, low loading heights, risk allowances, medical insurance, health care, etc. [16].
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Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
Absence or lack of essential elements of WM Reliable collection and improved landfill sites Separate collection and sorting Expansion of the recycling industry Circular economy - waste as a resource
Sector and Market (SM.1 - SM.5)

funding (e.g., due to poor arrangements

within public institutions) happen often.

stricter; nevertheless, misuse and inefficient use
of approved grants are still prevalent.

identified?” and countered.

SM.1.1.1 The existing WM sector is unstructured. SM.1.2.1 Institutional structuring of WM (G.4.2.1, G.5.2.1, SM.1.3.1 WM is evolving into a relevant economic sector SM.1.4.1 The WM sector is growing, especially in the area of SM.1.5.1 Due to close cooperation with other sectors, a
SM.1 G.5.3.1, G.6.2.2 and G.7.2.1) enables creation of (classification E according to ISIC), so that it is now recycling and resource recovery [37]. functioning CE is implemented that is
Sector development a WM sector [18]. part of the industrial policy [21]. improving constantly.
(nat., reg., mun., SM.1.1.2 Interests of companies or persons from SM.1.2.2 Formation of associations and interests groups SM.1.3.2 Integrative approaches to address WM challenges SM.1.4.2 Initial efforts to collaborate with other sectors to
comp.) the WM sector are neglected at the representing interests of the WM sector. are developed through increased dialogue among address the challenges of the CE are evolving.
political level due to the lack of a lobby. various stakeholders.
SM.2 SM.2.1.1 Jobs in the formal sector are available SM.2.2.1 Certain jobs in WM require appropriate SM.2.3.1 Many jobs are created in WM (especially in the SM.2.4.1 Additional jobs are created as the recycling industry SM.2.5.1 Qualified specialized personnel for the
Tl without requiring qualifications for the qualification, but there is still a lack of qualified recycling sector) [21]. expands. development, planning, construction and
obs . . e
work performed. personnel [24]. SM.2.3.2 Great demand of qualified personnel, especially for SM.2.4.2 Increasing recruitment of personnel for in-house waste 9perat|f>n of.advanced high-tech facilities are
(nat., reg., mun., SM.2.1.2 Lack of qualified staff and expertise in SM.2.2.2 Waste collection and sorting hold great the construction and operation of plants. disposal and recycling in companies. increasingly in demand.
comp.) institutions dealing with WM issues [19,24] employment potential [21].
SM.3.1.1 The informal sector is unstructured and SM.3.2.1 Some informal workers form small communities. SM.3.3.1 Reorganization of the sector through responsible | SM.3.4.1 Complete formalization of the informal sector by their
informal workers are self-reliant. cooperatives or umbrella organizations [4,18]. integration into formal municipal, private sector
SM.3.1.2 Their role and contribution to WM is SM.3.2.2 Their role and WM contribution are perceived by SM.3.3.2 Profession “waste picker” is recognized by policy SRS E1F Em e e B e el e (et
neglected by policy makers and public policy makers and public authorities. makers and public authorities [39].
SM.3 authorities [18]. SM.3.2.3 Start of institutional attempts® to integrate SM.3.3.3 Emerging initiatives to integrate them into the formal
Informal.sector SM.3.1.3 The distrust of informal workers towards informal workers [17]. sector (e.g. waste collection and recycling) [38,40].
the public sector is high. SM.3.2.4 They get support from development banks and SM.3.3.4 Experiences of waste pickers are actively used to
ety (R (i) SM.3.1.4 The informal sector is disadvantaged NGO's to improve their rights and working optimizefdvievities[41):
compared to the formal sector?*. conditions [40].
Impact on SDG 8.3 ) . . .
SM.3.1.5 Informal sector is accepted by a minority of SM.3.3.5 Informal sector is accepted by a majority of the
the society [40]. society.
SM.3.1.6 Share of informal workers compared to the SM.3.2.5 Share of informal workers compared to the total SM.3.3.6 Share of informal workers compared to the total
total number of employees in WM 2 35%. number of employees in WM < 35% and > 10% number of WM employees < 10% [42].
[42].
SM.4.1.1 Waste disposal is carried out uncoordinated | SM.4.2.1 WM coordination between various actors is SM.4.3.1 PPP-projects are emerging in the waste sector SM.4.4.1 Dynamic interplay between small innovative companies
and inefficient by public or private improving, but economic, personnel, technical and [4,43]. and internationally operating large companies in the
SM.4 companies and waste pickers. organizational inefficiencies remain [24]. SM.4.3.2 Companies specialized in waste recycling/disposal WM industry exist.
WM system need a specific certification (G.8.3.3) to work in WM.
structure and SM.4.3.3  Strict controls (G.8.3.4) increase the bureaucratic
organization burden on WM companies [44].
(nat., reg., mun., SM.4.3.4 A dual WMS (G.2.3.5) or other systems exist that SM.4.4.2 Dual WMS or other systems are a reliable and efficient SM.4.5.1 Dual WMS or other systems ensure that
comp.) fulfill disposal and recycling obligations of waste disposal systems with a large number of service recycling and return rates, reach high levels in
manufacturers, retailers and distributors of products providers. order to close the cycles in the best possible
(e.g., packaging). way.
SM.5.1.1 WM projects are mostly financed externally | SM.5.2.1 Higher financial support of national funders for SM.5.3.1 Financial support from (inter-)national donors to SM.5.4.1 Financial support from (inter-)national donors to SM.5.5.1 Financial support of R&D projects helps to
(e.g., by internationally operating WM development [28]. develop a sustainable WM and CE (incl. energy and promote CE is increasing, with greater consideration of achieve ambitious CE targets (G.1.5.1).
governmental organizations, development SM.5.2.2 Financially weak municipalities receive loans from resource efficiency) is increasing [45]. digitization, bioeconomy and waste prevention.
SM.5 , 's). anks through state guarantees . .5.3. inancial supporting of companies to implement .5.4. unding for industria and urban symbiosis an
banks, NGO's) banks through [18] SM.5.3.2 F I f I SM.5.4.2  Funding for ind | [28] and urban [46] symb d
) clean production measures?® [9,28] is available. cooperation between companies and municipalities [28].
Financial funding
8, i, SM.5.1.2 Approved funding is inefficiently used or SM.5.2.3 Investments by municipalities are controlled and SM.5.3.3 Control mechanisms reduce misuse and inefficient SM.5.5.2  Receiving of (non-)governmental financial
w L ’ misused, so that many projects fail. managed by the state [18]. use of funds. support is generally linked to compliance with
SM.5.1.3 Failing subsidies, misfunding and double SM.5.2.4 Conditions for obtaining subsidies are becoming SM.5.3.4 Double funding, failing subsidies, and misfunding are sustainability criteria.

24 E.g., by impairing access to wastes [39].
25 Possible measures to integrate the informal sector into the formal sector, see the catalog of measures in [39].
26 E.g., measures to increase energy and resource efficiency as well as measures for low-waste, low-emission or low-pollution production and the recycling of waste from production.
27 E.g., through better coordination between different public institutions and stricter monitoring of the allocation of funding.
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Stage 1
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Stage 2

Reliable collection and improved landfill sites

Stage 3
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Stage 4
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Stage 5
Circular economy - waste as a resource

Sector and Ma

rket Il (SM.6 — SM.7)

without compliance with any requirements.

and export of wastes and recyclables
(G.10.2.2), but controls occur selectively.

(G.2.3.4), but insufficient control encourages illegal
transport.

SM.6.1.1 Companies (manufacturers, distributors, or SM.6.3.1 Manufacturers, distributors, or retailers of certain SM.6.4.1 Zero-Waste targets are defined at company level [2]. SM.6.5.1 Company responsibility and transparency are
retailers) neglect WM issues. products?® must participate financially or generally high.
organizationally in WM (G.2.3.5) [11].
SM.6.3.2 Companies purchase insurance against environmental
damages caused and the insurance industry enforces
solutions for potential risks from such damages.
SM.6.3.3 Companies are starting to design their supply chains in a SM.6.4.2 Companies use innovative MIS? and blockchain to get
circular supply chain manner [12]. rapid and user-friendly analysis of large data amounts
SM.6 to improve their processes sustainably [12].
Enterprises B X N X X N N .
SM.6.3.4 First company cooperation’s form symbioses regarding SM.6.4.3 Large-scale projects on industrial or urban symbiosis
(comp.) their material flows [12]. (G.13.4.2 and SM.5.4.2) are implemented (e.g., eco-
industrial parks) .
Impact on SDG 9.4 . K . L K . K K K . . K .
d12.6 SM.6.1.2 The provision of product information for SM.6.3.5 Initially, manufacturers are required to provide product SM.6.4.4 Companies are increasingly recording data on material SM.6.5.2 Products generally contain environmentally
an ’ customers is lacking. information to their customers regarding its composition and waste flows, including the disposition or losses to relevant information (e.g. Carbon or water
(e.g. hazardous ingredients) and handling during the use the environment, and provide this information to footprints, material usage).
and disposal phases. consumers and WM companies [6,7].
SM.6.1.3 Business reports, containing WM data and SM.6.3.6 First environmental business reports are published, SM.6.4.5 Environmental or sustainability reports (with inclusion SM.6.5.3 Environmental and sustainability reports are
measures to improve WM are missing. containing WM data and measures to improve WM. of SDGs) are increasingly published by companies. published by domestic and foreign companies
SM.6.3.7 Audits*® (G.8.3.1) are carried out in companies [28]. SM.6.4.6 Eco-Labels are used in mostly all products to inform with which trade is conducted [9].
SM.6.3.8 Few companies use eco labels and environmental the consumers regarding environmental impact, use of
certificates to promote their products. biobased materials, recycled materials, etc.
SM.7.1.1 Markets for waste and recyclables are SM.7.2.1 Recycling markets are expanding and are SM.7.3.1 Trading structures for waste and recyclables! are SM.7.4.1 Strengthening of the secondary resource market SM.7.5.1 Automated logistics and market platforms allow
small, mostly informal and unregulated; starting to self-regulate, but trading regulated and transparent [4,21]. through government incentives (G.2.4.1) [6,21]. simplified searching and purchasing of waste or
trade structures are non-transparent. structures remain non-transparent. SM.7.3.2 Price fluctuations of certain secondary materials and SM.7.4.2 Strong connection of companies regarding exchange secondary materials [37].
fuels are regulated by governmental measures. and trade of secondary materials, by-products or other
SM.7.3.3 Exchange platforms for secondary products and wastes materials for reuse [21,47].
emerge. SM.7.4.3 New actors (e.g. volunteers) participate in collection of
recyclables; revenues are invested in social or
environmental projects.
SM.7.3.4 Secondary materials provide a small portion of industrial SM.7.4.4 Secondary materials cover a large part of the industrial | SM.7.5.2  Supply risks are reduced through a systematic CE.
sM.7 demand and generate revenues [21]. demand for raw materials [21]
Recycling market — - - - - — . - -
(nat ) SM.7.3.5 ltis difficult for high-quality recyclates to enter the SM.7.4.5 Pure plastic recyclates volumes increase (G.1.4.2, SM.7.5.3  Strict limits (G.10.4.2) enable high quality
nat., reg., mun. market or its use is inadequate (firing instead of G.2.4.1, CT.4.3.1 and WR.4.4.2), while the volume of recyclates.
recycling) [37]. mixed plastics recovered decreases.
SM.7.3.6 Secondary resources are perceived to be of low value SM.7.4.6 Improved information on secondary materials quality
due to missing quality information [37]. reduces biases.
SM.7.1.2 Import and export of waste (including SM.7.2.2 Trading of wastes and recyclables occurs SM.7.3.7 International trade with other countries regarding waste | SM.7.4.7 Introduction of stricter import and export criteria for SM.7.5.4 Smart WM system enables real-time networking
electronic waste, shipwreck, etc.) and predominantly in the country. and recyclables is increasing. (non-)hazardous, hardly recyclable wastes and used [24], so that secondary resources?? can
recyclables, is unregulated and occurs SM.7.2.3 Restrictions may be imposed for import SM.7.3.8 Initial import/export bans on hazardous wastes exist goods*? [6]. automatically be traded globally [37].

28 E.g., packaging, electronic equipment, batteries, end-of-life vehicles.

29 Also, in combinatio

n with data warehouses and big data applications.

30 E.g., audits to improve quality management (I1SO 9001) and environmental management (ISO 14001), to increase occupational health and safety (according to 1ISO 45001) and energy efficiency (ISO 5001).
31E.g., compost, waste paper, waste glass, metal, RDFs.

32 E g, used cars, cell

33 Through e.g. the Internet of Things, recyclable products can market themselves on platforms by publishing relevant product information, such as composition and possible applications [37].

phones, notebooks, TV's.
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Collection and

transport (CT1. — CT.8)

CT.1
Waste collection

CT.1.1.1 Lack of regulated and systematic collection
[4], collection is limited to important areas34.

CT.1.1.2 Uniform waste bins for collection are missing.

CT.1.2.1 A systematic, reliable and regulated collection
[4,21] is ensured, but carried out in an inefficient
manner (economically, organizationally) [18].

CT.1.2.2 Uniform and compatible aboveground systems are
primarily used in waste collection.

CT.1.3.1 Measures (e.g. waste locks, QR-tracking), concepts to
optimize waste collection (collection intervals3) and route
planning make waste collection more efficient.

CT.1.3.2 New waste bin systems, such as waste locks, are used often
in densely populated areas.

CT.1.4.1 Underground systems3® are installed in public spaces.
CT.1.4.2 Waste bins with fill level sensors are used [24,49].

CT.1.4.3 More digitalization3” measures are introduced to
increase collection efficiency.

CT.1.5.1 Waste bins without negative effect on the urban
landscape are in public spaces.

CT.1.5.2 Avoidance of overfilling by using smart waste
bins.

CT.1.5.3 Smart waste bins recognize types of waste and

(mun.) CT.1.2.3 Collection points are within 200m distance [48]. CT.1.3.3 Available service for cleaning up bins from households. separate them automatically [24].
CT.1.1.3 Basic principles of urban hygiene are CT.1.2.4 Principles of urban hygiene are partially met [4] by CT.1.5.4 Principles of urban hygiene are fully maintained
neglected [4,21], major littering exists [48]. regular urban cleaning and emptying public bins, [4] and littering in public spaces is not a problem
but littering in public spaces is still a problem [48]. anymore [48].
CT.2 CT.2.1.1 Waste collection is carried out partially or CT.2.2.1 Waste collection is mainly done by the formal CT.2.3.1 Waste collection is carried out exclusively by the formal CT.2.5.1 Waste collection is carried out exclusively by the
Service provider predominantly by waste pickers [4]. sector; existing collection gaps are filled by waste sector or by an organized informal sector (SM.3.3.1). formal sector (SM.3.4.1).
(mun.) pickers.
CT.3 CT.3.1.1 Collection rate: CT.3.2.1 Collection rate: CT.3.3.1 Collection rate: CT.3.4.1 Collection rate: CT.3.5.1 Collection rate:

Collection rates
(mun.)
Impact on SDG 11.6

O wurban: £50% OR no data
O rural: <30% OR no data

O urban: >50% and < 70%
O rural: >30% and < 50%

O urban: >70% and < 80%
O rural: >50% and < 80%

O urban: >80% and < 95%
O rural: >80% and < 95%

[0 urban: >95% and < 100%
O rural: >95% and < 100%

CT.4.1.1 Residual waste from households and (small)
businesses is collected collectively.

CT.4.1.2 Solely informal workers collect profitable
recyclables directly from households or

CT.4.2.1 First forms of separation at source collection (e.g.
metals, organics, glass or paper, wet/dry, etc.)
emerge (e.g. separation in 2 fractions) [48].

CT.4.2.2 Recyclables are collected also by the formal

CT.4.3.1 Separation at source collection for households and
businesses is mandatory, with few exceptions (G.2.3.1).
Separation in 3 or more fractions is implemented [48].

CT.4.3.2 Recycling centers are set up for the collection of various

CT.4.4.1 Measures are introduced to reduce the illegal collection
of e.g. used electronics [51].

CT.4.5.1 All recyclables are collected separately (G.2.4.1).

CT.4
. landfills [21]. sector. types of waste (incl. hazardous waste).
Separate collection — _
(mun.) CT.4.3.3 Separate collection leads to a better recovery of CT.4.4.2 Rate of incorrect sorting of recyclables is between >10% | CT.4.5.2 Rate of incorrect sorting of recyclables is < 10%.
recyclables, but the rate of incorrect sorting is > 30%. and < 30%38.
CT.4.2.3 Start of separate collection of hospital waste in CT.4.3.4 Official separate collection of electrical, construction and
healthcare facilities (G.5.2.4). demolition, agricultural and forestry waste (G.5.3.7).
CT.5.1.1 Recyclables collection rates are missing, only CT.5.2.1 Recyclables®® collection rate (G.11.3.3): CT.5.3.1 Recyclables® collection rate: CT.5.4.1 Recyclables® collection rate: CT.5.5.1 Recyclables®® collection rate:
CT.5 estimations are available or data is not O Metals: < 50% O Metals: > 50 and < 70% O Metals: > 70 and < 90% O Metals: >90%
Collection of publicly available. O Paper: <30% O Paper:>30and < 70% O Paper: > 70 and < 90% O Paper: >90%
recyclables O Glass: <30% O Glass: >30and < 70% O Glass: >70 and < 90% O Glass: >90%
(mun.) O Organics: <30% O Organics: >30 and < 70% [0 Organics: > 70 and < 90% [0 Organics: >90%
’ O Plastics: <10% O Plastics: > 10 and < 50% O Plastics: > 50 and < 90% O Plastics: >90%
[0 Textiles: < 10% [0 Textiles: >10 and < 50% [0 Textiles: > 50 and < 90% [0 Textiles: >90%
CT.6.1.1 Formal sector: Use of simple small vehicles CT.6.2.1 Formal sector: Mostly large vehicle fleet and more CT.6.3.1 Formal sector: Waste logistics companies improve vehicle CT.6.4.1 Use of different collection vehicles depending on waste®. | CT.6.5.1 Highly engineered and fully automated
(e.g., small trucks, pick-ups). automation available for waste collection; use of fleets [4]. Waste collection vehicles with compactors and Follectlon vehicles facilitate c?llectlon through
CT.6 large waste collection vehicles. lifters take over waste collection [21]. integrated false waste detection, quantity
Waste transport calculation and automatic data collection and
transfer.
(mun.)
CT.6.1.2 Informal sector: Only use of pack animals or CT.6.2.2 Informal sector: Mostly use of modified CT.6.3.2 Informal sector: Mostly use of modernized small trucks. See SM.3.4.1.
simple handcart, wheelbarrows or bicycles. wheelbarrows, motorcycles, small vehicles.
CT.7 CT.7.1.1 Waste is transported directly to landfills or CT.7.2.1 Decentralized transfer stations at favorable traffic | CT.7.3.1 Transfer stations increase collection efficiency. CT.7.5.1 All existing decentralized transfer stations
e T dumps by waste collectors. nodes are introduced [21]. CT.7.3.2 Transfer stations are advanced (use of differentiated correspond to the current state of the art.
ransfer stations
CT.7.1.2 Road sections are used as transfer areas. CT.7.2.2 Transfer stations are simple and unrestricted collection, handling and storage techniques [4]) and with
(mun.) accessible for public. restricted access for public.
CT.8 CT.8.1.1 Hazardous waste from households and (small) | CT.8.2.1 Small quantities of hazardous waste from CT.8.3.1 Small quantities [4] can be disposed free of charge. CT.8.4.1 All hazardous waste flows are collected separately CT.8.5.1 Hazardous waste quantities from households
Collection of businesses are collected together with other households are collected separately through (G.2.4.1). and industry are reduced to a minimum
hazardous wastes waste fractions [4]. designated public waste containers. (PR.4.4.2 and PR.4.5.2).
(mun.) CT.8.1.2 Lack of separate collection of hazardous waste CT.8.3.2 Hazardous waste from industry is collected almost
from industry. completely separated [4].
Impact on SDG 6.3
and 12.4

34 E.g., places of interest, with high visibility, culturally or politically important areas as well as wealthy areas and for companies who are willing to pay.

35 Depending on the waste material, climate conditions, container type or region, this can vary from daily to monthly.

36 Underground systems reduce emissions (noise, pollution) and contribute to a more attractive cityscape than aboveground systems.

37 Possible measures e.g., data collection during waste collection (through e.g. QR coding), sensor-based waste containers [50], GPS for more efficient route planning [49].
38 Reasons for this are: systematic waste separation, manual misthrow control by collection service providers and a growing separation awareness among the population.
39 Metals include ferrous and non-ferrous metals; paper includes cardboard; plastics includes composites.

40 For example, for the collection of organic waste, vehicles with rotary drum can be used to homogenize the waste.
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Waste disposa

| (WD.1 - WD.5)

WD.1.1.1 Lack of targeted and centralized waste WD.1.2.1 Targeted and centralized waste disposal in minimum | WD.1.3.1 Landfill classes** with differentiated disposal WD.1.4.1 Predominantly mineral waste is landfilled [4]. WD.1.5.1 Waste landfilling is becoming less important.
disposal [4]. controlled landfills [4,21] is regulated by law requirements for various wastes are introduced [4]. WD.1.4.2 Recyclables are rarely landfilled [45,53]. WD.1.5.2 Very small waste quantities are landfilled [4].
WD.1 WD.1.1.2 Wastes (incl. hazardous wastes) are mainly ez WD.1.3.2 Hazardous and non-hazardous waste are no longer | \wp.1.4.3 The after-use of former landfill sites after their closure | WD.1.5.3 Closed landfill areas are usually reused for
; : I disposed in open dumps, uncontrolled WD.1.2.2 Open burning and waste dumping are illegal, but disposed mixed on landfills. is becoming more relevant. other purposes, so that they are available
Waste disposa ; ; ; ; - . . ) !
(nat. req. mun) Ia.ndfllls, roafgs, open areas and in water Stl:: pra.1ct|ced due tohlaclf off:.or'ntro.ls (G.8.2.3), WD.1.3.3 Liquid waste are no longer be disposed in landfills. WD.1.4.4 Waste Is disposed exclusively on sanitary landfills. safely.
~ €G- ’ (river, sea) [19]. CelliEEE GRS OF ST ISHEEmERs: WD.1.3.4 (In)active landfill forms with low standards are WD.1.4.5 Approved sites allow the municipality to quickly and WD.1.5.4 The rehabilitation of old landfills with
WD.1.1.3 Waste is openly burned for better recovery converted to sanitary landfills [1]. safely dispose excessive waste in disaster [20]. potential recycling options is gaining in
Impact on SDG 6.3, of metals or used as fuel in households for importance [4].
11.6,11.b heatingiandicooking)[21]: WD.1.5.5 lllegal dumping is fully avoided.
WD.1.1.4 This landfill status predominates: WD.1.2.3 This landfill status of active landfills predominates: WD.1.4.6 This landfill status of active landfills predominates: WD.1.5.6 All existing (in)active landfills have been
open dump or controlled dump controlled landfill or engineered landfill sanitary landfill. almost converted to sanitary landfills.
WD.2.1.1 Lack of disposal controls such as waste WD.2.2.1 Registration of waste type, quantity and origin and WD.2.3.1 Registration and compaction of waste are the norm. WD.2.5.1 All existing and new landfills comply with the
registration (type, quantity or origin). weighing of waste before disposal. WD.2.3.2 A systematic pre-treatment of waste is mandatory current state of the art, so that they pose
WD.2 WD.2.1.2 Waste is burned on dumping sites [48]. WD.2.2.2 Waste burning on landfill sites is missing [48]. (G.2.3.1) [4]. little to no risk to human health or the
Operational WD.2.1.3 Landfill access controls are lacking or WD.2.2.3 Placement and.co.mpac.tion. of waste with daily use WD.2.3.3 A systematic landfill management is carried out for S
SR inadequate [48]. of cover material is mainly implemented [48,54]. the placement of the landfilled waste.
(reg., mun.) WD.2.1.4 Dumping sites are not staffed or only in e d.rawmg showing landfill boundary and filling WD.2.3.4 Measures for final covering, closure and post-
. R . area in place [48]. .
short times for site checking [48]. e : . closure management are realized [54].
WD.2.2.5 Site is staffed during operational hours [48].
WD.3 WD.3.1.1 Leachate infiltrates the soil or evaporates. WD.3.2.1 Leachate collection systems are available [54]. WD.3.3.1 Leachate collection, treatment and monitoring is WD.3.4.1 Strict limits (G.10.3.2) are fulfilled for surface and WD.3.5.1 Appropriate measures lead to a high decrease
Leachate water WD.3.1.2 Surface and groundwater monitoring is WD.3.2.2 Recirculation of leachate to the landfill body is often established and carried out in all active landfills. groundwater monitoring [54]. of leachate and a reduction in its toxicity, so
management lacking [54]. implemented as treatment option. that it no longer poses any health or
(reg., mun.) WD.3.2.3 Surface and groundwater monitoring is environmental risks.
implemented [54].
Impact on SDG 6.3
WD.4 WD.4.1.1 Landfill gasis released into the atmosphere | WD.4.2.1 Passive gas collection or flaring of landfill gas is WD.4.3.1 Active landfill gas collection for further energy WD.4.4.1 Strict limits (G.10.3.2) are fulfilled for landfill gas WD.4.5.1 Controlled flaring of landfill gas is done only
Landfill gas [54]. implemented as a measure. recovery and gas monitoring takes place [54]. monitoring. in case of emergency ("emergency flaring")
management and when it is unprofitable (e.g., at small gas
(reg.,, mun.) quantities).
WD.5 WD.5.1.1 Waste burning or dumping in high seas and WD.5.3.1 By joining international agreements (London, WD.5.5.1 Strict and regular controls (G.8.4.4) and
Other means of in coastal waters takes place. Bamako) (G.2.3.4) waste burning or dumping in high greater environmental awareness (G.14.4.2)
disposal seas and in coastal waters is prohibited. But, they lead to the avoidance of waste burning or

(nat., reg., mun.)

still take place due to lack of controls.

dumping in high seas and in coastal waters.

41 Landfill classes: landfill for hazardous waste, landfill for non-hazardous waste and landfill for inert waste [52].
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Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
Absence or lack of essential elements of WM Reliable collection and improved landfill sites Separate collection and sorting Expansion of the recycling industry Circular economy - waste as a resource
Energy recovery (ER.1 - ER.3)*
ER.1.1.1 A controlled energy recovery or thermal Pre-check before implementing an incineration plant**: ER.1.3.1 Energy recovery or thermal disposal is increasingly ER.1.4.1  Although material recycling increase, energy recovery ER.1.5.1 The amount of waste for energy recovery
disposal of waste is missing. To successfully implement waste incineration plants, these used to treat large quantities of the cities’ waste continues to be an essential treatment alternative. tends to decrease as waste is recycled more
organizational criteria [55—-57] must be respected: fﬁg-: rgsidual, bu!ka forestry, hazardous and ER.1.4.2 The lower heating value is at least 11 MJ/kg on average. (WR.7.5.1).
O Waste is disposed in controlled landfills (WD.1.2.3). industial waste)iinsidelonoutside thelcotintry,
O Qualified staff is available (G.12.2.1 and G.12.2.3). ER.1.3.2 Depending on the organizational affiliation of the
O Collection is systematic and organized (CT.1.2.1). installation, irrevocable agreements are in place that
O Sorting at source is implemented to control waste, regulate waste delivery, energy sales, and pricing
which is not suitable for incineration (CT.4.2.1). [55].
O Basic laws and rules on WM have been developed ER.1.3.3 At least 150.000 tons per year of suitable waste
(G.2.2.1and G.2.3.1). fractions are available for incineration [57].
OO Incineration plants are positioned in upper level plans
(master plans, national strategies, etc.) (G.4.2.4 and
G.5.2.3).
O Political and social will for the installation is given.
ER.1 O Total costs for the plant are secured.
Thermal disposal O Public or private actors shall be experienced in
and energy recovery managing incineration plants efficiently.
(reg., mun.) [0 Most spare parts for maintenance can be purchased
locally. Sales offices for spare parts to be imported are
locally available.
These technical criteria [55-57] are essential:
O Supply of combustible waste must be stable over the
year and at least 50,000 Mg/year.
O Lower heating value must be at least 7 MJ/kg on
average and must always be above 6 MJ/kg in any
season.
[0 Bottom ash and fly ash can be treated safely.
ER.1.1.2  Co-incineration of waste is missing. ER.1.2.1  Specific wastes or RDFs are co-incinerated in ER.1.3.4 Energy recovery establishes as an alternative to
industrial firing plants (e.g., cement plants) in landfilling; energy-intensive industries (blast
compliance with specific quality standards furnaces, cement and power plants) often make use
(G.10.2.2). of it [4].
ER.2.1.1 Waste incinerators are neither in operation ER.2.2.1 Incineration plants*? (incl. flue gas cleaning - FGC) ER.2.3.1 Only waste incinerators with FGC are in use®, which | ER.2.4.1 High-tech and state of the art processes and equipment ER.2.5.1 Existing data concerning composition and
nor planned in the country. for controlled energy recovery or thermal disposal meet this requirements [48]: are used to ensure high operational reliability and safe quality of the incinerated waste in
can be in planning or construction stage in the O Continuous monitoring of operating destruction of organic pollutants and a safe removal of combination with the integration of digital
ER.2 country or simple operating incineration plants, parameters and emissions. heavy metals and other compounds [7]. measures ensures an automatic and
Incineration plants w!'\ich are engineered with process cgntrols, but O Monitoring systems are routinely calibrated. ER.2.4.2  Flue gas controls compliant with applicable homogeneous waste input.
(reg., mun.) without an FGC can be assigned to this stage. At ) . environmental standards (G.10.4.1) [48].
least operating parameters (temperature, smoke [0 Maintenance plans or schedules are in place.
etc.) shall continuously be monitored and [0 Evidence that equipment is well maintained.
recorded [48]. [ Fire extinguishers available on site.
ER.3.1.1 Raw material production and energy ER.3.3.1 Recovered energy from incineration is sold as ER.3.5.1 Incinerators and other thermal recycling
recovery through controlled waste electrical or thermal energy (e.g. district heating or facilities are increasingly replacing primary
ER3 incineration is missing. steam for industrial purposes) or as a combination energy sources [21].
of both. [48,55]
Energy and raw . . .
material recovery ER.3.3.2 InFlneratlon or RDF plants are located in an area
with moderate heat demand. Good transport and
(reg., mun.) energy infrastructure exists [57].
ER.3.3.3 Recovered metals from the incineration process are ER.3.4.1 Slags are increasingly recycled and reused for examplein | ER.3.5.2  All by-products from waste incineration are
Impact on SDG 7.1 R e F ; —— , .
sold; other by-products (gypsum, salts, slags, bottom road construction in compliance with limit values almost completely reintroduced into the
and 7.2 and fly ash etc.) are treated safely, but recycled (G.10.4.2). economic cycle due to high quality standards
rarely. (G.10.5.1) and established policy incentives
(G.2.4.1).

*Note: Incineration plants are a possible, but not a mandatory treatment option. In case incineration plants are planned or in operation, the component energy recovery should be considered in the assessment.

**Note: This section is exceptionally structured differently. Here, the preconditions for the construction of a waste incineration plant are presented. These criteria are only to be considered if there is no incineration plant in the case study, yet. If one plant exists, then this section can be neglected.

42 Depending on the type of waste, the following incineration technologies are used: Residual waste: grate firing; sewage sludge: fluidized bed firing; hazardous waste: rotary kiln. Further thermal utilization technologies are pyrolysis and gasification.
43 Incineration plants do not necessarily have to be physically present in the investigated city. In the case of very small municipalities, regions, countries or island states, they may well be located in a neighbouring country and be jointly used by the city under investigation or the waste may be recycled

there.
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Stage 1
Absence or lack of essential elements of WM

Stage 2
Reliable collection and improved landfill sites

Stage 3
Separate collection and sorting

Stage 4
Expansion of the recycling industry

Stage 5

Circular economy - waste as a resource

Waste recycling (WR.1 - WR.8)

WR.1.1.1 Material recycling is rarely done, but open- WR.1.3.1 Waste treatment is extended by including WR.1.4.1 (Semi-)closed-loop recycling and upcycling increase [58]. WR.1.5.1 (Semi-) closed-loop recycling dominates [7].
WR.1 loop recycling and downcycling predominate mechanical, biological, and chemical-physical WR.1.4.2 Dialogues between manufactures and recyclers and WR.1.5.2 A circular bioeconomy is implemented where
Waste recycling [58]. treatment components [4]. other relevant stakeholders take place to identify and technically possible [6].
(reg., mun.) solve recycling problems jointly [6].
WR.1.1.2 Ensured input for recycling plants is lacking. WR.1.3.2 Input for recycling plants is partly ensured. WR.1.4.3 Input for recycling plants is fully ensured (G.2.4.1).
WR.2.1.1 Organic waste is landfilled or recycled WR.2.2.1 The majority of organic waste from WR.2.3.1 Introduction of static, closed composting in tunnels WR.2.4.1 Dynamic or quasi-dynamic processes are integrated in WR.2.5.1 Microplastics can be removed from compost to
through home composting or used to feed households, businesses, from parks and and containers including sorting technologies to existing composting plants. a very large extent [6].
WR.2 animals. markets are recycled in simple open or reduce interfering materials in compost (G.10.3.3).
. covered composting facilities or with the help
Composting of mobile aggregates [21].
(reg., mun.) WR.2.2.2 Low compost quality and small use in WR.2.3.2 The use of compost in agriculture and landscape WR.2.4.2 Compost is of very high quality (G.10.4.2), but still WR.2.5.2 Compost has a very high quality and purity level.
agriculture. management is increasing due to better qualities. contains pollutants such as microplastics.
WR.2.4.3 Use of compost in the private sector is increasing.
WR.3.1.1 Fermentation plants are neither in WR.3.2.1 Fermentation plants may be in the planning WR.3.3.1 Fermentation plants are in operation to recycle WR.3.5.1 Biogas plants as biorefineries are an essential
operation nor planned. stage or under construction. organics from households, agriculture and forestry. component for CE, bioeconomy and energy
WR.3 WR.3.3.2 Separation of impurities, such as water and H2S, in WR.3.4.1 Introduction of a CO; separation stage at plants with a supply.
Fermentation order to utilize biogas mixtures energetically (e.g. in min. capacity of 30,000 Mg/a to get natural gas quality.
combined heat and power plants). WR.3.4.2 Biomethane is fed into the natural gas grid or used as
(reg., mun.) . . .
fuel in combustion engines.
WR.3.3.3 Nutrient-rich fermentation residues are used as WR.3.4.3 Digestates are of very high quality (G.10.4.2), but still WR.3.5.2 Mostly full removal of microplastics from
fertilizers in agriculture (G.10.3.3). contain pollutants such as microplastics. digestates by new treatment techniques.
WR.4 WR.4.1.1 Sorting of recyclables (e.g. metals, plastics, WR.4.2.1 Partially automated operating sorting plants WR.4.3.1 Operative sorting plants include mechanical separation | WR.4.4.1 Increased use of separation processes for plastics and WR.4.5.1 Recycling technologies are increasingly
Sorting and paper, glass, textiles) is done manually. with simple shredding and separation units stages, screening and visual aggregates to increase the color sorting (e.g., spectral, X-ray, LIBS) [21,59]. digitalized [24].
recycling plants WR.4.1.2 Electrical and electronic waste is rarely or (e.g., air classifier, kil separator) are efficiency of hand sorting [21]. WR.4.4.2 Modern sorting facilities produce high quality individual | WR.4.5.2 Increasing implementation of digitalization
{reg., mun.) very inefficiently dismantled and without used for better recycling. WR.4.3.2 Optical separation aggregates allow the production of fractions from separately collected waste [21]. measures* to rise the recyclability of products.
any protective measures. Only valuable WR.4.2.2 Use of mechanical-biological plants for high quality mono-fractions [21]. WR.4.4.3 Raw material recycling (e.g., solvolysis, pyrolysis, WR.4.5.3 Ensure safe recycling of waste containing
materials (metals, etc.) are recovered. residual waste pre-treatment to recover WR.4.3.3 Stabilate processes are used for pre-treatment of gasification) of plastic waste is performed to produce harmful substances through improved technical
izt p e 1 metals and high-calorific fractions (RDFs). residual waste to separate metals and RDFs. e.g., synthesis gases, methanol [60]. processes for the removal of pollutants [7].
WR.5 WR.5.1.1 Lack of RDFs recovery from waste. WR.5.2.1 Start of recovery of RDFs (high-calorific WR.5.3.1 Increased recovery of RDFs from waste [4,21]. WR.5.5.1 Amount of RDFs is decreasing due to higher
Refuse derived fuel fractions for energy recovery) from waste closed loop recycling.
(RDFs) treatment plants.
(reg., mun.)
WR.6.1.1 Only conventional demolition of WR.6.2.1 Mostly a conventional demolition of WD.6.3.1 Semi-selective demolition occurs predominantly, but WR.6.4.1 Selective demolition predominates. WR.6.5.1 Only selective demolition occurs.
(non- )residential buildings occurs. (non- )residential buildings occurs, but semi- selective demolition increases.
WR.6 selective deconstruction increases.
co%noafnd WR.6.1.2 Depollution is carried out rarely. WR.6.2.2 Depollution is carried out more frequently. WR.6.4.2 Depollution is usual practice in demolition.
demolition waste WR.6.1.3 C&D waste disposal on landfills or dumps WR.6.2.3 Under certain conditions [61], C&D material is | WD.6.3.2 Quantity of C&D materials as filler for surface WR.6.4.3 Increase in high quality recycled construction materials WR.6.5.2 Heavy or non-recyclable construction materials
(C&D) predominates. used as filler for surface excavations or landfill excavations and for landfill construction increases. (e.g., substitutes for building and road construction) [6]. are no longer allowed for building or road
(reg., mun.) construction. WD.6.3.3 New recycling routes as using C&D material in e.g., WR.6.4.4 Heavy or non-recyclable construction materials are construction.
road construction, are emerging in compliance with treated thermally or landfilled. WR.6.5.3 C&D waste is almost exclusively recycled, a
strict limits. WR.6.4.5 Robotics are used for efficient sorting of C&D waste [62]. marginal quantity is landfilled.
WR.7.1.1 Recycling rates can be high for certain WR.7.2.1 Recycling rates®® of household waste: WR.7.3.1 Recycling rates® of household waste: WR.7.4.1 Recycling rates*® of household waste: WR.7.5.1 Recycling rates®® of household waste:
recyclables (e.g., metals), but due to a lack O Metals:<40 % O Metals: >40and <70 % O Metals:>70and <90 % O Metals: >90 %
of data, precise numbers are missing. O Paper:<40% O Paper:>40and <70 % O Paper:>70and <90 % O Paper:>90%
WR.7 O Glass:<40% O Glass:>40and <70 % O Glass: > 70 and <90 % O Glass: >90 %
Recycling rates [0 Composites: <20 % [0 Composites: >20 and < 60 % [0 Composites: > 60 and < 90 % [0 Composites: >90 %
(nat., reg., mun.) O Plastics: <20 % O Plastics: > 20 and < 60 % O Plastics: > 60 and <90 % O Plastics: >90 %
WR.7.2.2 Recycling rates for E-Waste and C&D waste: WR.7.3.2  Recycling rates for E-Waste and C&D waste: WR.7.4.2 Recycling rates for E-Waste and C&D waste: WR.7.5.2 Recycling rates for E-Waste and C&D waste:
O E-Waste:>10and <40 % 0 E-Waste:>40and <70 % O E-Waste:>70and <90 % O E-Waste: >90%
O C&Dwaste:>10and<40% O C&Dwaste:>40and <70 % O C&D waste: >70and <90 % 0 C&D waste:>90 %
WR.8 WR.8.1.1 DR:<0,10 DR or no data WR.8.2.1 DR:>0,10 and £0,20 DR WR.8.3.1 DR:>0,20 and < 0,40 DR WR.8.4.1 DR:>0,40 and <0,70 DR WR.8.5.1 DR:>0,70 and < 1,00 DR
Diversion rate (DR) | WR.8.1.2 CMUR: <1 % CMUR OR no data WR.8.2.2 CMUR: >1 % and < 10 % CMUR WR.8.3.2 CMUR: > 10 % and < 30 % CMUR WR.8.4.2 CMUR: >30 % and < 70 % CMUR WR.8.5.2 CMUR: > 70 % CMUR
and Circular
material use rate
(CMUR)
(nat.)
Impact on SDG 8.4,
12.2and 12.5

44 Measures as cyber-physical systems, block chain applications, digital passports.
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Stage 1
Absence or lack of essential elements of WM

Stage 2
Reliable collection and improved landfill sites

Stage 3
Separate collection and sorting

Stage 4
Expansion of the recycling industry

Stage 5
Circular economy - waste as a resource

Prevention and reuse (PR.1 — PR.6)

Zero-waste index
(nat., reg., mun.)

O <0,05zwI

O >0,05 and < 0,15 ZWI

O >0,15 and £ 0,40 ZWI

O >0,40 and < 0,90 ZWI

PR.1.1.1 Waste prevention is motivated by poverty. PR.1.2.1 Waste prevention is predominantly motivated by PR.1.5.1 Decoupling of GDP and waste generation has
lack of resources (e.g. materials, metals). been achieved through a functioning CE [4].
PR.1.3.1 Food waste is given a higher political priority. PR.1.4.1 Initial targets to avoid of food waste are formulated PR.1.5.2 Amount of food waste is reduced to a minimum
and measures® implemented [6]. by successful implementation of measures.
PR'1. PR.1.3.2 Few disposables (e.g. plastic bags) is banned or only PR.1.4.2  All disposables are banned or permitted exceptionally. PR.1.5.3 Increase of substance/product bans*® (G.2.3.1).
AELCT permitted exceptionally. PR.1.4.3  Prohibited destruction of unsold durable goods (e.g., PR.1.5.4 CE reduces negative impacts of materials and
(nat., reg., mun.) returns from online sale) [6]. products by avoiding resources or waste [7].
PR.1.3.3 Initiatives (e.g., 3R) are emerging which, in addition PR.1.5.5 CE provides a long use of raw materials (incl.
Impact on SDG 8.4, to closing loops, also aim to educate the population. products, buildings, etc.) in the cycle [7].
12.2and 12.4
PR.1.4.4 Lifetime-extension of buildings is ensured before PR.1.5.6  The full deconstruction of buildings after use, is
construction phase [6,7]. ensured, before their realization.
PR.1.5.7 Waste prevention and life cycle considerations
are the basis of consumption decisions [4,21].
PR.2.1.1  Circular business and usage models are PR.2.2.1 Spare parts of end-of-life (EoL) products are used PR.2.3.1 Increase use of spare parts of EoL products to repair | PR.2.4.1 Repair of products is used by a large part of the PR.2.5.1 Permanent provision of spare parts through
lacking. to repair electronic devices or vehicles. electronic devices or vehicles. population. increased digitalization of process and

PR.2.3.2 Repair of products (e.g., electronics, textiles, production chains (e.g., with 3D printing) [64].

furniture) is used by a small part of the population.
PR.2 PR.2.3.3  Minimum online market for spare parts exists. PR.2.4.2  Various online spare part markets exist. PR.2.5.2  Spare part markets are integral part of CE [37].
Circular business PR.2.3.4 Product service systems, such as sharing and leasing PR.2.5.3 Sharing and leasing models are an integrative
and usage models business models, are offered. part of CE [37].
(comp.) PR.2.2.2  Voluntary take-back systems are in place for PR.2.3.5 Introduction of mandatory take-back or deposit- | PR.2.4.3 Deposit obligation is extended to all single-use PR.2.5.4 Innovative take-back and collection systems
certain wastes (e.g., pharmaceuticals, batteries). refund systems for waste (e.g. beverage packaging) beverage packaging and deposit contribution is higher enable reuse and high-quality recycling [7].
[4,29]. compared to reusable packaging [6].
PR.2.4.4 Introduction of deposits on other material-relevant
products (e.g., smartphones, tablets) or other financial
incentives for returning products [51].
PR.3.1.1 Companies neglect end-of-life (EoL) issues PR.3.2.1 Some companies (pioneers) are considering EoL PR.3.3.1 Through eco-design, several manufacturers are PR.3.4.1 Increased use of homogenous easy separable, PR.3.5.1 High use of secondary, recyclable or biobased
of their products. issues of their products. beginning to design their products in a more harmless and secondary materials; less use of materials for product manufacturing [12].
PR.3.1.2 Innovative composite materials are causing | PR.3.2.2 Some companies consider issues such as environn.w.entally frifendly way (e.g. incre.ase. disruptive substances (= decrease of composites). PR.3.5.2 EoL concepts for innovative products prior to
disposal problems due to the negligence of recyclability, material savings or substitution of recyclability, material savings and substitution of PR.3.4.2 Recyclability, upgradability and durability is generally market introduction are elaborated to minimize
EoL in the product design phase. hazardous substances in product design phase. harmful substances) [4,9]. considered in product design phase [6]. problems at the Eol phase [12,15].
PR.3 PR.3.1.3 Companies neglect issues such as PR.3.5.3 High product recyclability is one basic condition
Product design recyclability, material savings or for products entering the market.
(comp.) substitution of hazardous substances in PR.3.4.3 Increased assessment of environmental impacts and PR.3.5.4 Almost all companies consider all life cycle
product design phase. resource consumptions of products during their entire phases during the product design phase.
life cycle (cradle-to-grave).

PR.3.3.2 Voluntarily companies are setting minimum use PR.3.4.4 Legal minimum use rates for recyclates are between PR.3.5.5 Legal minimum use rates for recyclates are at
rates for secondary resources in their product 230 % and <60 % to produce plastic packaging and least 60 % to produce plastic packaging or other
manufacturing. other products [10]. products.

PR.4 PR.4.1.1 Companies neglect issues regarding the PR.4.2.1 Some companies (pioneers) from manufacturing, PR.4.3.1 Evaluation of production processes to minimize PR.4.4.1 Increasing investigation of resource efficiency PR.4.5.1 Waste avoidance and closing of loops are
Process proper disposal of their waste and waste trade and service sectors are considering how to waste and identify recycling potentials [47]. potentials of production processes (life-cycle common practice in medium-sized and large
optimization and avoidance. improve waste disposal and prevent waste. perspective) and implementation of measures®’. companies.
operational disposal PR.4.3.2 Joining international agreements (G.2.3.4) lead to PR.4.4.2  Several companies are substituting hazardous PR.4.5.2  Use of pollutants in CE is possible, if a controlled
strategies the substitution of some hazardous materials in substances with non-hazardous substances [47]. circulation is ensured in safe, application-based
(comp.) manufacturing with less hazardous materials. cycles with tolerance thresholds [6,7].
PR.5 PR.5.1.1 Waste generation per capita and day: PR.5.2.1 Waste generation per capita and day: PR.5.3.1 Waste generation per capita and day: PR.5.4.1 Waste generation per capita and day: PR.5.5.1 Waste generation per capita and day:
Waste generation® O >2,0kg O >1,5and <2,0 kg O >1,0and<1,5kg [0 >0,5and < 1,0 kg [0 <0,5kg
(nat., reg., mun.)
Impact on SDG 12.5
PR.6 PR.6.1.1 Zero-waste index (ZWI): PR.6.2.1 Zero-waste index (ZWI): PR.6.3.1 Zero-waste index (ZWI): PR.6.4.1 Zero-waste index (ZWI): PR.6.5.1 Zero-waste index (ZWI):

O >0,90 zWI

45 Possible measures to avoid food waste see [63].
46 The use of disposables is banned or only permitted in certain exceptions.E.g., the use of disposables to ensure sterility of products or in cases where the majority of the disposable product is made of recyclates or biobased materials.

47 E.g., identify potentials of waste avoidance, recycling of materials and increase of product output and e.g. ensure that recycled materials/wastes are returned in the process or sold to other costumers.

48 Orientation towards waste generation index [65].
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Glossary

Term

Definition

Bioeconomy

,The bioeconomy covers all sectors and systems that rely on biological resources (animals, plants, micro-organisms and derived biomass, including organic waste), their functions and
principles. It includes and interlinks: land and marine ecosystems and the services they provide; all primary production sectors that use and produce biological resources, i.e.
agriculture, forestry, fisheries and aquaculture; and all economic and industrial sectors that use biological resources and processes to produce food, feed, bio-based products, energy
and services. It cuts across these sectors and systems, interlinking them and creating synergies. While biotechnology is at the heart of bio-based processes, health biotechnology and
biological medicines are not included in the bioeconomy definition.” [66]

Circular city

“A circular city is a city that practices Circular Economy principles to close resource loops, in partnership with the city’s stakeholders (citizens, community, business and knowledge
stakeholders), to realize its vision of a future-proof city.” [22]

Circular economy

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.” [67] The idea of CE is to reduce waste to a minimum and keep materials and products as long as possible in the economic cycle [68].

Circular material
use rate (CMUR)

This “[...] indicator measures the share of material recovered and fed back into the economy - thus saving extraction of primary raw materials - in overall material use. The circular
material use (CMU) rate is defined as the ratio of the circular use of materials to the overall material use. The overall material use is measured by summing up the aggregate domestic
material consumption (DMC) and the circular use of materials. DMC is defined in economy-wide material flow accounts. The circular use of materials is approximated by the amount of
waste recycled in domestic recovery plants minus imported waste destined for recovery plus exported waste destined for recovery abroad. Waste recycled in domestic recovery plants
comprises the recovery operations R2 to R11 - as defined in the Waste Framework Directive 75/442/EEC. The imports and exports of waste destined for recycling - i.e. the amount of
imported and exported waste bound for recovery — are approximated from the European statistics on international trade in goods. A higher CMU rate value means that more
secondary materials substitute for primary raw materials thus reducing the environmental impacts of extracting primary material.” [69]

Circular supply
chain

Circular supply Chain is defined as “the integration of circular thinking into the management of the supply chains and its surrounding industrial and natural ecosystems. It systematically
restores materials toward a zero-waste vision through innovation from product/service design to end-of-life and waste management, involving all stakeholders” [12].

Closed-loop
recycling

“According to ISO 14044 a loop is closed when “material from a product system is recycled in the same product system. [...] In closed loops, material is recycled without [...] changes.”
[70]

Collection rate

“This indicator takes into account all different MSW streams collected separately by all the different collection systems available in the territory considered (e.g. door-to-door, civic
amenity sites, street containers). In areas where there is no detailed waste monitoring or where a part of the waste generated is not collected by the formal municipal waste collection
system, figures on MSW generation could underestimate the real situation.” [71]

Composting

“The controlled biological decomposition of organic material in the presence of air to form a humus-like material. Controlled methods of composting include mechanical mixing and
aerating, ventilating the materials by dropping them through a vertical series of aerated chambers, or placing the compost in piles out in the open air and mixing it or turning it
periodically. [72]

Construction and
demolition waste

“Construction and demolition waste - Rubble and other waste material arising from the construction, demolition, renovation or reconstruction of buildings or parts thereof, whether on
the surface or underground. Consists mainly of building material and soil, including excavated soil. Includes waste from all origins and from all economic activity sectors.” [72]

Controlled dump

“A controlled dump is a non-engineered disposal site where improvement is implemented on the operational and management aspects rather than on facility or structural
requirements, which would otherwise require substantial investment. Controlled dumps evolved due to the need to close open dumpsites and replace them with improved disposal
facilities, and in consideration of the financial constraints of LGU’s [local government units]. Controlled disposal of wastes may be implemented over existing wastes (from previous
open dumping operations) or on new sites.” [73]

According to [54] a controlled dump has the following characteristic:
e  Operation and Engineering Measures: Registration and placement/compaction of waste; surface water monitoring; no engineering measures

e  Leachate Management: Unrestricted contaminant release
e Landfill Gas Management: None

Controlled landfill

“Controlled landfill is a landfill whose operation is subject to a permit system and to technical control procedures in compliance with the national legislation in force. Includes specially
engineered landfill.” [72]

According to [54] a controlled landfill/engineered landfill has the following characteristics:
e  Operation and Engineering Measures: Registration and placement/compaction of waste; uses daily cover material; surface and ground water monitoring; infrastructure and

liner in place
e leachate Management: Containment and some level of leachate treatment; reduced leachate volume through waste cover
e Landfill Gas Management: Passive ventilation or flaring

Deposit-refund
system

“Surcharge on the price of potentially polluting products. When pollution is avoided by returning the products or their residuals, a refund of the surcharge is granted.” [72]

Diversion rate

“Defined as the percentage of total waste that is diverted from disposal at permitted landfills and transformation facilities such as incineration, and instead is directed to reduction,

reuse, recycling and composting programs.
Weight of recyclables

Weight of garbage+Weight of recyclables

Diversion rate = * 100 % " [74]

A diversion rate of 0,70 means that 70% of the municipal waste collected is recycled. If technically and economically feasible, the diversion rate can increase to 100%.
The remaining quantities of collected municipal waste are either landfilled or treated thermally or energetically (< 30%).

Downcycling

“Downcycling refers to a recycling process. In contrast to upcycling, downcycling involves a decline in the value of a recyclate, as the quality deteriorates during a progressive number of
recycling cycles or more primary raw materials have to be added. Downcycling is particularly important for plastics recycling; it ensures that raw materials continue to be used despite a
loss of quality.” [75]

Dual WM

“To reduce the quantity of packaging waste, and thereby of overall MSW, Germany introduced a far-reaching legislation to reduce waste, based on the producer's responsibility
principle. Industry was given the option to set up a third party organization which would carry out the collection and sorting of sales packaging for care of manufacturers and retailers.
Thus, some 600 companies created "Duales System Deutschland" in 1990 ("Dual" because it meant creating a second collection system in parallel to the existing waste collection
system of the local authorities). Duales System Deutschland (DSD), now has overall responsibility for the separate collection and recycling of packaging. At present, the Dual System is
the only nationwide system for the collection and sorting of sales packaging. Packaging participating in this collection system is marked with the Green Dot.” [76]

Eco-design

“The integration of environmental aspects into the product development process, by balancing ecological and economic requirements. Eco-design considers environmental aspects at
all stages of the product development process, striving for products which make the lowest possible environmental impact throughout the product life cycle.” [72]

Energy recovery

“A form of resource recovery in which the organic fraction of waste is converted to some form of usable energy. Recovery may be achieved through the combustion of processed or
raw refuse to produce steam through the pyrolysis of refuse to produce oil or gas; and through the anaerobic digestion of organic wastes to produce methane gas.” [72]

Engineered landfill

See controlled landfill.

Extended producer
responsibility (EPR)

“Extended Producer Responsibility (EPR) is a policy approach under which producers are given a significant responsibility — financial and/or physical — for the treatment or disposal of
post-consumer products. Assigning such responsibility could in principle provide incentives to prevent wastes at the source, promote product design for the environment and support
the achievement of public recycling and materials management goals.” [77]

Hazardous waste

“The term “hazardous waste” refers to various types of waste with defined hazardous properties that are harmful for the environment and/or human health. Hazardous waste must be
handled using special techniques and processes that ensure safe and environmentally sound disposal by elimination of the hazardous substances contained in the waste.” [78]

Household waste

“Solid waste composed of garbage and rubbish, which normally originates from houses.” [72]

Incineration

“Controlled process by which solid, liquid, or gaseous combustible wastes are burned and changed into gases; residue produced contains little or no combustible material. The aims of
the process of burning solid waste under controlled conditions are to reduce its weight and volume, and often to produce energy.” [72]

Informal sector

“Informal sector waste workers are self-employed and are not officially registered for tax purposes. They do not receive a salary from any organization but derive their income from
selling what they pick from the waste or from informal payments from individual households.” [79]

assessment (LCA)

Landfill “A waste disposal site for the deposit of the waste onto or into land (i.e. underground).” [72]

Landfill gas “Landfill gas means all the gases generated from the landfilled waste.” [72]

Landfill leachate “Liquid that has seeped through solid waste in a landfill and has extracted soluble dissolved or suspended materials in the process.” [72]

Life cycle “Life-cycle assessment (LCA) is a process of evaluating the effects that a product has on the environment over the entire period of its life thereby increasing resource-use efficiency and

decreasing liabilities. It can be used to study the environmental impact of either a product or the function the product is designed to perform. LCA is commonly referred to as a "cradle-
to-grave" analysis. LCA's key elements are: (1) identify and quantify the environmental loads involved; e.g. the energy and raw materials consumed, the emissions and wastes
generated; (2) evaluate the potential environmental impacts of these loads; and (3) assess the options available for reducing these environmental impacts.” [72]

Municipal waste

“Waste from households, as well as other waste which, because of its nature or composition, is similar to waste from household.” [72]

Open burning

“'Open burning" is the burning of unwanted materials such as paper, trees, brush, leaves, grass, and other debris where smoke and other emissions are released directly into the air.
During open burning, air pollutants do not pass through a chimney or stack.” [80]

Open dump

“Open dumpsites entail the least development and operational cost requirement [...] of land disposal, and thus, are the most prevalent type of disposal facilities in most developing
countries. [...] they also pose the greatest threat to public health and the environment. [...] Open dumpsites are usually located in areas not feasible for such facilities because of the
absence of proper siting considerations or criteria. They are usually located in any available vacant area, and are usually within a government-owned property. [...] There are no general
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operational guidelines governing proper operation of the facility and many operators of these dumpsites lack equipment as well as the necessary expertise. Often, burning of waste is
done to reduce the volume of waste and preserve disposal space at the site. [...] Often, there is no control over the amount and/or type of waste that is disposed of in the site. If wastes
other than municipal solid wastes, such as medical and toxic and hazardous wastes, are permitted for disposal in the site, the risks to public health and the environment become more
significant. [...] Open dumpsites do not have the necessary facilities and measures to control and safely manage liquid and gaseous by-products of waste decomposition.” [73]

Open-loop According to 1SO 14044 “open loop recycling may, but does not have to, change the inherent properties of the recycled material.” [70]

recycling

Organic waste “Waste containing carbon compounds.” [72]

Packaging “Packaging shall mean all products made of any materials of any nature to be used for the containment, protection, handling, delivery and presentation of goods, from raw materials to

processed goods, from the producer to the user or the consumer. Non-returnable items used for the same purposes shall also be considered to constitute packaging. Packaging consists
only of:(a) sales packaging or primary packaging, i.e. packaging conceived so as to constitute a sales unit to the final user or consumer at the point of purchase; (b) grouped packaging or
secondary packaging, i.e. packaging conceived so as to constitute at the point of purchase a grouping of a certain number of sales units whether the latter is sold as such to the final
user or consumer or whether it serves only as a means to replenish the shelves at the point of sale; it can be removed from the product without affecting its characteristics; (c)
transport packaging or tertiary packaging, i.e. packaging conceived so as to facilitate handling and transport of a number of sales units or grouped packaging in order to prevent physical
handling and transport damage. Transport packaging does not include road, rail, ship and air containers.” [72]

Product-service-
systems

Product service systems that focus on the rental of products and thus provide incentives for low-maintenance, high-quality products with high utility value. This also includes the offer
to combine particularly durable products with services for maintenance, repair or upgrades. [7]

Public-private-
partnership (PPP)

“Public-private partnership (PPP) focuses on the privatization of MSW service from the public sector to the private sector. The definition of PPP is “the transfer and control of a good or
a service currently provided by the public sector, either in whole or in part, to the private sector. It involves a wide range of private sector participation in public services and serves as a
potential strategic management tool.” [44]. [43] and [81] extended the definition of PPP to include formal sectors, informal sectors, private waste contractors, and comparatively
formal entities like CBOs (community based organizations) and NGOs (non-governmental organizations).”[82]

Recyclable
collection rate (or
capture rate)

“This indicator measures the share of the estimated generation of a specific waste fraction that is collected separately (e.g. plastic, metal, paper and cardboard, glass and co-mingled
packaging). This indicator is useful to monitor how efficient is a separate waste collection system in intercepting the recyclable fractions.” [71]

Recycling

“(1) A resource recovery method involving the collection and treatment of a waste product for use as raw material in the manufacture of the same or a similar product. (2) the EU
waste strategy distinguishes between: reuse meant as a material reuse without any structural changes in materials; recycling meant as a material recycling, only, and with a reference
to structural changes in products; and recovery meant as an energy recovery only.” [72]

Recycling rates

“% of waste that is actually recycled or sent for recycling out of the total waste covered by the EPR scheme.” [71]

“Recycling rate for E-waste (in %):
The indicator is calculated by multiplying the 'collection rate' as set out in the WEEE Directive with the 'reuse and recycling rate' set out in the WEEE Directive; where:

o  The 'collection rate' equals the volumes collected of WEEE in the reference year divided by the average quantity of electrical and electronic equipment (EEE) put on the market in
the previous three years (both expressed in mass unit).

e The 'reuse and recycling rate' is calculated by dividing the weight of WEEE that enters the recycling/preparing for reuse facility by the weight of all separately collected WEEE
(both in mass unit) in accordance with Article 11(2) of the WEEE Directive 2012/19/EU, considering that the total amount of collected WEEE is sent to treatment/recycling
facilities.” [69]

“Recycling rate for construction and demolition waste (in %):

The indicator is the ratio of C&D waste which is prepared for reuse, recycled or subject to material recovery, including through backfilling operations, divided by the C&D waste treated
as defined in Regulation (EC) No 2150/2002 on waste statistics. The indicator covers the waste category 'Mineral waste from construction and demolition' (EWC-Stat 12.1). Only non-
hazardous waste is taken into account.” [69]

Refuse-derived
fuels (RDFs)

“Refuse derived fuel (RDF) is produced from domestic and business waste, which includes biodegradable material as well as plastics. Non-combustible materials such as glass and
metals are removed, and the residual material is then shredded. Refuse derived fuel is used to generate energy at recovery facilities, many of them in Europe where they produce
electricity and hot water for communal heating systems.” [83]

Reuse

“‘Reuse’ means any operation by which products or components that are not waste are used again for the same purpose for which they were conceived.” [84]

Sanitary landfill

“A sanitary landfill is an engineered disposal facility designed, constructed, and operated in a manner that minimizes impacts to public health and the environment. In contrast to open
dumpsites and controlled dumps, sanitary landfills undergo thorough planning right from the selection of the site up to post-closure management.

According to [54] a sanitary landfill has the following characteristic:
e  Operation and Engineering Measures: Registration and placement/compaction of waste; uses daily cover; measures for final top cover and closure; proper siting, infrastructure;

liner and leachate treatment in place and post-closure plan
e  leachate Management: Containment and leachate treatment (often biological and physico-chemical treatment)
e  Landfill Gas Management: Flaring with or without energy recovery

Separate collection

“The collection of individual components of solid waste from any source, usually separated into different collection containers, in order to recover, reuse or recycle the material or to
facilitate its collection and disposal.” [72]

Stakeholder

“An institution, organization, or group that has some interest in a particular sector or system.” [72]

Stakeholders in
WM

Stakeholders in WM are: Law and regulation bodies, research and educational institutions, media, WM companies, industry and commerce, service industries, members of the informal
sector, planners and consultants in the public and the private sector, non-governmental organizations (NGOs) as well as political parties, associations, societies, trade unions, etc. [29]

Transfer stations

“Transfer stations play an important role in the overall waste management infrastructure network by providing means of consolidating and managing recyclables and waste. This is
particularly important in rural and regional areas where efficient transport logistics determine the overall feasibility of providing waste and recovery services. In its simplest form, a
transfer station is a facility with a designated receiving area where waste collection vehicles and/or small self-haul customers discharge their waste. The waste is then loaded into larger
vehicles (e.g.: transfer trailers) for longhaul transport to a final disposal site (typically a landfill, treatment facility, materials recovery facility (MRF), or reprocessing plant). Ideally, there
is no long-term storage of materials at a transfer station. Waste and recyclables are consolidated and loaded into larger vehicles for movement off site.” [85]

Upcycling “Upcycling is a form of reuse of materials (recycling). Seemingly useless waste products are transformed into new materials with the help of upcycling. Unlike recycling or downcycling,
upcycling results in material upgrading. The process of reusing existing materials reduces the need for newly produced raw materials and thus conserves resources.” [86]

Waste “Materials that are not prime products (that is, products produced for the market) for which the generator has no further use in terms of his/her own purposes of production,
transformation or consumption, and of which he/she wants to dispose. Wastes may be generated during the extraction of raw materials, the processing of raw materials into
intermediate and final products, the consumption of final products, and other human activities. Residuals recycled or reused at the place of generation are excluded.” [72]

Waste bylaw A waste bylaw is a municipal ordinance regarding the collection and recovery of household waste at the municipal level concerning matters such as usage and integration into the

public system, as well as municipal garbage collection charges. Adapted from [87]

Waste collection

Periodic or on-demand removal of solid waste from the point of generation, such as specific addresses or designated collection points, to facilities where the waste is recovered or
disposed, regardless of collection modality (e.g., by municipal governments, non-state actors or informal sector). (adapted from [72] and [48]).

Waste disposal

“Disposal means any of the applicable operations provided for in Annex IIA to Directive 91/156/EEC:D1 Tipping above or underground (e.g. landfill, etc.), D2 Land treatment (e.g.
biodegradation of liquid or sludge discards in soils, etc.), D3 Deep injection (e.g. injection of pumpable discards into wells, salt domes or naturally occurring repositories, etc.), D4
Surface impoundment (e.g. placement of liquid or sludge discards into pits, ponds or lagoons, etc.), D5 Specially engineered landfill (e.g. placement into lined discrete cells which are
capped and isolated from one another and the environment, etc.), D6 Release of solid waste into a water body except seas/oceans, D7 Release into seas/oceans including seabed
insertion, D8 Biological treatment not specified elsewhere in this Annex which results in final compounds or mixtures which are disposed of by means of any of the operations in this
Annex, D9 Physico-chemical treatment not specified elsewhere in this Annex which results in final compounds or mixtures which are disposed of by means of any of the operations in
this Annex (e.g. evaporation, drying, calcination, etc.), D10 Incineration on land, D11 Incineration at sea, D12 Permanent storage (e.g. emplacement of containers in a mine, etc.), D13
Blending or mixture prior to submission to any of the operations in this Annex, D14 Repackaging prior to submission to any of the operations in this Annex, D15 Storage pending any of
the operations in this Annex, excluding temporary storage, pending collection, on the site where it is produced.” [72]

Waste dumping

“The disposal of solid wastes without environmental controls.” [72]

Waste export

“Transporting unwanted materials, including those leftover from a manufacturing processes, refuse, or trash to other countries or areas for the conduct of foreign trade.” [72]

Waste generation

“The weight or volume of materials and products that enter the waste stream before recycling, composting, landfilling or combustion takes place. Also can represent the amount of
waste generated by a given source or category of sources.” [72]

Waste generation
(indicator)

“The indicator measures the waste collected by or on behalf of municipal authorities and disposed of through the waste management system. It consists to a large extent of waste
generated by households, though similar wastes from sources such as commerce, offices and public institutions may be included.” [69]

Waste
management (WM)

““Waste management’ means the collection, transport, recovery and disposal of waste, including the supervision of such operations and the after-care of disposal sites, and including
actions taken as a dealer or broker;” [84]

Waste
management
system

A waste management system (WMS) is a system-relevant infrastructure system, which has the function of collecting, treating (incl. sorting) and disposing all types of generated waste.
Activities that promote the waste prevention and reuse or concern trading and broking of waste or secondary raw materials are also part of the system as well as components
regarding all governance (e.g. public authorities, laws, regulations), technical (e.g. treatment technologies), organizational (e.g. infrastructure, collecting services), aspects and other
resources (e.g. qualified labour, financial resources, natural resources) required for this function.

Waste picker

“Waste pickers collect household or commercial/industrial waste. They may collect from private waste bins or dumpsters, along streets and waterways or on dumps and landfills. Some
rummage in search of necessities; others collect and sell recyclables to middlemen or businesses. Some work in recycling warehouses or recycling plants owned by their cooperatives or
associations. The term “waste picker” was adopted at the First World Conference of Waste Pickers in Bogota, Colombia in 2008 to facilitate global networking--and to supplant
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derogatory terms like “scavenger”. Preferred terms vary, however, by place. For example, in South Africa "reclaimers" and "bagerezi" are used. In the United States, "canners" is often
used. Other languages have their own preferred terms: catadores in Portuguese, recicladores in Spanish. What waste pickers have in common is that this work is their livelihood and
often helps support their families.” [88]

Waste prevention “Prevention’ means measures taken before a substance, material or product has become waste, that reduce: (a) the quantity of waste, including through the reuse of products or the
extension of the life span of products; (b) the adverse impacts of the generated waste on the environment and human health; or (c) the content of harmful substances in materials and
products” [84]

Waste prevention “[Waste prevention programmes] shall be integrated either into the waste management plans provided for in [2008/98/EC Directive,] Article 28 or into other environmental policy
programs programmes [...] or shall function as separate programmes. If [a] programme is integrated into the waste management plan or into other programmes, the waste prevention measures
shall be clearly identified.

The programmes [...] shall set out the waste prevention objectives [and] describe the existing prevention measures and indicate the usefulness of the examples of measures indicated
[...] Appropriate qualitative or quantitative benchmarks for waste prevention measures shall be determined in order to monitor and assess the progress of the measures. Specific
qualitative and quantitative targets and indicators for waste prevention measures shall be adopted in accordance with the regulatory procedure.” [84]

“‘Recycling’ means any recovery operation by which waste materials are reprocessed into products, materials or substances whether for the original or other purposes. It includes the
reprocessing of organic material but does not include energy recovery and the reprocessing into materials that are to be used as fuels or for backfilling operations” [84]

Waste recycling

Waste treatment “The physical, thermal, chemical or biological processes, which change the characteristics of the waste in order to reduce its volume or hazardous nature, to facilitate its handling or to
enhance recovery.” [72]

WM concept See also WM plan.

WM plan “[A] waste management plan shall set out an analysis of the currents waste management situation in the geographical entity concerned. [It also includes] the measures, that are to be

taken to improve environmentally sound preparing for reuse, recycling, recovery and disposal of waste as well as an evaluation of how the plan will support the implementation of the
objectives and provisions of [Directive 2008/98/EC].

[A] waste management plan shall contain [...]:

e  type, quantity and source of waste generated within the territory, the waste likely to be shipped from or to the [...] territory, and an evaluation of the development of waste
streams in the future;

e  existing waste collection schemes and major disposal and recovery installations, including [...] special arrangements for waste oils, hazardous waste or waste streams addressed
by specific legislation;

e anassessment of the need for new collection schemes, the closure of existing waste installations, additional waste installation infrastructure [...] and the [needed] investments;

e sufficient information on the location criteria for site identification and on the capacity of future disposal or major recovery installations, [...]

e general waste management policies, including planned waste management technologies and methods, or policies for waste posing specific management problems.

[A] waste management plan may contain [...]:
e  organizational aspects related to waste management including a description of the allocation of responsibilities between public and private actors carrying out the waste
management;
e an evaluation of the usefulness and suitability of the use of economic and other instruments in tackling various waste problems, taking into account the need to maintain the
smooth functioning of the internal market;
e the use of awareness campaigns and information provision directed at the general public or at a specific set of consumers;
e historical contaminated waste disposal sites and measures for their rehabilitation.

A waste management plan also shall consider the geographical level and coverage of the planning area.” [84]

Waste Management plans, programs or concepts are often used in a same or similar context or even synonymously.

WM program See also WM plan.

Zero-waste “Zero Waste: The conservation of all resources by means of responsible production, consumption, reuse, and recovery of products, packaging, and materials without burning and with
no discharges to land, water, or air that threaten the environment or human health.” [89]

Zero-waste-index “The zero waste index is a tool to measure the potentiality of virgin materials to be offset by zero waste management systems. One of the important goals of the zero waste concept is

zero depletion of natural resources. Therefore, measuring the performance of the zerowaste city would eventually measure the resources that are extracted, consumed, wasted,
recycled, recovered and finally substituted for virgin materials and offset resource extraction by the waste management systems.
The ZWI formula is as follows:

Wi Y. potential amount of waste management by the city * substitution for the systems

total amount of waste generated in the city
The [ZW]1] is based on the value of material that can potentially replace the virgin material inputs. The substitution of energy, water and greenhouse gas emissions is also considered
with the material substitutions.” [74]

Useful guidelines regarding:

Waste management (WM) in general: [47,90,91]
Implementation of WM facilities: [92,93]
Implementation of landfills: [73,94,95]
Implementation of incineration plants: [55-57]

Measures for new treatment facilities (Emissions in air, soil and water, occupational and community health and safety): [96]
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