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Title:  Best Environmental Management Practice for the Waste Management Sector   
Abstract  
The way communities generate and manage their waste plays an absolutely key role in their ability to use 
resources efficiently. While making the European economy more resource -efficient and circular requires a 
large spectrum of actions, a huge opportunity  for saving resources lies  in improving waste management at 
the local level in Europe.  
On the basis of an in -depth analysis of the actions implemented by frontrunner organisations in the waste 
management sector, this report describes a set of best practices  with significant  potential for broad uptake. 
They are called Best Environmental Management Practices (BEMPs) and aim to help local authorities in 
charge of waste management and waste management companies move towards a circular economy.  
The BEMPs, identif ied in close cooperation with a technical working group comprising experts from the 
sector, cover the areas of waste management which determine the overall waste management performance  
the most : setting a waste management strategy, promoting waste preventi on, establishing an efficient 
waste collection that supports reuse and recycling, and stimulating waste preparation for reuse and product 
reuse. Certain areas of waste treatment are also covered. The BEMPs address mainly the management of 
municipal solid w aste, but also of construction and demolition waste and healthcare waste.  
Additionally, the report provides a set of environmental performance indicators that organisations can use to 
assess their waste management performance and monitor progress as well a s benchmarks of excellence 
that give an indication of the levels achieved by best performers.  
The report presents a wide range of information (environmental benefits, economics, case studies, 
references, etc.) for each of the best practices and aims to provide inspiration and guidance to organisations 
of the sector. In addition, the report will be the technical basis for the development of an EMAS (EU Eco -
Management and Audit Scheme) Sectoral Reference Document on Best Environmental Management Practice 
for the Waste Management Sector according to Article 46 of Regulation (EC) No 1221/2009 (EMAS 
Regu lation).
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EXECUTIVE SUMMARY  

The management of waste at local level plays a key role in the ability of communities 

to use resources efficiently and make progress towards achieving a  more circular 

economy. Many waste authorities and waste management companies are interested in 

improving their waste management performance, for instance by promoting waste 

prevention and reaching higher levels of reuse and recycling. This report describe s 

best practices (called best environmental management practices (BEMPs)) that can 

provide them with inspiration and practical tips based on actions and techniques that 

have been implemented by frontrunner organisations and proven successful.  

BEMPs were i dentified by the European Commission's Joint Research Centre, in close 

cooperation with a technical working group of experts and stakeholders from the 

waste management sector.  

 

Scope  

This document addresses two types of organisations: waste management comp anies 

(public and private), including companies implementing producer responsibility 

schemes, and waste authorities (public administrations in charge of waste 

management, mainly at local level). It does not cover the activities of organisations 

that genera te waste and do not belong to the waste management sector (i.e. most 

organisations).  

It describes best practices for the waste management phases and activities with the 

greatest circular economy potential:  

¶ establishing a waste management strategy;  

¶ foster ing waste prevention;  

¶ promoting the reuse  of products and preparation of waste for reuse;  

¶ waste treatment, limited to operations enabling material recycling.  

 

In the area of waste treatment, the scope is limited to waste treatment operations not 

covered in  the Best Available Techniques Reference Document (BREF) for Waste 

Treatment and to facilities performing treatments outside the scope of the Industrial 

Emissions Directive 2 (e.g. sorting facilities whose aim is to recycle plastics).  

It deals with three wa ste streams:  

¶ municipal solid waste (MSW): household waste and waste from other sources, 

such as retail, administration, education, health services, accommodation and 

food services, and other services and activities, which is similar in nature and 

compositi on to waste from households;  

¶ construction and demolition waste (CDW);  

¶ healthcare waste (HCW).  

                                           

 

2 Directive 2010/75/EU of the European Parliament and of the Council on industrial emissions.  
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Industrial waste and commercial waste not included in MSW are not covered in this 

document.  

 

Structure of the report  

 

Chapter  Brief description of the content  

1. General information and 

scope of the document  

Chapter 1 sets the context with facts and figures about the waste 

management sector in the EU and explains the definition of the 

scope of the report.  

2. Common environmental 

performance indicators for 

munic ipal solid waste  

Chapter 2 describes a set of environmental performance 

indicators that can be used to describe the overall performance 

of a municipal waste management system as well as a number of 

associated benchmarks of excellence.  

3. Cross -cutting BEM Ps 

Chapters 3 to 6 are the core of the report: they describe the 

identified best practices (called Best Environmental Management 

Practices (BEMPs)), together with the associated indicators and 

benchmarks of excellence.  

Chapter 3 deals with cross -cutting b est practices that apply to all 

the waste streams covered in this document, from setting a 

waste strategy, to the use of economic instruments and to 

finding additional best practices in other EU reference 

documents.  

4. BEMPs for MSW  

Chapter 4 presents how waste authorities and waste 

management companies can best manage MSW, including the 

design of the strategy, waste prevention, product reuse and 

preparation of waste for reuse, waste collection and waste 

treatment operations. The chap ter also includes a BEMP 

addressing producer responsibility organisations.  

5. BEMPs for CDW  

Chapter 5 focuses on the activities of waste authorities and waste 

management companies directly or indirectly responsible for the 

management of CDW. The main are as addressed are CDW 

management plans, avoidance of PCB contamination of CDW, 

processing  of CDW and waste plasterboard and management of 

removed waste asbestos.  

6. BEMPs for HCW  

Chapter 6 presents how waste authorities and waste 

management companies can b est deal with the management of 

HCW. The main areas covered are the optimisation of HCW 

segregation and the adoption of alternative treatments for HCW.  

7. Conclusions  

Chapter 7 provides a summary of the main outcomes of the 

report: (i) common environmenta l performance indicators for 

municipal solid waste management and the corresponding 

benchmarks of excellence, (ii) best environmental management 

practices and the associated BEMP -specific indicators and 

benchmarks of excellence.  

 

 

 

Content of the report  

 

Cross -cutting BEMPs (applicable to MSW, CDW and HCW)  

Effective and efficient waste management needs a comprehensive strategy that 

includes all waste streams under the responsibility and/or control of the local authority 

or waste management company concerne d. A successful strategy is based on, among 

others, the assessment of current and future trends in the size and composition of 

waste streams, consideration of environmental attitudes of residents and  appropriate 

and solid data monitoring. The waste managem ent strategy needs to prioritise actions 

according to the waste hierarchy (reduce, reuse, recycle, recover, dispose of) and life -
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cycle assessment tools can be used to complement the general rules and better shape 

the most effective solutions.  

Most advanced  waste management strategies include targets both for the long term 

(i.e. 10 ï20 years) and for the short term (i.e. 1 ï5 years) and a regular review of the 

strategy (at least every 3 years).  

Local authorities and waste management companies can integrate a n umber of 

economic instruments (such as taxes and tax modulation, waste pricing, deposit 

refund schemes) into the strategy in order to drive behavioural change and align 

economic incentives with the improvement of waste management performance.  

 

BEMPs for MS W -  waste strategy  

In the specific case of MSW, a successful economic instrument is the pay -as-you -

throw model, where the waste fees paid by users are modulated according to the 

amount of mixed waste delivered to the waste management system. The adoption o f 

pay -as-you - throw can lead to outstanding results in waste management, increasing 

the amount of fractions collected separately and sent for recycling while reducing 

mixed waste. It is essential that a pay -as-you - throw system is complemented by a 

user - frie ndly and effective collection infrastructure for the separately collected 

fractions covering the greatest range of waste types possible. The implementation of 

the waste strategy and of the instruments it uses needs to be supported by advanced 

waste monitor ing with timely data at the level of individual fractions and collection 

methods.  

To realise the potential of the waste management strategy developed, frontrunner 

waste authorities and waste management companies consider awareness - raising of 

residents and other economic players very important. In order to effectively encourage 

waste prevention, reuse and recycling, it is important that messages are tailor -made 

for well -defined target audiences, and delivered consistently over time through a 

range of complem entary means. Frontrunner organisations found it made sense to 

invest significant amounts (at least EUR  5 per resident) in awareness - raising.  

A specific measure adopted for awareness - raising is the establishment of a network of 

waste advisers. These are em ployees or volunteers trained in waste prevention and 

management who support residents in reducing and correctly separating at source the 

waste generated in households at the very local level down to even individual 

buildings or households. Frontrunner was te authorities have put in place one waste 

adviser per 20  000 inhabitants.  

 

BEMPs for MSW -  prevention and reuse  

Local authorities and waste management companies can implement waste prevention 

measures that target households as well as public and private organisations. Ideally, 

the most suitable prevention measures are identified based on a systematic 

assessment of waste generation patterns in the territory, prioritisation of the most 

relevant waste streams in terms of prevention potential (e.g. food waste , furniture) 

and involvement of relevant stakeholders (e.g. residents, local businesses, social 

economy organisations).  

Local authorities can for example introduce local plastic bag charges or support the 

setting up of repair shops for products reaching th eir end -of - life. Another example is 

the operation of product/material exchange areas in civic amenity sites, where 

residents and local businesses can leave products (e.g. furniture, household 
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appliances, clothing) that they no longer need but which are sti ll usable. Citizens or 

social economy organisations can collect them for reuse.  

 

BEMPs for MSW -  waste collection  

Frontrunner waste authorities and waste management companies complement an 

effective door - to -door (kerbside) MSW collection system with civic amenity sites 

where citizens can drop off at least 20 different individual waste fractions for separate 

collection. It is important that the network of civic amenity sites is well distributed and 

accessible to residents; mobile collection points also prove  very useful.  

 

BEMPs for MSW -  extended producer responsibility schemes  

In many EU Member States, a large number of recyclable waste streams (e.g. 

packaging) are managed under extended producer responsibility (EPR) schemes. 

Producer responsibility organisa tions can increase separate collection, recycling and 

reuse rates for the waste collected under the EPR schemes by implementing actions 

such as competitions among territories and benchmarking of the environmental 

achievements of different local authorities . 

 

BEMPs for MSW -  waste treatment  

Achieving outstanding levels of recycling requires not only effective source separation 

and collection of MSW but also state -of - the -art treatment operations.  

For instance, advanced plants sorting co -mingled light packagi ng, able to separate 

fibres, metals by type and plastics by polymer and colour, achieve a plant sorting rate 

of at least 88  %.  

Other examples of advanced waste treatment plants analysed are plants processing 

mixed plastic packaging, mattresses and absorben t hygiene products.  

  

BEMPs for CDW  

Local authorities can foster better management of CDW through ambitious 

construction and demolition waste plans. In these plans they can for example prioritise 

CDW prevention, establish minimum CDW sorting requirements f or large construction 

sites and set targets for CDW recycling that go beyond EU and national obligations.  

Waste authorities and waste management companies can also foster progress on 

specific areas with large potential environmental benefits such as: processing of waste 

plasterboard and CDW for recycling, avoidance of PCB contamination of CDW and 

management of waste asbestos removed by residents.  

 

BEMPs for HCW  

The segregation of HCW at the point of waste generation is strongly regulated and the 

top pr iority for HCW management is ensuring hygiene and infection control. However, 

respecting those prerequisites, there is often scope to improve recycling and reduce 

the environmental impact. For instance, waste management companies can support 

the improvemen t of HCW segregation in healthcare institutions by preventing 

recyclable non -hazardous waste being placed in the hazardous waste bins. 

Frontrunner waste management companies carry out waste audits in healthcare 

facilities and play an active role in definin g their waste management practices, clear 

categories of waste to be sorted and precise guidelines. Opportunities for reducing the 

environmental impacts of segregated HCW also arise from optimising its treatment 

operations.  



 
               

Best Environmental Management Practic e for the Waste Management Sector  

 

11  

 

Improvement of waste management -  the role of indicators and benchmarks  

It is very important for waste authorities and waste management companies to 

regularly assess their waste management performance using meaningful indicators. 

Such an assessment can improve the understanding of the w aste management system 

and help identify areas for improvement and, thus, the most relevant BEMPs.  

For instance, in the case of MSW, waste authorities and waste management 

companies can calculate capture rates and impurity rates for the different separatel y 

collected recyclable fractions. Capture rates indicate what percentage of waste of a 

certain material ends up in the separate collection for that material out of the total 

waste generation. Impurity rates indicate the amount of non - target waste contained  in 

the separate collection for that particular waste fraction. These types of indicators are 

instrumental to understanding which part of the system is performing less well and 

opening the avenue to investigating why and how to improve. They become even 

mo re useful when used in combination with benchmarks of excellence which provide 

an indication of the levels of performance achieved by frontrunner organisations which 

can help others estimate their improvement potential. In the case of capture rates, 

curren tly achieved outstanding capture rates for waste glass can be higher than 90  %, 

for waste paper and cardboard higher than 85  % and for waste metals higher than 

75  %.  

Other important indicators with associated benchmarks for the overall MSW 

management are t he total quantity of waste generated per resident (frontrunner local 

authorities achieve values lower than 360 kg/capita/year, limited to a number of 

defined MSW fractions), the amount of waste sent for energy recovery and/or disposal 

(frontrunners achieve  less than 70  kg/capita/year, without considering rejects from 

sorting/recycling) and the amount of waste sent for disposal (frontrunners achieve 

less than 10 kg/capita/year).  

 

Policy context  

The EU has the objective to foster a sustainable circular econo my 3 in which materials 

are extensively reused and recycled through feedback loops. Without significant 

improvements of waste management practice at local level it is not possible to achieve 

a more circular management of waste and to meet the waste manageme nt targets set 

by legislation. This document aims at supporting those actors in the waste 

management sector committed to improving at local level. It provides them with a 

source of inspiration and guidance in terms of best practices derived from the action s 

implemented by frontrunners.  

The content of this report has been developed to form the technical basis for the 

development of a Sectoral Reference Document for the Waste Management Sector 

according to Article 46 of Regulation (EC) No. 1221/2009 4 on the EU Eco-Management 

and Audit Scheme (EMAS). EMAS is a management tool for companies and other 

organisations to evaluate, report and improve their environmental performance. In 

                                           

 

3 See the European Commission communication on "Closing the loop -  an EU action plan for the circular 
economy":  http://eur - lex.europa.eu/legal -content/EN/TXT/?uri=CELEX%3A52015DC0614    
4 The full text of Regulation (EC) No. 1221/2009 is available at: http://eur - lex.europa.eu/legal -
content/EN/TXT/?uri=CELEX:32009R1221 .   

http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52015DC0614
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32009R1221
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32009R1221
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order to support the efforts of organisations embarking on continuous environment al 

performance improvement, the EMAS Regulation includes a provision requesting the 

European Commission to produce Sectoral Reference Documents to provide 

information and guidance on BEMPs. These are being developed for 11 priority sectors, 

including the w aste management sector. Once an EMAS Sectoral Reference Document 

for the Waste Management Sector is adopted, EMAS -registered organisations will take 

into account its content as laid out in the EMAS Regulation. However, both this report 

and the EMAS Sectora l Reference Document can be used, on a voluntary basis, by any 

organisation, whether EMAS -registered or not.  
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PREFACE  

This Best Practice Report 5 provides an overview of techniques that are Best 

Environmental Management Practices (BEMPs)  in the waste management sector. 

The document was developed by the European Commission's Joint Research Centre 

(JRC) on the basis of desk research, interviews with experts, site visits and in close 

cooperation with a Technical Working Group (TWG) comprisin g experts from the 

sector. This document is based on a preparatory external study carried out by BZL 

Kommunikation und Projektsteuerung GmbH (Germany) and E3 Environmental 

Consultants Ltd (UK), whose findings are presented in a Background Report 6.  

This Be st Practice Report provides the basis for the development of the EMAS Sectoral 

Reference Document (SRD) for the Waste Management Sector (Figure I). The 

structured process for the development of this Best Practice Report is outlined in the 

guidelines on the  ñDevelopment of the EMAS Sectoral Reference Documents on Best 

Environmental Management Practiceò (European Commission, 2014), which are 

available online 7.  

Source : JRC  

Figure I:  The Best Practice R eport in the overall development of the Sectoral Referenc e 

Document (SRD)  

                                           

 

5 This report is part of a series of ' Best Practice Reports' published by the European Commission's Joi nt 
Research Centre covering a number of sectors for which the Commission is developing S ectoral Reference 
Document s on Best Environmental Management Practice. More information on the overall work and copies 
of the ' Best Practice Reports' available so far c an be found at: 
http://susproc.jrc.ec.europa.eu/activities/emas/    
6 The background report produced by BZL Kommunikation und Projektsteuerung GmbH and E3 
Environmental Consultants Ltd on which this report is based is available online at: 
http://susproc.jrc.ec.europa.eu/activities/emas/documents/WasteManagementBackgroundReport.pd f    
7 The methodology for the development of the EMAS Sectoral Reference Documents is available online at: 
http://susproc.jrc.ec.europa.eu/activities/emas/documents/DevelopmentSRD.pdf     

http://susproc.jrc.ec.europa.eu/activities/emas/
http://susproc.jrc.ec.europa.eu/activities/emas/documents/WasteManagementBackgroundReport.pdf
http://susproc.jrc.ec.europa.eu/activities/emas/documents/DevelopmentSRD.pdf
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EMAS (the EU Eco -Management and Audit Scheme) is a management tool for 

companies and other organisations to evaluate, report and improve their 

environmental performance. To support this aim and according to the provisions of 

Article 46 of the EMAS Regulation (EC No. 1221/2009), the European Commission is 

producing SRDs to provide information and guidance on BEMPs in several priority 

sectors, including the EEE manufacturing sector.   

Nevertheless, the guidance on BEMP is not only for EMAS -registered companies, but is 

rather intended to be a useful reference document for any relevant company that 

wishes to improve its environmental performance or any actor involved in promoting 

best environmental performance.  

BEMPs encompass techniques, measures or actions that can be taken to minimise 

environmental impacts. These can include technologies (such as more efficient 

machinery) and/or organisational practices (such as staff training).   

An important aspect of the BE MPs proposed in this document is that they are proven 

and practical, i.e.:  

- they have been implemented at full scale by several companies (or by at least 

one company if replicable/applicable for  others);  

- they are technically feasible and economically viable . 

In other words, BEMPs are demonstrated practices that have the potential to be taken 

up on a wide scale in the waste management  sector, and that  are expected to result in 

exceptional environmental performance compared to current mainstream practices.  

A s tandard structure is used to outline the information concerning each BEMP, as 

shown in Table  a. 

Table  a :  Information gathered for each BEMP  

Category  Type of information included  

Description  Brief technical description of the BEMP including some 

background  and details on how it is implemented.  

Achieved 

environmental 

benefits  

Main potential environmental benefits  to be gained through 

implementing the BEMP.  

Appropriate 

environmental 

indicators  

Indicators and/or metrics used to monitor the implementation 

of the BEMP and its environmental benefits.  

Cross -media effects  Potential negative  impacts on other environmental pressures 

arising as side effects of implementing the BEMP.  

Operational data  Operational data that can help understand the implementation 

of a BEMP, including any issues experienced. This includes 

actual and plant -specific performance data where possible.  

Applicability  Indication of the type of plants or processes in which the 

te chnique may or may not be applied, as well as constraints to 
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implementation in certain cases.  

Economics  Information on costs (investment and operating) and any 

possible savings (e.g. reduced raw material or energy 

consumption, waste charges, etc.).  

Drivi ng force for 

implementation  

Factors that have driven or stimulated the implementation of 

the technique to date.  

Reference 

organisations  

Examples of organisations that have successfully implemented 

the BEMP.  

Reference literature  Literature or other reference material cited in the information 

for each BEMP.  

 

Sector -specific Environmental Performance Indicators and Benchmarks of Excellence 

are also derived from the BEMPs. These aim to provide organisations with guidance on 

appropriate metrics and leve ls of ambition when implementing the BEMPs described.  

- Environmental Performance Indicators  represent the metrics that are employed 

by organisations in the sector to monitor either the implementation of the 

BEMPs described or, when possible, their environme ntal performance  directly .  

- Benchmarks of Excellence  represent the highest environmental standards that 

have been achieved by companies implementing each related BEMP. These aim 

to allow all actors in the sector to understand the potential for environmenta l 

improvement at the process level. Benchmarks of excellence are not targets for 

all organisations to reach but rather a measure of what it is possible to achieve 

(under stated conditions) that companies can use to set priorities for action in 

the framewor k of continuous improvement of environmental performance.  

The sector -specific Environmental Performance Indicators and Benchmarks of 

Excellence presented in this report were agreed by a technical working group, 

comprising a broad spectrum of experts in the  waste management sector, at the end 

of its interaction with the JRC.  

Role and purpose of this document  

This document is intended to support the environmental improvement efforts of all 

organisations dealing with  waste management by providing guidance on b est practices  

(see Section 1.2 ) . Organisations and c ompanies from this sector can use this 

document to identify the most relevant areas for action  and  find detailed information 

on best practices to address the main environ mental aspects, as well as organisation -

level environmental indicators and related benchmarks of excellence to track 

sustainability improvements.  
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In addition, this Best Practice Report provides the technical basis for the development 

of the EMAS SRD for th e waste management sector according to Article 46 of the 

EMAS Regulation 8.  

How to use this document  

This document is not conceived to be read from beginning to end, but as a working 

tool for professionals willing to improve the environmental performance o f their 

organisation and who seek reliable and proven information in order to do so.  

Different parts of the document will be of interest and will apply to different 

professionals and at different stages.  

The best way to start using this document is by read ing the short section below about 

its structure to understand the content of the different chapters and, in particular, the 

areas for which BEMPs have been described and how these BEMPs have been grouped.  

Then, Chapter 1 would be a good starting point for readers looking for a general 

understanding of the sector and its environmental aspects.  

Those looking for an overview of the BEMPs described in the document could start 

from Chapter 7 (Conclusions) and in particular with Table 7.1  and Table 7.2  outlining 

all the common environmental performance indicators and benchmarks of excellence 

as well as the BEMPs together with the related specific environmental  performance  

indicators and benchmarks of excellence, i.e. the exemplary performance level that 

can be rea ched in each area.  

For readers looking for information on how to improve their environmental 

performance in a specific area, it is recommended to start directly at the concrete 

description of the BEMPs on that topic, which can be easily found through the table of 

contents (at the very beginning of the document).  

Structure  

After th is Preface section, which gives an overview of the framework within  which this 

document was developed, Chapter 1 presents the scope of the document and some 

general facts and figu res of the waste management  sector in the EU context . Chapter 

2 defines the common environmental performance indicators for waste management 

systems while Chapter 3 presents in detail the best environmental m anagement 

practices dealing with cross -cutting issues of waste management, independently from 

the type of waste (i.e. municipal solid waste, construction and demolition waste and 

healthcare waste). Chapter 4 presents specific best environmental management 

practices f or municipal solid waste, from the development of the management 

strategy to  measures and techniques for the best  waste prevention , collection and 

treatment . Moreover, a specific best environmental management practice in Chapter 4 

deals with extended produ cer responsibility schemes.  Chapter 5 presents best 

environmental management practices for construction and demolition waste, while 

Chapter 6 focuses on the best segregation and treatment of healthcare waste.  

                                           

 

8 When published, the EMAS SRD for the waste management sector will be available online at: 
http ://susproc.jrc.ec.europa.eu/activities/emas/waste_mgmt.html   

http://susproc.jrc.ec.europa.eu/activities/emas/waste_mgmt.html
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Finally, Chapter 7 summarises the main outcomes  of the document: BEMPs, 

environmental performance indicators and corresponding benchmark of excellence . 

Table b:  Summary of the structure of the document  

Chapter  Topics and BEMPs  

Chapter 1  

Scope of the document ï waste streams and waste 

management actors . 

General facts and figures of the waste management sector .  

Chapter 2  
Common environmental performance indicators for waste 

management systems . 

Chapter 3  

Cross -cutting BEMPs:  

-  integrated waste management strategies ;  

-  life -cycle assessment of waste management options ;  

-  economic instruments ;  

-  link to other relevant reference documents . 
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Chapter  Topics and BEMPs  

Chapter 4  

Best environmental management practices for municipal solid 

waste  (MSW) :  

-  Strategy BEMPs:  

o cost benchmarking ;  

o advanced  waste monitoring ;  

o pay -as-you - throw ;  

o performance -based waste management 

contracting ;  

o awareness - raising ;  

o establish ment of  a network of waste advisers ;  

o home and community composting . 

-  BEMPs on waste prevention  and reuse :  

o local waste prevention programmes ;  

o schemes fostering the reuse  of products and 

the preparation for reuse  of waste . 

-  BEMPs for waste collection:  

o waste collection strategy ;  

o inter -municipal cooperation  among small 

municipalities ;  

o civic amenity sites ;  

o logistic s optimisation for waste collection ;  

o low -emission vehicles . 

-  BEMPs for extended producer responsibility schemes:  

o best use of incentives by producer 

responsibility organisations (PROs) . 

-  BEMPs on waste treatment:  

o sorting of co -mingled light packaging waste to 

maximise recycling yields for high -quality 

output ;  

o sorting of collected mixed plastics to maximise 

recycling yields for high -quality output ;  

o t reatment of ma t tresses for improve d recycling 

of materials ;  

o t reatment of absorbent hygiene products  for 

improved recycling of materials.   

Chapter 5  

Best environmental management practices for construction 

and demolition waste :  

-  Integrated construction and demolition waste plans;  

-  Avoid ance of  polychlorinated biphenyl (PCB) 

contamination of construction and demolition waste ;   

-  Local schemes for proper management of waste 

asbestos removed by residents;  

-  Processing waste plasterboard to foster recycling;  

-  Processing CDW for the production of recycled 

aggregates.  
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Chapter  Topics and BEMPs  

Chapter 6  

Best environmental management practices for healthcare 

waste:  

-  BEMPs for healthcare waste segregation:  

o encourage ment of  healthcare waste 

segregation at healthcare facilities;  

o healthcare waste collection for residents . 

-  BEMPs for the treatment of healthcare waste :  

o alternative treatments for  healthcare waste.  

Chapter 7  
Conclusions: BEMPs, environmental performance indicators 

and benchmarks of excellence . 

 

Best practices presented in this document can also be mapped according to the waste 

management strategy they address and the waste stream they refer to , as shown in 

the following figure.  
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1.  General information about the waste management 

sector, its environmental relevance and EMAS 

implementation in the sector  

1.1.  General information about the waste management sector  

Waste management is an integrated part of our  economy  which is characterised by 

huge mass streams. The most important parts of waste management are illustrated in 

more detail by means of consumer waste from food and drink products in Figure 1-1. 

 

Figure 1 -1 . Reuse, recovery, recycling and disposal of consumer waste including the associated 

transport activities  

On average, each EU citizen consumes 16 tonnes 9 of materials annually, of which 

6 tonnes are wasted, according to the Roadmap to a Resource -Efficient Europe (EC, 

2011). Total waste generation in the EU-28 in 2010 was over 2.5 billion tonnes, with 

                                           

 

9 1 tonne is a non -SI metric unit of mass equal to 1000 kilograms and is thus equivalent to one megagram 
(Mg).  
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the largest share, 34  %, coming from the construction sector ( Figure 1-2). In total, 

4 % of the waste generated is  estimated as hazardous.  

 

Figure 1 -2 . Waste generated by NACE sectors across the EU- 2 8 in 2010 in Mt ( m illion 

tonnes) -  Source  Eurostat, 2014  

Germany, France and the UK together account for more than 39  % of the total waste 

generated in Europe (Eurostat, 2014) (see Figure  1-3).  

 

Figure  1 -3 . Waste generated by NACE sector in Eu ropean countries in 2010 in Mt -  Source  

Eurostat, 2014  

Although the generation of waste has been stable in Europe  in recent years , the main 

reason for this is assumed to be the decrease in  consumption provoked by the 

economic crisis.  
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Waste management systems in the EU Member States  differ significantly, varying from 

zero to 90  % disposal of untreated waste in  landfills ( Figure 1-4).  

 

 

Source : Eurostat (2014)  

Figure 1 -4 . Percentages of total waste undergoing different treatment or disposal options across 

the EU - 28 in 2010 10  

 

Municipal solid waste (MSW)  represen ts around 10  % of the total waste generated 

in the EU-28 by mass ( Figure 1-5) , i.e. household waste and similar commercial, 

industrial and institutional waste (EC, 2014) , and it includes a wide range of fractions 

including  organic materials, plastics, paper and metals. Households generate 60  % to 

90  % of MSW, although there are wide variations among the methodologies used to 

produce waste statistics across EU Member States . The statistical value is mainly 

affected by how household - type waste from commerce, industry and institutions is 

considered.  

 

                                           

 

10  As seen in the original publication, some of the country abbreviations are not sta ndard.  
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Source : Eurostat (2014)  

Figure 1 -5 . Percentage of total waste categorised as m unicipal solid w aste (MSW) across the EU -

28 10  

On average, each EU citizen generated 4 80  kg of municipal waste  in 201 6, down from 

52 0 kg in 200 0 (Eurostat, 201 8). On average  (see Figure 1-6) , only a limited share 

(4 5 %) of the municipal waste generated is recycled  or composted , with the rest being 

landfilled ( 24  %) or incinerated (2 7 %)  (Eurostat, 2018) .  

 

Source : Eurostat (201 8)  

Figure 1 -6 . Share  of municipal  waste undergoing different treatment or disp osal options across 

the EU - 28  from 1995 to 2016  
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The European Environment Agency  reported (EEA, 2013a) that , whilst 11  Member 

States  have already met, or are on track to meet, the Waste Framework Directiveôs 

target for 50  % of MSW to be recycled by 2020, the majority of Member States  will 

have to make unprecedented progress in increasing recycling rates ( some examples of 

differen ces in recycling rates  in the EU are presented in the figure below for the 2008 -

2009  period ) in order to meet this target .  

 

Source : EEA (2013a)  

Figure 1 -7 . Recycling rates for municipal solid waste across lo cal authorities in selected EU 

Member States , 2008 -2009  

Similarly, many Member States  need to make rapid progress if they are to meet 

targets established in the Landfill Directive to reduce landfilling rates for the 

particularly polluting biodegradable mun icipal waste fraction ( Figure 1-8). Whilst 

meeting these targets is ultimately the responsibility of national and local government, 

private companies, including small and medium enterprises , are also heavily involved 

in delivering waste management and recycling services.  
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Source:  EEA (2012)  

Figure 1 -8 . Biodegradable municipal waste landfilled in 2006 (% of biodegradable municipal 

waste generated in 1995), compared to targets of the European Landfill Directive  

In order to improve waste management, actions are prioritised following the "waste 

hierarchy" ( Figure 1-9).  

 

Figure 1 -9 . Waste hierarchy according to the Waste Framework Directive ( 2008/98/EC )   

 

1.1.1.  Waste policy  

Global demand for food, feed and fibre in aggregate is expected to increase by 70  % 

by 2050. However, finite resources are becoming increasingly scarce and expensive to 

extract, whilst renewable resources are often harvested at unsustainable rates. Raw 

material extraction, processing, transport an d disposal are associated with 

environmental burdens such as climate change, air pollution and water pollution. 60  % 

of the worldôs major ecosystems are degraded or are used unsustainably, and on 

current trends two planet Earths would be required to suppor t gl obal economic activity 

by 2050.  

Our economic system is based on huge mass streams, as shown in Figure 1-10 . 
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Figure 1 -10 . Basic illustrative scheme for the mass streams of our current economic system  

The European Commission has a long - term objective to foster a sustainable circular 

economy (i.e. the European Commission communication on closi ng the loop -  an EU 

action plan for the circular economy 11) in which materials are extensively reused and 

recycled through feedback loops that both support and directly generate economic 

activity ( Figure 1-11 ). This objective is integral to achieving long - term economic 

stability, prosperity and a high quality of life for European citizens.  

                                           

 

11  The EU action plan for the circular economy adopted in 2015 is available at: http://eur -
lex.europa.eu/legal -content/EN/TXT/?uri=CELEX%3A52015DC0614   

http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52015DC0614
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52015DC0614
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Source:  EEA (2010)  

Figure 1 -11 . A conceptual representation of raw material and energy flows, services and 

transport in the European economy.  

Efficient waste management, in particular waste prevention, reuse and recycling, is a 

critical component of a resource -efficient economy. Relevant EU Directives 

underpinning national regulations include:  

¶ Directive 2012/19/EU on waste electrical and electr onic equipment (recast) ;   

¶ Directive 2011/65/EU on the restriction of the use of certain hazardous 

substances in electrical and electronic equipment (recast) ;   

¶ Directive 2010/75/EU on industrial emissions (integrated pollution prevention 

and control) (recas t) ;  

¶ Directive 2006/21/EC on mining waste ;   

¶ Directive 2006/66/EC on batteries and accumulators and waste batteries and 

accumulators ;   

¶ Directive 2005/20/EC amending Directive 94/62/EC on packaging and 

packaging waste ;  

¶ Regulation 1774/2002 laying down health rules concerning animal by -products 

not intended for human consumption ;   

¶ Directive 2000/76/EC on waste incineration ;   

¶ Directive 2000/53/EC on end -of - life vehicles ;   

¶ Directive 99/31/EC on landfill of waste ;   

¶ Directive 91/676/EC concerning the protection of waters against pollution 

caused by nitrates from agricultural sources ;   

¶ Directive 75/439/EEC regarding disposal of waste oils . 
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European policy instruments relevant to waste avoidance and management include:  

¶ Integrated Product Policy (COM(2003) 302) ;  

¶ Sustai nable Consumption and Production and Sustainable Industrial Policy 

(SCP/SIP) Action Plan (COM(2008) 0397) ;  

¶ The EU Ecolabel scheme (Regulation (EC) No 66/2010) ;  

¶ The Eco-design  Directive (Directive 2009/125/EC) ;  

¶ Green Public Procurement guidelines and procur ement directives (COM(2008) 

400, Directive 2004/17/EC, Directive 2004/18/EC) ;  

¶ Eco-Management and Audit Scheme (Regulation (EC) 1221/2009) ;  

¶ The Green Action Plan for SMEs 2014 ï 2020 (COM(2014) 440) ;  

¶ Closing the loop -  An EU action plan for the Circular Economy ( COM(2015 ) 

0614 final) . 

1.1.2.  Structure of the sector  

The activities covered by best environmental management practices in this report, 

according to the ñstatistical classification of economic activities in the European 

Communityò known as NACE from its French name ñNomenclature statistique des 

activités économiques dans la Communauté européenne ò (Eurostat, 2008), are those 

shown in Table 1-1. The waste management sector is defined under NACE codes 38 

and 39 (collection, treatment, recovery, disposal and trade of waste). From the 

perspective of the environmental performance of the  waste management sector, not 

only waste management companies but also waste authorities (public administration s 

in charge of managing wastes from their citizens, policies and regulations) are 

considered to be within the boundaries of the sector, because t he consequences of the 

decisions made at public administration level are key to determin ing  the sectorôs 

performance.  
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Table 1 -1 . Main NACE code activities covered  by integrated waste management activities  

NA CE Rev. 2 Main 

Category  
Division  Group  Class  

E ï WATER SUPPLY, 

SEWERAGE, WASTE 

MANAGEMENT AND 

REMEDIATION  

38  Waste 

collection, 

treatment and 

disposal activities, 

materials recovery  

38.1  Waste 

collection  

38.11  Collection of non -

hazardous waste  

38.12  Collection of hazardous 

waste  

38.2  Waste 

treatment and 

disposal  

38.21  Treatment and disposal 

of non -hazardous waste  

38.22  Treatment and disposal 

of hazardous waste  

38.3  Materials 

recovery  

38.31  Dismantling of wrecks  

38.32  Recovery of sorted 

materials  

39 . Remediation 

activities and other 

waste management 

services  

39.0  Remediation 

activities and other 

waste management 

services  

39.00  Remediation activities 

and other waste management 

services  

G ð WHOLESALE AND 

RETAIL TRADE, REPAIR OF 

MOTOR VEHICLES AND 

MOTORCYCLES 

46 . Wholesale 

trade, except of 

motor vehicles and 

motorcycles  

46.7  Other 

specialised 

wholesale  

46.77  Wholesale of waste and 

scrap  

O ð PUBLIC 

ADMINISTRATION AND 

DEFENCE, COMPULSORY 

SOCIAL SECURITY  

84 . Public 

administration and 

defence, 

compulsory social 

security  

84.1  Administration 

of the State and the 

economic and social 

policy of the 

community  

84.12  Regulation of the 

activities of pr oviding health 

care, education, cultural 

services and other social 

services, excluding social 

security  

Waste management is mainly undertaken by micro companies of less than 10  

employees, usually specialised in collection and materials recovery. Indeed, from a 

total of 44  424 companies in NACE division 38 (according to Eurostat), 77  % are micro  

companies  and 99.7  % are SMEs  (less than 250 employees) . Besides the proportion  of 

companies, it is also important to note the existence of big players in Europe, which 

currently manage more than 40  % of MSW in Europe. There is no data on the number 

and size of waste authorities, which are  often waste departments in municipalities or 

other local authorities. However, many of the SMEs reported below are public 

compan ies .  
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Figure 1 -12 . Number of companies in Europe ( EU- 2 8) per waste subsector and size (Data 

from Eurostat, sbs_na_ind_r2)  

The structure per country is extremely heterogeneous regarding the size and the 

number of companies ( Figure 1-13 ), which indicates a very different approach, not 

only at national level, but also at regional and local levels.  

The n umber of organisations affects the replicability of any best practice. However, in 

terms of turnover, the waste management sector is dominated by medium and large 

companies ( Figure 1-14 ). The turnover of the whole waste collection subsector 

(including all types of wastes) sums EUR 50  000 million, with  waste treatment  

accounting for  around EUR 35  000 million, and materials recovery EUR 62  000 million. 

The value added (approximately the gross income after taxes and subsidies) of these 

three main subsectors of waste management in Europe is shown in Figure 1-15 . In 

this case, the highest value is observed for the waste collection subsector and, again, 

the values are heavily dominated by large and medium companies. The material 

recovery subsector, however, is dominated by smaller companies.  
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Figure 1 -13 . Number of companies per country and size for a) waste collection, b) waste 

treatment, c) materials recovery and d) remediation (Data from Eurostat, 

sbs_na_ind_r2)  
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Figure 1 -14 . Turnover per waste subsector and size of company (remediation 

excluded) (data from Eurostat, sbs_na_ind_r2, 2013)  

  

 

 

Figure 1 -15 . Value added per waste subsector and size  of company 

(remediation excluded) (Data from Eurostat, sbs_na_ind_r2, 2013)  

The number of persons employed per subsector and size of company is shown in 

Figure 1-16 . In total, 900  000 people are reportedly  employed by the sector, but this 

number could be 20  %  to 30  % higher due to different statistical approaches (Hall and 

Nguyen, 2012).  
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Figure 1 -16 . Persons employed by the waste sector in Europe (Data from 

Eurostat, sbs_na_ind_r2, 2013)  

There is an evident high labour intensity in the waste collection subsector, while waste 

treatment or materials recove ry have a similar , smaller,  number of employees. Most 

of the employment in waste collection and waste treatment is in the hands of bigger 

companies, while materials recovery is still dominated by smaller companies.  

The apparent productivity, i.e. the value  added per person employed, varies with the 

labour intensity and the size of the company ( Figure 1-17 ).  

 

Figure 1 -17 . Apparent productivity of the waste sector in Europe (Data from Eurostat, 

sbs_na_ind_r2, 2013)  
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Treatment has higher productivity, probably due to the existence of larger facilities, 

with a lower unitary cost of treatment and higher throughput per employee. Results 

also show this effect on the economy of scale, although the data may reflect the low 

labour intensity of landfills compared to other treatment and disposal facilities. On the 

other hand, collection of waste has a n apparent ly  lower productivity, as its labour 

intensity is higher and its performance is relatively  limited by transport capaciti es and 

fuel costs. Large companies perform better, but a lower productivity compared to 

other sectors is observed. Materials recovery productivity does  not vary much with the 

size of the company and its value lies between treatment and collection.  

The infl uence of the economic performance on the environmental performance is not 

negligible. The resources of smaller companies for the implementation of 

environmentally friendly practice s are somewhat  limited and their investment 

capacities are probably low for those with lower productivity. A higher number of 

employees require s more awareness, training, and better management structures 

than organisations with fewer employees but with the same waste flow. Bigger 

companies have highly standardised procedures, so b est practice implementation 

would be more  efficient. Smaller companies belonging to bigger groups will run the 

environmental policy of the matrix company, but independent, smaller organisations 

will require other incentives. Also, the public or private cha racter of the organisation 

has a strong influence on the decision -making processes: private companies in the 

waste management sector are service providers and will implement practices mainly 

driven by client policy (e.g. the public waste authority or the c onsortium managing an 

extended producer responsibility scheme).  

Large companies play a considerable role in the European waste management sector. 

The turnover of  the 16 biggest private organisations in waste management accounts 

for  40  % of the total revenu e of the sector, mainly in treatment and collection (Hall, 

2007). There are countries where these differences could be even higher. The Public 

Services International Research Unit (PSIRU) calculated (Hall , 2007) the national 

concentration of waste manageme nt companies in  2006 ( Table 1-2). Although the 

data  are  outdated, the order of magnitude can still be considered correct and the 

actual current values may even be higher, as the remunicipalisation of services has 

had little  impact on the European waste management sector.  

Table 1 -2 . Concentration by country in 2006: market share of largest three operators (Hall, 

2007)  

Country   Market share of largest 3 operators  (%)  

Spain  57  

France  47  

Netherlands  44  

Belgium  41  

Germany  38  

UK 23  

1.2.  Scope of the document  

This brief introduction outlines the proposed scope and priorities of the document.  
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1.2.1.  Target group  

¶ Waste management companies (public and private), including companies 

implementing producer responsibility schemes.  

¶ Waste authorities (public administrations in charge of waste management, 

mainly at local level).  

The document does not cover organisations which generate waste and do not belong 

to the waste management sector ( i.e. most organisations). In fact , these other 

organisations are  addressed in the SRDs for their respective sectors.  

1.2.2.  Waste management phases  

Best environmental practices in several areas of waste management are already set 

out in European legislation and other European reference documents, such as:  

¶ the Best Available Techniques Reference Documents ( BREFs ) for waste 

incineration  and waste treatment  developed under the IPPC (Industrial 

Pollution Prevention and Control) Directive and then the IED (Industrial 

Emission Directive) 12 ;   

¶ the EU Landfill D irective  (99/31/EC) which aims to prevent and reduce 

negative effects on the environment from the landfilling of waste ;  

¶ end -of -waste criteria 13  (developed under the Waste Framework Directive ) 

which specify when certai n waste ceases to be considered waste and obtains 

the  status of a product (or a secondary raw material).  

This document covers the phases and activities where best environmental practices 

are not already set out by other existing EU legislation and referenc e documents. More 

specifically, the document covers the following phases:  

¶ Establishing a waste management strategy  (i.e. which options are best for 

each waste stream under which conditions; which kind of collection; how many 

fractions; which treatments; w hich final disposal; etc.).  

¶ Waste prevention  (i.e. reducing the amount of waste generated  or diverting 

reusable products away from waste streams and into reuse streams , for 

instance reducing the food waste generated at household level thanks to 

informatio n campaigns and courses; measures aimed at influencing consumers 

to ask for more environmentally friendly products and less packaging; etc.).  

¶ Waste collection  (vehicles used, choice of routes, schedule of the collection, 

etc.).  

                                           

 

12  The Indu strial Emissions Directive, IED (2010/75), determines rules on integrated prevention and control 

of pollution arising from industrial activities. It also lays down rules designed to prevent or, where that is 
not practicable, to reduce emissions to air, wat er and land and to prevent the generation of waste, in order 
to achieve a high level of protection of the environment as a whole. Best Available Techniques Reference 
Documents (BREF) are drawn up at sectoral level to determine best available techniques and  to limit 
imbalances in the Union as regards the level of emissions from industrial activities.  
13  End -of -waste criteria were introduced by Article 6 of the Waste Framework Directive of  December 2008. 
The objective  of end -of -waste criteria is to remove the administrative burdens of waste legislation for safe 
and high -quality waste materials, thereby facilitating recycling. The objective is achieved by requiring high 
material quality of recyclables, promoting product standardisation and quality assurance, and  improving 
harmonisation and legal certainty in the recyclable material markets.  
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¶ Waste and product reuse  (e.g . schemes promoting repairing and reselling of 

end -of - life electronic equipment and furniture).  

¶ Waste treatment facilities  not covered in the Waste Treatment BREF such as 

facilities performing treatments outside the scope of the IED (e.g. sorting 

facilities with the aim of  recycl ing  plastics).  

For other phases (i.e. other waste treatment and disposal facilities, recycling and 

recovery operations) , this  report reference s and briefly presents, in Section 3.3.4 , 

other useful documents for the identification of relevant best practices .  

The figure be low illustrates the waste management phases in relation to th is report : in 

green the ones covered, in yellow the one partially covered and in red the one s not 

explicitly covered but for which reference is made to other suitable documents . 

 

Figure 1 -18 . Waste management activities covered in the scope of this document  

Detailed description of the waste management activities covered  

In general, the activities of organisations belonging to NACE c ode  38.11 ( waste 

collection) will be included in the scope:  

¶ collection of non -hazardous solid waste within a local area, such as the 

collection of wastes from households and business activities by means of refuse 

bins, wheeled bins, containers, including mixed recoverable materials; 

collection of non -hazardous solid waste  include s also  construction and 

demolition waste, debris and the operation s of transfer facilities;  

¶ collection of recyclable materials;  

¶ collection of refuse in litter  bins in public places.  

The collection o f hazardous wastes ( code  38.12), in principle, is included if the 

hazardous waste falls under the main focus of this document (i.e. municipal solid 

waste, construction and demolition waste, and healthcare waste). Nuclear waste is 

out side  the scope of the a ctivities to be covered. Collection of biohazardous and 

healthcare waste, used batteries, used oil from small garages, etc. is within the scope 

of activities to be considered.  

Treatment and disposal of non -hazardous waste (c ode  38.21) is not covered 

compl etely in the document: operation of landfills is excluded , as are  the disposal 

through incineration with or without energy recovery and the production of substitute 

fuels (RDF, SRF or biogas) at least at the scales covered by the IED BREFs. The same 

applie s for the treatment and disposal of hazardous waste (c ode  38.22). These 

activities may thus only be covered from a management perspective (e.g. choice of 

the type of treatment).  

The processing of waste and its conversion into secondary raw materials is cla ssified 

as code 38.3 (materials recovery). This NACE code includes material recovery from 
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sorted materials and from the dismantling of wrecks (cars, ships, computers, etc.) 

only if the final purpose is to obtain secondary materials but not to obtain re -sel l parts 

or spares 14 . Under the scope of this report , material recovery activities are considered 

if they are (i) performed by a waste manager, public or private, and (ii) are excluded 

from the BREF s waste - related best available techniques. Waste processing by 

companies not belonging to the waste management sector is only considered if 

required as part of integrated management strategies.  

Not all the activities under NACE code 39 (remediation) are  considered. Remediation 

activities for soils, asbestos, lead -containing paints and other toxic materials , e.g. 

from construction waste management activities , may be included in the scope of the 

document.  

NACE code 46.77 includes the wholesale of metal and non -metal waste and scrap for 

other waste treatment or recover y operations. The importance of this activity lies in  

the environmental performance of waste trading activities and their impact on the 

environmental performance of the waste (or end -of -waste) material supply chain (e.g. 

transportation and movement of trad ed waste considerably reduces the carbon 

reduction achievable by its use in manufacturing processes from an LCA perspective).  

This report covers the activities under c ode  84.12 of the NACE classification on ñhealth 

care, education, cultural services and other social services, excluding social securityò, 

where ñadministration of waste collection and disposal operationsò are  included 

(Eurostat, 2008). Indeed, many strategic decisions, and planning and development 

activities are designed and managed, or at least strongly influenced, by public 

administrations. As for the implementation (waste collection and treatment), this is 

sometimes carried out by the public administrations  (directly or through public 

companies) but frequently outsourced. In Finland, for instance, almost all collecti ons  

are  carried out by private companies, but waste treatment is managed by public 

administration. In Spain, most of the waste is collected and treated by private 

contractors. In Germany, 60  % of waste collection is performed by public companies. 

These choices depend on several factors, but studies (Bel et al., 2010) have shown 

that there is no evidence that private waste services are cheaper. In fact, cooperation 

in rural areas between municipalities or different levels of government has been shown 

to deliver a better economic and environmental performance than private schemes 

(Bel and Mur, 2009). In recent years, the waste management sector is al so subject to 

a re -municipalisation effect, i.e. the public administration insources  waste 

management, ending the contract with the private service provider (Halmer and 

Hauenschild, 2014). This has mainly happened in France, the United Kingdom and, 

especia lly, in Germany and Austria. The driving force is often public opinion and the 

willingness to reduce the waste management costs and associated fees for  the 

citizens, but, in some case studies, it has also been caused by the poor environmental 

performance o f private schemes. Also, the public sector tends to take control of waste 

management schemes when new policies, treatment and processes are required , e.g. 

to increase the production of secondary materials. As the service remains profitable, 

                                           

 

14  According to the NACE definitions, if the waste is used as an input of a manufacturing process, the use of 
this waste is considered to belong to the manufacturing code (sect ion C of the NACE list).  
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revenues in mun icipalities revert to the citizens in the form of increased social 

services.  On the other hand, EU institutions are also giving more importance to Private 

Public Partnerships (PPPs )  (Hall and Nguyen, 2012).  

1.2.3.  Waste streams  

The waste streams covered in this r eport are  as follows :  

¶ Municipal solid waste (MSW): household waste  and waste from other sources, 

such as retail, administration, education, health services, accommodation and 

food services, and other services and activities, which is similar in nature and 

composition to waste from household . This fraction includes organic, plastic, 

metal, paper, glass, bulky items, batteries, exhaust oils/lubricants, light bulbs, 

etc.  

¶ Construction and demolition waste (CDW).  

¶ Healthcare waste (HCW).  

These streams were chosen  because of their relevance (not only in terms of quantity 

but also geographical coverage) and the high replicability of best practices concerning 

them. CDW and HCW are included especially because they are not specifically 

addressed in other European best practice reference documents.  

Industrial waste and commercial waste no t assimilated to household waste are not 

targeted in this document as they are better addressed in the specific document(s) 

tailored  to the specific sector where the waste is generated ( e.g. end -of -use vehicles 

are addressed in the document on car manufacturing 15).  

Detailed description of the waste streams covered  

Table 1-3 shows the waste streams covered in the document: construction and 

demolition waste (CDW), municipal solid waste (MSW) and healthcare waste (HCW). 

These were chosen because they are waste fractions with a high environmental impact 

(MSW), or with high volum es (CDW), or with a significant environmental impact and 

not specifically addressed in other environmental initiatives of the European 

Commission (HCW).  

In the table, those with an asterisk (*) are considered hazardous and therefore best 

environmental mana gement practice for these fractions may require further specific 

consideration if regulated by regional or national legislation, or are  out side  the scope if 

they fall  under the IED scope.   

                                           

 

15  For further information see: http://susproc.jrc.ec.europa.eu/activities/emas/car.html   

http://susproc.jrc.ec.europa.eu/activities/emas/car.html


              
 

 Best Environmental Management Practic e for the Waste Management Sector  

 

40  

 

Table 1 -3 . Categori es of waste to be considered under the European List of W astes (EC, 2014)  

Chapter  Subchapter  Category  

17 CONSTRUCTION 

AND DEMOLITION 

WASTES (INCLUDING 

EXCAVATED SOIL 

FROM CONTAMINATED 

SITES)  

17 01 concrete, bricks, 

tiles and ceramics  

17 01 01 concrete  

17  01 02 bricks  

17 01 03 tiles and ceramics  

17 01 06* mixtures of, or separate fractions of 

concrete, bricks, tiles and ceramics containing 

hazardous substances  

17 01 07 mixtures of concrete, bricks, tiles and 

ceramics other than those mentioned in 17 01 06  

17 02 wood, glass and 

plastic  

17 02 01 wood  

17 02 02 glass  

17 02 03 plastic  

17 02 04* glass, plastic and wood containing or 

contaminated with hazardous substances  

17 03 bituminous 

mixtures, coal tar and 

tarred products  

17 03 01* bituminous mixtures containing coal tar  

17 03 02 bituminous mixtures other than those 

mentioned in 17 03 01  

17 03 03* coal tar and tarred products  

17 04 metals (including 

their alloys)  

17 04 01 copper, bronze, brass  

17 04 02 aluminium  

17 04 03 lead  

17 04 04 zinc  

17 04 05 iron and steel  

17 04 06 tin  

17 04 07 mixed metals  

17 04 09* metal waste contaminated with hazardous 

substances  

17 04 10* cables containing oil, coal tar and other 

hazardous substances  

17 04 11 cables other than those mentioned in 

17  04  10  

17 05 soil (including 

excavated soil from 

contaminated sites), 

stones and dredging  

spoil  

17 05 03* soil and stones containing hazardous 

substances  

17 05 04 soil and stones other than those mentioned in 

17 05 03  

17 05 05* dredging spoil containing hazardous 

substances  

17 05 06 dredging spoil other than those mentioned in 

17 05 05  

17 05 07* track ballast containing hazardous 

substances  

17 05 08 track ballast other than those mentioned in 

17 05 07  

17 06 insulation 

materials and asbestos -

containing construction 

material s 

17 06 01* insulation materials containing asbestos  

17 06 03* other insulation materials consisting of or 

containing hazardous substances  

17 06 04 insulation materials other than those 
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Table 1 -3 . Categori es of waste to be considered under the European List of W astes (EC, 2014)  

Chapter  Subchapter  Category  

mentioned in 17 06 01 and 17 06 03  

17 06 05* construction materials co ntaining asbestos  

 

17 08 gypsum -based 

construction material  

 

17 08 01* gypsum -based construction materials 

contaminated with hazardous substances  

17 08 02 gypsum -based construction materials other 

than those mentioned in 17 08 01  

17 09 other construction 

and demolition wastes  

17 09 01* construction and demolition wastes 

containing mercury  

17 09 02* construction and demolition wastes 

containing PCB (for example PCB -containing 

sealants, PCB -containing resin -based floorings, PCB -

containing sealed  glazing units, PCB -containing 

capacitors)  

17 09 03* other construction and demolition wastes 

(including mixed wastes) containing hazardous 

substances  

17 09 04 mixed construction and demolition wastes 

other than those mentioned in 17 09 01, 17 09 02 

and 17  09 03  

18 WASTES FROM 

HUMAN OR ANIMAL 

HEALTH CARE AND/OR 

RELATED RESEARCH 

(except kitchen and 

restaurant wastes not 

arising from 

immediate health 

care)  

18 01 wastes from natal 

care, diagnosis, 

treatment or prevention 

of disease in humans  

18 01 01 sharps ( except 18 01 03)  

18 01 02 body parts and organs including blood bags 

and blood preserves (except 18 01 03)  

18 01 03* wastes whose collection and disposal is 

subject to special requirements in order to prevent 

infection  

18 01 04 wastes whose collection and disposal is not 

subject to special requirements in order to prevent 

infection (for example dressings, plaster casts, 

linen, disposable clothing, diapers)  

18 01 06* chemicals consisting of or containing 

hazardous substances  

18 01 07 chemicals other than tho se mentioned in 

18  01 06  

18 01 08* cytotoxic and cytostatic medicines  

18 01 09 medicines other than those mentioned in 

18  01 08  

18 01 10* amalgam waste from dental care  

18 02 wastes from 

research, diagnosis, 

treatment or prevention 

of disease involving 

animals  

18 02 01 sharps (except 18 02 02)  

18 02 02* wastes whose collection and disposal is 

subject to special requirements in order to prevent 

infection  

18 02 03 wastes whose collection and disposal is not 

subject to special requirements in order to prevent 

infection  

18 02 05* chemicals consisting of or containing 

hazardous substances  

18 02 06 chemicals other than those mentioned in 

18  02 05  

18 02 07* cytotoxic and cytostatic medicines  

18 02 08 medicines other than those mentioned in 
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Table 1 -3 . Categori es of waste to be considered under the European List of W astes (EC, 2014)  

Chapter  Subchapter  Category  

18  02 07  

20 MUNI CIPAL 

WASTES (HOUSEHOLD 

WASTE AND SIMILAR 

COMMERCIAL, 

INDUSTRIAL AND 

INSTITUTIONAL 

WASTES) INCLUDING 

SEPARATELY 

COLLECTED 

FRACTIONS 

20 01 separately 

collected fractions 

(except 15 01)  

20 01 01 paper and cardboard  

20 01 02 glass  

20 01 08 biodegradable kitchen and canteen waste  

20 01 10 clothes  

20 01 11 textiles  

20 01 13* solvents  

20 01 14* acids  

20 01 15* alkalines  

20 01 17* photochemicals  

20 01 19* pesticides  

20 01 21* fluorescent tubes and other mercury -

containing waste  

20 01 23* discarded equipment c ontaining 

chlorofluorocarbons  

20 01 25 edible oil and fat  

20 01 26 * oil and fat other than those mentioned in 

20  01 25  

20 01 27* paint, inks, adhesives and resins containing 

hazardous substances  

20 01 28 paint, inks, adhesives and resins other than 

those m entioned in 20 01 27  

20 01 29* detergents containing hazardous substances  

20 01 30 detergents other than those mentioned in 

20  01 29  

20 01 31* cytotoxic and cytostatic medicines  

20 01 32 medicines other than those mentioned in 

20  01 31  

20 01 33* batteries and accumulators included in 

16  06 01, 16 06 02 or 16 06 03 and unsorted 

batteries and accumulators containing these 

batteries  

20 01 34 batteries and accumulators other than those 

mentioned in 20 01 33  

20 01 35* discarded electrical and electronic 

equipmen t other than those mentioned in 20 01 21 

and 20 01 23 containing hazardous components ( * )  

20 01 36 discarded electrical and electronic equipment 

other than those mentioned in 20 01 21, 20 01 23 

and 20 01 35  

20 01 37* wood containing hazardous substances  

20  01 38 wood other than that mentioned in 20 01 37  

20 01 39 plastics  

20 01 40 metals  

20 01 41 wastes from chimney sweeping  

20 01 99 other fractions not otherwise specified  

20 02 garden and park 

wastes (including 

cemetery waste)  

20 02 01 biodegradable wast e 

20 02 02 soil and stones  

20 02 03 other non -biodegradable wastes  
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Table 1 -3 . Categori es of waste to be considered under the European List of W astes (EC, 2014)  

Chapter  Subchapter  Category  

20 03 other municipal 

wastes  

 

20 03 01 mixed municipal waste  

20 03 02 waste from markets  

20 03 03 street -cleaning residues  

20 03 04 septic tank sludge  

20 03 06 waste from sewage cleaning  

20 03 07 bulky waste  

20 03 99 municipal wastes not otherwise specified  

( * ) Hazardous components from electrical and electronic equipment may include accumulators and batteries 

mentioned in 16 06 and marked as hazardous, mercury switches, glass from cathode ray tubes and other 

activated glass, etc.  

Municipal solid waste  

According to Eurostat (2012), municipal solid waste  (MSW) is waste ñmainly 

produced by households, though similar wastes from sources such as commerce, 

offices and public institutions are included. This municipal waste consists of waste 

collected by or on behalf of municipal authorities and disposed of through the waste 

management systemò. This definition is used mainly for reporting purposes under the 

Waste Framework Directive or the L andfill Directive. MSW is thus the waste generated 

from households as well as other waste which, because of its nature or composition, is 

similar to waste from households and is collected and treated together with waste 

from households. In terms of weight,  only 10  % of the total amount of waste can be 

considered MSW. Its special consideration in all waste regulations and policies comes 

from its highly political character due to its complexity, its composition, dispersed 

generation and the obvious link to th e consumption patterns of communities. From 

60  %  to 90  % of total MSW comes from households, and the rest from commercial 

activities with a similar waste composition to  households (e.g. offices, administration 

services, schools).  

However, in 2013 the Euro pean Environment Agency (EEA) found that European 

countries have very different approaches to  the definition and quantification of these 

wastes, which even poses a challenge to the study of different waste prevention and 

diversion policies (EEA, 2013b). On e example is how to take into account gardening 

waste or bulky waste. More importantly, packaging waste seems to be accounted for 

in very heterogeneous ways in Europe. While some countries include all packaging 

from municipal waste in the municipal waste c ategory, some of them separate out the 

packaging waste considered in the producer responsibility schemes. The same 

happens for waste under other producer responsibility schemes, such as WEEE (Waste 

from Electric al  and Electronic Equipment) or batteries.  

As this document focuses on environmental management practice, the most 

appropriate definition is according to  the  ñnatureò or ñcompositionalò characteristics of 

the waste. The typical qualitative composition of municipal waste ( Figure 1-19 ) is used 

to classify materials and practices described in this document.  
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Source : Zero Waste Europe, 2015  

Figure 1 -19 . Sample composition of municipal solid waste in Europe   

During the last 25 years, a huge change has taken place  in the way municipal waste is 

managed. Many countries (see, for instance, data for Germany in Figure 1-20 ) have 

reduced the production of unsorted residual waste, thanks to the separate collection of 

recyclable fractions, such as paper, glass and plastics. Also, organic waste collection 

schemes have been  introduced, aimed both at recovering nutrients from organic waste 

and avoiding the emissions from landfilling. During the last 10 years, the relative 

proportions of these fractions have not changed considerably.  

  

Source : Eurostat, 2014  

Figure 1 -20 . Development of the quantities of certain waste fractions in Germany from 1990 to  

2010  
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Figure 1-21  shows the change in total MSW generation per capita in European 

countries between 2003 and 2012. In several countries, this has decreased.  

 

 

Source : Eurostat (2014)  

( 1) No data for 2002 ;  2004 data instead. ( 2) No data for 2003 ;  2007 data instead. ( 3) 2012 data estimates . 

( 4) 2003 data estimates . 

Figure 1 -21 . Municipal waste generated by country in 2003 and 2012 in kg per capita and year, 

and sorted by 2012  

The current historical statistical data only allows the classification of waste treatments 

under four categories: landfill, incineration  (also called ñwaste-to -energyò, WtE, when 

incineration includes energy recovery), recycling and composting. Eurostat includes 

the category ñothersò in order to compensate the mass balance caused by statistical 

methodologies (e.g. how Member States  consider the input to m echanical and 

biological t reatment, MBT, plants has a significant influence in countries like Germany, 

the UK or Italy). Lookin g at  incineration statistics from 1995 until the introduction of 

the WFD and the application of the energy efficiency criterion in 2010, it is not 

possible to differentiate between incineration plants with energy recovery and plants 

without energy recovery . The same happens with composting, which includes any 

biological treatment, composting and fermentation. Figure 1-22  shows the 

development of these di fferent waste treatment categories in Europe since 1995 (data 

from Eurostat). In 1995, 63  % of MSW was landfilled, but this amount decreased to 

34  % in 2012 (around 164 kg per capita per year). However, the total amount of 

waste generated increased until t he year 2007. The decrease in  the per capita 

generation of MSW in the years 2010 -2012 is explained as a consequence of the 

economic crisis and its impact on consumption and not because of the success of 

waste prevention policies.  
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Figure 1 -22 . Municipal waste by type of treatment, EU - 27 in kg per capita  and year 16  (Data from 

Eurostat, 2014)  

Waste management strategies at national level are oriented to divert waste from 

landfill as a consequence of the ambitious objectives of the Landfill Directive. There 

are countries where priority is given to recycling, while others are implementing 

inciner ation. The existence of national regulations also has a strong effect on the 

share of different waste treatment/disposal options. For instance, in the Netherlands, 

Sweden and Denmark, landfill ing  any combustible waste  is banned , and Belgium, 

Austria and Ge rmany have banned the landfilling of any untreated waste. As a 

consequence, these countries do not landfill any municipal waste (see Tabl e 1-4).  

                                           

 

16  As Croatia has only been  a Member State of the European Union since  1 July 2013 it is therefore not 
included here.  
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Tabl e 1 -4 . Landfill bans in Member States  (Adapted from Stengler, 2014)  

Member 

state  

Disposal 

[%]  

WtE  

[%]  

Recycling / 

Composting [%]  
Ban on landfilling  

Netherlands  1 38  60  Since 1995 for 35 types of waste  

Denmark  3 54  43  
Since 1997 for biologically degradable 

waste  

Sweden  1 51  48  

Since 2002 for separated combustible 

waste  

Since 2005 for organic waste  

Belgium  1 42  56  

Since 2004 in Wallonia for household 

waste, sludge, bottom ash, waste with a 

high content of biodegradables  

Since 2006 in Flanders for combustible 

household waste and industrial / 

commercial waste (exceptions possible until 

2015)  

Since 2007 throughout Belgium for 

untreated waste, including biodegradable 

municipal waste  

Austria  3 35  62  

Since 2004 for biodegradable municipal 

waste  

Since 2008 for waste with >  5 % TOC. 

Exception: Mechanically and biologically 

treated waste with a net calorific value 

Ò 6.6 MJ/kg d.m.  (and TOC <  8 %)  

Germany  1 37  62  
Since 1.6.2005 for untreated municipal 

waste  

The large differences among European countries are a result of the implementation 

time of waste policies. Those countries with the lowest lan dfilling rates are those with 

a historically - long  political aim and investment schemes, while the others show a  

simil ar evolution but just delayed. The geographical disparities in Europe are quite 

evident and reflect the level of economic development  and  the level of investment in 

environmental policies, as well as the different historical approaches in waste 

management.  Wilts and von Gries recently published an ETC/SCP 17  Working Paper in 

which they analysed  the capacities for municipal waste management in Europe  (Wilts 

and von Gries , 2014) . Most European countries have an incineration capacity of less 

than a quarter of their municipal solid waste generation, but in some specific regions 

there is a certain overcapacity, which is increasing imports and creating a barrier for 

recycling through  the so -called vacuum cleaner effect, especially for commercial 

waste. The current incineration plants and the incineration capacities of European 

countries are shown in Figure 1-23 . 

                                           

 

17  European Topic Centre on Sustainable Consumption and Production  
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Source : Wilts and von Gries (2014)  

Figure 1 -23 . Incineration capacity and incinerators  in Europe  

Source:  Eurostat, 2013  

Figure 1-24  shows the geographical distribution of different waste treatment 

strategies. Red represents the countries where almost no untreated waste is landfilled 

and where incineration, materials recyc ling and composting are more developed than 

the European average. Green represents the countries with the same average as the 

EU-27 average (around 34  % of total waste), where some improvement can still be 

achieved  in other treatments. Countries with very high landfill rates and still lack ing  

incineration, recycling or composting  capacity  are represented  in blue . The data are 

taken from the last statistical survey done by Eurostat for 2012 and the countries are 

grouped by their landfilling rate (ordered fro m smallest to largest) 18 . Source:  

Eurostat, 2013  

Figure 1-24  show s how the treatment strategy differs across Europe. This chart also 

reveals  where the b est practices are most likely to be found. Countries like Germany, 

Denmark, Netherlands, Sweden, etc. have applied a zero landfill policy very 

                                           

 

18  In this analysis, t he composition of the groups is different to the clusters designed by Eurostat to analyse 
the data.  
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successfully during the last 10  to 20  years. Others, with very similar policies, have 

applied them with less inte nsity, as in the case of France, or the investment has been 

relatively delayed, as in the UK.  

 

Source:  Eurostat, 2013  

Figure 1 -24 . Geographical distribution of waste treatment practices, compared to the EU- 27 

average. Colour classification highlights waste management differences per capita 

in EU .  

Most of the investment of national waste strategies has been directed to better waste 

treatments, e.g. by avoiding waste landfilling and increasing material recov ery. 

However, the application of better treatment technologies is not intended (primarily) 

to reduce the total amount of waste generated. Also, it can be observed that those 

countries with outstanding performances in  waste treatment compared to the 

Europea n average are those with an on average higher municipal waste generation. 

This can be seen in Figure 1-25 , where the generation of waste is represented  along 

with the rate of landfilling. The red line is the moving average of waste generated per 

capita yearly, showing the average of the previous six data points, i.e. the six previous 

country MSW generation  values  per capita. The maximum corresponds to ar ound 

550  kg per habitant and year, due to the average of countries with reduced landfilling 

practices, reaching a minimum for those with a much higher landfilling rate (390 

kg/y ear per capita). This effect has also been acknowledged by Eurostat in its data, 

although it recognises that data inconsistency and data management can have an 
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influence on this result. However, the general trend is confirmed over the years and is 

due to the  higher waste generation in countries with higher consumption patterns.  

 

Figure 1 -25 . Rate of landfilling and MSW generation in 2012 for European countries. The red line 

plots the average of the six previo us values of MSW generation (moving average) (Data from 

Eurostat, 2013)  

Packaging waste, one of the main components of MSW, is covered by the European 

Directive on packaging and packaging waste (94/62/EC). For these fractions, very 

specific objectives hav e been set (see Table 1-5). In general, except for some 

exemptions, the recovery and recycling targets have been achieved. The packaging 

waste collecte d separately amounts to  159 kg  per capita per year  and has been kept 

constant in the last decade . In total, 63.5  % of packaging waste was recycled in 2011 

and 77.3  % was recovered (including recycling plus incineration with energy recovery) 

(Eurostat, 2013 ).  
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Table 1 -5 . Second stage recovery and recycling targets of the Packaging and Packaging W aste 

Directive and years in which targets must be achieved  

Country  (EU-27)  

Recovery  Recycling  

Target: 

60  %  

Overall 

target:  

55 -

80  %  

Glass: 

60  %  

Paper 

and 

board: 

60  %  

Metals: 

50  %  

Plastics: 

22.5  %  

Wood: 

15  %  

Belgium, Denmark, 

Germany, Spain, 

France, Italy, 

Luxembourg, 

Netherlands, Austria, 

Finland, Sweden, UK  

2008  

Greece, Ireland, 

Portugal  
2011  

Czech Republic, 

Estonia, Cyprus, 

Lithuania, Hungary, 

Slovenia, Slovakia  

2012  

Malta  2013  

Poland  2014  

Latvia  2015  

Bulgaria  2014  2014  2013  2008  2008  2013  2008  

Romania  2013  2013  2013  2008  2008  2013  2011  

However, these objectives do not take into account reuse practices as defined by the 

WFD. For instance, wood pallets are the main component of wood packaging waste. 

Current practices with wood pallets include a high rate of reuse through deposit 

schemes wi th the industry. A similar situation can be found for reusable glass bottles, 

which are not taken into account as recycling or reuse. This may be the main reason 

for disparities in  glass recycling in Nordic countries (Eurostat, 2014).  

Construction and demo lition waste  

Construction and demolition waste (CDW) is a very broad definition for all the waste 

generated by the constr uction, maintenance, demolition and  selective deconstruction 

of buildings and civil works. Its nature varies and depends on the constru ction project 

that generates the waste. For instance, road construction creates a huge amount of 

excavated material, usually inert, that can be considered waste if it needs to be 

disposed of, but contractors tend to reuse these materials as fillings in the  same or 

other road construction, reducing the waste treatment fee and the resources 

consumed. The heterogeneity of construction activities, along with different 

consumption patterns, makes it almost impossible to define a typical composition in 

this regar d. For that reason, in the context of this work, construction and demolition 

waste is considered as any waste generated in the activities of companies belonging to 

the construction sector (NACE divisions 41, 42 and 43) and included in category 17 of 

the Eu ropean List of Wastes (see Table 1-3), comprising mainly concrete, ceramic and 

bituminous waste. Other fractions fall into the scope of commercial waste in MSW 
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management (e.g. packaging), or other schemes (take -back system for wood pallets, 

recycling for metals, etc.).  

In total, approximately 800 million tonnes of construction and demolition waste were 

recorded  for the year 2012 in Europe according to Eurostat, which is 34  % of the total 

waste generated. However, the majority  of  this waste is inert excavated soil, which 

has  almost no impact on the environment. Around 50 million tonnes of actual 

construction and demolition waste were generated in 2010 at European construction 

sites (new construction, demolition or refurbishment). Depending on the nature of the 

construction project, concrete waste makes up  around 40  %  to 85  % of the total 

waste generated on site (Rimoldi, 2010). ñCleanò concrete waste is rerely  reusable 

and its recycling produces a downgraded product, aggregates, as  recovery of initial 

constituents is not feasible. Recycled concrete aggregates, RCA, are usable for the so -

called unbound applications (e.g. road sub -base fillings) or as secondary materials in 

the manufacture of new concrete.  

Concrete is the most used m aterial in the world. Its success relies on three key 

factors: durability, affordability and the availability of raw materials. In that sense, the 

low cost of extracted natural aggregates is one of the  main drawback s for the uptake 

of secondary materials, as extracted resources would have similar costs to recycled 

aggregates. Also, there is no scarcity of raw materials and the economical relevance of  

the total cost of aggregates in the final product is quite low. The environmental impact 

of natural and recy cled aggregates , e.g. in terms of greenhouse gas emissions , is 

highly dependent on the transport. These factors contribute to a very different 

scenario for CDW compared to other wastes, and require different driving forces (i.e. 

regulation, taxation, etc.)  for best practice implementation.  

A popular myth  regarding  the application of recycled aggregates in concrete is that 

these aggregates have a much lower performance than natural aggregates. It is 

proven that, given a proper waste separation, the quality of certain fractions of 

recycled concrete aggregates, RCA, can substitute 100  % natural aggregates. Even, in 

some cases, for structural applications, a 20 -30  % replacement can be done without 

any impact on performance.  

Europe consumes around 3 billion ton nes of aggregates (Eu ropean Concrete Platform, 

2007).  In the UK, 25  % of the aggregates market came from secondary sources or 

recycled materials in 200 7 (The Concrete Centre, 2009) and  there are no technical 

barriers for the recycling of CDW. Aggregates fr om masonry and ceramic wastes, even 

mixed with concrete, are less applicable, but their  volume is certainly smaller and 

many applications have succeeded. Several showcases around Europe showed more 

than 95  % CDW recycl ing (European Commission, 2012)  and simplified the market 

barriers to (i) availability, (ii) economics and (iii) acceptability. The profit margin on 

recycled aggregates also depends on the location  of the source, which has to be closer 

than other quarries, and the tax schemes for  landfill and natural aggregates extraction 

(UEPG, 2006). Denmark and the Netherlands have been very successful in promoting 

the recycling of CDW.  

CDW generation is linked to the construction activity and the amount of waste per unit 

of built, demolished or refurbished area is often used as an indicator and easily 

benchmarked against different types of structures, construction techniques and 

traditional practices. For instance, precast and prefabricated structures generate less 

waste, as the manufacturing process is less  wasteful and designs are specific for each 
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building. At the same time, the expected amount of CDW and its composition are  very 

different if timber or reinforced concrete structures are used. Mália et al. (2013) 

calculated the range of CDW generation for different types of building projects and 

structures ( Table 1-6 and Table 1-7).  

Table 1 -6 . CDW generation rates per waste type and activity, in kg/m 2  

Waste  

New residential 

construction  

New non - residential  

construction  
Residential demolition  

Non - residential 

demolition  

Timber 

structure  

Reinforced 

concrete  

Timber 

structure  

Reinforced 

concrete  

Timber 

structure  

Reinforced 

concrete  

Un -

defined  

Rein -

forced 

concrete  

17 01 01 

Concrete  
0.3 ï 1.9  17.8 ï 32.9   18.3 ï 40.1  137 ï 300  492 ï 840   401 ï 768  

17 01 02 

Bricks  
0.5 ï 0.8  19.2 ï 58.6   15.6 ï 54.3  84 ï 90  170 ï 486  

176 ï 

438  
 

17 01 03 

Tiles  
-  1.7 ï 3.2   0.4 -3.2  -  10.6 ï 17.6  16 ï 27   

17 02 01 

Timber  
0 ï 2 2.5 -  6.4  

4.7 ï 

10.7  
1.7 ï 5.4  70 -275  12 ï 58   20 ï 159  

17 02 02 

Glass  
0.0 ï 0.3  0.0 ï 0.8  0.4 ï 2.6  0.2 ï 4.4  

17 02 03 

Plastics  
0.1 ï 0.8  0.3 ï 1.9  0.4 ï 5.6  0.4 ï 6.1  

17 03 02 

Bituminous 

mixtures  

0.4 ï 2.6  0.7 -  6.6  1.0 ï 1.4  1.0 ï 1.4  

17 04 07 

Metal 

mixtures  

0.1 ï 0.9  0.9 ï 3.9  0.2 ï 2.9  1.0 ï 7.2  
4.8 ï 

22.5  
9.8 ï 28.4  

3.4 ï 

55.0  
25.4 -53.0  

17 06 04 

Insulation 

Materials  

0.1 ï 1.2  0.1 ï 1.5  0.1 ï 2.2  0.1 ï 2.2  

17 08 02 

Gypsum -

based  

2.4 ï 7.2  3.7 ï 7.6  0.5 ï 3.4  10.8 ï 81.3  
10.9 ï 

105.4  
10.8 ï 64.3  

10.8 ï 

81.3  

10.8 ï 

75.7  

17 09 03 

CDW 

containing 

hazardous 

substances  

0.02 ï 0.33  0.01 ï 0.74  0.4 ï 0.6  0.2 ï 0.6  

Total  10 ï 39  44 -  115   48 -  135  
195 ï 

725  

805 ï 

1 ,371  

600 ï 

1 ,750  

742 ï 

1 ,637  

Source : Mália et al. (2013)  
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Table 1 -7 . (Continues from Table 1 -6 ) CDW generation rates per waste type and activity, in 

kg/m 2   

Waste  
Residential 

r efurbishment  

Non - residential 

r efurbishment  

17 01 01 Concrete  18.9 ï 45.9  18.9 ï 191.2  

17 01 02 Bricks  63.3 ï 319.5  11.2 ï 62.0  

17 01 03 Tiles  1.1 ï 12.6  0.2 ï 16.9  

17 02 01 Timber  2.0 ï 37.9  23 ï 42.6  

17 02 02 Glass  0.2 ï 1.4  0.3 ï 0.9  

17 02 03 Plastics  0.6 ï 1.3  1.9 ï 2.6  

17 03 02 Bituminous mixtures  12  8 -12  

17 04 07 Metal mixtures  0.4 ï 6.8  0.2 ï 16.4  

17 06 04 Insulation Materials  0.1 ï 0.6  0.1 ï 0.6  

17 08 02 Gypsum -based  2.4 ï 23.5  2.3 -22.9  

17 09 03 CDW containing hazardous substances  0.03 ï 0.05  0.03 ï 0.05  

Total  28 ï 397  20 -  326  

 

The main waste fraction is made up of concrete (more than 50  % in most cases) and 

masonry. Gypsum -based materials, timber and metal are also of relevance in the final 

mass of wastes. The mineral fraction of construction waste constitutes category 12.1 

of the European Regulation on waste man agement statistics. In 2012, Member States  

reported the treatment of this fraction as shown in Figure 1-26 .  

 

Figure 1 -26 . Construction and d emolition w aste m ineral fraction treatment in 2012 (Data from 

Eurostat, env_wasgen, 2013)  
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As observed, many countries have already achieved the objective of 70  % recycling 

for this waste fraction. The tot al mass flow of recovered waste accounts for more than 

80  % of the total waste generation. However, the different methodologies observed 

for municipal solid wastes in the previous section also apply to these results. The 

existence of illegal dumping and th e different management approaches among 

countries are also relevant: while there are countries with high recycling rates, the 

market uptake of recycled materials is very  low. Large storage areas of treatment 

plants have been converted into temporary landfi lls (EC, 2012).  

Healthcare waste  

Healthcare waste  refers to waste generated in the operation of health services for 

humans and animals: diagnosis, treatment and immuni sation of humans and animals, 

as well as in scientific research, biological production, a nd testing. A large part of 

healthcare waste is considered hazardous, because it may contain toxic materials 

and/or pathogenic agents that require special handling. Other waste fractions 

generated by the facilities of health institutions will be considered  according to their 

nature or composition (e.g. waste electrical and electronic equipment or MSW - like 

waste).  

Due to the difficulty to report exclusively waste generated only by medical activities, 

statistical data usually includes any waste that arises fr om healthcare activity and 

focuses on:  

-  infectious  waste :  

Á anatomical ;  

Á sharps ;  

Á blood ;  

Á pharmaceutical ;  

Á radioactive materials ;  

-  offensive/hygienic waste ;  

-  MSW- like  waste . 

This waste is commonly generated by hospitals from the public or the private sector, 

nursin g homes, doctors' surgeries, dentists, pharmacists and veterinary clinics. Other 

smaller generators would include public parks, first aid and washrooms in public areas 

and retail or hospitality premises. The non -hazardous fraction of the waste varies from 

40  %  to 60  % of the total waste, but the MSW - like  waste  cannot be determined with 

accuracy due to the different approach in segregation.  

Hazardous waste has to be disposed of safely. The Health Technical Memorandum 07 -

01 (Department of Health, 2007) of the UK government defines ña rendered safe 

[treatment] is an accepted method or process that has been applied which :  

a.  demonstrates the ability to reduce the number of infectious organisms present 

in the waste to a level at which no additional precautions ar e needed to protect 

workers or the public against infection from the waste,  

b.  destroys anatomical waste such that it is no longer generally recognisable,  

c.  renders all clinical waste (including any equipment and sharps) unusable and 

unrecognisable as clinical waste,  

d.  destroys the component chemicals of chemical or medicinal and medicinally -

contaminated wasteò. 
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Suitable treatments for healthcare waste are divided into high - temperature processes 

and alternative treatments:  

¶ High - temperature treatments:  

o Incineration: a primary combustion chamber operating at 800 ï

1 000  °C and a second chamber operating at 850 ï 1 100  °C . 

o Pyrolysis: involves thermo -chemical cleavage of waste at 545 ï 

1 000  °C without oxygen . 

o Plasma: the waste is treated at temperatures of 1 300 ï 

1 700  °C and converted to a glass - like material . 

o Gasification: the materials decompose in the presence of a 

sub stoichiometric amount of oxygen for combustion. The process 

is energetically self - sustained.  

¶ Alternative treatments (usually referred to as non -combustion treatments) 

reduce or eliminate the hazardous component of the waste. Examples of these 

are  as follows :  

o Heat treatment, intended to st erilise the infectious material:  

autoclaves, steam augur, dry heat treatment, microwave or 

radiofrequenc y sterilisation, etc.  

o Chemical treatment: uses chemical substances to sterilise the 

infectious materials: e.g. hypochlorite, chlorine dioxide, peracetic 

acid.  

The suitability of each treatment to each HCW stream is shown in Table 1-8. 

Table 1 -8 . Treatment type per healthcare waste stream  

Waste  Code  Treatment  

Clinical (chemicals)  18 -01 -03  High - temperature  

Clinical (swabs, soiled dressings, gloves, etc.)  18 -01 -03  Alternative  

Sharps  18 -01 -01  High - temperature  

Anatomical  18 -01 -02  High - temperature  

Offensive (e.g. diapers)  18 -01 -04  Alternative  

Cytotoxic and cytostatic  18 -01 -08  High - temperature 

(>  1 000  °C)  

Medicines  18 -01 -09  High - temperature  

Source : Tudor et al. (2009)  

For non -hazardous waste (clinical or non -clinical), segregation at source can increase 

the fraction recovered. Current practices in the UK indicate that most of the recyclable 

waste is not well sorted and is fed to the high - temperature incinerators as a support 

fuel to improve the efficiency.  

Eurostat in 2014 reported the data shown in Figure 1-27  for the year 2012. The level 

of reporting of Member States  for HCW seems heterogeneous and the quantities per 

capita are not comparable. The g enera tion of waste and treated waste do not match. 

In total, for the countries reported in Figure 1-27 , about 2.7 million tonnes of waste 

were generated, wh ile 1.4 million ton nes  were reported as treated. The difference  

probably  is due to different methods for the quantification of the MSW - like waste.   
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a)  

 
b)  

 
 
Figure 1 -27 . Healthcare waste generation and treatment in Europe (a) 

in tonnes and (b) as a percentage of the total. (Data from Eurostat, 

env_wasgen, 2013)  

The World Health Organisation (2014) estimates that a total of 85  % of HCW 

generated in a hospital is non -hazardous and, with some exemptions, c ould be 

managed under other schemes (e.g. for MSW). Sengupta (1990) published a survey of 

more than 230 healthcare facilities in Florida, United States, developing several 

indicators for different healthcare facilities ( Table 1-9).  
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Table 1 -9 . Survey results of HCW generation in Florida, United States  

Healthcare facility  Total HCW generation  Infectious waste  generation  

Metropolitan general hospitals  10.7 kg/occupied bed/day  2.79 kg/occupied bed/day  

Rural general hospitals  6.40 kg/occupied  bed/day  2.03 kg/occupied bed/day  

Psychiatric and other hospitals  1.83 kg/occupied bed/day  0.043 kg/occupied bed/day  

Nursing homes  0.90 kg/occupied bed/day  0.038 kg/occupied bed/day  

Laboratories  7.7 kg/day  1.9 kg/day  

Doctorôs office (group practice, urban)  1.78 kg/physician -day  0.67 kg/physician -day  

Doctorôs office (individual, urban)  1.98 kg/physician -day  0.23 kg/physician -day  

Doctorôs office (rural)  0.93 kg/physician -day  0.077 kg/physician -day  

Dentistôs office (group practice)  1.75 kg/dentist -day  0.13 kg/dentist -day  

Dentistôs office (individual)  1.10 kg/dentist -day  0.17 kg/dentist -day  

Dentistôs office (rural)  1.69 kg/dentist -day  0.12 kg/dentist -day  

Veterinarian (group practice, metropolitan)  4.5 kg/veterinarian -day  0.66 kg/veterinarian -day  

Veterinarian (individual, metropolitan)  0.65 kg/veterinarian -day  0.097 kg/veterinarian -day  

Source : Sengupta (1990), as cited by WHO (2014)  

In Europe, there are several national EPR schemes attending to healthcare waste for 

old or unused medicines (Austria, Belgium, Finland, France, Portugal, Sweden, Spain, 

Hungary, Slovenia, Estonia) managing around 240  000 tonnes of healthcare waste 

(Monier et al., 2014). T he treatment usually consists of  separation and recovery of the 

packaging material and the incineration of the medicine, which in some cases can be 

considered hazardous.   
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1.3.  Main environmental aspects and environmental relevance of the waste 

management sector  

Waste disposal leads to direct environmental impacts, such as land occupation, 

resource depletion, amplification of global warming due to  methane and other 

greenhouse gas emissions, eutroph ication and ecotoxicity in waters from leachate in 

the case of landfilling, or resource depletion, and acidification and ecotoxicity effects 

from emissions to air in the case of incineration. Direct emissions from waste 

management represent a significant b ut comparatively small share of European 

climate change, acidifying, eutrophying and toxic emissions, as summarised in the 

sections below, although toxicity effects can be locally important.  

However, resource depletion is linked with highly significant in direct environmental 

impacts associated with resource extraction and processing to compensate for 

materials removed from circulation in the economy. Full implementation of the waste 

management hierarchy, including waste prevention and reuse wherever possib le, can 

avoid considerable environmental impacts when assessed from a life -cycle perspective 

ï considering direct and indirect effects.  

Table 1-10  sum marises the main environmental aspects and impacts linked with some 

of the primary activities undertaken and services provided by the waste management 

sector. As per the EMAS Regulation, ñenvironmental aspectò refers to an element of an 

organisationôs activities, products or services that has or can have an impact on the 

environment. ñEnvironmental creditsò refer to avoided material extraction or energy 

generation in the wider economy associated with particular actions or services. These 

may be accounted fo r using an expanded boundary life -cycle assessment (LCA) 

approach.  

Although , from a material resource -efficient perspective, disposal options such as 

landfill and incineration do not represent best practice  for separately collected 

recyclables and mixed MSW, it is important to quantify the impacts associated with 

such disposal operations,  in order to quantify the environmental benefits realised 

through the adoption of best practice s. Both EMAS and the 2015 - revised ISO 14001 

standard require life -cycle env ironmental impacts to be considered.  The revised ISO 

14001 also places an emphasis on the ñriskò associated with environmental aspects. 
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Table 1 -10 . Main activities in the waste management sector, and associated environmental aspects, pressures , credits  and risks   

Service or  activity  Main env ironmental  aspects  Main environmental  impacts  Main environmental credits  Main environmental risks  

Administration  -  Office energy consumption 

(heating, lighting, ICT, equipment)  

-  Paper use and printing  

-  Generation of municipal waste for 

disposal  

-  Transport of staff  

-  Printing emissions  

-  Fossil resource depletion  

-  Finite resource depletion  

-  Climate change (GHG 

emissions)  

-  Air pollution  (indoor and 

outdoor)   

-  Traffic  

-  See recycling credits  -  Long - term employee health 

effects of office 

environment (minor risk)  

Waste collection  -  Collection (truck) operations  

-  Infrastructure construction and 

maintenance  

-  Equipment production  

-  Climate change (GHG 

emissions)  

-  Air pollution  

-  Fossil resource depletion  

-  Traffic  

-  Finite resource depletion  

-  See recycling credits  -  Employee safety risks 

associated  with collection 

operations  

-  Reputational risk via visible 

impacts  

-  Operational efficiency risks 

of changes  

-  Costs of repair and upgrade  

Waste separation/ 

treatment  
-  Operational energy consumption 

(electricity, natural gas)  

-  Residual waste generation  

-  Infrastructure construction and 

maintenance  

-  Equipment production  

-  Disposal of non - reusable or 

recyclable materials  

 

-  Climate change (GHG 

emissions)  

-  Air pollution  

-  Fossil resource depletion  

-  Traffic  

-  Finite resource depletion  

-  See recycling credits  -  Employee safety risks 

(heavy machinery)  

-  Operational efficiency risks 

of changes  

-  Cost of infrastructure & 

machinery repair and 

upgrade  

Material transport  -  Transport operations  

-  Infrastructure construction and 

maintenance  

-  Equipment production  

-  Climate change (GHG 

emissions)  

-  Air pollution  

-  Fossil resource depletion  

-  Traffic  

-  Finite resource depletion  

 -  Employee safety risks  

-  Reputational risk via visible 

impacts  

 

Equipment/ 

component  / 
-  Collection and transport operations  

-  Heating and lighting of distribution 

-  Climate change (GHG 

emissions)  

-  Air pollution  

-  Avoided abiotic resource 

use  

-  Avoided fossil energy use  

-  Employee safety risks 

(heavy machinery)  

-  Operational efficiency risks 
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Service or  activity  Main env ironmental  aspects  Main environmental  impacts  Main environmental credits  Main environmental risks  

material reuse  centres  

-  Disposal of non - reused fraction  

-  Fossil resource depletion  

-  Traffic  

-  Avoided waste disposal  of changes  

-  Cost of infrastructure & 

machinery repair and 

upgrade  

Composting (organic 

recycling)  
-  Machinery operations  

-  Emissions from biological 

processes  

-  Transport of compost  

-  Field application  

-  Fertiliser replacement  

-  Soil carbon sequestration  

-  Climate change (GHG 

emissions)  

-  Air pollution  

-  Water pollution (nutrient 

leaching)  

-  Fossil resource depletion  

-  Avoided fertiliser 

manufacture and 

application  

-  Avoided GHG emissions  

-  Avoided waste disposal  

-  Employ ee safety risks 

(heavy machinery)  

-  Respiratory effects of 

aerosols in local population  

-  Reputational damage from 

local noise / odour  / air 

quality issues  

Anaerobic digestion 

(organic recycling)  
-  Machinery operations  

-  Water consumption  

-  Infrastructure construction and 

maintenance  

-  Equipment production  

-  Fugitive emissions  

-  Transport of digestate  

-  Digestate application emissions  

-  Fertiliser replacement  

-  Soil carbon sequestration  

-  Climate change (GHG 

emissions)  

-  Air pollution  

-  Water stress  

-  Water pollution (nutrient 

leaching)  

-  Finite resource depletion  

-  Avoided fossil energy use  

-  Avoided fertiliser 

manufacture and 

application  

-  Avoided GHG emissions  

-  Avoided waste disposal  

-  Employee safety (fatalities 

from explosion or hydrogen 

sulphide poisoning )  

-  Major clean -up co sts and 

reputational damage from 

digestate leakage (water 

pollution)  

-  Cost of infrastructure & 

machinery repair and 

upgrade  

-  Reputational damage from 

local noise / odour  / air 

quality issues  

Equipment 

disassembly  
-  Machinery operations  

-  Infrastructure construction and 

maintenance  

-  Leakage of hazardous substances  

-  Equipment production  

-  Residual material for disposal  

-  Transport of materials  

-  Disposal of non - recycled 

components  

-  Climate change (GHG 

emissions)  

-  Air pollution  

-  Human  toxicity  and ecotoxicity 

impacts  

-  Fossil resource depletion  

-  Traffic  

-  Finite resource depletion  

-  Disposal impacts  

-  See recycling credits  -  Employee safety risks 

(heavy machinery)  

-  Operational efficiency risks 

of changes  

-  Cost of infrastructure & 

machinery repair and 

upgrad e 

Inorganic fraction -  Machinery operations  -  Climate change (GHG 

emissions)  

-  Avoided abiotic resource 

use  
-  Employee safety risks 
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Service or  activity  Main env ironmental  aspects  Main environmental  impacts  Main environmental credits  Main environmental risks  

recycling  -  Energy consumption  

-  Infrastructure construction and 

maintenance  

-  Equipment production  

-  Transport of materials  

-  Raw material substitution  

-  Air pollution  

-  Fossil resource depletion  

-  Traffic  

-  Finite resource depletion  

-  Avoided fossil energy use  

-  Avoided waste disposal  

 

(heavy machinery)  

-  Operational efficiency risks 

of changes  

-  Cost of infrastructure & 

machinery repair and 

upgrade  

Landfill  -  Infrastructure construction and 

maintenance  

-  Machinery operations  

-  Decomposition of organic material  

-  Nutrient leachate  

-  Heavy metal and organic leachate  

-  Sequestered nutrients  

-  Sequestered resources  

-  Energy recovery  

-  Climate change (GHG 

emissions)  

-  Air pollutant emissions  

-  Leachate to waters 

(eutrophication and ecotoxicity)  

-  Pathogen release  

-  Abiotic resource depletion  

-  Fossil resource depletion  

-  Land occupation  

-  Avoided fossil energy use 

(where biogas energy 

recovery implemented)  

-  Risk of water pollution 

(leaching)  

-  Risk of problematic odours  

-  Employee safety (heavy 

machinery  and explosion 

risk of biogas )  

-  Major clean -up costs and 

reputational damage from 

leaching (water pollution)  

-  Reputational damage of 

pursuing outdated dispo sal 

method  

-  Cost  of infrastructure & 

machinery repair and 

upgrade  

-  Reputational damage from 

local noise / odour  / air 

quality issues  

Incineration 

(includes biomass 

combustion)  

-  Infrastructure construction and 

maintenance  

-  Handling operations  

-  Fossil fuel requirements  

-  Combustion process  

-  Energy recovery  

-  Ash/slag disposal (landfill)  

-  Climate change (GHG 

emissions)  

-  Air pollution  

-  GHG emissions  

-  Abiotic resource depletion  

-  Fossil resource depletion  

-  Human  toxicity  and ecotoxicity  

-  Avoided fossil energy use 

(where energy recovery 

implemented)  

-  Sanitation of the waste 

(disease prevention)  

-  Avoided abiotic resource 

use (where metal recovery 

implemented)  

-  Employee safety (heavy 

machinery and explosion 

risk of biogas)  

-  Cost of infrastructure & 

machinery repair and 

upgrade  

-  Reputati onal damage from 

local noise / odour  / air 

quality issues  

Illegal dumping  -  Littering  

-  Hazardous substance leakage to air 

-  Land occupation  

-  Climate change (GHG 

-  None  -  Major clean -up costs borne 

by municipality  
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Service or  activity  Main env ironmental  aspects  Main environmental  impacts  Main environmental credits  Main environmental risks  

and water  emissions)  

-  Water pollution (leachates)  

-  Ecotoxicity  

-  Reputational damage for 

local authority in relation to 

poor enforcement of the law  
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1.3.1.  Direct environmental impacts  

Climate change  

Direct greenhouse gas (GHG) emissions from waste management across the EU-28 

declined from 185  126  000 tonnes CO 2e in 2002 to 140  803  000 tonnes of CO 2e in 

2012 (Eurostat, 2014 ). Waste management represents 3  % of total GHG emissions in 

the EU-28. Methane (CH 4) and nitrous oxide (N 2O) make important contributions to 

these CO 2 equivalent emissions.  

Figure 1-28  displays direct GHG emissions arising from waste management across the 

EU-28 in 2011. National waste management sectors in Germany, Spain, France, Italy, 

Poland and the UK each emit considerably more than 10 Mt CO 2e/y ear, largely 

reflecting the large population shares in these Member States . Waste management 

accounts for a comparatively very high share (about 10  %) of national GHG emissions 

in Portugal and Cyprus, and a comparatively high share (about 5  %) of GHG emissio ns 

in Bulgaria, Latvia, Lithuania, Hungary, Romania, Slovakia and Greece.   

Emissions of methane (CH 4) from landfill account for a large share of GHG emissions 

from waste management. Data on the quantity of MSW landfilled per capita across 

municipalities an d countries are presented in Figure 1-29 . Although the data are 

incomplete, it can be seen that countries with high rates of landfilling tend to have 

comparatively  high shares of GHG emissions from waste management. This is a 

consequence of the high global warming potential (GWP) of 25 for methane and of 298 

for nitrous oxide compared to 1 for CO 2 (IPCC, 2007) , which is the main emission after 

thermal t reatment of waste . 

 

Figure 1 - 28 . GHG emissions arising from waste management across the EU-2 8 in 2011 (blue), 

and the share of national emissions they represent (orange) -  Source  Eurostat, 

2014)  

 

It should be noted that statistics reported above on GHG emissions from waste 

management relate only to direct emissions from a limited range of activities, such as 

landfilling, classified as ñwaste managementò under UNFCCC national GHG reporting 

guideline s. These statistics exclude many activities and some important sources 

associated with waste management, including waste collection and transport 

emissions, electricity consumption for waste handling and processing, and emissions 
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arising from field applica tion of composts and digestates. They also exclude the 

emissions associated with replacement of materials lost from the economy through 

disposal (see next section).  

 

Source:  Eurostat (2014)  

Figure 1 -29 . Qu antity of municipal solid waste landfilled per capita across European 

municipalities and countries  

Air pollution  

The waste sector across the EU-28 was responsible for 95  370 tonnes (3  %) of 

ammonia emissions (NH 3) in 2011, and 77  220 tonnes (1  %) of non -methane volatile 

organic compound (NMVOC)  emissions  in 2011. The waste sector accounts for only a 

minor  share of NO x and SO x emissions (Eurostat, 2014).  

Figure 1-30  displays ammonia emissions by country across EU Member States . Waste 

sectors in Spain, Romania and the UK are the largest emitters. As described below in 

relation to composting and anaerobic digestion, ammonia emissions arising from 

orga nic waste residues may arise in, and thus be attributed to, other sectors, in 

particular agriculture (Eurostat, 2014).  
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Figure 1 -30 . Ammonia emissions arising from waste management across the EU - 28 in 2013  -  

Source  Eurostat, 2014  

 

Toxic emissions  

Toxic emissions comprise a large suite of compounds emitted from a wide array of 

processes and sectors, including diffuse emissions. Therefore they are not well 

captured in emissions inventories. Quantities of haz ardous waste generated per capita 

across EU Member States  (Figure 1-31 ) may provide an indication of the risk of toxic 

emissions arising from waste ma nagement across Europe. Differences in accounting or 

definition may lie behind the wide variation in reported quantities of hazardous waste 

generated per capita. The manner in which these wastes are handled is likely to be 

more important in determining tox icity effects than the quantities generated.  

 

Figure 1 -31 . Hazardous waste generation across EU Member States  in 2012 -  Source  Eurostat, 

2014  

 

Some important emissions with respect to ecotoxicity are reported for large industrial 

waste management facilities in the E -PRTR database (EEA, 2015), listed in Table 1-11 . 
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Table 1 -11 . Key emissions related to toxicity and ozone depletion from large (IED - licen sed) 

industrial waste facilities in 2012, reported in the E - PRTR database  

Substance  
Emission to 

air (kg)  

Emission to 

water (kg)  
Substance  

Emission t o 

air (kg)  

Emission to 

water (kg)  

As 1 070  29  037  Carbon monoxide  54  399  000   

Cd 1 573  13  400  
Chlorofluorocarbons 

(CFCs)  
18  300   

Cr 2 430  77  571  
Dioxins and furans ( Teq 

= Toxicity equivalents ) 
2.09  0.133  

Cu 3 020  187  397  PCBs 6.69  87.8  

Hg 1 330  3 250  PM10 3 295  000   

Ni 2 130  162  151     

Pb 1 970  85  004     

Zn  12  100  1 066  000     

Further information on landfill and incineration emissions is given i n the dedicated 

sections below.  

Recently, construction and demolition waste (CDW) has been linked with potentially 

toxic effects. CDW is not entirely inert. An important fraction (around 1 ï5 % in 

weight) of waste generated in demolition can be considered hazardous (asbestos, 

PCB-containing waste, paints, etc.). The case of PCB has recently become quite 

impo rtant in the management of CDW. PCB -containing sealants were banned in the 

1970s but their use was frequent in the 1960s. Nowadays, demolition of buildings 

from this time has produced an alarming increase of leachable PCB in disposed CDW. 

Recent studies ha ve shown how the PCB content of cement, concretes and CDW has 

increased from undetectable concentrations up to average concentrations of 17 mg/kg 

(± 84  %) in  samples from  the Danish construction industry (Butera et al., 2014).  

Litter and illegal dumping  

One direct consequence of poor waste management is litter accumulation on land and 

in oceans. In addition to visual impact, such litter can represent a danger to wildlife 

through strangulation and toxicity effects ( Figure 1-32 ). Drinks cans holders and 

plastic bags are a particular threat to wildlife, including birds and turtles. Plastics are 

persistent in the environment, but degrade following exposure  to sunlight, mechanical 

abrasion and plastici ser migration, creating tiny fragments that may be ingested by 

fauna, including fish. In addition, plastics adsorb toxins, and thus represent a pathway 

for various toxic  compounds into the food chain.  
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Source:  https://en.wikipedia.org/wiki/Marine_debris  

 

Source:  BZL GmbH (2014)  

Figure 1 -32 . A  dead albatross that had ingested various plastic flotsam , and a coastal village in 

Indonesia  

Plastic pollution of oceans is a problem receiving increasing attention, though it is 

difficult to accurately quantify. A recent study estimated that a minimum of 

5.25  trillion particles with a combined weight of nearly 270  000 tonnes are floating in 

the w orldôs oceans (Eriksen et al., 2014). The authors of that study classified plastic 

pieces into micro -plastic (< 4.75 mm) and meso -  and macro -plastic (> 4.75 mm), and 

proposed various mechanisms of micro -plastic loss from the sea surface that include 

enteri ng into the food chain and sinking to the ocean floor. They concluded that 

although their conservative estimate of plastic fragments in the worldôs oceans 
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represents just 0.1  % of annual plastic production, it could be associated with 

significant ecologica l and human toxicity effects.   

A significant though poorly quantified share of environmental burdens associated with 

waste disposal arise from illegal dumping that bypasses regulatory controls on waste 

handling and emissions. This can be a particular probl em for waste oils and white 

goods  for example , which can leak harmful compounds into the environment. 

Insulation materials and refrigerants can leak ozone -depleting substances and 

substances with high GWPs  to the atmosphere. For example, a domestic refrige rator 

containing 0.5 kg of HFC -134a (CH 3CHF2) could contribute 1  900 kg CO 2e to the 

atmosphere via refrigerant leakage following improper disposal (Defra, 2012). This is 

equivalent to its electricity - related CO 2e emissions arising over eight years of 

operation. Older appliances contain more damaging refrigerants.  

Pathogens and hazardous substances  

A significant amount of healthcare waste is hazardous as it contains pathogenic 

agents. Inappropriate management of healthcare waste causes odour, proliferation of 

insects and  adverse local effects due to the disposal of hazardous pharmaceuticals. A 

high percentage of healthcare waste is generally deposited in landfills or treated in 

inadequate incinerators, releasing a  significant amount of dioxins, furans, HCl, and 

heavy metals (Insa et al., 2010). Waste disposal in landfill, or relatively low -

temperature incineration as well as improper design and operation of biological 

treatment plants, can lead to the release of po tentially pathogenic biological agents 

into the environment, posing risks for human health (Zeschmar -Lahl, 2004).  

1.3.2.  Indirect environmental impacts  

Removal of resource streams from the economy via waste disposal (landfill or 

incineration) generates additional demand for raw materials. The extraction and 

processing of raw materials represents a large share of environmental impacts 

attributable to EU co nsumption (Tukker et al., 2006). Many of these impacts may arise 

outside the EU. Tukker et al. (2013) presented some conclusions from the EXIOPOL 

Input -Output database for European consumption:  

¶ Land use embodied in Europeôs imports is higher than the domestic land use in 

Europe.  

¶ Water use embodied in Europeôs imports equates to 70ï90  % of Europeôs 

domestic use.  

¶ The used and unused material extractions embodied in Europeôs imports 

represent around 40 ï50  % of the used and unused material extractions within 

Europe.  

¶ The net energy use embodied in imports and exports are in the same order of 

magnitude. Imports of embodied energy are around 20  % of the total energy 

use for final European consumption.  

Figure 1-33  displays the d omestic m aterial consumption (DMC) per capita across EU 

Member States . National DMC is the annual quantity of raw materials extracted from 

the domestic territory, plus all physical imports minus all physical exports (Eurostat, 

2014). It provides an indication of the net quantity of resources consumed within an 

economy. Estonia, Finland and Ireland stand out as having a particularly high DMC per 
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capita, all above 25 tonnes per year. Reuse and  recycling of materials can significantly 

reduce the DMC.  

 

Figure 1 -33 . Domestic m aterial consumption (DMC) per capita across the EU- 28  in 2012  -  Source  

Eurostat, 2014  

 

Table 1-12  below  summarises  some of the major environmental burdens, expressed 

as environmental impact potentials used in LCA s, arising from the extraction and 

primary processing of a selection of major raw materials. These burdens can be 

avoided through waste prevention, including reuse and recycling.   

Table 1 -12 . Environmental burdens per kg produced  (global average) for a selection of raw 

materials, derived from data in Ecoinvent v.3.0  

Raw material  

Global 

warming 

potential 

( kg CO 2e)  

Eutrophication 

potential  

( kg PO 4e)  

Acidification 

potential 

( kg SO 2e)  

Fossil 

resource 

depletion 

potential 

( MJe )  

Human 

toxicity ( kg 

1 .4 - DCBe )  

Steel  2.32  0.0035  0.0095  26.8  0.975  

Aluminium 

(cast alloy)  
3.18  0.0080  0.025  39.7  4.86  

White 

packaging 

glass  

1.15  0.0013  0.0096  15.4  0.628  

Paper pulp  1.27  0.0037  0.0067  19.1  0.49  

PET granules  3.08  0.0034  0.0152  72.2  0.921  

PVC bulk  2.2  0.0012  0.0065  49  0.237  

Cotton (knit)  22.8  0.040  0.139  267  5.99  

Figure 1-34  presen ts the quantities of different materials sent for disposal or reuse by 

an average  EU citizen over the course of one year. On average, each EU citizen 

generates over 490 kg of MSW per ye ar, comprising 123 kg of food waste, 89 kg of 

paper /cardboard  and 59 kg of plastic alongside an assortment of other fractions 

including textiles, glass and metals.  
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Source:  Derived from data in Eurostat (2014).  

Figure 1 -34 . Typical composition of MSW in the EU, expressed as mass of different fractions 

generated per capita  per year, including fractions before separate collection  

 

Based on the average quantities of MSW fractions generated per capita across the EU-

28 (Eurostat, 2014), and GHG emissions associated with the production of dominant 

materials within those fractions (Defra, 2014), the GHG emissions embodied in MSW 

can be estimated. For an average EU citizen, these emissions amount to 1 755 kg 

CO2e/y ear, approximately 20  % of an average EU citizenôs annual carbon footprint 

calculated from  emissions occurring within the EU (excluding ñimportedò emissions 

referred to by Tukker et al., 2013). The profile of embodied GHG emissions within 

MSW differs from the mass composition, reflecting a particularly  high carbon intensity 

for textiles (Defra, 2014). Food waste, textiles and nappies/sanitary products make 

the largest contributions, followed by plastics (Figure 1-34 ).  Extrapolating the above 

per capita emissions up to the EU-28 population of over 507 million people (Eurostat, 

2014) indicates that emissions embodied in MSW amount to over 890 Mt CO 2e/yr. 

Overall indirect emissions associated with waste management will be greater than 

20  % of EU total direct GHG emissions when other non -MSW fractions are accounted 

for. This compares with the 3  % of EU GHG emissions directly attributed to waste 

management act ivities (Eurostat, 2014), and emphasises the importance of 

addressing waste prevention, reuse and recycling in order to effectively reduce the 

environmental burden of waste  (management) .  

Although insufficient data are available to perform  the same calcula tions for all major 

environmental burdens embodied in MSW fractions, it is likely that contributions to 

some environmental burdens at the EU level could be even higher than for GHG 

emissions. For example, food waste is an important component of MSW. The Un ited 

Nations Food and Agricultural Organisation (FAO) estimated that 30 ï50  % of the food 
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produced annually at the global level is wasted, amounting to between 1.2  billion  and 

2 billion tonnes of waste (FAO, 2011). An Environmental Impact of Products (EIPRO ) 

study found that food and drink production accounted for almost 30  % of GHG 

emissions arising from EU consumption, but almost 60  % of eutrophying emissions  

(Tukker et al., 2006) .  

 

 

Source:  Derived from MSW data in Eurostat (2014) ;  embodied GHG emission  data 

from Defra (2014).  

Figure 1 -35 . Greenhouse gas emissions embodied across different waste fractions in the annual 

MSW generated by an average European citizen  

 

A typical household will throw away hundreds of euros worth  of food every year, much 

of which could be avoided by better meal planning, appropriate food storage and 

careful checking of food labels (WRAP, 2015b). WRAP (2013) estimated that the GHG 

emissions  linked to avoidable food and drink waste from UK households accounted for 

approximately 17 million tonnes of CO 2 equivalent per year (approximately 250 kg 

CO2e per capita per y ear). According to the same source (WRAP, 2013), the land that 

is required to p roduce this amount of food and drink is estimated at approximately 

19  000 km 2 (or equivalent to approximately 0.03 ha per capita per y ear).  

Waste prevention  

Waste prevention has a major role to play in reducing the overall environmental 

burden arising fro m consumption within the EU. The environmental benefits that can 

be achieved from waste prevention are referred to throughout this document. Below 

two brief  exam ples are listed.  

One example of a largely avoidable waste stream, and the associated upstream raw  

material extraction, processing and transport impacts, is plastic used to manufacture 

water bottles. An estimated 2.7 million tonnes of plastic is used to bottle water 

globally each year, and 25  % of bottled water is exported across national boundaries  
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(EEA, 2010). In addition to environmental impacts arising from production and 

disposal of the plastic (e.g. non - renewable resource depletion), transport ation  of 

bottled water incurs environmental impacts via energy consumption, GHG emissions, 

emissions to  air and congestion, compared with minor impacts arising from the piped 

transport of drinking water from treatment works to consumers' taps. Whilst tap water 

is served automatically alongside food and drinks in some European countries, 

sometimes in other c ountries eateries are not legally required to provide tap water on 

request. In France, it has been  required by a decree of the General Directorate for 

Competition, Consumption and Fraud ( Direction générale de la concurrence, de la 

consommation et de la rép ression des frauds, DGCCRF) since 1967 that , besides bread 

and condiments , a carafe of water accompanies  the meal and the guest cannot be 

charged for this separately (Die Zeit, 2013).  

Waste prevention is particularly important for the voluminous CDW fract ion. 

Construction, demolition and excavation waste is the most important fraction of waste 

in terms of weight and the second in volume due to the relatively higher density of the 

mineral waste of CDW. The average composition of CDW shows that most of the w aste 

is concrete, ceramics and masonry (up to 85  %). This fraction is frequently labelled 

ñinertò, as it is characterised by a lack of chemical reactivity at ambient conditions. 

However, the main environmental impacts generated by CDW are quite relevant du e 

to its volume and weight. The impact of management and logistics of CDW is shown in 

Table 1-13 . 

Table 1 -13 . Life - cycle  environmental burdens for one tonne of construction and d emolition w aste 

treated according to different methods  

Treatment  
Global warming potential 

( kg/CO 2e)  

Primary energy 

( MJ )  

Land u se ,  

PDF* 

( m 2 /year )  

Collection  6 100  0.15  

Landfill  15  300  0.80  

Recycling  2.5  45  0.18  

*Potentially Disappeared Fraction, Ecoindicator 99 method . 

Source: Blengini and Garbarino (2010)  

One of the most important impacts of CDW disposal is the fraction of natural 

aggregates not substituted by easy and succesful measures , and the large impact of 

landfill operations. In the Netherlands, the recycling rate of CDW is around 95  %. 

However, this fraction can only satisfy  18  % of the total natural materials demand of 

the construction industry in the country, which still needs to import natural 

aggregates.  

All environmental aspects in the CDW chain are influenced by design decisions at the 

start of the construction value chain. ñDesigning outò waste is a term in use for CDW, 

and refers to design ing  and planning  commercially available techniques to avoid the 

generation of waste. The most popular way of designing out wastes is the use of 

prefabricated modules or modern methods of construction. With this approach, more 

than 80  % of total CDW can be avoided. For ins tance, the construction of a new 

residential building where the structure is prefabricated would save around 80 ï100 kg 

of waste per 100 m 2 floor area. Therefore, all environmental burdens (land use, 
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energy consumption, GHG emissions, hazardous substances, etc.) of the CDW life 

cycle are highly dependent on prevention techniques.  

 

1.4.  Environmental impacts of key activities within the waste management 

sector  

The environmental performance of specific activities and services delivered within the 

waste management s ector are  evaluated and presented in more detail in subsequent 

chapters of this report, applying an expanded boundary LCA approach to include 

impacts associated with recycling operations and avoided resource extraction. Below 

are some summaries of the key environmental impacts arising for the most 

environmentally significant waste management operations.  

1.4.1.  Collection and transport  

Prospective wastes often have to be transported considerable distances from the point 

of use/disposal to reuse or treatment locati ons. From a life -cycle  perspective, 

transport ation  of waste may give rise to significant GHG and NO x emissions, and result 

in significant fossil resource depletion and traffic  ( i.e. circulation of trucks) . The 

relative importance of these emissions will va ry by waste type, management option 

and transport distance, and will be quantified for some examples in subsequent 

chapters. The principle environmental impacts associated with transport include:  

¶ fossil resource depletion ;  

¶ global warming potential ;   

¶ acidif ication ;   

¶ photochemical ozone formation ;  

¶ human toxicity . 

Also, traffic congestion, noise and potentially odours are important nuisances that 

could be taken into consideration in waste management strategies.  

Municipal waste collection from residential areas can lead to significant emissions 

owing to inefficient start -stop driving of large waste collection trucks. As a 

consequence, separate collection of waste fractions may lead to higher transport 

burdens comp ared with non -separated MSW collection. Fruergaard and Astrup (2011) 

estimate a diesel consumption of 7.2 litres per tonne of organic waste collected for 

anaerobic digestion, compared with 3.3 litres per tonne for incineration in more 

widespread incinerati on plants with energy recovery in Denmark. However, from a 

life -cycle  perspective, the GWP effect of this extra transport amounts to approximately 

12  kg CO 2e per tonne of waste, which is minor compared with the life -cycle impacts of 

organic waste recycling  when an expanded  boundary LCA approach is taken. This 

transport GWP impact is also low compared with GWP impacts avoided through 

material recycling.  

1.4.2.  Landfill  

Landfill and incineration have  long been established as the most common treatment 

options for unsorted MSW or residual waste, and are associated with various 

environmental impacts that can be minimised through good design (specified in the 

Waste Treatments BREF: JRC, 2006), but more importantly through measures to 

minimise waste sent to landfill or  incineration, as described in this report . 
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Landfill is being reduced under EU and national policies, with targets for diminishing 

shares of waste going to landfill over the coming years. For example, the UK target for 

2015 is a 65  % reduction in the quant ity of waste going to landfill compared with 

1995. Therefore, landfill is becoming less relevant as a ñbaselineò against which to 

evaluate best management practices. However, integrated waste management 

strategies and other best practice techniques describ ed in this document can 

accelerate the move away from landfill in those countries where it is still practised. 

And the environmental impacts of existing landfills will continue to manifest 

themselves for decades to come. Therefore, it remains relevant to c onsider the 

environmental impacts of landfill in this document.  

Tabl e 1-14  summarises the main environmental impacts associated with landfilling. 

The overall environmental impact of landfill ing  varies considerably depending on the 

landfill design and management and the type of material being landfilled . The worst 

impacts arise f rom poorly  lined, open dumps with disposal of unsorted MSW (including 

organic materials, various metals and chemical product residues). The landfills that  

have the lowest environmental impacts are those that  are equipped with impermeable 

lining and caps, w here most landfill gas is captured and combusted to generate 

electricity, or landfills containing primarily inert materials. For every tonne of MSW 

(fresh weight) entering a typical landfill, approximately 120 m 3 of biogas is produced, 

containing 60  % meth ane (CH 4) with a global warming potential (GWP) of 25 x CO 2e 

(Obersteiner et al., 200 7) ( Figure 1-36 ). On e tonne of MSW deposited in an open 

dump can generate up to 1  285 kg CO 2e, though in a well -managed landfill this can be 

reduced to 158 kg CO 2e. If MSW undergoes mechanical and biological treatment 

(MBT) prior to landfill, landfill gas production can be reduced by a pproximately 95  % 

(JRC, 2006).  

Tabl e 1 -14 . Main environmental impacts arising from landfill (with energy recovery) of mixed 

waste 19  

Environmental aspects  Main environmental impacts  

Infrastructure construction 

and maintenance  

- Abiotic resource depletion  

- Fossil resource depletion  

- Land occupation  

- Landscape appearance and loss of amenity value  

- Biodiversity displacement  

Machinery operations  - Fossil resource depletion  

- Global warming  

- Acidification  

- Photochemical ozone formation  

Sequestered resources  - Abiotic resource depletion  

Landfill gas leakage  - Global warming (CH 4)  

- Acidification and eutrophication (NH 3 and NO x)  

- Photochemical ozone formation (VOC s and NO x)  

                                           

 

19  Mixed waste include s all waste  that is  not source separated  by the users (e.g. households) of the waste 
management system . Sometimes mixed waste is referred as residual waste , however, for clarification , in 
this document only the term mixed waste is used.  
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- Odour nuisance  

Landfill gas capture and 

energy recovery  

- Avoided fossi l fuel combustion burdens  

- Acidification  

- Photochemical ozone formation  

Leachate generation  - Eutrophication  

- Ecotoxicity  

- Waste water treatment plant burdens  

 

 

Source: Derived from data in Obersteiner et al. (2007).  

Figure 1 -36 . Methane emissions per tonne of MSW over the lifetime of an open dump and a 

sanitary landfill, expressed in terms of global warming contribution (as kg CO 2e/t)  

 

Damgaard et al. (2011) found that the most important environme ntal impact 

categories for landfill were GWP, human toxicity via soil contamination, and 

stratospheric ozone depletion, displaying normalised person equivalent (PE) burdens 

per tonne of MSW of up to 0.154, 0.07 and 0.04, respectively. Normalised 

acidificat ion, human  toxicity  and ecotoxicity in water, nutrient enrichment, 

photochemical oxidation and human toxicity via air burdens were also considerably 

lower. Those authors also found that the GWP burden of landfill could become 

negative, down to almost ï0.07  PE, when landfill gas was used to replace fossil 

energy.  

A wide range of compounds is emitted to air and water from landfills, including volatile 

organic compounds and heavy metals. However, the relative contribution of landfills to 

the overall emissions of these compounds is typically small.  

1.4.3.  Incineration  

Table 1-15  summarises the main environmental impacts associated with dif ferent 

aspects of incineration.   
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Table 1 -15 . Main environmental impacts arising fr om incineration (with energy recovery) of 

mixed waste  

Environmental aspects  Main environmental impacts  

Infrastructure construction 

and maintenance  

- Abiotic resource depletion  

- Fossil resource depletion  

- Land occupation  

Machinery operations  - Fossil resource depletion  

- Global warming  

- Acidification  

- Photochemical ozone formation  

Incinerated resources  - Abiotic resource depletion  

Combustion  - Global warming  

- Acidification (NO x and SO x)  

- Photochemical ozone formation ( VOCs and NO x)  

- Human toxicity (particulate matter, dioxins, furans, PCBs)  

Energy recovery  - Avoided fossil fuel combustion burdens  

- Destruction of pathogens (avoided health burden)  

Ash/slag production  - Abiotic resource depletion  

- Ecotoxicity  

- Landfill burdens  

The Waste Incineration Directive (2000/76 /EC), superseded by the Industrial 

Emissions Directive (2010/75/EU), set emission limit values for incineration plants to 

limit harmful emissions, including:  

¶ sulphur dioxide (SO 2) ;  

¶ nitrogen oxide and nitrogen dioxide (NO and NO 2) ;  

¶ hydrogen chloride (HCl) ;  

¶ hydrogen fluoride (HF) ;  

¶ gaseous and vaporous organic substances, as total organic carbon (TOC) ;  

¶ carbon m onoxide (CO) ;  

¶ dust ;  

¶ heavy m etals ;   

¶ polychlorinated dibenzo -p-dioxins and - furans (PCDD/F) .  

Consequently, waste incineration in dedicated plants with IED permits involves 

application of pollution abatement techniques such as combustion temperatures 

exceeding 850  ° C and selective catalytic reduction, and accounts for a minimal  share 

of EU emissions to air, as indicated in Section 1.1.1 , above. Nonetheless, from a life -

cycle perspective, Cherubini et al. (2009) demonstrate that incineration leads to 

comparatively high acidification burdens and dioxi n emissions compared with landfill 

and recycling options. They also note that there is a significant residual landfill 

requirement for bottom ash and fly ash that may contain relatively high 

concentrations of heavy metals. Bottom ash can represent 20 ï30  % of the weight, 

and 10  % of the volume, of input MSW, and may be used in construction, for road 

construction, etc. (Defra, 2013). Pollution control residues including fly ash, reagents 

and waste  water can represent 2 ï6 % of the weight of input waste, and ca n contribute 
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towards toxicity effects depending on their management. Metals representing 2 ï5 % 

by weight of input materials may be recovered from bottom ash and resmelted.  

In terms of GWP, incineration with energy recovery can perform well  in comparison  

with landfill, and even with recycling for paper and plastic fractions in some 

circumstances of high energy recovery efficiency and comparatively shorter transport 

distances (Merrild et al., 2012). However, the energy recovery efficiency of 

incineration pla nts varies considerably, especially depending on whether heat output is 

utilised directly or only to generate electricity. In the former case (e.g. heat used for 

district heating), thermal efficiencies of up to 90  % are achievable. In the latter case, 

ther mal efficiencies range from 14  % to 27  %, reflecting the relatively low calorific 

value of some waste inputs and the necessary pollution abatement interventions 

(Defra, 2014).  

Waste may also be casually incinerated (including illegally) on domestic or commercial 

premises, or may be incinerated in large combustion boilers in place of coal , e.g.  in  

cement plants (Galvez -Martos and Schoenberger, 2014).  

1.4.4.  Organic waste recycling  

Organic waste gives rise to large environmental impacts when landfilled or comp osted 

owing to CH 4 and NH 3 emissions and energy requirements, although these may be 

somewhat offset by the use of landfill gas to generate electricity and by the fertiliser 

replacement and soil improver (humus) properties of compost. Composting can also 

gi ve rise to N 2O emissions and nutrient leaching. Capturing the net environmental 

effects of waste management options, to include the multitude of indirect effects, 

requires an expanded  boundary LCA approach, and ideally a consequential LCA 

approach. This is  demonstrated in the simplified example in Figure 1-37 . In reality,  a 

wider range of counterfactual fates may apply to waste that is collected for cen tralised 

composting or anaerobic digestion, and in some case s the marginal effects of 

removing this waste stream from other processes may be non - linear. For example, 

removing wet organic waste from incineration waste streams can improve the 

efficiency of e nergy recovery from the residual combusted waste (ICU, 2014). 

Therefore, in order to obtain representative results, consequential LCA modelling of 

waste management options can require large quantities of data on a wide range of 

affected processes, as will be demonstrated in subsequent chapters of this report.   
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Figure 1 -37 . Major stages and processes affecting the life - cycle balance of organic waste going 

to anaerobic digestion or composting, in a simplified scenario that assumes counterfactual 

landfill or incineration is avoided  

Table 1-16  summarises the main environmental burdens associated wi th different 

aspects of organic waste recycling, principally anaerobic digestion (AD) and 

composting, but also energy recovery via combustion (green waste).  

Table 1 -16 . Main environmental impacts arising from  organic waste recycling  

Environmental aspects  Main environmental impacts  

Separated organic waste collection  - Fossil resource depletion  

- Traffic congestion and noise  

- Odour nuisance  

- Pest nuisance  

Infrastructure construction and 

maintenance  

- Abiotic resource depletion  

- Fossil resource depletion  

- Land occupation  

Machinery operations  - Fossil resource depletion  

- Global warming  

- Acidification  

- Photochemical ozone formation  

Biogas leakage (composting and 

anaerobic digestion)  

- Global warming (CH 4)  

- Acidification and eutrophication (NH 3)  

Digestate and compost storage 

and application  

- Acidification and eutrophication (NH 3, NO3, PO4)  

- Fossil resource depletion  

- Global warming potential (diesel CO 2 plus soil N 2O)  

- Avoided fertiliser manufacture and applica tion 

burdens  

- Avoided global warming potential (soil carbon 

sequestration)  

Energy recovery (biogas or 

biomass combustion)  

- Acidification (NO x and SO x)  

- Photochemical ozone formation ( VOCs and NO x)  

- Human toxicity (particulates and polycyclic 

aromatic hydrocar bons)  

- Avoided fossil fuel combustion burdens  

Extracted inorganic materials and - Landfill burdens  
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combustion ash  

Anaerobic digestion (AD) can be an efficient option to recycle nutrients and recover 

energy from organic wastes, although the overall environmental balance is highly 

dependent on factors such as fugitive emission rates of CH 4 and NH 3 from primary and 

secondary fermenters, and digestate storage and application methods. Emissions may 

be high from small plants. Larger centralised AD plants can be more efficient, but may 

send digestate to landfill because transport costs to agricultural fields are high and 

demand for digestate is low, despite its significant fertiliser value.  

Transport of organic waste fractions, compost and digestate can gi ve rise to significant 

transport - related impacts, although these are typically small compared with waste 

disposal impacts. Transport distances are always constrained by economic factors 

before they dominate the environmental footprint of or ganic waste mana gement 

options.  

Digestate application to land as a bio - fertiliser is a hotspot for eutrophication and 

acidification impacts in the AD life cycle , and can sometime results in these impacts 

exceeding those of  otherwise less efficient organic waste treatment options.  Figure 

1-38  shows the fate of nitrogen (N) applied to arable land in f ood -waste digestate. The 

application technique, but especially the timi ng of spreading , has a significant 

influence on losses to air (NH 3, denitrified N 2 and N 2O) and water (NO 3), the 

environment, and the fertiliser replacement value.  

 

 

Source:  Data from MANNER NPK (Nicholson et al., 2013 ) 

Figure 1 -38 . Fate of nitrogen applied to arable land in f ood -waste digestate, at a rate of 40 t/ha, 

using shallow injection and trailing hose techniques in February and September, 

calculated using the MANNER NPK tool  

 

Consequently, th e environmental balance of digestate application varies considerably, 

as shown in Figure 1-39 . Whilst application of digestate always results in higher net 

eutrophication and acidification burdens compared with avoided fertiliser manufacture 

and application, it can result in net GWP a nd fossil resource depletion reductions if 

spread in spring. However, autumn application increases the impacts in net GWP and 

fossil resource depletion . 
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Source:  Based on data generated using the 

Bangor University LCAD tool (Styles et al., 

2014 ).  

Figure 1 -39 . Environmental balance for one tonne  of  food -waste digestate applied in February 

and September by shallow injection, across five impact categories (global warming 

potential, eutrophication potential, acidification potential, fossil resource depletion 

potential and abiotic resource depletion potential)  
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Table 1-17  compares environmental impacts arising from  sanitised landfilling (typical 

UK landfill with 70  % CH 4 capture), composting and anaerobic digestion of organic 

waste. These impacts reflect the avoided marginal grid (natural gas combined cycle 

turbine) electricity generation for landfill and anaerobic digestion, and the avoided 

fertiliser manufacture and application for composting and anaerobic digestion. Overall, 

anaerobic digestion exhibits the  best environmental performance, al though  it  leads to 

slightly higher eutrophication and acidification impacts than sanitised landfill. 

Composting requires significant energy inputs and gives rise to NH 3 emissions, whilst 

having a low short - term fertiliser  replacement value (Styles et al., 2014). However, as 

noted below, long - term soil organic carbon accumulation and nutrient release from 

composts could lead to a better long - term performance.  

Table 1 - 17 . Life - cycle  environmental burdens (system expansion approach) for one tonne of food 

waste (26  % dry matter) treated according to different methods  

Treatment  

Global 

warming 

potential  

( kg CO 2e)  

Eutrophi cation 

potential  

( kg PO 4e)  

Acidification 

potential  

( kg SO 2e)  

Fossil 

resource 

depletion 

potential 

( MJe )  

Sanitised landfill 

(70  % CH 4 capture 

and energy recovery)  

517  0.14  0.42  -1 563  

Compost (use as soil 

improver)  
170  0.83  1.81  500  

Anaerobic digestion 

(electricity generation 

and digestate used as 

fertiliser)  

-95  0.50  0.59  -2 788  

Source:  Styles et al. (2014)  

In a report to the German Federal Agency for Environmental protection, Knappe et al. 

(2012) recommend that organic waste is treated anaerobically where possible, or 

alternatively composted, in order to achieve maximum resource efficiency. They noted 

signif icant benefits for soil humus and phosphorus recycling arising from composting 

and digestion, compared with landfill or incineration disposal. Soil humus accumulation 

leads to improved soil fertility, lower irrigation requirements and reduced erosion, 

effe cts often neglected in LCA studies based on short - term responses.  

 

1.4.5.  Waste sorting and product disassembly  

Waste sorting may occur at the point of generation or in a dedicated sorting plant. In 

the latter case, burdens associated with collection may be redu ced, but significant 

quantities of energy (usually electricity  but  in some MBTs also  natural gas for drying 

(ICU, 2011)) are required to power the operations. Disassembly operations lead to 

similar burdens through electricity demand. In addition, disassemb ly operations must 

be carefully controlled to minimise leakage of hazardous compounds, such as 

refrigerants, used lubricating oils, PCBs, etc. ( Table 1-18 ).  
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Table 1 -18 . Main environmental impacts arising from waste sorting and product disassembly  

Environmental aspects  Main environmental impacts  

Separated waste collection  - Fossil resource depletion  

- Traffic  congestion and noise  

Infrastructure construction 

and maintenance  

- Abiotic resource depletion  

- Fossil resource depletion  

- Land occupation  

Machinery operations  - Fossil resource depletion  

- Global warming  

- Acidification  

- Photochemical ozone formation  

Hazardous  substance 

leakage  

- Global warming (e.g. refrigerants and insulation gases)  

- Human  toxicity  and ecotoxicity (used oils, heavy metals, 

PCBs, etc.)  

Material recovery  - Avoided resource depletion  

- Avoided raw material processing burdens  

Material recycling  - Recycling burdens  

Rejected materials  - Landfill or incineration burdens  

Waste sorting and product disassembly are essential steps in material recycling. 

Impacts incurred by these processes must be balanced against the impacts incurred 

by disposal options for non -sorted waste streams, primarily landfill and incineration.  

Table 1 -19 . GHG emissions arising from the transport, treatment and disposal of different waste 

fractions across alternative management optio ns  

 
Reuse  

Open 

loop*  

Closed 

loop**  
Combustion  Composting  Landfill  

 kg CO 2e/tonne waste  

Mineral oil  
  

21  21  
 

0 

Tyres  21  21  21  
  

0 

Wood  67  21  21  21  21  851  

Glass  
 

21  21  21  
 

26  

Clothing  21  
 

21  21  
 

552  

MSW 21  21  21  21  
 

290  

Food and drink   
 

21  21  6 570  

Garden waste   
 

21  21  6 213  

Waste electronics   21  21  17  
  

Aluminium  
  

21  21  
 

21  

Steel  
  

21  31  
 

21  

Plastics  
 

21  21  21  34  
 

Paper and board   
 

21  21  21  553  

*Primary products recycled back into different secondary products .  

**Products recycled back into the same product .  

Source:  Data from Defra (2014)  

Table 1-19  summarises GHG emissions across alternative management options of 

different waste fractions. These data were generated by Defra (2014) according to 

International GHG Protocol guidelines for c ompany GHG reporting (WRI, 2004, 2011). 



 
 

              Best Environmental Management Practic e for the Waste Management Sector  

 

84  

Landfill emissions are calculated using  a ñgate-to -graveò scope whilst recycling and 

energy recovery emissions cover only transport to the reclamation facility ï including 

separated collection and transport. Subsequent emissions are attributed to recycled 

products (next section) or generated ene rgy.  

1.4.6.  Material recycling  

As with organic material recycling and waste sorting/disassembly activity impacts 

above, material recycling impacts must be considered against avoided raw material 

extraction and processing impacts ( Table 1-20 ).  

Table 1 -20 . Main environmental impacts arising from material recycling  

Environmental aspects  Main environmental impacts  

Waste 

collection/separation  

- Waste sorting and disassembly impacts  

Infrastructure construction 

and maintenance  

- Abiotic resource depletion  

- Fossil resource depletion  

- Land occupation  

Machinery operations  - Fossil resource depletion  

- Global warming  

- Acidification  

- Photochemical ozone formation  

Material cleaning  - Water stress (consumption)  

- Abiotic resource depletion (chemicals)  

- Fossil resource depletion  

- Global warming  

- Acidification  

- Photochemical ozone formation  

- Ecotoxicity (discharges to water)  

Material recovery  - Avoided resource depletion (credit)  

- Avoided raw material processing (credit)  

Rejected materials  - Waste disposal impacts  

Recycling is usually associated with lower environmental impacts than virgin 

production for most materials, especially metals with a high  level of  embodied energy 

(Table 1-21 ). For example , recycled aluminium gives rise to energ y and air pollution 

impacts 75 ï90  % lower than virgin aluminium, and avoids most of the resource 

depletion associated with aluminium ore extraction. Recycled glass is associated with 

life -cycle energy requirements 20 ï30  % lower than virgin glass. Nonethele ss, 

recycling processes can be energy - intensive and give rise to various environmental 

impacts, whilst separated waste collection is energy - intensive and can give rise to 

additional traffic, air pollution and noise. Dinkel (2008) reported that 37  % of the life -

cycle  environmental impact of recycled PET plastic arises from logistics activities, and 

63  % from production processes, but that recycling PET results in lower life -cycle  

environmental impacts than incineration with waste heat recovery.  

Table 1 -21 . GHG emissions avoided per tonne of different types of waste avoided or recycled  

  Glass  Board  
Wrapping 

paper  

Dense 

plastic  

Plastic 

film  
Metals  
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Avoided  kg 

CO2e/t  

920  1 600  1 510  3 320  2 630  12  000  

Recycled  390  1 080  990  1 200  1 080  3 300  

Source:  WRAP (2011),  Ecoinvent (2014 ).   

The effect of recycling compared with landfill ing  or incineration is illustrated with the 

following example of a plastic spade 's  carbon footprint.  

  

Source:  Based on own  elaboration and Ecoinvent (2014 ).  

Figure 1 -40 . Greenhouse gas emissions from the manufacture and transport of a polyethylene 

spade manufactured in China  

 

Landfill ing , incineration or recycling of the polyethylene plastic give rise to GHG 

emissions of 0.03  kg , 0.90 kg and 0.10 kg CO 2e, respectively. However, the life -cycle  

effects of these different options depend upon:  

¶ the number of times plastic is recycled ;  

¶ fossil energy carriers replaced (if any) with incineration energy recovery.  

Figure 1-41  presents the life -cycle global warming potential (GWP) results of a few 

scenarios, considering closed - loop recycling, over three and nine cycles, alongside 

spade manufacture from virgin polyethylene three or nine times followed by landfill or 

incineration. Considering three  recycling loops, recycling is on a par with the most 

efficient energy recovery scenario in which plastic directly substitutes coal through co -

incineration, in terms of GWP. However, considering nine recycling loops, recycling 

achieves the lowest carbon fo otprint of all the options considered  by some margin .  
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Source : Derived from data in Schanssema (2007), Plastics Europe (2008), Ecoinvent (201 4).  

Figure 1 -41 . Life - cycle GWP burden for three and nine production cycles of a polyethylene spade 

assuming recycling, landfilling, or incineration with energy recovery replacing coal 

directly, or replacing grid electricity in the UK  

 

A somewhat surprising and initially counter - intuitive result displayed in Figure 1-41  is 

the poor performance of incineration with electricity generation, with a higher GWP 

impact than landfill. This reflects the fact that the re lease of fossil carbon into the 

atmosphere from plastic combustion can be higher, per kWh of electricity generated, 

in a low -conversion -efficiency incineration plant than in a dedicated fossil fuel power 

station. Thus, burying the plastic in a landfill can  actually lead to a lower net carbon 

emission to the atmosphere. However, landfill ing  also has  a wide range of other 

environmental impacts that must be considered alongside these GWP results. The key 

message is that, in order to achieve a significant environmental advantage from WtE 

plants, such plants should use as much of the combustion heat produced as possible 

to replace fossil energy carriers, via dedicated heating systems, co - incineration, or 

combined heat and power generation. Then, the GWP balance of plastic incineration 

with energy recovery can be comparable to the GWP balance of recycling (e.g. 

ñincineration replacing coalò in Figure 1-41 ) , although as the number of recycling loops 

increase s, the comparative efficiency of recycling continues to improve beyond all 

other options.  

1.4.7.  Product reuse  

Waste management organisations can play an important role in encouraging and 

facilitating product reuse, diverting potential waste away from their own operations. 

Such diversion, if managed appropriately and associated with effective preparation for 

reuse,  can make a significant contribution to  waste prevention ï avoiding the 

considerable administrative burdens associated with the preparation and cla ssification 

of ñwasteò for use. 
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In general, the environmental balance of product reuse is simpler to estimate  than the 

environmental balance of recycling, and may often be approximated to avoided 

production impacts ( Table 1-22 ).  

Table 1 -22 . Main environmental impacts arising from product reuse  

Environmental aspects  Main environmental impacts  

Collection and transport  - Fossil resource depletion  

- Traffic congestion and noise  

Product cleaning (energy 

and cleaning products)  

- Fossil resource depletion  

- Global warming  

- Acidification  

- Photochemical ozone formation  

- Ecotoxicity (discharges to water)  

Avoided production  - Avoided resource depletion (credit)  

- Avoided raw material processing (credit)  

- Avoided manufacturing and tr ansport burdens (credit)  

 

In some cases, reuse of products may incur significant environmental impacts that can 

be complex to analyse and compare against avoided impacts. The overall 

environmental balance may be highly sensitive to context -specific factor s, as 

demonstrated for the following example for reusable nappies. The UK Environment 

Agency compiled a report in 2008 looking at the environmental balance of disposable 

and reusable nappies, considering the average UK landfill/incineration mix for 

disposa ble nappies and average UK wash temperatures, loads, share of tumble -dried 

washing, etc., for reusable nappies. The results indicated only a marginal advantage 

for reusable nappies owing to the high energy demand for washing and drying (Figure 

1-42 ), but it was  noted that results were highly sensitive to factors such as the grid  

electricity mix and the type of drying. Efficient washing and drying of reusable nappies 

in commercial laundries, necessitating a collection service, can lead to significant 

environmental benefits. Similarly, in countries with a lower environmental impact for 

electricity generation (carbon footprint of 0.49 kg CO 2e/kWh in the UK in 2008: Defra, 

2014), the environmental advantages of reusable nappies will be considerably higher. 

Their relative performance will also improve over time as the energy efficiency of 

domestic equipment and grid electricity generation improves, highligh ting the need to 

produce forward - looking LCA scenarios in order to inform strategic decisions regarding 

resource efficiency.  
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Source:  Derived from Environment Agency (2008)  

Figure 1 -42 . Environmental profile of disposable and reusable nappies according to a UK study  

 

1.5.  EMAS implementation in the waste sector  

In Europe, there are 383 companies within the waste management sector with an EMS 

registered in EMAS, which include 942 sites, according to the EMAS  register (EMAS, 

2015) 20 . This value represents less than 1  % of the total sector (around 45  000 

organisations in NACE division s 38 and 39) 21 . These companies are mainly classified as 

SMEs, although many of them may belong to bigger companies (see Figure 1-43 a). 

The proportions of waste management activities are equally represented in the EMAS 

register (see Figure 1-43 b), i.e. collection, treatment and recovery, with a very low 

proportion of remediation companies.  

  

                                           

 

20  The figures repre sent only valid registrations and does not include historical or withdrawal values. Any 
error in the values shown has to be understood as an error in the published data of the EMAS register.  
21  For public administration implementation of EMAS, please, refer  to the Best Environmental Management 
Practice Technical Report ( http://susproc.jrc.ec.europa.eu/activities/emas/public_admin.html )  

http://susproc.jrc.ec.europa.eu/activities/emas/public_admin.html
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a)  

 

b)  

 

Figure 1 -43 . Percentage of EMAS - registered companies in Europe per site (a) and per registered 

activity  (b)  

Table 1-23  presents the number of the EMAS -registered sites and comp anies in the 

different European countries; the same table show s that more than half of the 

companies of the EMAS -reg istered sites are Italian SMEs.  

Table 1 -23 . Number of EMAS - registered sites and companies per  European country  

Country  Number of sites  Number of companies  

Austria  367  33  

Belgium  27  8 

Bulgaria  2 1 

Cyprus  2 2 

Czech Rep  4 2 

Germany  30  21  

Denmark  105  18  

Spain  81  61  

France  2 2 

Greece  14  9 

Hungary  2 2 

Italy  247  194  

Lithuania  2 1 

Norway  10  10  

Poland  19  11  

Portugal  25  5 
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Romania  1 1 

United Kingdom  2 2 

Austria has registered 367 sites for 33 companies; most of the sites belong to three 

large organisations, the environmental department of the city of Vienna, with 164 

sites (probably many administration sites included in this figure), AVE (in 2014: 

rebranding as Energie AG Oberösterreich Umwelt Service GmbH; 30 sites), and Upper 

Austriaôs O.¥. Landes-Abfallverwertungsunter nehmen AG (130 sites).  

Every company registered in EMAS may cover more than one waste management 

activity, so it is not possible to accurately estimate the potential impact of EMAS on 

the different waste management activities. For instance, a company register s its waste 

collection activities for non -hazardous and hazardo us waste and also any recovery 

activity that it  may undertake. Therefore, Table 1-24  shows the number of 

registrations covering each activity per European country, but the sum of these values 

is much higher than the real number of registrations.  

Table 1 -24 . Number of EMAS registrations covering main waste activities per country  

Organisation 

country  

38.11  

Collection 

of non -

hazardous 

waste  

38.12  

Collection 

of 

hazardous 

waste  

38.21  

Treatment 

and 

disposal of 

non - haz. 

waste  

38.22  

Treatment 

and 

disposal of 

hazardous 

waste  

38.31  

Dismantling 

of wrecks  

38.32  

Recovery 

of sorted 

materials  

39.00  

Remediation 

activities  

Austria  17  6 12  8 6 12  0 

Belgium  5 7 8 7 6 7 0 

Bulgaria  1 0 0 0 1 1 0 

Cyprus  2 2 2 2 1 1 0 

Czech Rep  1 1 1 1 1 1 1 

Germany  11  11  13  14  15  16  1 

Denmark  10  7 10  8 9 10  0 

Spain  29  13  9 9 9 9 2 

France  0 0 0 0 0 2 0 

Greece  6 2 6 4 4 10  0 

Hungary  0 1 2 2 1 0 1 

Italy  88  89  122  91  35  73  31  

Lithuania  1 0 0 0 0 0 0 

Norway  3 0 0 0 0 7 0 

Poland  6 3 3 2 1 8 1 

Portugal  1 0 2 0 2 1 0 

Romania  0 0 1 0 0 1 0 

United 

Kingdom  
1 0 1 1 0 1 0 

 

The last ISO survey for ISO 14001 (parental standard of EMAS) shows a large increase 

in the last few years in the number of recycling sector companies implementing ISO -
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certified environmental management systems, e.g. from 100 in 1998 to more than 

3 300 in 2013 (ISO Survey, 2013).  

In any case, the number of EMAS - registered organisations in the waste sector is very 

low, compared to the total number of waste management organisations operating in 

the EU in this sector. This does not neglect the fact that EMAS is a great help for 

companies or public administrations to set higher standards of environmental 

performance . Within this understanding, this report  on Best Envi ronmental 

Manageme nt Practice for  the Waste Management Sector not only address es 

organisations implementing EMAS or ISO 14001, but also the activities of all European 

waste sector companies and waste authorities wishing to improve their environmental 

performance.  
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2.  Common environmental performance indicators  for 

municipal solid waste  

 

For waste authoritie s responsible for municipal solid waste management it is important 

to assess and understand the performance of their waste management system as a 

whole and to id entify areas for improvement,  where BEMPs presented later in the 

document can be applied . This chapter supports waste authorities  (or waste 

management companies)  in charge of waste management at local level in conducting 

an assessment of their municipal solid waste management performance, 

independently of whether  they have already been doing so or not. This chapter  of the 

document defines a number of environmental performance indicators, describes what 

their features and limitations are, where to start monitoring and how monitoring can 

be improved.  

By presenting several indicators which assess the actual environmental performance 

of the waste management system, this chapter is intended  to enable good decision 

making by local waste authorities in order to improve their environmental 

performance. In fact, thanks to solid and clear results, actions to modify the municipal 

solid waste management strategy can be implemented.  

2.1.  Overall considerations  

This chapter  defines common environmental performance indicators  that enable local 

waste authorities to monitor and assess t he performance of their municipal solid waste 

management . Additionally, t he use of environmental performance indicators can also  

enabl e the comparison , with caution,  of results against the benchmarks of excellence  

presented below  and the environmental perf ormance of frontrunners.  

The environmental performance indicators  presented below cover the most relevant 

phases of m unicipal solid waste management (e.g. the overall MSW generation and 

the treatment operations) and its waste streams (e.g. the performance  of separate 

col lection of specific fractions).  

Overall, the effectiveness of changes to the municipal solid waste management  system 

on the territory of a local authority can be assessed by monitoring the evolution of the 

environmental performance indicato rs . Taking decisions for the adaptation of the 

municipal solid waste management based on the results obtained from the 

environmental performance indicators  may result in environmental improvements 

and/or economic benefits for the local authority. Further i nformation on the aims and 

benefits of waste monitoring is provided in the next section ( Section 2.2 ).  

Selection and overview of indicators  

Table 2-1 lists all the environmental performance indicators  described  in this chapter . 

Section 2.4  presents both  environmental performance indicators  suitable for all 

common municipal waste streams while Section 2.5  introduces additional indicators 

that cover specific waste streams for which a local waste authority may have an 

established collection system, e.g. textiles.  
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Table 2 -1 . Overview of common environmental performance indicators  described in Sections 2.4  

and 2.5  

Common e nvironmental performance indicators   

General MSW indicators  

MSW generation  

Amount of mixed  MSW collected  

MSW sent to energy recovery and/or disposal  

MSW sent to disposal  

Waste stream specific indicators  

Capture rate of a specific waste stream  

Impurity rate of a specific waste stream  

Biowaste in mixed waste  

Additional waste stream specific indicators (see section 

2.5 )  

Collection scheme for glass bottles  

Amount of textiles separately collected  

Textiles in mixed waste  

Capture rate for textiles  

 

Benchmarks  of excellence and their use  

Benchmarks of excellence (BoE) represent the highest levels of waste management 

performance  that have been achieved by frontrunner waste authorities and  waste 

management companies.  

The benchmarks  of excellence  allow waste authorities and waste management 

companies  to un derstand the potential for improvement of their waste management 

performance, but are not targets for all organisations to reach . They are  rather a 

measure of what it is possible to achieve  (in certain cases , as demonstrated by the 

achievements of frontrun ner organisations )  that others  can use to develop their 

understanding . 

In this chapter there are eight benchmarks of excellence  which  cover different areas of 

municipal waste management, all the way from generation to disposal  and each 

represent s the highe st waste management performance level achieved in the specific 

dimension they address . In order for  waste authorities and waste management 

companies to develop an adequate understanding of their waste management 

performance and potential for improvement, i t is fundamental to assess the ir  own 

performance against the whole set of benchmarks and not only against individual 

benchmarks seen in isolation. The development of such understanding of the waste 

management performance will also allow the identif ication of  the areas where taking 

actions may yield to significant environmental benefits.  

 

2.2.  Aims and objectives  

Monitoring the waste management system is an activity which is normally carried out 

by all local waste authorities  (directly or by the waste management company in charge 

of waste management) , because of the need to comply with national/local waste 

legislation , with the aim of assessing the waste flows managed  and ensuring  the waste 
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management service to residents. However, waste monitoring can be carried out to 

different levels of detail, e.g.  from just quantifying  the total MSW collected annually to 

assessing the quality of the separately collected waste streams.  

When waste monitori ng is performed  in detail, systematically  and r egularly , it can be 

an important  source of information for decision making, supporting the development 

and improvement of an efficient and effective waste management system. In fact, 

areas needing improvement can be identified by using a number of indicators  that 

allow the assess ment of  the environmental performance of dif ferent waste 

management phases.  

It is key that m unicipal solid waste management  monitoring  enable s (i) the 

identification and understanding o f the municipal solid waste management  status quo, 

(ii) the monitoring of improvements  and  (iii) the development and assessment of 

activities and actions . This chapter  of the report presents a number of environmental 

performance indicators that  allow the c onversion of raw monitoring data into a 

meaningful result able to  support sound decision making and strateg ic planning.  Once 

the monitoring of the waste management system has helped the identification of  the 

waste management phases in need of improvement, other sections of this report  and 

the BEMPs can be of use , as specified in the summary table introducing each indicator 

in Section 2.4 . Best environmental management practices suitable for different steps 

of the waste management system are cross - referenced  in each introductory table, 

with the objective of  imp roving  the environmental performance of  the relevant phase 

of the waste management system . 

In the event  that the environmental performance indicators are used to compare the 

environmental performance of a local waste authority with the benchmarks of 

excellence and the performance of frontrunners , this  should  be carried out  with 

caution , since  there are certain limitations (e.g. waste definitions, boundaries of the 

municipal solid waste management  system , level of economic activity, consumption 

patterns ) .  

 

In summary, m unicipal solid waste management  performance monitoring is important 

for several reasons:  

¶ waste monitoring allows compliance with  local/national legislation such as 

assess ing  quantitative targets, e.g. targets set in waste management strategies 

at national/regional/municipal le vel;  

¶ waste management phases can be evaluated through monitoring, e.g. the 

status of the implementation, the effectiveness and success of different 

instruments but also challenges such as malfunctions or areas with poor 

performances can be identified;  

¶ it can support the definition of new waste strategies or targets and, more 

broadly, the decision -making process.  

 

Figure 2-1 illustrates how environmental  performance indicators  (EPIs)  support the 

continuous improvement of waste management.  
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Figure 2 -1 . Monitoring and evaluation of waste manageme nt performance with indicators 

adapted from (Waste and Resources Action Programme, WRAP, 2010)  

 

 

In general, various phases, activities and actors are involved in municipal solid waste 

management  and different aspects of the waste management performance can be 

measured, such as:  

¶ quantities  generated ;  

¶ quantities  collected ;  

¶ sorted fractions;  

¶ t reatment, recovery  and disposal . 

Municipal solid waste management  performance is influenced by two main cate gories 

of factors: a) waste strategy and instruments and b) external factors, for which it is 

difficult to quantify their influence. These factors should be taken into account when 

interpreting the results of the environmental performance indicators  and  some 

examples of such factors are presented in  Table 2-2 and  Table 2-3. Further details on 

the factors listed below and their interpretation w ith respect to the indicators are given 

in Section  2.4 . 

 

Table 2 -2 . Some examples of w aste strategies and instruments influencing municipal solid waste 

management performance  

Waste strategy and instruments  

Collection and treatment operations  and 

equipment  

Legal framework  

Economic instruments  
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Table 2 - 3 . Some examples of e xternal factors influencing municipal solid waste management 

performance  

External factors  

Level of economic activity  

Consumption patterns  

Rural/urban area and population density  

Type of housing  

Weather  

Tourism  

 

2.3.  How to get started with a municipal solid waste management  

performance assessment  

This section gives an overview to local waste authorities  and waste management 

companies  in order to support them in implementing a performance assessment of the 

municipal solid waste management  system. It includes information on the 

establishment of a municipal solid waste management  flow diagram for all waste 

fractions , general information on data fo r the monitoring , etc. Further more , the 

objective of this section is to create a common understanding of key aspects of 

municipal solid waste management  and its monitoring , as well as how the monitoring 

in a local waste authority can be established,  if it has not yet been performed (t he 

following section provides an explanation of the steps for starting monitoring and 

assessing municipal solid waste management ). Topics covered below range from 

establishing the monitoring system to verifying  the efficiency o f the implemented 

measures. The list is not exhaustive and is given solely as an indication; it may be 

adapted by local waste authorities based on their individual municipal solid waste 

management  system and needs.  Later in the report, in Section 4.3.2 , additional 

information on actions that can be implemented in order to a dopt an  advanced waste 

monitoring system are presented  and can be con sidered in addition to the information 

presented below .  

1.  Develop ment  of an understanding of municipal solid waste management  

As explained in the previous paragraphs, it is important to understand the features of 

the municipal solid waste management  system,  the influencing factors, the main 

phases  and the actors and organisations  involved . Local waste authorities and waste 

management companies should have an overview of all steps /operations  that their 

municipal solid waste management  system comprise s as well  as stakeholders 

involved , including the roles they play. Therefore, it is necessary to know which 

collection systems are in place , who is responsible for collecting every specific  waste 

stream , which waste treatment operations are performed and by whom , etc.  

One possibility is to develop a MSW flow diagram  summarising the entire route of the 

MSW from the collection until its final treatment. As municipal solid waste 

management  systems vary significantly across local authorities , this report  proposes 

an example of how such a flow chart could hypothetically look in Figure 2-2.   

Costs and incomes  

Communication activities  
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Figure 2 -2 . Example of a municipal solid waste management  flow chart  

 

The example flow chart includes the routes of MSW collected and sent directly to its 

final destination (e.g. recycling, energy recovery) or first to sorting/ pretreatment. 

Waste streams covered by th is flow chart are: separately collected materials such as 

paper and  cardboard, plastic, glass, metal, and biowaste , either via a material - specific 

collection or a co -mingled collection , and mixed waste .  

The collection or treatment  of a certain waste fraction  can be conducted within an EPR 

scheme . I f t his is the case in a local authority, it should also be included within the 

flow chart. Figure 2-2 represents the separately collected MSW fractions as a single 

stream and not as specific waste stream s, e.g. glass or plastic. However, w hen 

drawing this type of  flow chart , at local level , each separately collected waste fraction  

should be represented together with its  waste treatment operations  and disposal . A 

real -case example of a well -developed  waste flow diagram is reported in the following 

figure, where all fractions collected  in the department of Lot (France) , their destina tion 

and also the main quantities are reported.   
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Figure 2 -3 . Waste flow diagram from  the department of Lot (France) (SIDED, 2016)  

  

I n Figure 2-2 the red phase represents  MSW collection: it includes the primary waste 

streams collected  as mixed waste or separately collected waste streams . The collected 

waste can then be sent to the blue  phase, sorting of recyclables and pretreatment 

(e.g. MBT) of mixed waste. Afterwards, the green phase corresponds to the final 

treatment and destination  of the waste collected which could be  recycling, anaerobic 

digestion/composting , incineration (with or  without energy re covery), and final 

landfilling.  

Please note that the  following summary of the main MSW management phases 

reported in the hypothetic al  case of Figure 2-2 is not exhaustive and it focuses on the 

relevant parameters for the application of the environmental performance indicators  

presented in this chapter .  

Collection -  Red phase  

Total MSW consists of mixed waste collected in the mixed waste bin and all materials 

collected separately . MSW also includes WEEE, bulky waste, street sweepings,  etc. 

depending on the MSW definition  applied . The total mixed waste mostly includes waste 

collected in the mixed waste bin or/and via another collection system, e.g. door - to -

door, civic amenity site , bring points. The separately collected MSW fraction is the sum 

of materials collected by a separate collection scheme ;  this can include the following 

materials :  paper and  cardboard, glass, biowaste, plastic, metal, textiles, batteries, and 

cooking oils , etc. In general , separately collected MSW  can include any type of 

material for which a separate collec tion scheme is established , independently of  the 

type of collection.  

Sorting and p retreatment -  Blue phase  

Separately collected waste streams  can go to a sorting plant. The main objective is to 

prepare the material for recycling by sorting out materials that are contaminated or 

not in the target  of the specific separately collected waste stream . Rejects/refuse 

obtained from sorting  can be sent  to waste incineration with or without energy 
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recovery  and landfill ing . If sorting of separately collect ed waste is in place , it is mainly 

due to the conditio ns and technologies available at local level  for separately collected 

fractions . 

Mixed waste collected separately can instead be pretreated in a sorting/ M(B)T plant 

before being sent to energy recovery and/or disposal. The pretreatment of mixed 

waste can generate fractions for the production of compost or digestate and 

rejects/refuse which can be sent to incineration and landfill .  In some cases, some 

mater ials can also be recover ed from MBT for recycling , e.g . ferrous and non - ferrous 

metals.  

Final waste destination and treatment -  Green  phase  

Separately collected waste streams are sent directly, or after sorting, to recycling. 

Recycling allows the recover y of  materials (e.g. glass, paper, plastics) to be used as 

feedstock for production processes. Recycling processes also generate a  certain  

amount of refuse/rejects which can be sent either to energy recovery or disposal.  

Separately collected biowaste is in stead usually sent directly to anaerobic digestion for 

the generation of energy and/or composting for the production of soil amendment  for 

example . 

Mixed waste can instead be sent directly to energy recovery  and/or disposal . The 

difference between incinera tion with energy recovery and without energy recovery is 

that incineration with energy  recovery  can be regarded as a r ecovery operation (R1) 

according to the Waste Framework Directive (WFD) 22  whilst incineration without 

energy recovery is defined as a dispo sal operation. After the incineration process , the 

remaining incineration slag/ashes are disposed of in landfills. A s mentioned above, if 

mixed waste is instead pretreated , rejects/refuse from the process can be sent to 

incineration and landfills.    

 

2.  Formulation of goals for the monitoring process  

Before starting or improving  a monitoring process , the local waste authority should 

clarify  the aim of the monitoring, i.e. what questions shall be answered and what the 

expected outcomes  are . This ensures th at all relevant aspects can be considered and 

no redundant information is gathered. This step can be guided , for example,  by 

questions such as: For which waste streams  /  collection systems  /  treatment 

operations is a monitoring process established? Which a dditional waste streams  /  

collection systems  /  treatment operations need to be measured and assessed? What 

strategic goals are defined, e.g. reduction of waste generation, increase of separate 

collection shares, reduction of landfilling? What must be compl ied with?  

3.  Listing of all data requirements  

From the knowledge of  the municipal solid waste management  system from step 1  

and the goals defined in step 2 , the data needed  can be identified . The outcome 

                                           

 

22  EUR-Lex: http://eur - lex.europa.eu/legal -content/EN/TXT/?uri=CELEX:32008L0098   

http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32008L0098


 
 

              Best Environmental Management Practic e for the Waste Management Sector  

 

104  

should be a list or set of data that is required by the  local authorit y to monitor the 

defined goals.  

Besides knowing how much waste is collected and treated , it is important to know how 

much waste is actually generated per specific waste stream. It is noteworthy that ,  

especially for the amounts collected by e stablished separate collection schemes , waste 

collected by the municipal solid waste management  system  does not reflect how much 

waste is actually generated but only what is collected within the territory of the local 

authority. Local waste authorities hav e the possibility to investigate the actual 

generation of a waste stream by conducting a  composition analysis 23  of the mixed 

waste collected, e.g. from  mixed waste bins. More information on the composition 

analysis can be found in Section 2.4 .  

One example of  listing data requirements based on a defined goal could  be that a local  

waste  authority has the priority to increase the separate collection rate for glass. 

Therefore, specific data requirements can be derived; it is useful for the local waste 

authority to have data for the following aspects:  

¶ how much glass is currently collected b y the established separate collection 

system (consider all established systems, e.g. bring points, door - to -door);  

¶ how much mixed waste is collected;  

¶ the composition of the mixed waste (in percentages) .  

On the basis of these data it is possible to investig ate in a latter step how much glass 

is not collected by the separate collection system and ends up in mixed waste.  

4.  Identif ication of  data sources and gather ing of  data  

After the assessment of the data requirements, local waste authorities need to 

investigate how the  data  can be gathered. Data from waste management operations 

that are in the hands of the local waste authority should be readily available. However, 

many municipalities have other actors (e.g. private operators )  that are to some extent 

responsible for the waste collection and/or the treatment operations. To obtain a 

complete picture of municipal solid waste management  in the territory, data from  

those  other actors  is also needed . 

It is therefore important for local waste authorities , when contracting other actors  for 

MSW collection or treatment , to include  a data accessibility requirement in the 

contract. In general , it is useful for  a local waste authority to have  access to all data 

on waste collection and treatment at regular interv als (e.g. monthly, quarterly, 

yearly).  

All the necessary data from step 3  above  can then be gathered from the identified 

sources. It is important for local waste authorities to assess specific details of the 

data, e.g. is it for MSW or household waste onl y or do the data cover all collection or 

treatment systems , etc. ? Such assessments are imperative for the prop er 

interpretation of results of each  environmental performance indicator .  

                                           

 

23  Sometimes also referred to as morphological or sorting analysis  
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5.  Defin ition of  data gaps  

Step 5 is about defining data limitations of the  monitoring and assessment process ;  it 

can be conducted in parallel to the steps below. When calculating and interpreting the 

results of the indicators for municipal solid waste management , it is useful for local 

waste authorit ies to keep in mind what data  are  missing and where uncertainties lie . 

More specific information on the impacts of missing data for the interpretation of 

individual indicators is provided in Section 2.4 . 

6.  Calculation  

This step relates to the actual calculation of the environmental performance indicators  

from the data available to the local waste authority. Concrete paths for the calculation 

are provided with each indicator in Section  2.4 . Some aspects that require attention 

are , for example,  using the population equivalent for the quantity -based indicators in 

highly touristic areas (see Section 2.4.1 ) and considering all different collection 

systems when calculating indicators for the individual fractions.  

7.  Interpretation  

Once the env ironmental performance indicators  have been calculated by the local 

waste authority, the results need to be interpreted. This can be done by taking into 

account the assessments made in step s 4 and 5 ;  proposals for the interpretation of 

the results of the environmental performance indicator s are presented for each 

indicator in Section  2.4 . Furthermore, each indicatorôs result depends on overall 

limitations that are a lso addressed in Section  2.4 , for each common environmental 

performance indicator ;  however, they can be summarised as follows:  

¶ data collected by other actors (e.g.  private operators )  might not be available;  

¶ if deposit/return schemes are established at national level, e.g. via an EPR 

scheme, for some waste fractions, data for those fractions might not be 

available at local level or might not be in the hands of the local  waste  

authority;  

¶ data availability per single waste stream, especially when there is a co -mingled 

collection which prevents the disaggregation of figures per waste stream;  

¶ composition analyses of mixed waste are not available/conducted;  

¶ limited comparability of indicators due to the different definitions of MSW;  

¶ the extent to which commercial waste is included in MSW may be unclear and 

the proportion of household waste in MSW is calculated on the basis of 

estimations;  

¶ external factors influence w aste data, e.g. econometric factors (household 

sizes, household expenditures, GDP, etc.) or number of tourists and commuters 

in a local territory.  

 

8.  Identification  of measures and activities  to implement  

The results of the environmental performance indicato rs  may show , for example,  that 

strategic goals from national, regional or local waste management plans are not met 

and thus local waste authorities can aim at improving their performance in a certain 

area. In these cases , it is important to identify  suitable measures or activities  to adopt  

from the results of the calculations. How such measures can be defined by local waste 

authorities is highly dependent on the current waste management system and on the 
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goals encountered in the territory. To this ai m, this report  provide s helpful support to 

local waste authorities to improve in specific areas of municipal solid waste 

management  (see Chapters 3 and 4), after assessing the performance of the 

municipal solid waste management  system .  

9.  Continuous monitoring  

If local waste authorities wish to monitor changes over time, to conclude on the 

efficiency of activities and/or measures implemented, it is useful for  the 

monitoring /collection of data  to become a continuous process ï e.g. weekly recording 

of waste quantities collected and regular processing of data . In certain cases, e.g. for 

a composition analysis, it may also be worth gather ing  quarterly data to identify 

seasonal changes (e.g. more biowaste during  summer).  

 

2.4.  Common environmental performance indicators  

The following pag es describe each of the environmental performance indicators  

divided into two categories :   

¶ the first category comprises indicators for  the overall MSW; they look , for 

example,  at the total amount of waste generated or its final treatment ;   

¶ in the second ca tegory, indicators specific to  different waste streams are 

described.  

Presentation of environmental performance indicators   

Each environmental performance indicator  is described using  the same format: A table 

provides an overview of the main information , such as the name, the phase of waste 

management assessed by the indicator, a short description, the calculation method , 

the relevant BEMPs which can help in improving the result of the indicator  and some 

examples .  

A distinction is made between quantity -based indicators and performance ratios.  

1)  Quantity - based indicators  reflect an amount of waste divided by a 

normalising factor, such as population and year, population equivalent (eq pop ) 

and year, area and year, etc. They provide a good overview of the overall 

waste management performance in absolute terms as well as insights into  how 

the municipal solid waste management  develops over time. However, this type 

of indicator has limitations in terms of  its interpretation because it is highly 

dependent on ex ternal factors that are not related to waste management, such 

as: GDP, consumption patterns, rural/urban location, weather, tourism, illegal 

dumping , etc. Thus, when interpreting the results of quantity -based indicator s,  

it is important to take the relevan t external factors into account.  

2)  Performance ratios  are defined as percentages and  are especially useful for 

specific waste fractions. These indicators are more complex because they put 

absolute terms in relation to each other, e.g. capture rates. This provides a 

good overview of the actual municipal solid waste management  performance o f 

a local waste authority for a waste  management phase (collection, treatment, 

etc.) or a specific waste fraction (glass, paper, etc.). Unlike quantity -based 

indicators, performance ratios calculated for specific waste fractions can give 

indications of  whi ch specific improvements are needed in the municipal solid 

waste management  strategy. The performance ratio indicators also have 
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limitations, such as data availability issues or their dependence on external 

factors such as the presence of EPR systems for c ertain types of waste, the 

collection infrastructure in place, etc.  

In the next sections, after the overview table of each indicator, a short text provides 

further information about its calculation method. In order to calculate the 

environmental performan ce indicators , several types of information are required.  

Figure 2-2 provides an overview of such type s of information within a hypothetic flow 

chart summarisi ng the entire route of the MSW.  

 

Types of information required to calculate the indicators  

 

1.  Composition analysis of the mixed waste  

For the calculation of most of the performance ratio environmental indicators  it will 

be necessary  to have conducted a composition  analysis of the mixed waste. This 

reveals  which materials, i.e. paper and  cardboard,  plastics, metals, glass, etc. have 

not been sorted  out into the specific separately collected fractions  at source . 

Therefore it allows a better understanding of the effectiveness and efficiency of the 

collection. For guidance on how to conduct such an ana lysis, the following 

examples  may be of use:  

ü Scottish Environmental Protection Agency (SEPA): Guidance on the 

Methodology for Waste Composition Analysis -  For local waste authorities 

commissioning waste composition analysis of municipal waste, in E nglish 

(http://www.zerowastescotland.org.uk/sites/default/files/WCAMethodology_Jun

15.pdf )  

ü Nordtest method (Nordic countries): Solid waste, municipal sampling and 

char acterisation, in English ( http://www.nordtest.info/images/documents/nt -

meth ods/environment/NT%20envir%20001_Solid%20waste,%20municipal_Sa

mpling%20and%20characterisation_Nordtest%20Method.pdf )  

ü Waste & Resources Action Programme (WRAP): Monitoring and evaluation 

guidance -  Chapter 7: monitoring capture rates, in English 

(http://www.wrap.org.uk/content/monitoring -and -evaluation -guidance -

chapter -7-monitoring -capture - rates )  

ü Edjabou, M. et al., Department of Environmental  Engineering, Technical 

University of Denmark (2016): Food waste from Danish households: 

Generation and composition, in English 

(http://www.sciencedirect.com/scie nce/article/pii/S0956053X16301167?via%3

Dihub )  

ü Edjabou, M. et al., Department of Environmental Engineering, Technical 

University of Denmark (2014): Municipal solid waste composition: Sampling 

methodology, statistical analyses, and case study evaluation, in English 

(http://www.sciencedirect.com/science/article/pii/S0956053X14005261 )  

ü Da Graça Madeira Martinho, M. et al., New University of Lisbon (2008): New 

guidelines for charac terization of municipal solid waste: the Portuguese case 

(http://journals.sagepub.com/doi/abs/10.1177/ 0734242X08094624?url_ver=Z

39.88 -2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_pub%3Dpubmed& )  

ü Inter -municipal Waste Management of Greater Porto (LIPOR): Waste 

composition analysis methodology in Portugal, in English (see Annex 8.2 )  

http://www.zerowastescotland.org.uk/sites/default/files/WCAMethodology_Jun15.pdf
http://www.zerowastescotland.org.uk/sites/default/files/WCAMethodology_Jun15.pdf
http://www.nordtest.info/images/documents/nt-methods/environment/NT%20envir%20001_Solid%20waste,%20municipal_Sampling%20and%20characterisation_Nordtest%20Method.pdf
http://www.nordtest.info/images/documents/nt-methods/environment/NT%20envir%20001_Solid%20waste,%20municipal_Sampling%20and%20characterisation_Nordtest%20Method.pdf
http://www.nordtest.info/images/documents/nt-methods/environment/NT%20envir%20001_Solid%20waste,%20municipal_Sampling%20and%20characterisation_Nordtest%20Method.pdf
http://www.wrap.org.uk/content/monitoring-and-evaluation-guidance-chapter-7-monitoring-capture-rates
http://www.wrap.org.uk/content/monitoring-and-evaluation-guidance-chapter-7-monitoring-capture-rates
http://www.sciencedirect.com/science/article/pii/S0956053X16301167?via%3Dihub
http://www.sciencedirect.com/science/article/pii/S0956053X16301167?via%3Dihub
http://www.sciencedirect.com/science/article/pii/S0956053X14005261
http://journals.sagepub.com/doi/abs/10.1177/0734242X08094624?url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_pub%3Dpubmed&
http://journals.sagepub.com/doi/abs/10.1177/0734242X08094624?url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_pub%3Dpubmed&
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ü French regional waste observatory (ORDIF): Donn ées de caracterisations 

locales des ordures m énag ères residuelles (omr) en Î le-de-France, in French 

(http://www.ordif.com/sites/ordif/files/document/publication/rapport -

caracterisations -vd.pdf )  

ü French Environment and Energy Management Agency (ADEME): Guide 

méthodologique pour la caractérisation des flux de déchets encombrants 

collectés dans les déchèteries et l'expérimentation du démantèlement d'objets, 

in French ( http://www.sinoe.org/thematiques/consult/ss - theme /36 )  

 

For comparability of data, it can be valuable to refer to the method applied for the 

analysis when reporting the results. The composition analysis of mixed waste 

requires the sampling and analysis of the composition of the waste for the given 

territo ry of a local waste authority.  

The calculations of some indicators (e.g. capture rates) require a composition 

analysis of mixed waste. Composition analyses tend to be expensive and a 

stringent approach and methodology are required to ensure that results ar e 

comparable over the years. It is important to define the reference methodology to 

be applied. Also , factors such as the season and the type of households covered by 

the analysis can be taken into account when conducting the analysis. For example,  

during summer the share of biowaste in the mixed waste tends to be higher than 

in winter and the sorting performance of recyclable materials tends to be higher in 

independent households compared to apartment buildings which  are more 

anonymous.  

 

2.  Municipal solid wa ste or household waste  

Another main aspect is to specify whether MSW or only household waste is 

considered when calculating the environmental performance indicators . MSW 

encompasses household waste and similar commercial wastes as well as waste 

from street  cleaning, etc.. It is therefore important to be consistent, as far  as 

possible, in the use of MSW or household waste for the calculation of 

environmental performance indicators . Moreover, results of calculations should 

describe what is included in the MSW  or household waste ï i.e. are textiles, waste 

electric and electronic equipment (WEEE), batteries and accumulators, waste oils, 

etc. taken into account ? 

 

3.  Residents and tourists/commuters within the territory   

The non - resident population (e.g. tourists, commuters) in areas where their 

presence is relevant throughout  the year or during specific seasons need s to be 

taken into account for the calculation of reliable indicators for  monitoring and 

improving municipal  solid waste management  (Saladié, 2016). However, many 

other factors (e.g. seasonality, consumption patterns, type of economy, climate) 

influenc e municipal solid waste management  (Saladié, 2016) , and  this report  does 

not introduce any parameter/factor able to model and quantify numerically their 

influence  on  the calculation of the environmental performance indicators . Anyway, 

the indicators presented below  warn the reader when they are influenced by some 

of the afore mentioned parameters ;  these factors, in fact, need to be taken into 

account when analysing the results obtained.    

Regarding the presence of tourists, instead, it is possible to introduce a factor 

which determines an equivalent number of residents over  the  whole  year. 

http://www.ordif.com/sites/ordif/files/document/publication/rapport-caracterisations-vd.pdf
http://www.ordif.com/sites/ordif/files/document/publication/rapport-caracterisations-vd.pdf
http://www.sinoe.org/thematiques/consult/ss-theme/36
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Therefore, in areas where the presence of tourists is relevant, i t is recommended 

not to take  into account  only the number of inhabitants /residents  living within the 

territory that the local waste authority is responsible for , because this does not 

necessarily represent the real number of people  producing waste (p lease note that 

the presence of tourists  affects only the calculation of the  quantity -based 

indicators  presented below ) . As an explanatory example, municipalities  with  a high 

number  of tourists generate  a significantly higher amount of MSW in total and per 

capita  (if not considering their presence)  than municipalities without such a flow of 

people. Within the scope of the environmental performance indicators , it is 

proposed to consider these additional waste producers , in territories where their 

presence is significant, by calculating the population equivalent  and using this  

value (instead of number of residents) for the calculation of the quantity -based 

indic ators . The population equivalent (eq pop ) can be  calculated by taking into 

account the tourist guest nights  which is usually an easily available number (e.g. 

from the local tourism office or the specific tourism department of the municipality) 

in areas with  a relevant tourist presence :  

 

Ὡή ὶὩίὭὨὩὲὸί 
ὸέόὶὭίὸ ὫόὩίὸ ὲὭὫὬὸί

σφυ
 

 

2.4.1.  Indicators for the overall municipal solid waste management  

system  

This section introduces the environmental performance indicators  selected for the 

assessment of the overall municipal solid waste management . This means that the 

environmental performance indicators  are not related to a specific waste stream, e.g. 

paper, but to the total municipal solid waste. Four quantity - based  indic ators have 

been selected for the assessment of the overall municipal solid waste management 

system . 

Please note that all of these indicators are  calculated for municipal solid waste ,  but 

for local waste authorities or waste management companies with separate waste 

statistics for MSW and household waste (i.e. quantifying  household - like commercial 

waste  and  household waste  separately ), the indicators presented below can also be 

calculated only for household  waste . It is then important, for internal reference or 

when publicly reporting waste statistics, to specify whether the data presented refers 

to MSW  (including a share of commercial waste)  or household waste only. Ideally, 

given that the fraction of MSW generated from businesses var ies to a large extent 

from municipality to municipality (e.g. depending on the type and size of businesses 

whose waste is accounted for as MSW) and that this parameter is not a measure of 

the success of the waste management sys tem in place, calculating  these indicators for 

household waste would  be more helpful . However, for the vast majority of local waste 

authorities and waste management companies, waste data monitoring is carried out 

only for MSW , with no differentiation betwe en household and household - like 

commercial waste. In the territory of some local  waste  authorities, household and 

household - like commercial waste are collected and quantified  separately which makes 

the data for each easily available. In a few cases, househ old waste is estimated from 

the MSW statistics ;  however , this operation need s to be transparent and well 

documented  or it may not be meaningful . 
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MSW  generation  

 

Overview of indicator  

Phase of waste 

management  

Waste generation and prevention  

Name of 

indicator  

MSW generation ;  

calculated for MSW or , if data available, just for  household waste  

Type of 

indicator  

Quantity -based indicator [kg/ capita / year]  

Explanation  The indicator describes the amount of total MSW generated within 

the territory administe red by a local waste authority per year , in 

relation to t he resident population.  Waste monitoring is key in 

order to regularly record waste quantities for each different waste 

stream collected  separately by all  the  different collection systems 

available in the territory (e.g. door - to -door, civic amenity sites, 

street bins) . This indicator  is useful for assessing overall waste 

generation trends as well as the results of any effort to promote 

waste prevention.  

Calculation 

method  
ὃὲὲόὥὰ ὓὛὡ ὫὩὲὩὶὥὸὭέὲ

ὯὫ έὪ άόὲὭὧὭὴὥὰ ίέὰὭὨ ύὥίὸὩ

ὲόάὦὩὶ έὪ ὶὩίὭὨὩὲὸί
 

The "number of residents "  can be substituted by the "population 

equivalent "  where tourist presence is relevant . Similarly,  ñmunicipal 

solid wasteò can be substituted by ñhousehold wasteò if data for  

household waste generat ion  are  available . 

MSW definition differs substantially across the EU (e.g. small 

quantities of construction and demolition waste may  or may  not  be 

included ). When a waste authority uses this indicator for 

comparison of its own results over time, the definition of MSW (i.e. 

the waste fractions included) just need to be consistent in the 

timeframe considered. Meanwhile , for comparison of the total MSW 

generation with  an absolute  reference value, such as  the 

benchmark of excellence  given in this document , this indicator can 

be calculated including only  the fractions for which data are  

included  in the reference value. In the case of the benchmark of 

excellence given in this document, reliable data was only available 

for  the following waste fraction s: organic/biowaste, paper and 

cardboard, glass, plastics, metals, bulky, WEEE and mixed waste.  

Therefore, only these waste fractions should be added up when 

comparing one local waste authority 's performance with the second 

option of the benchmark.  

As far as possible, all figures used should refer to  the same year.  
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Overview of indicator  

Relevant 

BEMPs  

The relevant BEMPs for  improving the environmental performance 

of the waste management system assessed with this indicator are:  

- integrated waste management strategies ( Section 3.3.1) ;  

- pay -as-you - throw ( Section 4.3.3) ;  

- awareness - raising ( Section 4.3.5) ;  

- establish ment of  a networ k of waste advisers ( Section 

4.3.6) ;  

- home and community composting ( Section 4.3.7) ;  

- local waste prevention programmes ( Section 4.4.1) ;  

- schemes fostering the reuse of products and waste ( Section 

4.4.2) .  

Example 

calculation  

The city of Ljubljana (SI) has 313  708 residents while the total 

amount of MSW generated  yearly (2016) is 115  532 tonnes.  

Therefore, the annual MSW generation is 368 kg/capita. When the 

annual MSW generated is instead calculated only including  the 

waste fractions of organic/biowaste, paper and cardboard, glass, 

plastics, metals, bulky, WEEE and mixed waste, the result  is about 

314 kg/capita.  

The city of  Bristol (UK) has 449  300 residents and the total amount 

of MSW  generated yearly  (2016)  is 171  698 tonnes.  Therefore, the 

annual MSW generation is 382 kg/capita. When the annual MSW 

generated is instead calculated only including the waste fractions of 

organic/biowaste, paper and cardboard, glass, plastics, metals, 

bulky, WEEE and mixed waste, the result is about 358 kg/capita.  

Val di Non (IT) is a rural area in  the north of Italy. The number of 

residents is 39  420 while the population equivalent, since the 

presence of tourists is relevant , is 43  081. The total MSW 

generated yearly (2016)  is 17  697 tonnes  and therefore the annual 

MSW generation is 411 kg/capita, calculated taking into account 

the population equivalent and not the number of residents. When 

the annual MSW generated is instead calculated only including the 

waste fractions of organic/biowaste, paper and cardboard, glass, 

plastics, metals, bulky, WEEE and mixed waste, the result is about 

338 kg/capita.   

References : Petek I., 2017; Anthony S., 2017; Coletti D., 2017  

Benchmark of 

excellence  

The annual generation of MSW in the territory administered or 

managed (collected by all the different waste collection systems 
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Overview of indicator  

available in the area)  is:  

- lower than 75  % of the national average of municipal waste 

generation 24 , using the national definition of municipal waste of 

their own country; or  

- lower than 360 kg/capita, if calculated only for the following 

waste fractions 25 :  

(i) organic/biowaste (e.g. green cuttings, food, kitchen waste),  

(ii) co -mingled packaging,  

(iii)  paper and cardboard,  

(iv) glass,  

(v) plastics,  

(vi) metals,  

(vii) bulky,  

(viii) WEEE , and  

(ix) mixed waste.  

Further explanation  

When calculatin g the total amount of municipal solid  waste generated, it is important 

to include the waste collected through all  the  different collection systems (e.g. door -

to -door collection, kerbside collection, bring points, civic amenity sites, and deposit 

refund systems) by municipal services as well a s by private companies operating on 

behalf of the local waste authority or an EPR scheme (this might be particularly 

important for WEEE as well as packaging waste  depending on local conditions ).  

Two major waste streams need to be included in the calcul ation of  the total MSW:  

¶ All separately collected materials such as glass, plastic, metal, or biowaste but 

also WEEE, bulky waste , waste textiles, waste oils , etc. if covered by a 

separate collection scheme (independently of the type) and if included in the  

MSW definition applicable in  the territory administered by a local waste 

authority. This waste fraction is referred to in Figure 2-4 by number 3.  

¶ All  mixed waste from the mixed waste bin ;  this fraction is illustrated by number 

2 in Figure 2-4. 

                                           

 

24  As reported by national authorities or by the statistical office of the European Union (Eurostat)  
25  The following fractions have been selected because they are commonly monitored in the EU by local 
waste authorities and waste management companies and they are generally the most relevant fractions (by 
weight) in MSW.  
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Figure 2 -4 . Data requirements to calculate  the  ñTotal MSW/household waste 

generationò indicator  

 

I t is  very  important to specify , both for internal reference  and  in public reporting,  

which waste streams were included in the calculation , e.g. whether  WEEE, bulky 

waste, street sweeping waste, etc.  were accounted for .  

Data needs and potential sources of data  

The data needed for the calculation of this indicator is the amount of all different 

waste streams collected within the territory administered by a local  authority via the 

different collection systems in a specific year. If part or all of the waste collection is 

carried out by private companies, the local waste authority can obtain the dat a from 

the external contractors  in order to have a comprehensive and  reliable dataset. If 

some data are  unavailable, this needs to be clearly acknowledged as a note to the 

calculation, including the estimation of its significance.  

For the calculation of this indicator , it is fundamental to take into account  all the MSW 

generated in the local area (including for example street sweeping s)  thanks to the  full 

coverage of the territory by a waste collection system and detailed waste monitoring  

and accounting . 

It needs to be stressed that figures on waste generati on can be  affected by was te 

collected by  the informal sector  ( intercepting waste outside the official waste collection 

channel )  and also by illega l dumping and combustion of dry waste  (e.g. paper, plastic, 

wood waste) , which is a practice still present in many areas , especially in rural 

settings . It is therefore fundamental that, together with the data needed for this 

indicator, the waste authority or waste management company also investigates 

whether these practices ar e significant in the local area considered and if so, possibly, 

estimate s reliable figures  for the amount of MSW generated but not accounted  for  in 

the indicators because  it is not collected by the formal municipal waste collection 

system . Such a task may be complex and should be carried out with a robust 

methodology  and  involving the  relevant stakeholders (e.g. local NGOs) that may have 

useful information and data.  

Finally , the number of residents  is required  for the calculation and it is preferable that 

it refers to the same year as the waste statistics. As mentioned previously, in areas 

with a relevant tourist presence , the population equivalent can be calculated  instead .  
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Advantages and/or disadvantages of the indicator  

The indicator gives an important general overview of  MSW and how much of such 

waste is generated in a certain year; its calculation  enables a better understanding of 

the situation and improved decision -making . Over time, it can provide insights into  

how th e waste generation change s from year to year.  

In general, data for the calculation of this indicator  is easily accessible to local waste 

authorities because the data on the MSW generation is the most commonly collected 

data for municipal solid waste management . However, there might be some limitations 

for MSW when some waste streams, e.g. packaging or textiles , are collected by 

private companies. As an example, some countries have established an EPR scheme 

for packaging waste for which the collection and treatment is implemented by private 

companies. There are cases where the data per territory administered by a local waste 

authority is not (made) available because the companies  are required  to report 

amounts only at the  national/regional level but not  per local waste authority. Thus, 

the total MSW generation might not be reflected in its totality by this environmental 

performance indicator . When th is is the case, it needs to be clearly presented 

alongside the figures for the indicator and, if possible,  an estimation of the missing 

quantities (e.g. based on the regional figures, if available) can be used to complement 

the indicator.  

Interpretation of result  

I t is important to put the  value calculated for this indicator  into context.  

The calculate d MSW generation is highly dependent on external factors that are not 

related to waste management at all ,  such as rural/urban location, consumption 

patterns, weather, significant presence of daily commuters, GDP in the territory 

administered by a local auth ority or  the fact that waste generation tends to be lower 

when the economy is stagna nt or in recession .  

Additionally, in areas where there is no detailed waste monitoring or where a part of 

the waste generated is not collected by the formal municipal  wast e collection system, 

figures on MSW generation  calculated according to this indicator  could  underestimate  

the real situation. This is the case, for example, in areas where illegal dumping or 

burning of some waste fraction s is significant, or where relevant quantities of waste 

are picked up by the informal sector rather than delivered to the official waste 

collection channels. In these  cases, the indicator  can be correctly interpreted only if 

looked at alongside a reliable  estimate of the amount of waste collected by the 

informal sector, illegally dumped or burned by citizens or businesses  (i.e.  all  MSW not 

monitored or not collected by the formal municipal waste collection system).   

In addition, MSW generation does not provi de an indication of how the waste 

management system works in terms of performance.  For  a more comprehensive 

understanding , the results for this indicator should be analysed together with the 

results for the other indicators proposed in this chapter.   

MSW generation  across municipalities will  also  vary significantly depending on the 

types of waste streams that are included in the calculation, e.g. if heavier fractions 

such as bulky waste are excluded , this will significantly lower the quantity  per capita .  

The indicator can however provide an overview of  the status of waste prevention  or if 

waste prevention measures have been successful when it is measured over time . 
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Anyhow, a direct link between waste prevention measures, e.g. an information 

campaign addres sed to residents , and a decrease in  MSW generation cannot be made 

as th e decrease  m ay  also depend on changes in the economic factors, as described 

above, which need to be analysed as part of the interpretation.  

Overall, it is very important to consider the  context when interpreting the results of 

quantity -based indicators, such as average income of the population, population 

density, type of local economy, urban/rural environment, and other s ocio -economic 

factors. This is important when analysing changes in  the indicators over time but even 

more so if  comparing data from different local waste authorities, as va riations  may be 

due to socio -economic factors . A decrease in  the generation over time, which is not 

linked to a decrease in population or economic dow nturn, could be an indication that 

the local waste a uthority has been successful with its waste prevention strategy. An 

increase or constant figures may indicate a need to take acti on (see Section 4.4  on 

waste prevention ).  

 

Amount of mixed  MSW  collected  

 

Overview of indicator 

Phase of waste 

management  

Waste generation, waste collection  

Name of 

indicator  

Amount of mixed  MSW collected;  

calculated for  MSW or , if data available, just for  household waste  

Type of 

indicator  

Quantity -based indicator [kg/ capita /year]  

Explanation  The indicator describes the amount of mixed  MSW collected  per capita  

per year . Its calculation  takes into account the waste collected as 

non -source separated  mixed waste . Mixed MSW contains all waste 

fractions for which no separate container  or other collection system is 

available . In systems where most of the waste is segregated at 

source and collected  separately , this is often referred to as "residual 

waste".  

The calculation of the indicator amount of mixed MSW collected can 

be integrated by adding the amount of separately collected fractions 

that cannot be recycled (i.e. rejects from sorting/recycling plants) , 

provided that  the local waste authority (or the waste management 

company) is aware of these quantities. The amounts of rejects from 

sorting/recycling can be based on actual data (from sorting/recycling 

plants) or reliable estimations based on the amount of misthrow s 

found in the separately collected fractions. Similarly, in the event that  

mixed waste is pretreated (e.g. in an MBT plant) and the local waste 

authority (or the waste management company) is aware of the  dry  

recyclables that are sorted out from mixed wast e and sent for  
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Overview of indicator 

recycling , the quantity of dry recyclables  can be subtracted from the 

amount of mixed MSW collected . 

Calculation 

method  

ὃάέόὲὸ έὪ άὭὼὩὨ ὓὛὡ ὧέὰὰὩὧὸὩὨ

άὭὼὩὨ ύὥίὸὩ ὶὩὮὩὧὸί Ὢὶέά ίέὶὸὭὲὫȾὶὩὧώὧὰὭὲὫὨὶώ ὶὩὧώὧὰὥὦὰὩί Ὢὶέά ὓὄὝ

ὲόάὦὩὶ έὪ ὶὩίὭὨὩὲὸί
 

The number of residents can be substituted by the population 

equivalent where tourist presence is relevant .  

As far as possible , all figures  used should refer to the same reference 

year.  

Relevant 

BEMPs  

The relevant BEMPs for improving the environmental performance of 

the waste management system assessed with this indicator are:  

- integrated waste management strategies ( Section 3.3.1) ;  

- pay -as-you - throw ( Section 4.3.3) ;  

- awareness - raising ( Section 4.3.5) ;  

- establish ment of  a network of waste advisers ( Section 4.3.6) ;  

- home and community composting ( Section 4.3.7) ;  

- local waste prevention programmes ( Section 4.4.1) ;  

- schemes fostering the reuse of products and waste ( Section 

4.4.2) .  

Example 

calculation  

The resident population in the department of Lot in France is 180  553 . 

The annual (2015) amount of mixed MSW collected  is 47  882 tonnes . 

Therefore the amount of mixed MSW collected is 265 kg/capita. 

However, the department knows that, out of the separately collected 

waste, which is sent for recycling,  the re are  rejects from the sorting 

and recycling plants of 4 111 tonnes per year. In order for this 

indicator to be more me aningful, t he department may thus  calculate it 

including those rejects together with the m ixed MSW collected. This 

would correspond to an  annual amount of mixed  MSW collected of 

287 kg/capita.  

Reference s:  (Lot Tourisme, 2017)  and (Syndicat Départemental pour 

lô£limination des D®chets M®nagers et Assimil®s, SYDED, 2015) 

Benchmark of 

excellence  

N/A 

 

Further explanation  

The total amount of mixed MSW is the amount of waste that is collected through the 

mixed waste collection  system , e.g. the  ñblack binò where citizens put  all the waste 

that is not source separated . In systems with advanced separate collection, only 

fractions that are  un recyclable  are collected as mixed waste . In these cases, mixed 
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waste is sometimes referred  to  as " residual waste ";  however, in this document only 

the term mixed waste is used.  

 

Figure 2 -5 . Data requirements to calculate  the  ñAmount of mixed  MSW  collectedò indicator  

The amount of mixed  MSW collected corresponds to number 1 in Figure 2-5 above , 

where a general model of the waste flows in a municipality  is reported . Please not e 

that , in order to calculate this  environmental performance indicator , a specific waste 

flow model of the local waste management system needs to be available (see Section 

2.3 ). It is noteworthy that mixed MSW collected not only include s the mixed waste 

fraction collected by door - to -door or street bin systems but also mixed waste that is 

collected (if any) at civic amenity sites . If the amount of waste collected from illegal 

temporary or permanent dumping sites is known, this can also be added to the total 

amount of mixed waste collected , as well as waste from street sweeping and street 

litter bins . 

The calculation of the indicator  amount  of mixed MSW collected  can be integrated, if 

known, by  adding the waste rejected from sorting and recycling (numbers 2, 3, 4) of 

the separately collected fractions . 

The amount of mixed MSW collected represented by number 1 in Figure 2-5 is either 

sent directly  to recovery (e.g. incineration with energy recovery) or disposal 

operations or sent to pretreatment, e.g. in an MBT  plant. This distinction depends on 

the waste management system in place in each local waste authority. If mixed waste 

is pretreated, the amount (if known) of any recyclable  that is separated from mixed 

waste and sent for recycling  (number 5)  could  be subtracted from the  reported  

amount of mixed waste  collected . 

Data needs and potential sources of data  

The d ata needed for the calculation are  the amount of mixed  MSW collected within the 

territory administered by a local waste authority in a specific year including all 
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collection schemes for mixed waste and , where relevant,  the amount of waste that is 

found to be disposed of by  illegal dumping, if available.  

If the waste collect ed is delivered for sorting/recycling/treatment to  an independent 

actor (such as a private recycling company), knowing the amount of rejects from 

sorting/recycling and the  amount of  recyclables  removed from mixed waste in M(B)T 

plants and sent for recycling requires  data from the treatment operator. Local waste 

authorities can experience difficulties in obtaining data from other actors (e.g. private 

operators )  due to the restricted access to information. This can depend on the 

unwillingness of other actors  to share t his information or  on the fact that  the required 

data are  not collected by the other actors  as they receive waste for treatment from 

several sources and do not investigate rejects  or recyclables  individually from the 

waste coming from  each  specific territo ry. The waste authority or waste management 

company can try, thanks to the introduction of a specific clause in the contract 

specifications, to obtain the data. It is also important to think about all the waste 

treatment routes in order not to miss any pot entially relevant data.  

Furthermore, the number of residents is required for the calculation and it should  

preferabl y refer to the same year as the waste statistics. As mentioned previously, in 

areas with a relevant tourist presence , the  calculated  population equivalent can be 

used instead . 

Advantages and/or disadvantages of the indicator  

The environmental performance indicator  for  the amount of mixed  MSW collected 

provides  an ins ight into  the total amount of MSW  which generally undergoes a lower 

treatment option in  the waste hierarchy compared to separately collected fractions. 

This environmental performance indicator  can be compare d to the previous one (total 

MSW generation) in order to get a better insight into  the performance of the collection 

system s, i.e. how much of the waste  generated  is not collected  separately .  

Over time, this indicator can provide an overview o f how the amount of mixed waste 

has changed ; a decrease in the amount of mixed waste collected  (either because of 

waste prevention or because of more waste being collected  separately )  is considered 

an improvement in MSW management .  

Interpretation of result  

This indicator allows the interpretation of how much of the MSW collected is mixed 

waste  (i. e. not separately collected) . This is  very relevant  because mixed  waste 

generally undergoes a lower treatment operation , in  the waste hierarchy,  compared to 

separately collected fractions  that are sent for recycl ing .  

The indicator can provide an overview of the performance  of separate waste collection  

systems . If the separate collection  systems (including deposit refund schemes and 

extended producer responsibility  schemes) work well  and include most waste 

fractions , the share of mixed waste in  the total waste gene ration should be very  low . 

Meanwhile , high  quantit ies  of mixed waste might indicate that the separate collection 

systems in place do not work well. A composition analysis can then provide an 

indication o f which waste stream is the most  problemati c. For instance , if there is a 

high amount of glass in the mixed waste , glass bring points  may not be sufficiently 

used. A possible cause may be that they  are  too far away from many households (thus 

leading them to dispose of it in the mixed waste).  
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However, this indicator also has several limitations. The indicator is highly dependent 

on external factors that are not related to waste management at all ,  such as 

rural/urban location, consumption patterns, weather, significant presence of daily 

commuter s, GDP in the territory administered by a local authority , or  the fact that 

waste generation tends to be lower when the economy is not performing well . 

Additionally, t he numbers across municipalities will vary significantly depending on the 

types of collection systems established, e.g. if there is no separate biowaste collection 

as this fraction  is usually  almost 50  % of the mixed waste (when no separate 

collection is e stablished). Thus , if  interpreting the results of this indicator across 

municipalities , it is important to take into account all external factor s.  

An increase in  the mixed MSW collection  over time, which is not linked to population 

or economic growth, could be an indication for the local waste authority  that the 

separate waste collection strategy  needs improvement . However, it may also indicate 

that more waste generated in the territory is  being delivered to the official waste 

management collection system.  

Finally, this indicator only assesses certain elements of the performance of the MSW 

management system. For a more comprehensive understanding, the results for this 

indicator should be an alysed together with the results for the other indicators 

proposed in this chapter.  

MSW  sent to energy recovery and/or disposal  

 

Overview of indicator  

Phase of 

waste 

managemen

t  

Waste treatment  

Name of 

indicator  

Waste sent to energy recovery and/ or disposal;  

calculated for MSW or ,  if data available, just for household waste  

Type of 

indicator  

Quantity -based indicator [kg/ capita /year]  

Explanation  The indicator measures the annual  amount of MSW that is treated by  

either incineration with energy recovery and/or disposal operations , 

such as l andfilling or incineration without energy recovery.  If this 

information is not available as such (e.g. in the case of waste 

authorities or waste management companies not managing the whole 

process), it can be c alculated as follows.  The fate of the mixed waste 

collected is taken into account :  if mixed waste is directly sent to 

energy recovery and/or disposal, the quantity can be directly used for 

the calculation . In the event that the  mixed waste is pretreated (e .g. 

in an MBT plant) , the local waste authority (or waste management 

company) include s in the calculation of the indicator the actual 

quantities of waste  that, after the pretreatment, are  sent to energy 
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Overview of indicator  

recovery and/or disposal. Similarly,  it is important that the  local 

waste authority (or the waste management company) also take s into 

account in the calculation of the indicator the amount of rejects from 

the sorting/recycling of the separately collected fractions  that are not 

recycled but  sent to energy recovery and/ or disposal. The amounts of 

rejects from sorting/recycling can be based on actual data (from 

sorting/recycling plants) or estimations  based on the amount of 

misthrows found in the separately collected fractions.   

In the event that the local waste authority (or waste management 

company) cannot fully calculate the indicator ,  considering all its 

factors, it can report only the  amount of mixed waste sent to energy 

re covery and/or disposal , acknowledging that the indicator  is partially 

calculated . I n such case s, it is important to clearly state the elements 

that are not included in the calculation (e.g. rejects from separately 

collected fractions sent to energy recovery and disposal).  Moreover,  

appropriate m easures to obtain reliable data for the full calculation of 

the indicator can  be put in place to improve the usefulness of this 

indicator . 

Calculation 

method  

ὓὛὡ ίὩὲὸ ὸέ ὩὲὩὶὫώ ὶὩὧέὺὩὶώ ὥὲὨȾέὶ ὨὭίὴέίὥὰ 

ὓὭὼὩὨ ύὥίὸὩ  Ⱦ  ὙὩὮὩὧὸί  Ⱦ

ὲόάὦὩὶ έὪ ὶὩίὭὨὩὲὸί
 

The number of residents can be substituted by the population 

equivalent where tourist presence is relevant.  

As far as possible , all figures used should refer to the same reference 

year .  

When a waste authority  or waste management company uses this 

indicator for comparison of its own results over time, the factors 

included  in the calculation (i.e. only mixed waste sent to energy 

recovery and/or disposal or also the rejects from sorting/recycling  

sent to energy recovery and/or disposal) need to be consistent in the 

timeframe considered.  

This indicator can also be used for  comparing  the amount of waste 

sent to energy recovery and/or disposal with an absolute  reference 

value , such as the benchmark of excellence reported  in this 

document . Given the fact that (local) waste authorities and waste 

management companies do not  usually  have a ccess to the data on 

the amounts of rejects from sorting and/or recycling operations of the 

fractions collected to be recycled, the benchmark of excellence 

associated with this environmental performance indicator includes 

only the amount of collected mixed  MSW sent to energy recovery 

and/or disposal.  

I n order to obtain a complete picture from the calculation of this 

indicator,  however,  it is important that waste authorities and waste 
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Overview of indicator  

management companies  collect complete information on all the flows 

of waste sent to energy recovery and/or disposal.  

Relevant 

BEMPs  

The relevant BEMPs for improving the environmental performance of 

the waste management system assessed with this indicator are:  

- integrated waste management strategies ( Section 3.3.1) ;  

- pay -as-you- throw ( Section 4.3.3) ;  

- awareness - raising ( Section 4.3.5) ;  

- establish ment of  a network of waste advisers ( Section 4.3.6) ;  

- home and community composting ( Section 4.3.7) ;  

- local waste prevention programmes ( Section 4.4.1) ;  

- schemes fostering the reuse of products and waste ( Section 

4.4.2) .  

Example 

calculation  

In the city of Treviso (IT) , the resident population  is 83  950. All t he 

MSW collected  as mixed waste is sent to energy recovery and/or 

disposal  and in 2016  the amount was  5 851 tonnes . The local waste 

authority , however , is not aware of the amount of rejects from 

sorting/recycling of the separate waste fractions , since separately 

collected waste fractions are treated in plants which serve a broader 

area not limited only to the city of Treviso . The refore, the waste sent 

to energy recovery and/or disposal indicator can be calculated 

partially , only taking into account the amount of mixed waste 

collected and sent to energy recovery and/or disposal . The value 

obtained for the year 2016 is 69.7 kg/capita . 

In the county of Aschaffenburg  (DE) , the resident population (2016)  

is 17 3 585 . All the MSW collected as mixed waste is sent to energy 

recovery and/or disposal and in 2016 the amount was 11  852  tonnes.  

The local waste authority , however , is not aware of the amount of 

rejects from sorting/recycling of the separate waste fractions , since 

separately collected waste fractions are treated in plants where waste 

from different locations is processed . Therefore, the waste sent to 

energy recovery  and/or disposal indicator can be calculated partially , 

only taking into account the amount of mixed waste collected and 

sent to energy recovery and/or disposal . The value obtained for the 

year 2016 is 68 .3 kg/capita .  

Val di Non  (IT)  is a rural area  in the north of Italy. The number of 

residents is 39  420 while the population equivalent, since the 

presence of tourists is relevant , is 43  081. All the  MSW collected as 

mixed waste is sent to energy recovery and/or disposal and in 2016 

the amount was  3 009 tonnes. The local waste authority , however , is 

not aware of the amount of rejects from sorting/recycling of the 

separate waste fractions , since separately collected waste fractions 

are treated in plants where waste from different locations is 

processed . Therefore, the waste sent to energy recovery and/or 

disposal indicator can be calculated partially , only taking into account 
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Overview of indicator  

the amount of mixed waste collected and sent to energy recovery 

and/or disposal . The value obtained for the year 2016 is 

68 .3 kg/ capita , calculated taking into account the population 

equivalent and not the number of residents . 

References : Mattiello M., 2017; Morlok J., 2017; Coletti D., 2017  

Benchmark 

of 

excellence  

The annual amount of collected mixed MSW sent to energy recovery 

and/or disposal is:  

- lower than 15  % 26  of the national average of municipal waste 

generation 27 ; or  

- lower than 70 kg/capita.  

 

Further explanation  

Following the waste hierarchy, prevention, preparation for reuse and recycling are to 

be prioritised over energy recovery and disposal ( i.e. landfilling  and  incinerati on 

without energy recovery). This  indicator evidences  the amount of MSW that is directed 

to waste incineration with and without energy recovery and is disposed, leading to  

valu able materials potentially leaving  the material - cycle. Incineration with energy 

recovery refers to treatment option R  1 according to the Waste Framework Directive 

(WFD) and disposal operations are subsumed as D operations e.g. incineration without 

energy recovery and landfilling. The full list of treatment operations referred to in the 

WFD is available  in Annex 8.1  of  this document.  

This indicator applies to all MS W generated within the territory adm inistered by a local  

waste  authority collected by any type of scheme (door - to -door, bring points, civic 

amenity sites  etc. )  and for all streams including, where relevant, WEEE, bulky waste, 

street sweeping waste , litter bins  and more d epending on the MSW definition.  

                                           

 

26  Please note that the formulation 'the annual amount of collected mixed MSW sent to energy recovery 
and/or disposal is lower than 15%...' does not necessarily mean that 85% of municipal waste  is separately 
collected for reuse and recycling . For municipalitie s that generate less municipal waste  than the national 
average in their country, 15% of the national average would correspond to a higher share (e.g. 20 ï30%) of 
their own municipal waste  generation.  
27  As reported by National Authorities or by the statistic al office of the European Union (Eurostat) . 
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Figure 2 -6 . Data requirements to calculate  the  ñMSW  sent to energy recovery and/or 

disposalò indicator  

I f mixed waste is sent directly to energy recovery and/or disposal, the quantity 

marked with the number 1 in Figure 2-6 can be directly used for the calculation  of this 

indicator . In the event that  mixed waste is pretreated (e.g. in an MBT plant) and the 

local waste authority (or waste management company) is a ware of the actual 

quantities of waste sent to energy recovery and/or disposal  (numbers 5 and 6 in 

Figure 2-6) , these can be used for the calculation o f the indicator. Similarly, in the 

event that  the  local waste authority (or the waste management company) is aware of 

the amount of rejects from sorting/recycling of separately collected fractions sent to 

energy recovery and/or disposal  (numbers 2, 3 and 4 in Figure 2-6) , these quantities 

could  also be added to the indicator.   

For number 7, it is important not to count amounts of wa ste treated twice, e.g. waste 

incineration results in  ashes/ slag s which are  disposed in landfill (number 7), thus this 

amount, if taken into consideration, cannot be counted in addition to the material that 

enters the incineration treatment (numbers  5). For number 4 in Figure 2-6, it needs to 

be included  in the calculation of this indicator ;  however, it is important that the same 

waste stream is not  double counted as the amount of waste recycled.  

Data needs and potential sources of data  

When the waste authority or waste management company calculating the indicators 

manages the whole process, it can know the exact amount of waste sent to each 

energy recovery and disposal plant. Once it ensures that there is no double counting 

(incineration  ashes/slags that are landfilled), the data of inputs to those plants can be 

used as such.  
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If this information is not available as such (e.g. because some or all of the waste is 

given for treatment/sorting/recycling to other parties), the indicator can be  calculated 

as follows.  

Several pieces of d ata are needed to  calculat e this indicator and might sometimes be 

difficult to obtain. Altogether, if certain amounts needed for the calculation are not 

known, e.g. rejects from mixed waste pretreatment  going to incineration (number 5 in 

Figure 2-6) , it is good to specify this as a note to the calculation of the indicator. It is 

important to  consider the following :  

¶ The information most common ly  available to local authorities  /  waste 

management companies for the calculation of this indicator is the amount of 

mixed waste that is (directly) sent to energy recovery/disposal . 

¶ Data from operators of pretreatment  plants , on the amounts of mixed waste 

sent to energy recovery  and/or disposal  (data from private plants might not be 

directly accessible to the local waste authority) , is usually difficult to obtain and 

not representative of the specific waste delivered to the plant from the territory 

considered . 

¶ Data from sorting /recycling  plant operators, if not municipal, for rejects that 

were sent to incineration and/or landfill  are also difficult to obtain . The 

amounts of rejects from sorting/recycling can be based o n actual data  or 

estimations based on the amount of misthrows found in the separately 

collected fractions.  

It is clear that for the comprehensive calculation of this indicator i t is important to 

obtain data , if the relevant operations are not managed in -house,  from the waste 

treatment operator s or the contracted MSW collector s.  The provision of this data can 

be included as a clause (e.g. for annual or monthly transmission) in the contract with 

the other actors such as private operators.  

Furthermore, the number of residents is required for the calculation and it would be 

preferable for  it  to  refer to the same year as the waste statistics. As mentioned 

previously, in areas with a relevant tourist presence, the population equivalent can be 

calculated  instead . 

Advantages and/or disadvantages of the indicator  

The indicator provides a good overview of where a local waste authority stands in 

relation to the two least favourable options of  the waste hierarchy: energy recovery 

and disposal.  

Overall, since this is a quantitative indicator , the results might vary significantly across 

the municipalities: if there is high waste generation in general, the amount for this 

indicator may also be high. Amounts may depend on external factors that are n ot 

directly related to MSW management at all, such as GDP within the territory 

administered by a local waste authority , economics of recycling vs energy recovery , or 

the fact that waste generation tends to be lower when the economy is not performing 

well . In addition, only measuring generation amounts do es not provide an indication of 

how well the system works in terms of performance. Furthermore, the values of this 

environmental performance indicator  across municipalities can  vary significantly 

depending on the types of waste streams that are included in the calculation , i.e. only 

the quantities of mixed waste sent to energy recovery and disposal or also rejects 

from sorting/ recycling operations .  
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A barrier to the calculation of this indicator  is that currently  it is difficult  for waste 

authorities and waste management companies  to obtain data from all steps of the 

waste management chain, especially when treatment operations  (e.g. 

sorting/recycling, MBT)  are performed by other actors (e.g. private plant operators ) . 

As a consequence, in order to ease the comparison  with the calculated indicator , the 

benchmark of excellence associated with  this indicator includes only the amount of 

collected mixed MSW sent to energy recovery and/or disposal . However, waste 

authorities and waste management companies need to put in place all actions possible 

in order to obtain, step by step, a comprehensive over view o f all waste streams going 

to energy recovery and/or disposal.  

Interpretation of result  

This indicator gives an i ndication of the amounts of MSW  treated with the least 

favourable options (according to the waste hierarchy) , namely  disposal and energy 

recovery operations (treatment option R1 and D according to Annex II to  the Waste 

Framework Directive (WFD) , see Annex 8.1 ).  

When interpreting the result of the indicator , it is important to take into consideration 

the treatment infrastruct ure available for the MSW . If a local waste authority relies 

heavily  on i ncineration with energy recovery , the result of the indicator can not  be 

interpreted in the same way as if the same value for this indicator is calculated by  a 

local waste authority that mostly disposes of waste in landfill  (see next indicator) . A 

local waste authority which mainly incinerates with energy recovery has a better 

environmental performance in terms of municipal solid waste management  (according 

to the waste hierarchy) than a local waste authority which disposes of all quantities , 

although the y might have the same/similar amount calculated under this 

environmental performance indicator . This aspect will be reflected by the results of the 

following environmental performance indicator ,  'waste sent to disposal '. Therefore , it 

is useful to consider  this aspect when analysing  the results.  

If monitored over time , this indicator can help the local waste authority asses s 

whether  the treatment of MSW  has moved up in the waste hierarchy. If the amount of 

waste sent to energy recovery and/or disposal decreases, the local waste authority 

performs better in MSW management  because more waste was prevented or reused or 

recycled . 

Finally, this indicator only assesses certain elements of the performance of the MSW 

management system. For a more comprehensive understanding, the results for this 

indicator should be analysed together with the results for the other indicators 

proposed in this chapter.  

 

MSW  sent to disposal  

 

Overview of indicator  

Phase of 

waste 

management  

Waste treatment  
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Overview of indicator  

Name of 

indicator  

MSW sent to disposal ;  

calculated for MSW or, if data available, just for household waste  

Type of 

indicator  

Quantity -based indicator [kg/ capita /year]  

Explanation  The indicator measures the annual  amount of MSW that is sent to 

disposal, such as landfill  or incineration , without energy recovery 

(all disposal operations are defined in Annex I to the  WFD, see 

Annex 8.1 ).  If this information is not available as such  (e.g. in the 

case of waste authorities or waste management companies not 

managing the whole process) , it can be calculated as follows.  

Firstly, the fate of the MSW collected as mixed waste is taken into 

account for the calculation :  if mixed waste is sent directly to 

incineration without energy recovery  the quantity can be directly 

used for the calculation . If mixed waste instead  undergoes 

pretreatment (e.g. in an MBT plant ) , the quantities actually sent to 

disposal after treatment are needed. Finally, for the calculation of 

this indicator, it is important to include also the amount of rejects 

from sorting/recycling of separately collected fractions that are sent 

to disposal, if known by the local  waste  authority/waste 

management company.  

Calculation 

method 

ὡὥίὸὩ ίὩὲὸ ὸέ ὨὭίὴέίὥὰ 

ὓὭὼὩὨ ύὥίὸὩ  ὙὩὮὩὧὸί 

ὲόάὦὩὶ έὪ ὶὩίὭὨὩὲὸί
 

The number of residents can be substituted by the population 

equivalent where tourist presence is relevant.  

As far as possible, all figures used should refer to the same year.  

Relevant 

BEMPs  

The relevant BEMPs for improving the environmental performance of 

the waste management system assessed with this indicator are:  

- integrated waste management strategies ( Section 3.3.1) ;  

- pay -as-you - throw ( Section 4.3.3) ;  

- awareness - raising ( Section 4.3.5) ;  

- establish ment of  a network  of waste advisers ( Section 

4.3.6) ;  

- home and community composting ( Section 4.3.7) ;  

- local waste prevention programmes ( Section 4.4.1) ;  

- schemes fostering the reuse of products and waste ( Section 

4.4.2) .  

Example 

calculation  

The resident population in Vienna (AT) is 1  741  246. The annual  

(2013)  amount of MSW sent to disposal is 325 tonnes while the 

amount of rejects from sorting/recycling of separately collected 
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Overview of indicator  

fractions sent to disposal is not known. Therefore, the annual 

amount of waste sent to disposal per  person is 0.2 kg/capita.  

In the county of Aschaffenburg (DE) , the resident population (2016)  

is 17 3 585 . The annual (2016) amount of mixed waste sent to 

disposal is 914  tonnes . The amount of rejects from sorting/recycling 

of separately collected fractions sent to disposal is not known. 

Therefore, the annual amount of waste sent to disposal per person 

is 5.3 kg/capita . 

The city of Ljubljana (SI) has 313  708 residents . T he annual (2 016) 

amount of mixed waste sent to disposal is 3  319 tonnes. The 

amount of rejects from sorting/recycling of separately collected 

fractions sent to disposal is not known . T herefore the annual 

amount of waste sent to disposal per person is 10.5 kg/capita . 

References:  BiPRO, Capital Factsheet -  Vienna, 2015; City of 

Vienna, 2017; Morlok J., 2017 ; Petek I., 2017.  

Benchmark of 

excellence  

The annual amount of MSW sent to disposal is:  

- lower than 2  % of the national average of municipal waste 

generation 28 ; or  

- lower than 10 kg/capita.  

Further explanation  

Following the principle of the waste hierarchy , prevention, preparation for reuse  and 

recycling are to be prioritised over energy recovery and disposal. This indicator 

provides a good overview of all MSW that is directed towards the least favourable 

treatment option in the waste hierarchy  (incineration without energy recovery and 

landfilling) . In general , it can be assumed that the municipal solid waste management  

of a local wast e authority is not performing well  if a high share of the MSW generated 

is sent to disposal. A detailed list of d isposal operations is reported  in Annex  8.1 . 

This indicator applies to all MSW  generated within the territory administered by a local 

waste authority collected by any type of scheme (door - to -door, bring points, civic 

amenity sites  etc. )  and for all streams including, where relevant, WEEE, bulky waste, 

street cleaning waste etc., depending on the MSW definition.  

                                           

 

28  As reported by National Authorities or by t he statistical office of the European Union (Eurostat)  
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Figure 2 -7 . Data requirements to calculate  the  ñMSW  sent to disposalò indicator  

I f mixed waste is sent directly to incineration without energy recovery, the quantity 

marked with the number 1 in Figure 2-7 can be directly used for the calculation of this 

indicator. In the event that  mixed waste is pretreated (e.g. in an MBT plant) and the 

local waste authority (or waste management company) is a ware of the actual 

quantities of waste sent to disposal (numbers 5 and 6 in Figure 2-6), these can be 

used for the calculation of the indicator. Simil arly, in the event that  the  local waste 

authority (or the waste management company) is aware of the amount of rejects from 

sorting/recycling of separately collected fractions sent to disposal (numbers 2, 3 and 4 

in Figure 2-7), these quantities could also be added to the indicator. The calculation of 

the indicator could also include (if known) the amount of ashes/slags generated from 

incineration wit h energy recovery which are sent to landfill (number 8 of Figure 2-7) .  

For number 7, it is important not to count amounts of waste treated twice,  i.e . waste 

incineration results in  ashes/slags which are disposed of in landfill (number 7), thus 

this amount, if taken into consideration, cannot be counted in addition to the material 

that enters the incineration without energy recovery treatment ( e.g. numbe r 5). For 

number 4 in  Figure 2-7, it needs to be included  in the calculation of this indicator ;  

however, it is important that the same waste stream is not double counted as the 

amount of waste recycled.   

Data needs and poten tial sources of data  

When the waste authority or waste management company calculating the indicators 

manages the whole process, it can know the exact amount of waste sent to each 
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disposal plant. The data of inputs to those plants can be used as such to cal culate this 

indicator.  

If this information is not available as such (e.g. because some or all of the waste is 

given for treatment/sorting/recycling to other parties), the calculation of this indicator 

can rel y on the following data:  

¶ data on the amounts of mixed waste sent to incineration without energy 

recovery and/or landfill ;  

¶ data from operators of pretreatment plants , if not municipal, on the amounts of 

treated mixed waste sent to incineration without energy recovery and/or 

landfill;  

¶ data from sorting /recycling  plant operators, if not municipal, for rejects that 

were sent to incineration without energy recovery and/or landfill . 

It is clear that for the comprehensive calculation of this indicator it is important to 

obtain data, if the relevant operation s are not managed in -house, from the waste 

treatment operators or the contracted MSW collectors. The provision of this data can 

be included as a clause (e.g. for annual or monthly transmission) in the contract with 

the other actors such as private operator s.  

Furthermore, the number of residents is required for the calculation and it would be 

preferable for  it to refer to the same year as the waste statistics. As mentioned 

previously, in areas with a relevant tourist presence, the population equivalent can be 

calculated  instead . 

Advantages and/or disadvantages of the indicator  

The indicator provides an overview of the least preferable  (according to the waste 

hierarchy)  MSW treatment operation  and can show improvements in term s of the 

waste management  over time. This indicator can therefore be compared to  the waste 

sent to  energy recovery and /or  disposal and provide an overview of the changes over 

time  in the waste management , e.g. towards increased  energy recovery and away 

from disposal . 

A barrier to the calculation of this indicator is that it can be difficult to obtain data 

from all steps of the waste management chain, especially when treatment operations 

(e.g. sorting/recycling, MBT) are performed by other actors such as private plant 

operators.  

In terpretation of result  

Comparing the value obtained for this indicator o ver time can help the waste authority 

or waste management company to assess if the treatment of MSW has moved up the 

waste hierarchy. If waste sent to disposal has decreased, waste has  either  been 

prevented, reused, recycled or recovered, all of which are preferable options in the 

waste hierarchy.   

Since this is a quantitative indicator , the a mounts  calculated  may depend on external 

factors that are not directly related to MSW managemen t , such as GDP within the 

territory administered by a local authority or the fact that waste generation tends to 

be lower when the economy is not performing well .  

Furthermore, the values of this environmental performance indicator  across 

municipalities ca n vary significantly depending on the types of waste streams that are 
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included in the calculation, i.e. only the quantities of mixed waste sent to disposal or 

also rejects from recycling operations.  

In any case , if a large share  of the waste generated with in the territory administered 

by a local authority is sent to disposal , this indicator gives a clear signal of the need 

for an urgent radical  change to the waste management strategy in favour of options 

higher up in the waste hierarchy. This should also be  reflected in  the current and 

future plans for the development of waste treatment plants.   

Finally, this indicator only assesses certain elements of the performance of the MSW 

management system. For a more comprehensive understanding, the results for this  

indicator should be analysed together with the results for the other indicators 

proposed in this chapter.   

2.4.2.  Waste - stream - specific indicators  

This section introduces the  common  environmental performance indicators  selected for 

the assessment of specific collected waste streams in municipal solid waste 

management , such as paper and cardboard, plastics, metal, glass and biowaste. Three 

indicators have been selected, of which two are performance ratios and one is 

quan tity -based. The first two indicators (capture rate and impurity rate) can be 

calculated per individual waste stream, i.e. paper and cardboard, plastics, metal and 

glass. If a co -mingled collection is established, e.g. for plastics and metals, and the 

fract ions cannot be disaggregated, the ratios can be calculated for the co -mingled 

waste stream. No capture rate is calculated for biowaste as data for home composting  

for example  are difficult to gather and have a strong influence on the result.  

The third, qua ntity -based , indicator is for biowaste only and reflects its amount in 

mixed waste.  

   

Capture rate of a specific waste stream  

 

Overview of indicator  

Phase of waste 

management  

Waste collection  

Name of 

indicator  

Capture rate of a specific waste stream  

Type of 

indicator  

Performance ratio [%]  

Explanation  The capture rate is the percentage of the estimated generation of a 

specific waste fraction that is collected separately. It provides 

insights into the efficiency (i.e. how efficient in intercepting the 

recyclables) of a separate collection system.  

The precondition for the calculation of this indicator is that a 

composition analysis of the mixed waste has been performed. In 
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Overview of indicator  

addition, the amounts collected by each c ollection system for each 

material can be compared to the total amount of the same material 

generated within the territory administered by a local authority.  

The capture rate can be calculated for the separately collected 

fractions, e.g.:  

- plastic;  

- m etal;  

- paper and cardboard;  

- glass;  

- co-mingled packaging ;  

- biowaste 29 .  

Calculation 

method  

Example: capture rate for glass:  

ὅὥὴὸόὶὩ ὶὥὸὩ Ὢέὶ Ὣὰὥίί
ὯὫ έὪ Ὣὰὥίί ίὩὴὥὶὥὸὩὰώ ὧέὰὰὩὧὸὩὨ

ὯὫ έὪ ὸέὸὥὰ Ὣὰὥίί ύὥίὸὩ ὫὩὲὩὶὥὸὭέὲ 
ρzππ Ϸ 

Where 

Ὕέὸὥὰ Ὣὰὥίί ύὥίὸὩ ὫὩὲὩὶὥὸὭέὲ 

ὯὫ ίὩὴὥὶὥὸὩὰώ ὧέὰὰὩὧὸὩὨ Ὣὰὥίί ὯὫ έὪ Ὣὰὥίί Ὥὲ άὭὼὩὨ ύὥίὸὩ  

With  

ὯὫ έὪ Ὣὰὥίί Ὥὲ άὭὼὩὨ ύὥίὸὩὯὫ έὪ ὸέὸὥὰ άὭὼὩὨ ύὥίὸὩᶻ

Ϸ έὪὫὰὥίί Ὥὲ άὭὼὩὨ ύὥίὸὩ  

Where the % of glass in mixed waste is calculated from the 

composition analysis of the mixed waste. 

The calculations for  the other waste streams are done accordingly.  

Relevant 

BEMPs  

The relevant BEMPs for improving the environmental performance 

of the waste management system assessed with this indicator are:  

- integrated waste management strategies ( Section 3.3.1) ;  

- pay -as-you - throw ( Section 4.3.3) ;  

- awareness - raising ( Section 4.3.5) ;  

- establish ment of  a network of waste advisers ( Section 

4.3.6) ;  

- home and community composting ( Section 4.3.7) ;  

- waste collection strategy ( Section 4.5.1) ;  

- inter -municipal cooperation among sm all municipalities 

                                           

 

29  The interpretation of the result of the capture rate for biowaste needs to be particularly careful taking into  
account the context (i.e. type of biowaste collection system adopted and presence of home/community 
composting) of the local area considered.  
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Overview of indicator  

(Section 4.5.2) ;  

- civic amenity sites ( Section 4.5.3) ;  

- logistic optimisation for waste collection ( Section 4.5.4) .  

Example 

calculation  

Val di Non is a rural area  in the north of Italy. The annual amount  

(2016)  of separately collected glass (all types) is 1  310 tonnes. 

From the composition  analysis of the mixed waste, the share of 

glass in the mixed waste is about 1.9  % and the total amount of 

mixed waste collected annually is 3  009 tonnes. Therefore, the 

annual  amount of glass in mixed waste is 57 tonnes and the 

capture rate is 95.8  %.  

The county of Aschaffenburg (DE) collects annually  (201 6)  

15  137  tonnes of separately collected paper and cardboard. From 

the compos ition analysis of the mixed waste, the share of paper 

and cardboard in the mixed waste is about 6.65  % and the total 

amount of mixed waste collected from household s annually is 

9 650 tonnes. Therefore, the  annual  amount of paper and 

cardboard in mixed waste  is 6 42  tonnes and the capture rate is 

95. 9 %.  

The county of Aschaffenburg (DE ) collects  annually  (201 6)  

2 381  tonnes of separately collected metals (any type). From the 

compos ition analysis of the mixed waste, the share of metals  in the 

mixed waste is about 3. 1 % and the total amount of mixed waste 

collected from household annually is 9  650 tonnes. Therefore, the 

annual amount of metals  in mixed waste is 299  tonnes a nd the 

capture rate is 87 %.  

The city of Treviso (IT ) collects  annually  (2016)  6 569 tonnes of 

separately collected co -mingled packaging (glass, plastic, metal). 

Additionally, in the civic amenity sites, 233 tonnes of separately 

collected plastics, 375 tonnes of metals and 232 tonnes of glass 

are also collected. From the composition  analysis of the mixed 

waste, the share of the three materials  (glass, plastic  and metals)  

in the mixed waste is 22.1  % and the total amount of mixed waste 

collected annually is 5  851 tonnes. Therefore, the annual amount 

of glass, plast ic and metals in mixed waste is 1  293 tonnes and the 

capture rate for the co -mingled materials is calculated by applying 

the formula below:  

ὅὥὴὸόὶὩ ὶὥὸὩ Ὢέὶ ὧέάὭὲὫὰὩὨ άὥὸὩὶὭὥὰί

ψυ Ϸ.  

References : Coletti D., 2017; Morlok J., 2017; Mattiello M., 2017  

Benchmark of 

excellence  

- The capture rate for waste glass separately collected as a 

single fraction (i.e. not in a co -mingled collection system) is 

higher than 90  % . 
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Overview of indicator  

- The capture rate for waste paper and cardboard separately 

collected as  a single fraction (i.e. not in a co -mingled 

collection system) is higher than 85  % . 

- The capture rate for waste metals separately collected as a 

single fraction (i.e. not in a co -mingled collection system) i s 

higher than 75  % . 

- The capture rate for co -mingled waste packaging is higher 

than 65  % . 

Further explanation  

It is noteworthy that the precondition for the calculation of this indicator is that a 

composition analysis of the mixed waste collected (e.g. door - to -door, kerbside) within 

the territory administered by a local authority has been performed. The capture rate 

helps local waste authorities to  understand how much of a specific material has been 

collected separately for recycling out of the tot al waste generated of that type within 

the territory administ ered by a local authority. It needs  to be stressed that, unlike  

what is  often presented in waste statistics, the waste generation  of a certain material 

is not identical to what has been collected . On the contrary, there is a large proportion 

of a given fraction that is not source separated (at household level) before the 

collection and thus ends up in the mixed waste. For this reason , the tonnage of 

recyclable materials in the mixed waste can be c alculated on the basis of the 

composition analysis. This amount can then be added to the amount of recyclables 

collected, resulting in the correct amount of waste generation for a specific stream.  

Moreover, the capture rate can be calculated for each mate rial collected separately 

within the territory administered by a local authority, i.e. paper and  cardboard, glass, 

metal  and plastic. Depending on the system in place, this can include co -mingled 

recyclables or separate metal  and plastic waste collections.  

The capture rate can be calculated not only for recyclables (e.g. glass, metals, paper 

and cardboard) but also for biowaste. However, when analysing the results obtained, 

the strategy adopted for  the collection and treatment of  biowaste needs to be 

considered. In fact, if only uncooked food is admitted in the separately collected 

biowaste, it is clear that there will be a higher presence of biowaste (i.e. cooked food) 

in the mixed waste, reducing the value of the calculated capt ure rate. Moreover , if  in a 

local area there are both  home/community composting and  separate collection of 

biowaste, the calculation of the capture rate is underestimated, because it is not able 

to correctly assess the amount of bio waste processed in home/ community 

compo sting.  

The calculation of the capture rate needs to take into consideration the  amount of 

each specific waste stream collected by all collection schemes in place . This means 

that if glass , as an example , is collected door - to -door/kerbside, a t bring points, and at  

civic amenity sites  it is necessary  to sum up all these amounts. Furthermore, the 

collection systems might also be operated by private companies on  behalf of the local  

waste  authority,  in which case data from those other actors  should be collected.  
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Figure 2 -8 . Data requirements to calculate the ñCapture rate (per specific waste stream)ò 

indicator  

The capture rate of a specific separately collected waste stream is calculated by 

dividing the total amount of that waste stream collected separately (number 1 in 

Figure 2-8) by the total amount of that waste stream collected  separately  plus the 

amount of that waste stream in the mixed waste (number 2 in Figure 2-8), calculated 

thanks to a composition analysis.    

Data needs and potential sources of data  

Three figures are required for the calculation of each capture rate:  

¶ amount (kg) of separately collected material;  

¶ composition analysis of the mixed waste;  

¶ amount (kg) of a specific waste stream contained in the mixed waste 

(determined by a composition analysis) .   

Please note that data might need to be collected from diff erent operators and different 

private collection schemes , for instance from door - to -door/kerbsid e collection, bring 

points  and civic amenity sites . This may mean  approaching different actors (e.g. 

private operators )  if the different waste fractions and col lection systems are not all 

managed by one organisation . 

Advantages and/or disadvantages of the indicator   

The capture rate is a performance ratio that allows a very comprehensive assessment 

of the actual amount of a recyclable fraction which is captured by the municipal solid 

waste management  system in place. In comparison to quantity -based indicators , this 

ty pe of indicator expresses  the performance of the separate collection system for  a 

specific fraction within the territory administered by a local authority.  

Therefore , the indicator is important to obtain information about the efficiency of the 

separate col lection system and about how thoroughly waste is separated at source. It 

can give indications on where improvements in waste collection strategy and economic 

instruments could be required. Moreover, it enables comparison on a yearly or even 

more frequent b asis depending on the frequency of data gathering.  
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Like the other environmental performance indicator s, this one also has its 

disadvantages. As an example , one limitation might be due to EPR systems 

established at national level, such as bottle deposit re fund schemes, for which data at 

municipal level can mostly not be disaggregated. This will partially hide the actual 

collection performance because the amounts collected by the EPR system will not 

appear in the municipal statistics. The amount in the mixed  waste will be lower but so 

too will the amount collected . 

Interpretation of result  

Unlike the environmental performance indicators  presented in Section 2.4.1 , the 

capture rate is a performance ratio, which means that it puts absolute terms in 

relation to each other, thus avoiding limitations imposed  by quantity -based indicators 

in term s of interpretation. In contrary to quantity based indicators performance ratios 

allow the assessment of the performance of a local waste authority related to a 

specific aspect of municipal solid waste management .  

The capture rate for a specific waste stre am is important to gain a better 

understanding of the efficiency of the established collection system. As an example , 

the percentage of MSW collected separately compared to the mixed collection can be 

very low in one municipality but this does not provide an indication of how well  the 

separate collection  system  works.  Of course , a generally low separate collection rate 

for  MSW is an indication that the collection performance needs to be improved but it is 

necessary to investigate further to determine for wh ich waste stream collected 

separately this is most importan t.  

In general , the reasons for low separate collection rates are that there are weaknesses 

in the collection infrastructure, i.e. bring points or civic amenity sites are too far away, 

or that the p opulation does  not have a proper understanding of the functioning of the 

system and lacks awareness. Different solutions can be applied by local waste 

authorities to increase the capture rate:  

¶ Investigate the collection infrastructure and the distance of citizens from 

collection points . 

¶ Assess the knowledge of the population on the separate collection schemes 

and awareness - raising . 

¶ Examine the cost structure for waste collection , e.g. how much  is the fee 

for door - to -door  mixed waste collection? Is there sufficient incentive to sort 

the fractions instead of putting them in the mixed waste?  

Furthermore, for better interpretation of the results, it is important to provide , as 

notes to the calculati ons,  information on the types of collection systems applied per 

respective waste stream within  the territory administered by the  local authority. 

Interesting additional information might also be by whom the collection system is 

established /managed , private  or public  organisations . 

Several additional external factors influence the result of the capture rates per 

material and it is important to consider them . Important factors are , inter alia , waste 

scavengers, large generators of a specific material, and retailers and recyclers that 

have established their own (informal) system.  

This is also the case if a deposit refund scheme (DRS) for some types of waste (e.g. 

glass drink bottles) is in place . If such a system is present and working, the capture 

rate of the re leva nt  waste stream will increase because there is an additional incentive 
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for the population not to dispose of the specific type of waste  in mixed waste. For local 

waste authorities that have implemented such a DRS , it is important to include this 

in formation in the reporting on this environmental performance indicator  and to also 

take it into account in the interpretation of the corresponding capture ra tes per waste 

stream.  

Impurity rate of a specific waste stream  

 

Overview of indicator  

Phase of 

waste 

management  

Waste generation, collection and sorting  

Name of 

indicator  

Impurity rate in a specific separately collected waste stream  

Type of 

indicator  

Performance ratio [%]  

Explanation  The impurity rate of a specific waste stream refers to the amount of 

non - target materials in the separately collected waste stream. This 

indicator is closely linked to the previous indicator (capture rate) as 

it monitors the effectiveness (i.e. how effecti ve in  selecting the 

recyclables  at home the residents are ) of a separate collection. It 

provides information about the amount of misthrows and materials 

contained in the separately collected recyclables that cannot be 

recycled.  

The impurity rate can be cal culated for the separately collected 

fractions, e.g.:  

- plastic;  

- m etal;  

- paper and cardboard;  

- glass;  

- co-mingled packaging;  

- biowaste  

Two indicators may be calculated for biowaste if kitchen waste and 

garden waste are collected separately:  

a)  impurity rate in separately collected kitchen waste ;  

b)  impurity rate in separately collected garden waste . 

Calculation 

method  

Example: impurity rate for metal  

ὍάὴόὶὭὸώ ὶὥὸὩ Ὢέὶ άὩὸὥὰ
ὯὫ έὪ ὲέὲὸὥὶὫὩὸ άὥὸὩὶὭὥὰ Ὥὲ ὧέὰὰὩὧὸὩὨ άὩὸὥὰ ύὥίὸὩ

ὯὫ έὪ ίὩὴὥὶὥὸὩὰώ ὧέὰὰὩὧὸὩὨ άὩὸὥὰ ύὥίὸὩ
ρzππ Ϸ 

The calculations for the other waste streams are done accordingly.  
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Overview of indicator  

Please note that impurity rates for the separately collected fractions 

may be received directly as percentage values from the sorting 

operator. In this case, no further calculation is necessary.  

Relevant 

BEMPs  

The relevant BEMPs for improving the environmental performance 

of the waste management system assessed with this indicator are:  

- inte grated waste management strategies ( Section 3.3.1) ;  

- pay -as-you - throw ( Section 4.3.3) ;  

- awareness - raising ( Section 4.3.5) ;  

- establish ment of  a network of waste advisers ( Section 

4.3.6) ;  

- home and community composting ( Section 4.3.7) ;  

- waste collection strategy (Section 4.5.1) ;  

- inter -municipal cooperation among small municipalities 

(Section 4.5.2) ;  

- civic amenity sites ( Section 4.5.3) ;  

- logistic optimisation for waste collection ( Section 4.5.4) .  

Example 

calculation  

In the department of Lot, in France, the annual (2015) amount of 

dry recyclables (paper, plastic and metal) collected is 

15  810  tonnes and the amount of impurities  detected is 

4 097  tonnes. Therefore, the impurity rate for the waste fraction of 

dry recyclables is 26  % . 

Reference s:  (Lot Tourisme, 2017)  and (Syndicat Départemental 

pour lô£limination des D®chets M®nagers et Assimil®s, SYDED, 

2015)  

Benchmark of 

excellence  

N/A 

Further explanation  

It is useful to calculate the impurity rate for each separately collected waste stream 

within the territory administered by a local authority. Depending on the system in 

place, this can include co -mingled recyclables or separate metal and plastic waste 

col lections.  

This indicator includes the impurities collected in all different collection schemes 

established for a material ;  this can include door - to -door collection, bring point 

collection, collection by an EPR scheme, and collection in civic amenity sites . Before 

calculating this indicator , it is important to develop an understanding of all the 

collection and treatment routes that are established for a material in order to collect 

all relevant data from private actors  too .  

Data needs and potential sources  of data  

Data needed for calculating the impurity rate are manifold and might sometimes be 

difficult to obtain. For each separately collected waste stream, the amount of 

impurities in  the stream needs to be available. This is reflected by the amounts of 
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non- target material determined during sorting at the recycling facility. Please note 

that the impurity rate does not include material that is excluded from recycling due to 

particularities of the recycling process or the economics of the plant. This means  fo r 

example  that glass in plastic waste is considered a non - target material but different 

types of plastics that are contaminated or are too low in quality for the recycling 

process are not considered non - target material as they have been sorted correctly at  

source.  

Besides the amount of non - target material , the amount of separately collected waste 

per waste stream is required.  

It is important to obtain data from the local treatment operator(s) or the contracted 

MSW collector(s) if this is not available to  the local waste authority . The provision of 

this data can be included as a clause (e.g. for annual or monthly transmission) in the 

contract with other actors such as private operators. Furthermore, it is important that 

data from all the different collecti on systems (e.g. door - to -door collection, bring points 

and civic amenity sites ) is gathered.  

 

Figure 2 -9 . Data requirements to calculate the ñImpurity rate (of a specific waste fraction)ò 

indicator  

Based on the model waste flow described in Figure 2-9, amounts of separately 

collected waste fractions that cannot be directed to recycling and are thus sent to 

landfill (number 1) or incineration (number 2) are needed. In addition , further rejects 

from the recycling plant that are sent to landfill (number 3)  or to incineration (number 

4) can be added for the calculation of  this indicator.  

For a local waste authority in the process of calculating this indicator, instead of 

assessing the quantities for each of the relevant flows mentioned in the previous 

parag raph, it might be easier to obtain  data on the impurity rate from other actors 

(e.g. private operators ) , based on an analysis of the quality (amount of misthrows) of 
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the material delivered to the sorting/recycling plant. In fact, f or  some local waste 

authorities , information from the recycler on the quality (i.e. share of non - target 

materials) of the separately collected waste delivered is available as payments are 

based on this factor . However, one constrain t  is that data availability might be  

severel y hampered if the collection of a specific material, e.g. glass, is not performed 

by a public collection service. In this case , it is possible that both the collector and the 

recycler  are private actors and the municipalities can have difficulties obtainin g the 

data on non - target material quantities. This situation can be prevented by establishing 

contracts with data provision clauses; if this is not possible, then the only possibility is 

to sample separately collected waste, although  this operation is very  expensive .  

Advantages and disadvantages  

The indicator provides information about the quality of sorting at source. The impurity 

rate is an important indicator to assess the functioning of the sorting at source and 

may change over time , e.g. when awarenes s- raising measures are effective.  

Interpretation of result s 

It is important to consider in the interpretation of results that impurity rates for a 

collection system can be lower for materials where an EPR system, e.g. for plastic 

bottles, is established as  this leads to higher recycling rates. Also , deposit schemes , 

e.g. for glass bottles , may have a positive impact on impurities in glass waste as the 

bottles are returned for reuse instead of being disposed of with other glass waste.  

Impurities  can vary a l ot among different fractions in  the co-mingled waste collected . 

For this reason , it is importa nt to strive for precise data on  the impurity rates of the 

different material fractions included in  the co -mingled collection, although such data 

might be difficu lt to obtain.  

For biowaste , the results might also significantly vary depending on which types of 

biowaste are collected by the system. There are often misunderstandings on the part 

of  residents on what they are allowed to dispose of as  biowaste. For this  reason , when 

interpreting the results , it can be important to look at the scheme established and 

consider whether it collects uncooked biowaste only or uncooked and cooked biowaste 

and kitchen waste together.  

Local waste authorities should  take care when  data are  provided for all rejects and not 

only for misthrows and non - target material because this may lead to high impurity 

rates despite proper sorting at source due to specific requirements of the recycling 

facility, e.g. to generate high -quality recycl ing products. For this reason, it is 

important to define and describe the impurities for each material.  

When impurity rates are high, potential measures for local waste authorities include 

awareness - raising campaigns on target materials for each separatel y collected  waste 

stream or an assessment of the suitability of the collection systems, e.g. are enough 

bring -points established in a certain area ? 
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Biowaste in mixed waste  

 

Overview of indicator  

Phase of waste 

management  

Waste generation, collection and sorting  

Name of 

indicator  

Biowaste in mixed waste  

Type of 

indicator  

Quantity-based indicator [ kg/capita/year] 

Explanation  The indicator describes the annual  amount of biowaste included in 

mixed waste, which is identified by a composition analysis.  

Calculation 

method  
ὄὭέ ύὥίὸὩ Ὥὲ άὭὼὩὨ ύὥίὸὩ

ὯὫ έὪ άὭὼὩὨ ύὥίὸὩϷz έὪ ὦὭέύὥίὸὩ

ὲόάὦὩὶ έὪ ὶὩίὭὨὩὲὸί
 

Where the % of biowaste in mixed waste is calculated from the 

composition analysis of the mixed w aste.  

The number of residents can be substituted by the population 

equivalent where tourist presence is relevant.  

As far as possible, all figures used should refer to the same year.  

Relevant 

BEMPs  

The relevant BEMPs for improving the environmental performance of 

the waste management system assessed with this indicator are:  

- integrated waste management strategies ( Section 3.3.1) ;  

- pay -as-you - throw ( Section 4.3.3) ;  

- awareness - raising ( Section 4.3.5) ;  

- establish ment of  a network of waste advisers ( Section 4.3.6) ;  

- home and community composting ( Section 4.3.7) ;  

- waste collection strategy ( Section 4.5.1) ;  

- inter -municipal cooperation among small municipalities 

(Section 4.5.2) ;  

- civic amenity sites ( Section 4.5.3) ;  

- logistic optimisation for waste collection ( Secti on 4.5.4) .  

Example 

calculation  

In Schladming (AT) the population in the area is 22  550 , while the 

population equivalent, since it is a touristic area during summer and 

winter, is 26  557. The annual  (2015)  amount of mixed waste collected 

is 1  952 tonnes and the share of biowaste in the mixed waste, 

obtained from a composition analysis, is 18  %. Therefore, the annual 

amount of biowaste in the mixed waste is 351 tonnes which means 

13.2 kg/capita, calculated taking into account the population 

equivalent and not the number of residents.  

Reference : Amt der Steiermärkischen Landesregierung, 2017   
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Overview of indicator  

Benchmark of 

excellence  

The annual amount of biowaste in mixed waste is lower than 

10  kg/capita .   

Further explanation  

The indicator describes the amount of biowaste included in mixed waste per 

population equivalent. It is noteworthy that the precondition s for the calculation of this 

indicator are  that biowaste is collected separately as a single fraction in the waste 

management system considered and a composition anal ysis of the mixed waste 

collected within the territory administered by a local waste authority has been 

performed. When biowaste is collected  separately , this indicator allows the 

assess ment of  the performance of the system in capturing biowaste. In fact, 

calculating the actual capture rate for biowaste is very difficult (e.g. the presence of 

home composting in the territory prevents the calculati on of  the total amount of 

biowaste generated), while this indicator measures the biowaste not following the 

corr ect route . B iowaste general ly  has the largest share in terms of quantity within  

MSW and the reduction of biowaste being landfilled  (i.e. increasing the amount 

correctly managed , e.g. with anaerobic digestion)  is of utmost importance in the EU 

strategy for waste management.  

 

Figure 2 -10 . Data requirements to calculate the ñBiowaste in mixed wasteò indicator  

 

This indicator can  be calculated from the stream number 1, mixed MSW , in Figure 

2-10 . 

Data needs and potential sources of data  

This indicator requires, besides the mixed waste generation data, the result of the 

composition analysis.  
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Furthermore, the number of residents is re quired for the calculation and it would be 

preferable for  it to refer to the same year as the waste statistics. As mentioned 

previously, in areas with a relevant tourist presence, the population equivalent can be 

calculated  instead . 

Advantages and disadvantages  

As well as other indicators, the indicator on biowaste in mixed waste requires a 

composition analysis of the mixed waste. Furthermore , what is included in the 

biowaste and what is not  needs to be stated in  a note to the calculation , e.g. is cooked 

food collected together with garden waste ? Since the amount of biowaste generated 

changes over the season, i.e. more biowaste is generated in summer than in winter, it 

is worthwhile having several composition analyses available and comparin g the results 

of the indicator for different seasons.  

Overall, since this is a quantitative  indicator , the results might vary significantly across 

different  municipalities. Amounts may depend on external factors that are not directly 

related to MSW managem ent, such as climate  and  consumption patterns .  

Interpretation of result s 

This indicator is very comprehensive and provides a good overview of how much 

biowaste is not sorted at source and captured by a separate collection system. Over 

time, it can provide insights into  how waste generation and awareness for sorting 

change from year to year. In some cases , it could also provide an indication o f the 

status of waste prevention and it can help to identify how the separate collection of 

biowaste evolves over time.  

The result, however, depends on several aspects. For the interpretatio n of the 

indicator , it is important to reflect on the type of waste included in the fraction (i.e. 

which groups of organic waste can be disposed  of ) as well as on the number of 

households conducting home /community  composting.  The type of biowaste allowed 

(e.g. cooked and uncooked food vs. only uncooked food)  in the biowaste collection 

system influences the amount of biowaste that will remain in mixed waste, e.g. if only 

uncooked waste is collected there will be more cooked waste in the mixed waste . If 

large  amounts of biowaste are observed in mixed waste although a separate collection 

system is in place, local waste authorities can reflect on the effectiveness of this 

system and plan  measures to increase the separate collection rate in order to avoid 

biowaste in mixed waste. Such measures may include awareness - raising , e.g. by 

sending flyers to households  or  start ing  a campaign  with waste advisers . 

In general, i t is important that loc al waste authorities work with the aim of reducing 

the amount of biowaste in mixed waste  as much as possible . However, this indicator is 

also influenced by the presence of other fractions  (e.g. plastics, glass, metals)  in 

mixed waste (i.e. the more other f ractions are separated out of mixed waste, the 

higher the  share  of biowaste  would be, for a constant amount of biowaste).  

 

2.5.  Additional waste - stream - specific indicators  

The assessment of the municipal solid waste management  performance based on the 

indicators described in Section 2.4  provides a general understanding of the 

performance of the system. Some municipalities might want to assess their 

performance beyond the waste streams and indicators covered there. The following 
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additional indicators can be used by those municipalities that have a collection system 

established for glass bottles and/or textiles, to help them assess the per formance of 

waste management in this regard  too .  

However, it can be noted that these indicators are not accompanied by the same level 

of information as the environmental performance indicators  presented in the previous 

section , as they are used for additi onal measurement of the performance of collections 

not necessarily established in most municipalities in the EU. The following sections 

include an explanation of the additional indicators, a calculation method, and some 

conclusions on limitations, advantag es, disadvantages , etc., if possible.  

Collection scheme for glass bottles  

 

Overview of indicator  

Phase of waste 

management  

Waste collection  

Name of 

indicator  

Presence of a deposit refund scheme for glass bottles  

Type of 

indicator  

Qualitative indicator [y/n]  

Explanation  The indicator on the presence of a deposit refund scheme (DRS) 

for glass bottles (y/n) is needed to  complement the capture rate 

and the impurity rate for glass waste, because of the very 

significant influence of such a deposit refund scheme on the 

results obtained  by  the capture and impurity rate indicators.  

Calculation 

method  

Yes/No; no calculation needed  

Description of the deposit refund scheme  

Conclusions on 

indicator  

This indicator does not provide an overview of the actual 

performance of a waste management system for glass waste as it 

is a purely qualitative indicator whose assessment gives no 

information on the functioning of the DRS itself.  

However, the presence of  a DRS for glass bottles can have a 

significant impact  on the amounts of glass waste collected and 

also on the capture rate  (higher since there is a strong incentive 

to collect glass bottles  separately ) . When interpreting the results 

of the capture and imp urity rate for glass , it is useful to take the 

presence of a DRS into account .   

Please note that it is possible that such DRS are also established 

for other streams , not only for glass,  such as plastic bottles or 

cans. However, these systems are rarely  implemented in  the EU 

and are therefore not considered in this document.  
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Overview of indicator  

Another dimension of glass deposit refund schemes is the 

possibility that they target glass bottles for refill ing . In such 

cases, the waste management phase addressed by the DRS is 

waste prevention. However, such DRS for refillable glass bottles 

are rarely  in place.   

Benchmark of 

excellence  

N/A 

 

Amount of used and waste textiles collected  separately  

 

Overview of indicator  

Phase of waste 

management  

Waste collection  

Name of 

indicator  

Amount of textiles collected  separately  

Type of 

indicator  

Quantity -based indicator [kg/ capita /year]  

Explanation  The indicator reflects the annual  amount of used and waste 

textiles collected separately through the collection scheme 

established by the local waste authority. This includes both used 

textiles sent for  reuse and waste textile s sent to  either 

preparation for reuse or recycling.  

Calculation 

method  

ὝὩὼὸὭὰὩί ὧέὰὰὩὧὸὩὨ ίὩὴὥὶὥὸὩὰώ 

όίὩὨ ὥὲὨ ύὥίὸὩ ὸὩὼὸὭὰὩ ὧέὰὰὩὧὸὩὨ ὴὩὶ ώὩὥὶ ὯὫ

ὲόάὦὩὶ έὪ ὶὩίὭὨὩὲὸί
 

Please also note that the figures used should be presented in kg 

and that  separately collected textiles from bring points and civic 

amenity sites can be considered, if  applicable. If available, data 

from private collections can be added.  

Conclusions on 

indicator  

This indicator has several limitations in terms of the interpreta tion 

of the results as it is a quantity -based indicator , not one providing 

reliable evidence on the performance of the collection system. 

Another relevant aspect is that most of the used and waste textile 

collections are performed by private companies, charities or 

associations and the local waste authorities only rarely have 

access to collection data; or there is no monitoring of the 

amounts collected.  
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Overview of indicator  

This  indicator can provide the local waste au thority with an 

indication of the collection performance over the years, i.e. 

increase or decrease in  the collected amounts.   

Benchmark of 

excellence  

N/A 

 

Textiles in mixed waste  

 

Overview of indicator  

Phase of waste 

management  

Waste generation, collection and sorting  

Name of 

indicator  

Share of textiles in mixed waste  

Type of 

indicator  

Performance ratio [%]  

Explanation  The share of textiles found in mixed waste can be used  to monitor 

the correct source separation by households of waste  textiles and 

the efficiency of the used and waste textlies collection system . 

This metric allows the assess ment of  the quantity of  textiles that 

are not correctly source separated and are thus disposed of in the 

mixed waste.  

Calculation 

method  

ὝὩὼὸὭὰὩί Ὥὲ άὭὼὩὨ ύὥίὸὩὯὫ έὪ άὭὼὩὨ ύὥίὸὩ ὧέὰὰὩὧὸὩὨϷz έὪ ὸὩὼὸὭὰὩί  

Where the % of textiles in mixed waste is calculated from the 

composition analysis of the mixed waste.  

As far as possible, all figures used should refer to the same year.  

Conclusions on 

indicator  

The indicator provides information about the performance of 

sorting at source and on  the collection  of waste and used textlies . 

The share of textiles in mixed waste is an important indicator to 

assess the functioning of sorting at source and may change over 

time , e.g. when awareness - raising measures are effective , more 

collection points are installed . 

This metric allows the assess ment of  the quantity of  waste and 

used textiles that do not follow a correct route (to reuse or 

recycling) and are disposed of in the mixed waste. It is important 

that local waste authorities work with the aim of reducing waste 

textiles in mixed waste  as much as possible . However, this 

indicator is also influenced by the presence of other fractions in 



 
 

              Best Environmental Management Practic e for the Waste Management Sector  

 

146  

Overview of indicator  

mixed waste (i.e. the more other fractions are separated out  of 

mixed waste, the higher the share of waste textiles  would be, for 

a constant amount of textiles).  Therefore, this indicator can be 

used for regular monitoring an d, possibly, improvement of waste 

textiles collection within the same local waste authority 's territory  

but comparisons based on this indicator with other local 

administrations are  difficult.  

Benchmark of 

excellence  

N/A 

 

Capture rate for textiles  

 

Overview of indicator  

Phase of waste 

management  

Waste collection  

Name of 

indicator  

Capture rate for textiles  

Type of 

indicator  

Performance ratio  [%]  

Explanation  The capture rate is the share of the estimated generation of a 

specific waste fraction that is collected separately. It provides 

insights into the efficiency of a separate collection system. The 

precondition for the calculation of the capture rate for textiles is 

that a composition analysis of the mixed waste has been 

performed. In addition,  all the amounts of waste textiles collected 

by each collection system (public and private) are needed in order 

to calculate the indicator.  

Calculation 

method  

ὅὥὴὸόὶὩ ὶὥὸὩ ὸὩὼὸὭὰὩ
ὯὫ έὪ ὸὩὼὸὭὰὩί ίὩὴὥὶὥὸὩὰώ ὧέὰὰὩὧὸὩὨ

ὯὫ έὪ ὸέὸὥὰ ὸὩὼὸὭὰὩ ύὥίὸὩ ὫὩὲὩὶὥὸὭέὲ 
ρzππ Ϸ 

Where  

Ὕέὸὥὰ ὸὩὼὸὭὰὩ ύὥίὸὩ ὫὩὲὩὶὥὸὭέὲ 

ὯὫ ίὩὴὥὶὥὸὩὰώ ὧέὰὰὩὧὸὩὨ ὸὩὼὸὭὰὩί ὯὫ έὪ ὸὩὼὸὭὰὩί Ὥὲ άὭὼὩὨ ύὥίὸὩ  

With  

ὯὫ έὪ ὸὩὼὸὭὰὩί Ὥὲ άὭὼὩὨ ύὥίὸὩὯὫ έὪ ὸέὸὥὰ άὭὼὩὨ ύὥίὸὩᶻ

Ϸ έὪὸὩὼὸὭὰὩί Ὥὲ άὭὼὩὨ ύὥίὸὩ  

Where the % of textiles in mixed waste i s calculated from the 

composition analysis of the mixed waste.  
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Overview of indicator  

Conclusions on 

indicator  

The capture rate for textiles is the best indicator for 

understanding  the actual collection performance of this waste 

stream. It is useful if the amounts collected via all routes (private 

and public collections, bring points and civic amenity sites) are 

available to calculate this indicator.  

However, unlike for other MSW streams like paper, waste  textiles 

are mainly  collected  by private collectors that are often not 

regulated by the municipalities, meaning that municipalities do 

not have a complete overview of the amounts collected. This can 

pose problems in identifying the actual amount of textiles 

collected separate ly and will decrease the reliability of the 

calculated indicator.  

It is recommended to use this indicator for the assessment of  the 

performance of  the separate collection of waste textile s only when 

the local waste authority has data on  the amounts collected by 

private companies or when there is no/almost no private 

collection , in order to ensure the reliability  of the indicator . 

Otherwise, it is advisable to use the indicator on the amount of 

textiles in mixed waste.   

Benchmark of 

excellence  

N/A 
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3.  Cross - cutting issues  

3.1.  Introduction  

Looking at the current economic system (see  Figure 1-10 ), thousands and thousands 

of products including packaging are produced and consumed, and these all end up as 

waste at a certain point. In order to reduce the environmental impacts of waste 

management and, especially, production, the objectives are to sign ificantly increase 

the resource efficiency of the economic system by developing waste prevention, and 

to establish a circular economy to reuse, recycle and recover the waste materials. 

Following the overall scope of this report, the cross -cutting issues ar e those 

concerning municipal solid waste, construction and demolition waste, and healthcare 

waste. Specific best practices for these different waste streams are described for each 

of them separately in the following chapters (Chapters 4, 5 and 6).  

3.2.  Technique p ortfolio  

The focus is on the development of a waste strategy. This strategy is based on a 

detailed  analysis of the waste situation for a given municipality, city, county or region 

whic h should include knowledge of the quality and quantity of as many waste streams  

as possible . The waste strategy could also be called a waste management plan , which 

includes waste management targets in terms of rates for waste prevention, reuse, 

recycling and recovery, as well as the treatment and its efficiency of the different 

waste fractions, such as not to landfill any untreated waste. Of course, such a str ategy 

or plan has to respect existing regulations but should also represent the pathway 

towards greater  resource  efficiency and a circular economy. The efficient collection of 

the different fraction s is also part of it. In the following chapters, for the t hree waste 

groups  mentioned , a number of techniques to consider when defining best 

environmental management practices are described in detail. Thus, when defining the 

waste strategy, the different techniques are only mentioned without describing them 

in mo re detail.  

Sometimes, there are different options for  certain waste streams and it may be that it 

is not obvious which of those is the most environmentally friendly or most sustainable. 

In this case , it is adequate to use life -cycle considerations in order  to identify the best 

option or to justify the selected one (see Section 3.3.2 ).  

The financial dimension of waste management is also considered through the 

application of economic instruments. Given the right conditions, the application of 

these by waste authorities at local level can produce a remarkable change in the 

amount of wastes generated ( see S ection 3.3.3 ).  
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3.3.  Cross - cutting BEMPs  

3.3.1.  Integrated w aste  management s trategies  

 

Summary overview  

It is BEMP to develop and implement an integrated waste management strategy that 

considers:  

- the current and future expected trends of waste streams;  

- the waste hierarchy 30 , prioritising measures according to the hierarchy (firstly 

waste prevention, secondly preparation for reuse , etc.);  

- the availability and capacity of nearby waste sorting/treatment fa cilities;  

- the current environmental attitudes and perceptions of residents;  

- any other specific condition affecting waste management (e.g. the significant 

presence of tourists/commuters, specific economic activities, climate).  

The development of a waste management strategy requires knowledge of the quantity 

and quality of each major waste stream through an appropriate data monitoring 

approach and a sound evaluation of waste management options. This may require, in 

some cases, the use of a life -cycle asses sment (LCA) to identify options associated 

with the best environ mental performance (see BEMP 3.3 .2), which may sometimes 

depart from the waste hierarchy.  

Waste management area  

Cross -

cutting  

MSW -  

strategy  

MSW -  

prevention  

MSW -  

collection  

MSW 

-  EPR  

MSW -  

treatment  

CDW  HCW  

Applicability  

This BEMP is primarily targeted to waste authorities with control, or at least significant 

influence over, waste management strategy at the local or regional level ï primarily 

local authorities. The waste authority may need to outsource aspects of strategic 

planning where particular specialist expertise, such as analytical data skills and 

knowledge of waste treatment processing, are required.  

Specific environmental performance indicators  

- Overall targets for the improvement of the waste management system (e.g. 

based on the indicators defined in this report ) are in place (y/n).  

                                           

 

30  The waste hierarchy consists of the following steps:  waste prevention, preparation for reuse , recycling, 
recove ry and disposal  
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- Specific targets for waste prevention and reuse are in place (y/n).  

Benchmark of excellence  

- An integrated waste management strategy that includes long - term (i.e. 10 ï20 

years) and short - term (i.e. 1 ï5 years) overall targets for the improvement of 

the performance of the waste management system is in place and regularly 

reviewed (at least every 3 years).  

Description  

Waste management deals with a considerable number of different waste streams , 

including MSW , but also various hazardous wastes, construction and demolition waste 

(Chapter 5) and healthcare waste ( Chapter 6),  and a multitude of processes .   

For the development of an integrated local waste management strategy, the local 

authority and waste management company need to carry out a detail ed assessment of 

the current situation of waste generation and collection in the territory, evaluate which 

opti ons for the collection and treatment of waste are available, what is the current 

environmental level of education and perception of residents  and identify the 

specificities (e.g. presence of tourist s, prevalence of specific economic activities) which 

influ ence the local waste management system.  

A key starting point  for the development of a waste management strategy for MSW  

( the approach would  also  be the same for CDW and healthcare waste )  is to monitor 

the current situation of the waste management system and to calculate, for the total 

municipal solid waste and for its different fractions available, the common 

environmental performance indicators presented in Section 2 and the spatial density 

of the waste generation (e.g. tonne/km 2) in the territory . By doing so , a detailed 

picture of the current waste generation, the capacity of the system to capture (any) 

specific recyclable streams and the quality of the streams collected separately can be 

evaluated .  

Based on the assessment of the existing waste stream quantities and qualities, the 

waste strategy can define:  

¶ the targets for waste prevention/reuse/recyclin g/recovery for the different waste 

streams ;  

¶ the most environmentally friendly disposal route for  residual waste ;   

¶ the mix of techniques/instruments/approaches to achieve the targets.  

During the development of the integrated waste management strategy, techn ical and 

economic instruments as well as psychological aspects of citizensô behaviour, such as 

environmental  awareness, have to be taken into consideration. The integrated waste 

management strateg y has to follow  the waste hierarchy ( Figure 3-1), prioritising 

prevention, minimisation and reuse as the most sustainable options  for waste 

management , followed by recycling, with energy recovery and disposal as the least 

sustainable options. Based on this, a key decision when establishing a  waste 

management strategy is the identification of the trade -offs between high recycling 

rates ( normally  leading to low -quality  recycling) and lower recycling rates but wit h 

high -quality recycling.  This choice is based on local conditions , namely current 

recycling levels, urban or rural environment, environmental con sciousness of citizens, 

availability and capacity of nearby recycling plants and incinerators , market value of  
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recyclables and incineration and landfill gate fees . In general, life -cycle thinking can 

support choices, selecting the most environmentally friendly and sustainable options 

for waste recycling and mixed waste treatment. In some cases, a detailed evaluation 

of alternatives  through a life -cycle assessment (LCA) may be required to identify 

options with the best environmental profile (see BEMP in Section 3.3.2  on LCA of 

waste management options). LCA can lead to choices which may depart from the 

waste hierarchy, since local conditions can improve or worsen the environmental 

performance of the different stages of the waste hierarchy  (e. g. long transport 

distances to civic amenity sites  which leads to higher GHG emissions compared to a 

close -by recycling plant).   

 

  

Figure 3 -1 . Waste hierarchy according to the Waste Framework Directive ( 2008/98/EC )   

 

The development of the waste management strategy for municipal solid waste can rely 

on a number of instruments and approaches , presented in Section 4.3 , such as  the 

anal ysis of  the  estimated cost s and revenues for the waste management, the 

economic tools suitable for  charg ing  residents, performance -based contracts and 

awareness - raising campai gns.  

At local level , the possibilities to imp lement waste prevention measures are limited ;  

however,  in this document, two BEMPs for waste prevention are presented in Section 

4.4 , and these can support shaping the strategy for the waste prevention and 

minimisation steps.  

In  the same way, BEMP 4.5.1  on waste collection strategy provides an in -dep th 

overview of the different options for the  collection systems that  can be adopted in the 

waste management strategy, presenting also their advantages and disadvantages.  

Once the strategy has defined the types and quantities of materials suitable for 

collection and recycling the system for their collection needs to be defined.   

Finally, after the BEMPs on collection of waste, BEMP 3.3.4 provides guidance (for 

MSW but also  for CDW and HCW) for the development and implementation of a waste 

management strategy , also for the waste management phases with low priority in the 

waste hierarchy pyramid (i.e. waste treatment and disposal facilities, recycling and 

recovery operations) .  

In the case of CDW and HCW, as for municipal solid waste, the development of the 

waste management strategy needs to be based on the waste hierarchy and several 
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measures which can be adopted and go in that direction are presented in Chapters 5 

and 6.  

When establishing a waste management strategy, l ong - term planning is required , as 

the implementation of the strategy can only be achieved step by step, i.e. waste 

stream by waste stream. Therefore,  prioritisation is needed and the start ing point  

should target  the most relevant waste streams , where the relevance takes into 

account  quantity and hazard.  Short - term and long - term  targets are a useful tool to 

monitor prog ress and they can be calcu lated using the indicators employed for the 

systematic monitoring of the waste management system.  

Achieved environmental b enefit s   

The implementation of an integrated waste  management strategy is normally  

associated with environmental benefits, specifically with the reduction of mixed waste 

and a significant increase in the percentage of waste reduction, reuse and recycl ing . 

Appropriate environmental indicator s  

The most appropriate environmental performan ce indicators for the development and 

monitoring of a waste management strategy for municipal solid waste are the ones 

reported in Chapter 2.  

Addit ionally, specific indicators to assess the level of implementation of this technique 

are  as follows :  

¶ Overall targets for the improvement of the waste management system (e.g. 

based on the indicators defined in this report ) are in place (y/n).  

¶ Specific targe ts for waste prevention and reuse are in place (y/n).  

Indicators that can be used to monitor the waste management strategy for CDW and 

HCW instead can be the ones presented in the different BEMPs of Chapters 5 and 6. 

Cross - media effects   

There are no relevant environmental cross -media effects  when developing  a waste 

management strategy.  

Operational data   

Aschaffenburg (Germany)  

The county of Aschaffenburg  (Germany )  is an excellent example of  the development of 

an integrated waste management strategy and its systematic implementation  and 

improvement . As far back as  20 years ago the local authority established an ambit ious 

waste management strategy, based on collected and analysed  waste data . The 

strategy has been regularly updated and improved based on the waste streams arising 

and th e needs of the residents .  

Table 3-1 shows the important milestones  for the waste management strategy in the 

county of Aschaffenburg .  

Table 3 -1 .Important milestones in  the implement ation of an integrated waste management 

strategy of the county of Aschaffenburg  ( Germany )  
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Measure as part of the strategy  Year  

Introduction of an identification system with weighing both for residual and 

biowaste, and later also for bulky waste ;  close cooperation with the municipalities 

including financial support, installation and continuous development of recycling 

stations in the municipalities and one central recycling station of the county 

(Aschaffenburg, 2013, Aschaffenburg, 2014)  

1996/1997  

Introduction of paper/paper board collection in dedicated bins from all households 

(no weighing system) (Aschaffenburg, 2002)  

2002  

Analysis of the composition of residual and bulky waste in order to identify 

additional recycling options (Aschaffenburg, 2011)  

2011  

Systematic weighing of green cuttings  2012  

Reassessment of the collection and disposal of green cuttings (Morlok, 2013)  2013  

Waste sorting analysis of residual waste, biowaste, paper, light packaging, glass 

and metal packaging in order to identify additional optimisation potential (Hoeß 

and Ammon, 2014)  

2014  

Latest annual waste management report , for 2013 (Aschaffenburg, 2014)  2014  

 

Capannori (Italy)  

Capannori is a municipality of 46  700 inhabitants near Lucca, in Tuscany. Door - to -door 

collection was introduced in stages across the municipality between 2005 and 2010, 

starting with small villages, where any mistakes could be identified and corrected early 

on, then extended to cover the entire municipal area in 2010. By that time, 82  % of 

municipal waste was separated at source, leaving just 18  % of residual waste to go to 

landfill  (Figure 3-2)  (Zero Waste Europe, 2013a).  

 

Figure 3 -2 . Evolution of separate collection and waste generation in Capannor i  (Italy) 

( k g/person/year)  (Zero Wa ste Europe, 2013a)  

 

The savings from no longer sending most waste to landfill, and earnings from the 

sales of materials to recycling plants make the scheme economically self - sufficient, 

even saving the city council over EUR 2 m illion  in 2009. These savings are ploughed 

back into investments in waste reduction infrastructure, and reducing fixed waste 
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tariffs for residents. It has also funded the recruitment of 50 employees in the local 

waste management company, boosting employment in t he region  (Zero Waste 

Europe, 2013a).   

Capannori, in addition to increasing the recycling rates of waste collected , has also 

worked to improve reuse  of used items  to reduce the amount of waste generated 

(between 2004 and 2013 the overall volume of waste ge nerated per person dropped 

by 39  %, Figure 3-2). The municipality opened its own Reuse Centre in 2011, where 

items such as clothes, footwear, toys, el ectrical appliances and furniture that are no 

longer needed but still in good condition can be repaired where necessary and sold to 

those in need, thereby diverting them from entering into the waste management 

system  and serving a lso a social function. Add itionally, as part of Capannori's Zero 

Waste Strategy, eleven areas for action were identified, such as the sale of products 

loose or on tap: the municipality provides tax incentives to small local businesses to 

stock products that could refill  customersô own containers, such as liquid detergents. 

Other measures have been implemented to support local agriculture and the local 

market  of products  ( reducing the need for  transport and packaging ) , to promote the 

use of tap water rather than bottled water and to use washable nappies rather than 

disposable one s (Zero Waste Europe, 2013a) .  

 

Treviso (Italy)  

Contarina is the publicly owned waste management company responsible for waste 

management in the province of Treviso, where about 550  000 inhabitants live. 

Separate collection of waste reached about 85  % and residual waste generated is only 

53  kg per inhabitant and year. In contrast, the EU average level is a bout 4 0 % 

separate waste collection  and 285 kg of residual waste per inhabitant and year.  

The high level of separate waste collection could be achieved with the introduction of 

an intensive and adapted ke rbside collection combined with a pay -as-you - throw 

system . Municipal solid waste is collected in five or six major waste  streams: 

un recyclable dry, organics (food scraps), garden waste, paper and cardboard, glass, 

plastic and tin (in some m unicipalities glass is collected alongside plastic and tins)  

(Zero Waste Europe, 2013b) .  
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Figure 3 -3 . Types of bins for kerbside collection in Treviso  (Zero Waste Europe, 2013b)  

 

The collection of different waste streams takes place on different days of the week; 

the fraction collected the most often  ( twice a week)  is food  waste, and the one 

collected the least  often is residual waste, which is also the least  important one in  

terms of  volume. Paper, green waste and other recyclables are collected between once 

and three times per week.  

Kerbside collection is supplemented by the EcoCentri (civic amenity sites) which are 

equipped with large containers for other types of urban waste: from aggregates to 

bulky waste, from electrical and electronic appliances to hazardous waste  (Zero Waste 

Europe, 2013b) .  

Applicability   

This BEMP is primarily targeted to waste  authorities with control, or at least significant 

influence over, waste management strategy at the local or regional level ï primarily 

local authorities. The waste authority may need to outsource aspects of strategic 

planning where particular specialist e xpertise, such as analytical data skills and 

knowledge of waste treatment processing, are required.  Once the strategy has been 

developed, the waste management company  needs to fully engage its staff in order to 

ensure its effectiveness.      

Economics   

When developing a systematic waste management strategy for the first time, it may 

be appropriate to ask for external assistance  from  experts . At least larger 

municipalities and cities, and certainly counties and regions, usually have their own in -

house exp erts.  
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There is no information available concerning the costs for the drafting  of a waste 

management strategy for the first time and its continuous development. The initial 

costs may be recovered by revenues from recyclables or from optimising the different  

activities and operations.  

Driving force for implementation   

The drawing up  and further development of waste management strategies is usually 

driven by the need to move towards a more sustainable society. Currently, a lot of 

attention at national and Euro pean level has been focused  on circular economy, and a 

waste management strategy which promotes prevention, reuse and recycling is well 

aligned with this circular view of the economy and society.  

Reference organisations   

The county of Aschaffenburg  (German y)  is an excellent example, including  with 

respect to the annually published waste management report (Aschaffenburg, 2014). 

The Val di Non (Italy) is another good example of waste management strategy and 

reporting of data (Comunitá Val di Non, 2017). The c ounties of Rems -Murr (Germany) 

and Breisgau -Hochschwarzwald (Germany) and the cities of Besançon (France) , 

Vienna (City of Vienna, 2012) and Munich (Schmidt, 2013) are good references too.  
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3.3.2.  Life - cycle assessment of waste management options  

 

Summary overview  

It is BEMP to embed life -cycle thinking and assessment into waste management 

strategy and operations, with steps 1 and 2 (below) being essential and steps 3  to 8 

needing an ad -hoc life -cycle assessment (LCA) to be carried out and not always 

necessary :  

1)  Systematic application of life -cycle thinking throughout waste management 

strategy design and implementation (to complement the waste management 

hierarchy).  

2)  Review  of relevant LCA literature to rank the environmental performance of 

alternative waste management options, where studied systems are directly 

comparable with available options.  

3)  Application of LCA to specific management and technology options for which no 

reliable published literature can be found; this requires procurement of LCA 

services, or in -house use of relevant LCA software.  

4)  Careful consideration of system boundaries to ensure an accurate comparison 

across options, including system expansion and/or LC A for avoided processes 

(e.g. grid electricity generation).  

5)  Compilation and documentation of life -cycle inventories in relation to reference 

flows, if possible using primary data recorded along the value chain, noting 

data quality and uncertainty ranges.  

6)  Selection of pertinent impact categories to capture the major environmental 

burdens.  

7)  Presentation of normalised results for relevant impact categories to evaluate 

complementarities or trade -offs, with clear indication of uncertainty errors and 

sensitivity analyses.  

8)  Validation of the LCA study by an independent third party (essential 

requirement under ISO 14044 for external dissemination of results, but good 

practice even when only used internally).  

Waste management area  

Cross -

cutting  

MSW -  

strategy  

MSW -  

prevention  

MSW -  

collection  

MSW 

-  EPR  

MSW -  

treatment  

CDW  HCW  

Applicability  

A full life -cycle assessment is not always necessary. Basic prioritisation of the waste 

management options indicated in the waste management hierarchy may be sufficient 

to inform best practice in some cases. However, detailed comparison of options ranked 

similarly in the waste hierarchy, and of management changes that affect the overall  



 
 

              Best Environmental Management Practic e for the Waste Management Sector  

 

161  

waste chain performance are often required.    

Waste management organisations of any size may apply life -cycle thinking and review 

LCA studies. Buying bespoke LCA services and/or paying for staff training in LCA may 

only be economically viable for larger organisations.  

Specific environmental performance indicators  

- Systematic application of life -cycle thinking, and, where necessary, undertaking 

of life -cycle assessments, throughout waste management strategy design and 

implementation (y/n).  

Benchmark of excellence  

- The waste management strategy is designed and implemented on the basis of 

systematic application of life -cycle thinking and , when needed,  ad-hoc life -cycle 

assessment studies.  

Description  

Why undertake a life -cycle assessment?  

Life -cycle assessment (LCA) was pioneered in the 1970 s and 1980s to evaluate the 

environmental efficiency of packaging options (Hunt et al., 1974 ;  Boustead , 1989) , 

and has since developed further for wider application such as the comparison of 

different waste m anagement options (White et al., 1995). LCA provides a 

comprehensive framework to evaluate the overall resource and environmental 

efficiency of different waste management strategies, practi ces and technologies  (ISO, 

2006a). Crucially, indirect and upstream  effects, such as raw material extraction, 

transport and processing to replace resources removed from circulation in the 

economy, are accounted for in LCA, thus enabling comparison of recycling and 

extraction of virgin raw materials  for example .  

The waste  hierarchy provides clear guidance on the prioritisation of management 

options. However, in order to compare the environmental efficiency of options within 

the same stratum of the waste hierarchy, or that transcend strata (e.g. anaerobic 

digestion that bot h recycles  nutrients and recovers energy  via biogas), LCA may be 

required. In particular, the move towards a circular economy, with circular flows of 

materials through multiple recycling loops and material to energy transformations 

(e.g. refuse -derived fue ls, biogas and wood chips), necessitates an ñexpanded-

boundaryò LCA approach that considers for example  the avoidance of fossil energy 

generation associated with use of biogas.   

From a strategic policy perspective, ñconsequential LCAò may be the most appropriate 

framework to evaluate the net environmental change  associated with prospective 

waste management strategies that are likely to involve multiple product outputs  and  

multiple system substitutions and indirect (market )  effects ( Weidema, 2001, Ekval and 

Weidema, 2004) .   

Thus, life -cycle thinking and LCA are crucial elements of best practice in devising 

integrated waste management strategies ( Section 3.3 ), and are integral components 

of strategic environmental assessments undertaken by local authorities to evaluate 

development plans in relation to national sustainability targets.  
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Best practice measures  

The steps below represent important best practic e measures to successfully embed 

life -cycle thinking and assessment into waste management strategy and operations. 

Steps 1 and 2 represent essential minimum requirements for best practice that may 

be undertaken universally by any waste management organisat ion (however small) to 

ensure that operations are fully informed by life -cycle thinking. Steps 3 to 8 involve 

the undertaking of an LCA study, and are only necessary where conclusions from 

published studies are not transferable to the options being compare d by the waste 

management organisation.  

1.  Systematic application of life -cycle thinking  throughout waste management 

strategy design and implementation, wherever necessary to augment the 

recommendations of the waste management hierarchy.  

2.  Review of relevant LCA literature to rank the environmental efficiency of 

alternative waste management options, where studied systems are directly 

comparable with available options.  

3.  Application of LCA to specific management and technology options for which no 

reliable publis hed literature can be found, procurement of LCA services, or in -

house use of relevant LCA software.  

4.  Careful consideration of system boundaries to ensure an accurate comparison 

across waste management options, including system expansion and/or 

application o f consequential LCA to account for avoided processes (e.g. grid 

electricity generation) where appropriate.  

5.  Thorough compilation and transparent documentation of life -cycle inventories 

in relation to reference flows, using primary data recorded by organisations 

along the value chain where possible, and noting data quality and uncertainty 

ranges.  

6.  Selection of pertinent impact categories to capture the major environmenta l 

burdens.  

7.  Presentation of normalised results for relevant impact categories to evaluate 

complementarities or trade -offs, with clear indication of uncertainty errors and 

sensitivity analyses around variable parameters.  

8.  LCA studies should be validated by a n independent third party (essential 

requirement according to ISO 14044 :2006  'Environmental management -  Life 

cycle assessment -  Requirements and guidelines ' for external dissemination of 

results, but good practice even when results are only used internall y).  

Achieved environmental b enefit s  

Embedding life -cycle thinking and LCA into strategic planning and technology selection 

decisions can maximise environmental efficiency and reduce overall direct and indirect 

(life -cycle) environmental burdens. The reali sation of environmental benefits referred 

to throughout this report, in Chapter 1 and subsequent BEMP techniques, is at least 

partially attributable to life -cycle (systems) thinking and assessment.  
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Appropriate environmental indicator s 

The most appropriate indicator for the assessment of the implementation of this BEMP 

is:  

¶ Systematic application of life -cycle thinking, and, where necessary, undertaking 

of life -cycle assessments, throughout waste management strategy design and 

implementation (y/n) . 

 

Cross - media effects  

Consideration of life -cycle performance across waste management strategies and 

technologies should help to minimise cross media effects.  

The process of normalisation may be helpful to evaluate trade -offs across impact 

categories ass ociated with cross -media effects.  

Expansion of the LCA scope to undertake social LCA can identify any trade -offs 

between environmental, economic and social pillars of sustainability.   

Operational data  

A) Case study on the use of LCA for food waste treatment options  

A case study is presented below, in which consequential LCA is applied to evaluate the 

net environmental change associated with the deployment of anaerobic digestion (AD) 

to treat different food waste streams, replacing three existing was te management 

options: (i) landfilling; (ii) in -vessel composting; (iii) animal feeding. More detail on 

this is provided in Styles et al. (2016).   

Scope and boundary definition  

ISO 14040 and ISO 14044 (ISO, 2006a, 2006 b) describe the framework for LCA 

application, according to four main phases:  

1.  Goal, scope and boundary definition ;  

2.  Inventory compilation ;  

3.  Life -cycle impact assessment ;  

4.  Interpretation and reporting.  

Getting the first phase correct is critical and represents a challenge when considering 

waste management alternatives. In the first instance, the correct LCA approach must 

be identified. Extensive guidelines produced for product carbon footprinting (e.g. BSI, 

2011 ; Commission Recommendation 201 3) or organisation carbon footprinting (WRI, 

2004, 2011 a; Commission Recommendation 201 3) provide a detailed methodological 

basis and guidance to perform LCA of products and organi sations.  

Typically, two main LCA approaches are used: an óattributional ô one (intended to 

provide a static representation of avera ge conditions, excluding market -mediated 

effects) and a óconsequential ô one , which strives to identify the consequences 

associated with the change applied to the product/service system (Weidema et al. , 

2003, 2009).  

Figure 3-4 provides an example of the boundaries and main processes considered for 

a generic LCA of organic waste treatment by anaerobic digestion (A)  or incineration 
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(B) . Additionally to fulfilling the ómain service/functionô (i.e. the treatment of the 

organic waste in input), the digestion  system generates t wo valuable products: biogas 

and digestate (organic bio - fertiliser ) . Similarly, incineration provides energy and 

aggregate - type  mater ial (bottom ash). Owing to these, the system under assessment 

(both A and B) becomes multifunctional as co -products are generated along with the 

fulfilment of the main waste system service/function (i.e. the mere treatment of the 

organic waste input). To a ddress multifunctionality, two  options are available (see 

Commission Recommendation 201 3): i) subdivision or system expansion, ii) allocation 

(mass, energy, or price). Allocation principles, sometimes used in attributional studies, 

should only be applied when system expansion (or subdivision) is not possible 

conforming with the  best practice s described by Commission Recommendation (201 3).  

Keeping the above in min d, t he practi t ioner, depending upon the scope of the study 

and following recommendations from the guidelines mentioned  earlier , may  in this 

specific case apply :  i) system  expansion considering  average market processes ( this is 

also  referred to as an óattributional approach ô, which applies  system expansion  using  

average market data ), ii)  system  expansion considering  marginal market processes  

(also called a óconsequential  approach ô) , or iii) allocation principles ( i.e. no system 

expansion ; this is also r eferred to as an óattributional approachô).  

  In the anaerobic digestion example  below , expan ding the system would mean 

includ ing  energy  generation and fertiliser manufacture / application which  is displaced  

by bio -electricity and bio - fertiliser (digestate) application, respectively. In the case of 

incineration , in addition to the displaced energy, the LCA  practi t ioner should  accoun t  

for the natural aggregates  extraction, transport and processing that are avo ided when 

bottom ash is recycled.  Then, results may be expressed as comparison s between 

scenarios (e.g. A versus B below) or as environmental burden changes  expected from 

a particular change of strategy, or the introduction of a new system  (e.g. going from  A 

to B or vice  versa) ï as appropriate to inform waste management strategy from a 

wider public good perspective . It is important to bear  in mind that the magnitude of 

these changes is highly depend ent  on the 'displaced processes' (e.g. type of fertili sers, 

electricity).  Consequential LCA should be based on predicted marginal effects, rather 

than average effects: e.g. the question to be asked could be : ñwhat type of electricity 

generation is replaced by new bio -electricity fed into the grid from biogas g eneration ò?  
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Figure 3 - 4 . An example of the LCA system boundary for the comparison of  two alternative 

management scenarios for wet organic waste: A) anaerobic d igestion and B) incineration 31 . 

Finally, the environmental scope of LCA may be expanded to consider flows of money 

(life -cycle costing) and social capital (social life -cycle assessment). The United Nations 

Environment Programme provides guidelines on how to undertake social LCA (UNEP, 

2009).       

Once the LCA and system boundaries have been defined, the impact categories to be 

considered must be decided ï see the section on Life -cycle impact assessment 

indicators , below.  

In the AD case study  referred to under ñDescription ò, boundaries were defined t o 

include waste collection and transport, processing through the AD plant, digestate 

application including fertiliser  replacement, biomethane upgrade and replacement of 

transport diesel, and also avoidance of pre -existing waste management options 

(landfill ing, in -vessel composting and animal feeding ï in the latter case avoided 

cultivation of wheat as an animal feed).    

Inventory compilation  

Inventory compilation is the second phase of LCA, in which data on activities and 

associated inputs, outputs and bur dens are compiled  for the system of study (e.g. AD 

                                           

 

31  Note that system expansion is applied to handle multi - functionality (co -products, i.e. energy, organic 
fertiliser, and aggregates). Induced processes are represented with a continuous black line, while avoided 
processes are represented wi th grey dotted lines. In a consequential approach, avoided processes would be 
modelled with 'marginal market dataô, while in an attributional LCA 'average market data' would be used 
instead when system expansion is applied. In a hypothetical situation wher e allocation techniques are 
instead applied to handle co -products (in place of system expansion), the boundary would be as displayed 
here in light grey  
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system or in -vessel composting system) . The International Reference Life -Cycle Data 

System (ILCD) provides a common basis for consistent, robust and quality -assured 

life -cycle data, methods and assessments  (JRC, 2011), and hosts the European 

Platform on LCA ( http://eplca.jrc.ec.europa.eu/ ) ï an open -access life -cycle inventory 

database. Various commercial LCA databases also exist, such as Ecoinvent 

(http://www.ecoinvent.org/ ), that contain extensive data on common generic 

processes. Often, it is possible to simply multiply system -specific activity data (e.g. 

tonne -km of transport) with unit process data from LCA databases (e.g. environmental 

burdens, such as kg CO 2e, per tonne -km transport in a EURO V compliant 16 -32 tonne 

truck) to generate burdens for particular processes, stages, and ultimately entire 

systems. In other cases, it may be necessary to use process -specific data to calculate 

burdens (e.g. measured or calculated methane leakage rates from fermentation, 

digestate storage and biomethane upgrade). For example, in the case of digestate and 

compost application to land, Bruun et al. (2006) propose long - term  (100 -year) soil 

organic carbon sequestration credit (a CO 2e ñcreditò) equivalent to 13 % and 14  % of 

the organic C contained in digestates and composts, respectively. These values were 

used by Møller et al. (2009) to evaluate the life -cycle environmental performance of 

anaerobic digestion.  

Owing to the number of actors involved in a typical product life cycle, or waste stream 

flow, it will often be necessary to obtain activity data from other organisations in order 

to complete an LCA. Care should be taken  to evaluate the quality (accuracy and 

validity of the data) during data collation, so that appropriate uncertainty analyses and 

sensitivity analyses may be undertaken to facilitate interpretation. Data may be 

tagged as low, medium, or high uncertainty  for  example , or statistical distributions 

(e.g. 95  % confidence intervals) may be recorded.  

Inventory data compiled for the AD case study example include d:  

¶ diesel consumption for transport of waste to the digester , calculated based on 

distance transported mul tiplied by burdens expressed per tonne -km in the 

Ecoinvent database ;  

¶ fugitive emissions of methane from the digester , from digestate storage  and 

from biomethane upgrade, estimated from emission factors of 1  %, 1.5  % and 

1. 4 %  of total biomethane yields, re spectively ;  

¶ ammonia emissions from digestate storage, estimated from an ammonia -N 

emission factor of 10  % of ammonium -N in digestate ;  

¶ t ransport diesel fuel replaced calculated based on a biomethane yield of 440 m 3 

per tonne of dry matter (food waste), a me thane lower heating value of 34 MJ 

per m 3, 20  % of biomethane used on  site to generate process heat and 

electricity, and a substitution efficiency of 1 MJ biomethane per 0.75 MJ diesel.  

The above list is far from exhaustive, as it exclud es, for example, d iesel combustion, 

nutrient losses and fertiliser replacement incurred by  digestate application .  

Life -cycle impact assessment (LCIA)  

Life -cycle impact assessment (LCIA) involves the characterisation of inputs and 

emissions according to their environmental damage potential, using factors derived 

from extensive fate and transport modelling (e.g. Huijbregts et al., 2001), thus 

synthesising inventories of inputs and outputs into a small number of environmental 

indicators representing key environmental burdens ( Pennington et al., 200 4) .  

http://eplca.jrc.ec.europa.eu/
http://www.ecoinvent.org/
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LCIA involves the multiplication of inputs and outputs by relevant characterisation 

factors to represent contributions towards environmental burdens or impacts. LCIA is 

typically performed across three areas of protection: human health, natural 

environment, and natural resource use, and may include the following impact 

categories (JRC, 2011): climate change, ozone depletion, eutrophication, acidification, 

human toxicity (cancer -  and non -cancer - related), respiratory inorganics, ion ising 

radiation, ecotoxicity, photochemical ozone formation, land use, and resource 

depletion (materials, energy, water).  

Table 3-2 summarises LCIA m ethods recommended for the International Reference 

Life -Cycle Data System (JRC, 2011).  

Table 3 -2 . Midpoint life - cycle impact assessment methods proposed by JRC (2011) for the 

harmonisation of methods in the International Reference Life - Cycle Data System  

Method  Flow property  Reference unit  

Global warming potential, GWP100  Mass CO 2 equivalents  Units of mass (kg)  

Ozone depletion potential, ODP  Mass CFC-11  equivalents  Units of mass (kg)  

Cancer human health effects, CTUh  Comparative Toxic Unit for 

human s (CTUh)  

Units of items (cases)  

Non -cancer human health effects, CTUh  Comparative Toxic Unit for 

human s (CTUh)  

Units of items (cases)  

Respiratory inorganics, PM2.5  equivalents   Mass PM2.5  equivalents  Units of mass (kg)  

Ioni sing radiation, ionising radiation potential  Mass U 235  equivalents  Units of mass (kg)  

Photochemical ozone formation potential, 

POCP  

Mass C 2H4 equivalents  Units of mass (kg)  

Acidification, accumulated exceedance  Mole H+  equivalents  Units of mole  

Eutrophication terrestrial, accumulated 

exceedance  

Mole N  equivalents  Units of mole  

Eutrophication fresh  water, P equivalents  Mass P equivalents  Units of mass (kg)  

Eutrophication marine, N equivalents  Mass N  equivalents  Units of mass (kg)  

Ecotoxicity fresh  water, CTUe  Comparative Toxic Unit for 

ecosystems (CTUe) * 

volume * time  

Units of volume*time 

(m 3*a)  

Land use, soil organic matter  Mass deficit of soil organic 

carbon  

Units of mass (kg)  

Resource depletion ï water, fresh  water 

scarcity  

Water consumption 

equivalent  

Units of volume (m 3)  

Resource depletion ï mineral, fossils and 

renewables, abiotic resource depletion  

Mass Sb  equivalents  Units of mass (kg)  

Source:  JRC (2011).  

 

Indicator results may be normalised (divided by ñtotalò environmental loadings at a 

specified scale) to enable comparison of relative  contributions across environmental 

impact categories. For example, Andersen et al. (2012) present LCIA indicator results 
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normalised as milli - person equivalent s (contributions to annual per capita loadings, 

divided by 1  000).  

In Figure 3-5, burden data for a p artial -expanded -boundary LCA of one tonne of 

organic waste treated by decentralised composting are presented after normalisation 

against average European citizen per capita loadings. Positive values indicate an 

adverse impact on the environment , whilst negative values indicate environmental 

savings compared with the alternative of separate waste collection (though the 

alternative waste management o ption is not accounted for in this particular partial 

LCA). Emissions of nitrous oxide and methane during composting give rise to a 

significant GWP burden, soil emissions of ammonia following application give rise to a 

significant AP effect, and replacemen t of fertilisers with organic nutrients following 

field application leads to significant EP, AP and FRDP savings ( Figure 3-5).  

 

Figure 3 -5 . Results for global warming potential (GWP), eutrophication potential (EP), 

acidification potential (AP) and fossil resource depletion potential (FRDP) for decentralised 

composting of household organic waste (see Section 4.7.2 )  

 

A full consequential LCA would account for burdens and savings associated with 

alternative (replaced) waste management option(s), such as centralised composting, 

anaerobic digestion or MSW incineration. Results for the consequential LCA of the AD 

case study are displayed in the next section, expressed using the same four 

environmental indicators used in Figure 3-5.  

Following on from the characterisation of input and output data to generate 

environmental indicators, ISO 14040 (ISO, 2006a) defines three optional steps:  

¶ Normalisation: Indicator values (e.g. kg PO 4e) are converted into 

environmental loadings relative to a reference value ï often ñtotalò loading at 

national, EU or global scale, or for example  per capita.  

¶ Grouping: The impact categories are sorted and possibly ranked.  

¶ Weighting: The different environm ental impacts are weighted relative to each 

other so that they can then be summed to get a single number for the total 

environmental impact.  
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These procedures may facilitate an understanding of the relative importance of 

nominal indicator values across impa ct categories, but weighting is not recommended 

in ISO 14040 owing to the introduction of value judgements. In converting nominal 

indicator units into comparable burden fractions, normalisation facilitates the 

comparison of contributions to different envir onmental problems and relative trade -

offs.  

 

Interpretation and reporting  

According to ISO 14044 (ISO, 2006 b), the interpretation phase of an LCA study 

comprises the following elements:  

¶ identification of significant issues based on the findings ( life -cycle  inventory 

(LCI)  and life -cycle impact assessment ( LCIA )  phases) ;  

¶ an evaluation that considers completeness, sensitivity and consistency ;  

¶ conclusions, limitations, and recommendations.  

It is useful to structure results from the LCI and LCIA phases accordin g to life -cycle 

stages and processes to underpin contribution analysis that in turn facilitates 

presentation, interpretation, validation and anomaly assessment (ISO, 2006 b).  

Mass or energy balance analys is of all input and output data may also be applied to 

check for anomalies, according to the law of conservation of mass and energy. The 

influence of uncertainty on final results can be tested using sensitivity analys is (e.g. 

Clavreul et al., 2013). Uncertainties for individual process interventions can be 

aggregated up to the system level based on error propagation methods.  

Where results of comparative studies are intended for public disclosure they should be 

critically evaluated by an appropriate expert or panel of interested parties, and the 

results of t he evaluation disclosed, according to ISO 14044 (ISO, 2006 b). The critical 

review process shall ensure that:  

¶ m ethods used to carry out LCA are consistent with the ISO standard ;  

¶ m ethods used to carry out LCA are scientifically and technically valid ;  

¶ data used are appropriate and reasonable in relation to the goal of the study ;  

¶ interpretations reflect the limitations identified and the goal of the study ;  

¶ the s tudy report is transparent and consistent.  

With respect to reporting LCA results, the goal, scope a nd boundaries applied should 

be clearly reported.  

Table 3-3 and Figure 3-6 below summarise the environmental changes that arise, 

expressed as cred its (negative values) and burdens (positive values) across avoided 

and incurred processes ( Figure 3-6), and expressed as net  environmental burden 

chang e ( Table 3-3), in relation to one tonne of food waste dry matter ï from the AD 

consequential LCA case study. Avoided waste management and avoided  foss il energy 

(transport diesel) give rise to substantial environmental credits (negative values) in 

most cases, indicating that AD performs better than avoided waste management 

options ï apart from in the case of animal feed. In this respect, it should be not ed that  
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Styles et al. (2016) considered animal feeding as a particular food waste management 

option.  

Where food factory waste can be used as animal feed  for example , this avoids 

cultivation of wheat as an animal feed, and therefore generates significant 

environmental credits. These credits are no longer realised if waste is sent to AD 

rather than animal feed, and so become represented as a burden for AD  ( in Figure 3 -6 

see red "waste management" for the a nimal feed  scenario ) .   

These results are unique to the precise scenarios and underlying operational 

assumptions  for typical UK conditions defined in Styles et al. (2016). Undertaking 

consequential LCA is associated with a high degree of specificity in relation to the 

transition s considered (from which base line to which option), and a high degree of 

uncertainty. Results should include a robust sensitivity analysis on the scenario 

uncertainties (e.g. choice of displaced 'marginal' technologies/processes) and on the 

parameters ' uncertainties (e.g. efficiencies , transport distances). On this basis, results 

should  therefore be interpreted cautiously and always in relation to the specific 

scenarios and context considered.  
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Figure 3 -6 . Net environmental burden changes, expressed per tonne of dry matter organic waste 

processed, when anaerobic digestion replaces landfilling, in - vessel composting or use of hygienic 

organic waste for animal feed    

 

Table 3 -3 . Ne t environmental burden changes, expressed per tonne of dry matter organic waste 

processed, when anaerobic digestion replaces landfilling, in - vessel composting or use of hygienic 

organic waste for animal feed    

 Landfill  Compost  Animal feed  

Global warming (kg CO 2e)  -2 640  -1 306  -74  

Eutrophication (kg PO 4e)  0.8  -1.8  8.4  

Acidification (kg SO 2e)  2.7  -2.7  8.4  

Fossil resource depletion (MJe)  -6 516  -14  449  -9 492  

 

B) Case study on use of LCA for waste management options in Tuscany  

SEI is the company in charge of waste management in 100 municipalities in the s outh 

of Tuscany (Italy).  An LCA which calculated the carbon footprint of the waste 

management system in 2014 and for two different scenario s for 2021 was recently 

carried out. In 2014 , the level of separate collection of municipal solid waste was 

21  %, while for the first scenario for 2021 it was  assumed to reach 45  % and for the 

second scenario for 2021 separate collection was assumed to be 48 %.  In addition to 

the three different cases analysed ( waste management system in 2014 and two 

scenarios for 2021) , the carbon footprint d ifferentiated between  considering or not the 

benefit s of energy generation from incineration of  waste (avoiding the c ombustion of 
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fossil fuel ) and material recovery from waste reuse/recycl ing  (avoiding raw material 

production).  In Table 3-4, data on the carbon footpri nt of the SEI waste management 

system  for 2014 (calculated for one tonne  of waste) is reported. Note the translations 

from I talian to English for Table 3-4, Table 3-5 and Table 3-6: compostaggio  

domestico  -  domestic home composting ;  raccolta rifiuti -  waste collection ;  trattamento 

ï treatment ;  riciclo -  recycl ing;  riutilizzo -  reuse ;  fine vita -  end of life ;  senza benefici 

ï without benefi ts (avoiding the combustion of fossil fuel and avoiding raw material 

production) ;  con benefici ï with benefits (avoiding the combustion of fossil fuel and 

avoiding raw material production)  (Bolognani, 2016) . 

 

Table 3 - 4 . Carbon footprint of SEI waste management system in 2014  (for 1  t onne  of waste) , 

with and without benefits  (Bolognani, 2016)  

Table 3-5 instead reports the carbon footprint calculation for the 2021 scenario of 

separate waste collection at 45  %.  

 

Table 3 - 5 . Carbon footprint of SEI waste management system in 2021 scenario (for 1  t onne  of 

waste) with separate collection at 45  %, with and without benefits (Bolognani, 2016)  

Finally, Table 3-6 reports the carbon footprint calculat ion for the 2021 scenario of 

separate waste collection at 48  %.  
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Table 3 - 6 . Carbon footprint of SEI waste management system in 2021 scenario (for 1  t onne  of 

waste) with separate collection at 48  %, with and without benefits (Bolognani, 2016)  

From the three tables presented above, it is clear that the highest share of the carbon 

footprint in the cases without benefits (not considering the avoided combustion of 

fossil fuel and raw material productio n) is the end of life related to incineration and 

landfill. The situation changes substantially when separate collection of waste is 

increased and the benefits are considered in the carbon footprint calculations  

(Bolognani, 2016) . 

The LCA study allowed SEI  to understand and assess the carbon savings achievable  by  

improving the separate collection of waste and reducing the amount of waste sent for 

incineration and disposal in landfill. However , it was also clear from the study that the 

carbon footprint is no t the only possible parameter to evaluate different waste 

management system  options ;  other indicators (e.g. water use, waste water 

generation) can also be taken into account to more broadly evaluate the 

environmental performance.  

C) Available software models and tools  

One example of an LCA tool for evaluation of waste management technologies is 

ñEASETECHò (Environmental Assessment System for Environmental TECHnologies), 

developed at the Technical University of Denmark. EASETECH enables users to 

perform LCA of systems handling heterogeneous material flows, accounting for 

resource use, recovery and emissions (e.g. Damgaard et al., 2011). Material flows are 

represented as a mix of material fractions with specified properties, partitioning and 

fates (e.g. re jects, slags, ashes and products), behind a toolbox interface that enables 

scenarios to be defined according to process and material flow combinations (DTU, 

2015). The EASETECH and the module EASEWASTE are  available for researchers, 

consultants, authoritie s and technology developers, after training in the use and 

interpretation of the model has been undertaken at a cost of approximately EUR 5  000  

(DTU, 2015).  

Various other LCA software tools are available, on a free - to -use or commercial basis, 

including th e examples below:  

ð Open LCA: free LCA software available at http://www.openlca.org/ ;  

ð SimaPro: commercial LCA software available from PR é Consultants at 

http:// www.pre -sustainability.com/simapro ;   

ð GaBI: commercial LCA software available at http://www.gabi -software.com/ .  

http://www.openlca.org/
http://www.pre-sustainability.com/simapro
http://www.gabi-software.com/
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Applicability  

Life -cycle assessment is not always necessary. Basic prioritisation of waste 

managem ent options indicated in the waste management hierarchy may be sufficient 

to inform best practice in some cases. However, detailed comparison of options ranked 

similarly in  the waste hierarchy, and of management changes that affect whole -waste -

chain perfor mance, is often required.    

Waste management organisations of any size may apply life -cycle thinking and review 

LCA studies. Buying bespoke LCA services and/or paying for staff training in LCA may 

only be economically viable for larger organisations.  

Econ omics  

LCA software and database access costs for commercial entities vary depending on the 

purpose of use and the number of individual (staff) users. Software licence fees are 

often bundled with database access fees and service contracts that provide suppo rt, 

software and database updates. For example, on e provider offers commerc ial licences 

ranging from EUR 2  400 for a single -user ñreport makerò licence to EUR 22  000  for a 

multi -user developer licence (PR é Consultants, 2015).  

Effective use of open -access LCA software such as Open LCA may require the 

purchase of a database access licence, and/or staff training: e.g. the Technical 

University of Denmark provides training courses in the use of EASETECH for 

EUR 5 000  per person.  

Undertaking in -house LCA studies  will also require significant staff time that should be 

accounted for in project costs. Alternatively, procurement of LCA services from a 

consultancy or academic institution is likely to cost tens of thousands of euros , but 

could avoid costs associated wi th licen sing and staff time.  

Efficiency benefits associated with systems thinking and optimisation informed by LCA 

could be orders of magnitude greater than these costs, but may be difficult to 

attribute directly.  

Driving force for implementation  

Waste management organisations may apply life -cycle thinking and assessment to:  

¶ improve operational efficiency ;  

¶ reduce environmental impacts and potential liabilities ;  

¶ demonstrate the sustainability of their operations to stakeholders ;  

¶ comply with corporate soci al responsibility and stakeholder reporting 

obligations . 

Reference organisations  

Aschaffenburg local authorities demonstrate comprehensive and systematic life -cycle 

thinking in their waste management strategy, as described in the previous BEMP 

(Section  3.3.1 ).  

The Technical University of Denmark (DTU) is a well - known  organisation in  LCA 

accounting for waste systems, and it provides software tools and training for waste 

managers.  
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An LCA study was undertaken to compare the current situation of MSW incineration in 

the Aalborg county of Denmark with an alternative scenario of anaerobic digestion of 

the separated organic fractio n (Hill, 2010). The results of the LCA indicated that the 

current situation is the better option from an environmental perspective if the 

anaerobic digestion plant is managed in a ñtypicalò manner, but that anaerobic 

digestion could be the better option if  it is managed in accordance with best practice 

recommendations ï highlighting the sensitivity of LCA results to operatio nal 

parameters and assumptions.  
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3.3.3.  Economic instruments  

 

Summary overview  

It is BEMP to  use economic instruments , to steer the behaviour of citizens and 

organisations generating waste towards more env ironmentally  friendly results. 

Economic instruments can support :  

- reducing the amount of waste generated or reducing the proportion of 

hazardous waste;  

- encouraging preparation for reuse and recycling of waste; decreasing 

incineration and landfilling;  

- improving product design (e.g. encouraging the use of recyclable materials in 

products).  

The economic instruments  related to waste management  cover both incentives 

(positive economic signals, e.g. discounts, reward vouchers) and disincentives 

(negative economic signals , e.g. taxes, fees, penalties) and can take the form of:  

- taxes and tax modulation, e.g. waste dispos al tax, landfill tax, incineration tax;  

- product levies (e.g. on plastic bags or construction aggregates);  

- waste pricing, such as unit -based pricing and pay -as-you - throw (PAYT) 

schemes;  

- deposit - refund schemes;  

- extended producer responsibility schemes;  

- others, e.g. tradable permits, recycling subsidies, VAT exemptions.  

Waste management area  

Cross -

cutting  

MSW -  

strategy  

MSW -  

prevention  

MSW -  

collection  

MSW 

-  EPR  

MSW -  

treatment  

CDW  HCW  

Applicability  

The regulatory framework and its enforcement are the main barriers for the 

application of economic instruments at local level.  

In addition, the existence of environmental awareness, good management skills and 

innovati on -driven  behaviour at the local gover nment  level , with some good accounting 

practices, are prerequisites for the implementation of local economic instruments, 

which are complex to manage from the technical, managerial and social perspectives.  

Specific environmental performance indicators  

- Use of economic instruments at local level to stimulate good behaviour (y/n).  



 
 

              Best Environmental Management Practic e for the Waste Management Sector  

 

179  

- Share of residents/businesses using a voluntary economic instrument (%).  

Benchmark s of excellence  

- Economic instruments set at local level in the form of taxes and tax 

modulatio n, product levies, waste pricing, extended producer responsibility 

schemes  and deposit  refund schemes are systematically implemented as a 

means to achieve  the objectives set in the local waste management strategy . 

- For local authorities, a deposit refund scheme for glasses, cups, dishes and 

cutlery is in place for all festivals and large public events organised in the 

territory of the local authority . 

 

Description  

Aim  

This BEMP gathers useful information and practic al examples o f economic instruments 

that can be applied by mainly local authorities and, possibly , by waste management 

organisations , in charge of the introduction of economic instruments , with the  main 

focus on the local scope of its implementation . Altho ugh most of the measures 

described are oriented to m unicipal solid waste (MSW), there are several existing 

mechanisms oriented for industrial wastes, represented here mainly by construction 

and demolition waste (CDW). The term óeconomic instrumentsô refers to regional or 

national policies or regulations. Herein, the term ólocal economic instrumentô is used to  

refer to an  economic instrument applied at local level.  

Introduction  

As for environmental policies in general,  waste management also includes a mix of 

complementary measures such as regulatory, economic, educational and informative 

instruments (OECD, 2007 ;  van Beukering et al., 2009). Economic instruments are 

designed to persuade households and waste producers to strive towards diverting 

waste from landfills, recycle more waste and optimise the use of resources in order to 

prevent the generation of wastes, and, at the same time, contribute to financing waste 

management activities. From the economic point of view, t hese instruments are 

preferable to direct regulation due to their  greater efficiency. While the polluter pays 

the abatement cost of the generated impact from waste generation and treatment, the 

existence of a tax, a levy, etc. is a clear incentive for the polluter to search for new 

abatement options (van Beukering et al., 2009).  

Economic instruments belong to national or regional waste policies, usually responding 

to their particular objectives, and most of them fall out side  the scope of this 

document. Als o, the application of economic instruments is not a textbook solution but 

a tailor -made set of tools that may result in different performances in different regions 

or countries. Several approaches, however, fall under the decision -making process of 

waste a uthorities in charge of municipal waste, and, only  to a certain extent, to 

private organisations in charge of other commercial and industrial wastes . 
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The application of economic instruments has been repeatedly recommended (EC, 

2003, 2005, 2007, OECD, 2004,  2007). Some of the main applied instruments are 

detailed below:  

¶ Taxes, e.g.  

o waste disposal tax ;  

o landfill tax ;  

o incineration tax ;  

o product levies (e.g. on plastic bags or aggregates) .  

¶ Waste pricing, such as  

o unit -based pricing and pay -as-you - throw schemes ;  

o differential and variable rates ;  

o variable fee or charge systems . 

¶ Deposit  refund schemes . 

¶ Extended producer responsibility systems . 

¶ Others, such as :  

o t radable permits ;  

o recycling subsidies ;  

o VAT exemptions ;  

o extension of depreciation periods ;  

o positive incentives . 

In general, economic instruments aim at :  

Å reducing the amount of waste generated ;   

Å reducing the proportion of hazardous waste ;  

Å improving product design ;  

Å encouraging recovery, reuse and recycling of wastes ;  

Å decreasing incineration and landfilling ;  

Å minimisin g adverse environmental impacts related to solid waste 

collection, transport, treatment and disposal systems ;  

Å encouraging the use of recyclables in products ;  and  

Å generating revenues to cover costs.  

In any case, the economic instruments are  implemented to link the cost of waste 

treatment charged to the waste generator (the citizen or the organisation) with the 

real amount of waste generated, i.e. by charging per unit of waste, charging for the 

consumption of avoidable products, and rewarding  desirable practices.  

Economic instruments applied to commercial and industrial wastes are essentially 

different from those applied to municipal solid waste. For example, unit -based pricing 

per type of treatment is a standard practice by waste service pro viders for CDW and 

HCW. However, MSW fees from public authorities are constant in many cases, 

independently of the amount generated by each citizen, due to the high dispersion of 

a large number of producers.  

Local instrument for the management of MSW  

Pay - as- you - throw  (PAYT) . In terms of municipal waste treatment, the economic 

instrument that works best is the pay -as-you - throw scheme. A specific BEMP on PAYT 

for MSW can be found in Section 4.3.3 . 

Recycling incentive schemes . Formally speaking, financial incentives include both 

rewards (to be described here as  recycling incentives) and charges (defined here as 
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pay -as-you - throw, and deposit refund schemes ). But it is commonly accepted that 

recycling incentives schemes are essentially different from PAYT schemes. They  

consist of payments or rewards given to the users to encourage people to recycle 

more, typically with vouchers for  individuals, vouchers for  communities or payments  

to individuals (Holmes et al., 2014). In addition to direct incentives in the form of  

vouchers, an effective recycling incentive is also the reduction of waste fees for  

residents willing to separate more waste at source (e.g. accept ing a new more 

advanced waste collection system) or when waste recycling targets at local level are 

achieved. Most of the examples that are applied in Europe are pilot schemes or partial  

coverage schemes implemented after the success of the pilot trial. Of these, some 

selected case studies are described in this document. It is important to note the 

following :  

¶ Legal regulation at local level is a key factor for their  implementation. While 

recycling incentive schemes are usually acceptable, PAYT has certain legal 

connotations that make its implementation difficult in  particular  regulatory 

environments. This is the case of the UK, where the debate is ongoing.  

¶ Behavioural  aspects need consideration. PAYT addresses the whole range of 

awareness levels, while reward schemes are generally oriented to recycl ers. 

The study by Holmes et al.  (2014 )  showed that ñregardless of the reward type, 

personal or community, the majority of respondents claimed they already 

recycle as much as possibleò. However, a greater proportion of householders 

are likely to recycle more when rewarded individually.  

¶ They tend to be self - funded. Some schemes are applied along with other 

measures to increase their  efficiency. For instance, the 'Cash for Trash ' scheme 

in the Netherlands applies increased charges to the final users, which is 

believed to have a significant impact on the results ( OECD, 2015).  

Given the right conditions (see applicability) , recycli ng incentive schemes can be 

considered a best environmental management practice, due to their  performance and 

costs. It is, however, difficult to benchmark such a system against PAYT, as their 

scope and applicability differ.  

Local deposit refund schemes . A  deposit refund scheme consist s of  a 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 (OECD, 2014). In the 

understanding of Ferrara (2008) , deposit refund schemes are generally identified as 

the most effective option to improve the rate of recycling and they have been 

successfully applied to beverage containers, so their  use is considered a best 

environmental management practice (Hogg et al. , 2010; Schoenberger et al., 2013). 

However, their  implementation goes beyond the municipal or county level, the usual 

geographical scope for the techniques described in this document. Municipalities, 

however, can run their own deposit refund schemes or im pose the use of one. Some 

examples are shown below:  

¶ A deposit is charged for p ortable batteries by the local government of 

Osthamar, Sweden (OECD, 2014), achieving a capture rate close to 100  %.  

¶ Police regulation , e.g.  City of Schwäbisch Gmünd  (2005) , Germany : mandatory 

deposit of at least  EUR 2.00 for  glasses  used during the city festiv al.   

¶ Waste management statutes , e.g.  City of N urem berg  (2009) , Germany : § 7 of 

the waste management statutes prescribes for all events in  public institutions  

and  on any  parcel of land belonging to the city of N urem berg , including public 
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transport areas,  the use of reusable  containers  and  reusable  cutlery, supported 

by a deposit.  

¶ Participation conditions/city market rules , e.g. City of Reinheim  (2012) , 

Germany : participat ion conditions/regulation for Christmas market: prohibition 

of single -use  tableware, mandatory use of reuseable glogg cups, mandatory 

deposit of at least  EUR 1.00 , or City of Graz , Austria: charg e of  EUR 1.00 per 

beverage  containers  in football stadiums to  limit  littering.  

Construction and d emolition w aste and h ealthcare waste  

As this BEMP refers to cross -cutting issues, it is worth mentioning the different 

approach es to several economic instrument s for different types of wastes.  CDW 

management contracts include a fee per unit of collected volume, which var ies for 

different fractions, the mo st  expensive being for the mixed waste fraction (up to 

EUR 100 per tonne) compared to metals or clean concrete (from EUR 5 to EUR 25 per 

tonne ). A very similar approach is observed in the management of  HCW: the waste 

contractor usually charges the waste treatment cost per bin or container  in which the 

waste  is collected and  stored . So, the healthcare organisation producing the waste 

may consider  the implementation of best practices in its in -house waste management 

system to reduce costs.  

For commercial and industrial waste, the business - to -business (B2B) approach is 

successfully applied. The existence of a B2B deposit refund scheme is sometimes a 

common practice for highly reusable packaging, like pallets, construction packaging, 

drums and others (Lundesjo, 2011; WRAP, 2008), and these practices have 

extensively reduced the amount of waste generated , e.g. at construction sites. 

Although waste man agers are not involved in this particular approach, they are key in 

the management of the required reversed logistics , e.g. in the London Construction 

Consolidation Centre, partially run by the local government through Transport for 

London, and operating u nder a deposit refund scheme (WRAP, 2010).  

Some municipalities have applied traceability requirements of CDW in their local 

licensing. All municipalities in Spain charg e a deposit  for  the estimated amount of 

wastes reported in the site waste management pl an, and it is an essential requirement 

for the operating licenses. The deposit is repaid to the contractor when ñwaste 

management certificatesò are submitted to the authority. This deposit system 

managed by municipalities has the potential to become a BEMP , but its current 

performance is far from such consideration due to the following reasons:  

- It is oriented to wards  avoid ing  illegal dumping. Direct landfilling of mixed waste 

is accepted as a correct management treatment, and  is eligible for deposit 

return;  this would not lead to best performance.  

- Legally, municipalities do not need to issue permits for their own construction 

sites. The waste management deposit then becomes voluntary.  

- The lack of enforcement affects the performance of the scheme. While large  

construction companies and contractors were already applying BEMP without 

the deposit, small producers are still failing to fulfil this practice.  

Other  successful economic instruments for CDW or HCW are applie d at national or 

regional level. For instance,  HCW extended product responsibility  schemes , e.g. for 

waste medicines,  or CDW  product levies, e.g. adaptation of VAT for natural  or recycled 

aggregates . 
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Achieved environmental b enefit s  

Municipal solid w aste  

The performance of several case studies on the application of local economic 

instruments in municipalities is shown in Table 3-7. 

Table 3 -7 . Examples of reward schemes and PAYT performance 32  

Municipality or 

county  
Instrument  Results  

Additional 

comments  

Refe -

rence  

Bracknell Forest, 

UK 

Recycling 

incentive scheme  

Enhanced public perception and wide 

acceptability of recycling  

Increase of a total of 1 000 tonnes of 

recyclables in one year of 

implementation (around 91 kg per 

household per year)  

Urban, all 

recyclables  

BFC, 

2012;  

BFC, 

2015  

Torelles de 

Llobr egat, ES  

Pay-as-you -

throw, unit -based  

Increase of separately collected 

materials from 33  % to 89  %, 

reduction of mixed waste by 38  %  

Urban, all waste 

streams  

OECD, 

2006  

Landkreis 

Schweinfurt, DE  

Pay-as-you -

throw, weight -

based plus fixed 

fee  

Total waste collected reduced by 

28  %, and mixed waste reduce d by 

46  %  

Urban, all waste 

streams  

OECD, 

2006  

Ghent and 

Destelbergen, BE  

Pay-as-you -

throw, volume - 

and unit -based  

Total waste arisings reduced, but not 

only attributable to PAYT  

Urban, all waste 

streams  

OECD, 

2006  

Valongo and 

Gondomar, PT  

Recycling 

incentive scheme 

at drop -off sites 

(collection 

centres)  

Paper and cardboard increased by 

14  %, plastic 9  %, glass 75  %, 

batteries 24  % and used cooking oils 

74  %.  

Urban, waste 

streams at 2 

collection 

centres  

R4R, 

2014a  

Limerick, Clare, 

Kerry region s, IE  

Pay-as-you -

throw, weight 

system  

Reduction of mixed waste from 79  % 

to 65  %, and increase in collection of 

recyclables  from 21  % to 32  %  

Urban and rural, 

all waste 

streams  

R4R, 

2014b  

Aschaffenburg, 

DE 

Pay-as-you -

throw, weight 

system  

Increased collection of  recyclables up 

to 86  %, decrease of mixed  waste 

disposal costs, reduction of residual 

costs down to around 50 kg per 

capita per year  

Urban and rural, 

all waste 

streams  

Section 

4.3.3  

Rotterdam, 

Barendrecht and 

Krimpen aan den 

Ijssel, NL  

Recycling 

incentive system  

Increased collection of 24  % (total 

waste), reduction of mixed waste of 

37  %  

Called óCash for 

Trashô, rewards 

are cash paid 

direct ly  back to 

citizens  

OECD, 

2015  

                                           

 

32  The most practical definition of ñmixed wasteò from the perspective of waste authorities in this BEMP is 

the remaining fraction of unsorted waste destined for disposal (e.g. incineration), either at the time of 
collection, or at the time of being sent to final treatment when the waste management  company  is involved 
in subsequent sorting (e.g. in sorting plants following co -mingled collection, or in mechanical and biological 
treatment plants).  
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Table 3 -7 . Examples of reward schemes and PAYT performance 32  

Municipality or 

county  
Instrument  Results  

Additional 

comments  

Refe -

rence  

Bradford, Aire 

Valley Recycling, 

UK 

Recycling 

incentive scheme  

Increase of 36.5 kg of recyclables 

collected per participant per year  

Urban, all 

recyclables  

Defra, 

2013  

Bath and North 

Somerset, UK  

Recycling 

incentive scheme  

Increase  of 57  kg of  recyclables per 

participant per year  

Urban and rural, 

all recyclables  

Defra, 

2013  

Birmingham, UK  Recycling 

incentive scheme  

Increase of 5.2  kg of recyclables per 

participant per year  

Urban, paper 

and cardboard  

Defra, 

2013  

Gloucestershire, 

UK 

Recycling 

incentive scheme  

No increase or decrease of 

recyclables per participant per year  

Urban and rural, 

all recyclables  

Defra, 

2013  

Norfolk, UK  Reuse  and 

recycling 

incentive scheme  

Increase of 99  kg of reusables and 

recyclables per participant per year  

Urban and rural, 

implemented 

through reuse 

shops  

Defra, 

2013  

Student 

association in 

Bristol, UK  

Recycling 

incentive scheme  

Increase of 57  kg recyclables per 

participant per year  

All recyclables  Defra, 

2013  

Preen Community 

in Bedfordshire, 

UK 

Reuse incentive 

scheme  

Increase of 67  kg recyclables and 

reusables per participant per year  

Urban and rural, 

implemented 

through reuse 

shops  

Defra, 

2013  

Westminster, UK  Recycling 

incentive scheme  

No increase or decrease of 

recyclables per participant per year  

Urban, all 

recyclables  

Defra, 

2013  

Benefits in B2B deposit schemes for CDW   

WRAP (2012) studied the environmental benefit of two different approaches for the 

reuse of three very common packaging items used for construction products: pallets, 

plastic foldin g boxes and bulk bags. Deposit refund schemes were used and waste 

collectors were involved in the application of reverse  logistics (i.e . products to be 

reused are also transported by the waste manager). The results were compared to a 

hypothetical 100  % recycling scenario for the wood and plastic of the packaging 

materials, and CO 2 savings were calculated along with the theoretical minimum 

number of trips required to achieve those emission levels ( Table 3-8).  It can be seen 

that the performance of reverse  logistics is significantly bette r.  

Table 3 -8 . Greenhouse gas emissions savings and minimum number of trips of reusable 

packaging compared to single - use packaging (WRAP, 2012)  

Packaging  

Reverse - logistics  
Separate collection and 

return  

 CO2e 

savings  

Minimum 

trips  

CO2e 

savings  

Minimum 

trips  

Trademarked pallets  81  %  2.3  38  %  3.4  

Plastic folding box es 50  %  10  15  %  15  

Reusable bulk bags  85  %  1.2  75  %  1.2  

Appropriate environmental indicator s 
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The most important environmental performance indicators to monitor the 

implementation of this BEMP are:  

¶ use of economic instruments at local level to stimulate good behaviour (y/n) ;  

¶ share of residents/businesses using a voluntary economic instrument (%).  

Cross - media effects  

The risk of illegal dumping increases when applying economic instruments to MSW 

(van Beukering et al., 2009), but the associated costs of littering management seem 

to be much lower than the savings that economic instruments could bring. Waste 

authorities relatively isolated in the application of PAYT in their geographical area  for 

example  may have a waste tourism  effect, i.e. disposing of waste to other 

neighbouring regions without similar charge systems.  

Operational d ata  

Implementation o f an incentive -  or unit - based pricing system at municipality 

level for m unicipal solid w aste  

Several steps can be defined  in the implementation of a system that would allow the 

use  of  local economic instruments for  waste separation in  households:  

¶ Produce  a cost estimation  that allows the waste authority to identify the 

priority areas of action  and design how the new system would be integrate d in 

the existing structure . 

¶ Based on the results of the cost audit, set quantifiable objectives ( Section  

3.3.1 ), set cost benchmarks ( Section 4.3.1 ), and  establish a reliable waste 

accounting system ( Section 4.3.2 ) . 

¶ Create a deposit fee  response model that allows further optimisation . 

¶ Enforce impleme ntation by avoiding so -called waste crime.  

The next subsections elaborate on e ach of the aforementioned steps, except for the 

second point, as it refers to other part s of the document .  

Cost estimation  

Although they are environmentally sound, local economic  instruments are designed as 

a cost -saving measure. They directly affect the costs and budget management of 

waste authorities, so good bookkeeping practices are required. In order to establish a 

fee per kg of waste or the value of rewards, it is essential to identify the main 

revenues and costs of the system and disaggregate them  per element of the service.  

In addition, the accounting and auditing of public administration is regulated by each 

Member State under national regulations and legislation, but harmonisation through 

European standards is  still poor (Brusca et al., 2015 ). Municipalities within a Member 

State are responsible for fulfilling these national requirements. However, cost 

allocation per municipal service or cost allocation per section of municipal service (as 

required for this BEMP) is far from being nationally homogeneous and usually requires 

cost audits performed by specialists and public or private consultants. The allocation 

method is then known to  its practitioner, but  may be confiden tial in cases where a 

private consultant audits municipalities (as the BEMP example case of Section 4.3.1  on 

cost benchmarking). Therefore, within this subsection, a short description of some 

general principles and guidelines will be given.  
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The general principles of cost estimation per municipal service  are : direct, causal and 

allocation. The direct and causal method s are based on  real outlays, i.e.  the link 

between a service and yearly expenditure. So, in this way, the direct method would 

only include annual costs that are directly linked to the service (e.g. fuel spent by a 

truck), while the ca usal method is not linked to the service but to an activ ity, which 

may include more than one service.  

Cost allocation, although less precise, is considered to be a better method  of 

calculation, since it assigns a whole range of real costs  to every service . The Network 

of Associations of Local Authorities of Sou th East Europe (NALAS)  recommended in 

2009 the use of Full Cost Accounting  (FCA)  in order to estimate the real cost of public 

services in Europe (NALAS, 2009) . This  is a well - reported method used by the US 

Environmental Protection Agency (EPA) for waste se rvices. Some of the principles 

used by FCA  are detailed below :  

¶ Cost is the monetary value of resources used or obligated for solid waste 

management, and outlays are the expenditure of cash to acquire those  

resource s. 

¶ Waste management is divided in to  the  fo llowing  management areas: collection, 

disposal ( landfilling and waste - to -energy) and recovery ( consumer products 

and packaging, and composting) . 

¶ Cost s per area are:  

o upfront costs: public education and outreach, land acquisition, 

permitting, building construction and modification ;  

o operating costs: normal costs (operation and maintenance, 

capital costs, debts), unexpected costs (usually as a percentage  

of normal costs) ;  

o back -end costs: site closure, decommissioning, post -closure 

care, retirement and benefits for employees ;  

o remediation costs at closed sites: investigation, containment and 

clean -up of known releases, closure and post -closure care at 

inactive sites ;  

o contingent costs: remediation costs (undiscovered and future 

releases), liability costs ( property damage, accidents, etc .) ;  

o environmental costs: environmental degradation, use of waste of 

upstream resources, downstream impacts ;  

o social costs: effect on property values, community image, 

aesthetic impacts, quality of life .  

¶ Each municipality shoul d define an appropriate set  of each of these costs given 

their management practice and calculate indirect costs related to each 

category. The real cost of services contracted out should include what the 

consumers pay and not what the local government pays to the contractor. 

Volunteer costs also need to be included.  

¶ Depreciation (of capital investment) and amortisation (of future outlays) should 

be included in the final cost estimation. Overhead costs in each of the category 

costs for  the management, supervi sion, human resources, etc . , of the service 

should be allocated  a fair  share from the local government expenses.  

¶ The allocation method of shared costs between areas can be  as follows :  

o Per budget (only for administration services): the allocation of a 

share d cost is calculated as the proportion of the total municipal 
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budget. This would allocate an administration cost to the whole 

waste management service with respect to other services.  

o Personnel share method :  Similar to the budget method, but 

taking into acc ount the number of people working in  each 

service. This can be applied to waste management areas if the 

percentage of full - time equivalent for shared personnel is taken 

into account . 

¶ Revenues are:  

o service revenues: as fee charges for the users of the syste m, 

both households and commercial businesses ;  

o by-product revenues :  from the sale of marketable products, as 

recyclables, compost, fuels or electricity ;  

o tax revenues: income from taxes not directly linked to waste 

management ;  

o t ransfer revenues, as subsidies  or other funding received.  

Regarding the above, a cost per ton ne can be calculated per area of waste 

management (e.g. recycling, composting, disposal, collection). In order to calculate 

the potential reward or deposit fees, a behaviour response model woul d be required 

(see below) or, at least, a reasonable estimation of the performance of the system, 

taking into account that these schemes tend to be self - funded (as deposit refund 

systems and reward schemes) or tend to lower the costs of management (PAYT).  

The text above is a full rationalisation of all the elements of a cost balance. Further 

simplification is always possible. A good example of such simplification is the award 

calculation made by Bracknell Forest Council, which is based on the expected savin gs 

from landfill fees (BF, 2012).  

Behaviour response model  

A key decision for any economic instrument is the fee to be charged per waste or the 

type and quantity of rewards in recycling incentive schemes. While all the systems 

should be designed  under a se lf - funding principle, it is not easy to predict the increase 

in  recycling that can be achieved, along with  the amount of residual waste that will be 

reduced or the changes in cost s derived from the impact of the system in transport 

and logistics. While the  best starting point is to calculate the fee according to an 

expected frontrunner performance by following the principles stated in the 'cost 

estimation ' section , a deeper study can be oriented to a behaviour al  model. As an 

example, the correlation between  capture rate (or return rate) and deposit fee was 

modelled by Hogg et al. (2010) as :   

Return rate  = 0.0529 Ln (Deposit (EUR))  + 0.725.  

Kopytziok and Pinn (2011) performed a study on w aste prevention  and separation  at 

markets and  street festivals . In  their experience a deposit has  different effects , 

depending on the  amount of the deposit . If a beer costs  EUR 3.00  per  cup  and  the 

deposit  is EUR 0.10 , the majority of cup s are  not returned , but  are thrown  into the  

rubbish . The provider  makes  a considerable profit  from  the  non - reimbursed  deposit  

and  has no  expenses  related to  sinks and  returns logistics . Therefore,  a low  deposit for 

the  caterer  is lucrative  as long as the  cup  costs are low . If, however,  expensive  hard  

plastic cups are used , a high  deposit  (EUR 1.00 to EUR 5.00 ) and  returning of cups are  

attractive for the caterer . As the cups  are returned , the  loss is small . A profit  can be 



 
 

              Best Environmental Management Practic e for the Waste Management Sector  

 

188  

achieved  when  the deposit  is far above the  cup  price  and the cup  has a  souvenir  

effect . Without  requirements  from  the o rgani ser or the local authority , the caterers  

generally  tend  to  use simple  cups  and low  deposits .  

Case study on the implementation of a recycling incentive scheme  

Bracknell Forest Council, in the south of England, manages the waste from a total 

population  of 118  000 citizens through a contract with SITA  UK. Given the low 

recycling rate, and of the increasing price of the landfill tax in the region (up to GBP 

80 per tonne), the council decided to implement a pilot self - funded incentive scheme, 

for which the y received funds from Defra (GBP 108  000). The implementation of the 

scheme followed these principles (BF, 2012):  

¶ Objectives :  The council decided to implement a system to save costs from the 

landfill tax. The system was implemented following advice from their waste 

contractor (note that in the UK waste cannot be charged through pay -as-you -

throw schemes and a fixed fee is charged  to citizens through the 'Council Tax '). 

It is considered that a potential saving of GBP  300  000 could be achieved only 

from avoidable landfill tax in three  years. The key objectives were to increase 

the number of households participating in the kerbside r ecycling service from 

75  % to 82  % in two  years and to reduce the rate of recyclable materials in 

residual fractions from 13  % to at least 8  %.  

¶ Scale of implementation :  A first phase, as a pilot scheme, was successfully 

implemented and then extended to the  whole town. Citizens can opt  out  and 

there is no mandate to be part of the reward system.  

¶ Technology :  Every citizen opting  in is given an e+ card where points are 

accumulated. Blue bins are supplied at no cost for the final user. Points are 

given per pick -up of these bins, which are emptied if eligible by the personnel 

of  the waste truck. No weight system is necessary and no fee reduction is 

offered in the management of the residual waste bin.  

¶ Portfolio of rewards :  No cashable value is given to the users o f the system, but 

a maximum total value of GBP  26 in credits (points) per year. Rewards that can 

be redeemed with the points accumulated are seen as a marketing aspect of 

the scheme. Some of the rewards are  as follows :  

o Council services rewards :  The main re wards were offered as 

leisure rewards, e.g. as discounts or direct access to sports 

facilities, membership to local clubs, gyms, pools, etc.  

o Green rewards :  These are designed to help the municipality to 

achieve further landfill reductions, while making the m freely 

available if enough credit is accumulated on  the e+ card. For 

instance, composters and water butts are offered.  

o Items :  Although not used in the pilot scheme, some rewards 

include offers in local shops.  

The implementation was considered successful by the council of Bracknell Forest (BF, 

2015), as at least 11  000 households joined the scheme (a quarter of the total 

number of households). The amount of residual waste was reduced by 1  000 tonnes, 

representing a saving of GBP 90  000 (from 1 April 2013 t ill July 2014), achieving the 

objectives of the pilot trial; therefore, the system is now implemented at full scale. 

Feedback from the citizens was positive and many indirect benefits were achieved, 

such as the possibility of targeted awareness campaigns via the e -mail of system 
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users, insights gained into  waste management practices, and the construction of a 

new waste monitoring system. This also developed the required awareness for further 

waste reduction opportunities.  

Enforcement  

Enforcement consists of  all the measures that can be organised by law , leading to 

discover y, deter ral , rehabilitat ion  and punish ment . Enforcement is the last option that 

should be contemplated to raise the environmental awareness required for the 

performance of economic instruments (or any other best environmental management 

practice). These techniques are usually associated with a high risk of illegal disposal. 

Best practitioners should be recognised and rewarded by authorities; waste -

regulation compliant citizens should be engaged in the community to keep them 

fulfilling their obligations. Enabling and educating citizens should also be considered 

appropriate measures to reduce the extension of enforcement. In general,  

enforcement is out side  the scope of this document, whi ch covers best practices and 

frontrunner approaches at technical level (i.e. the document does not cover the 

remediation of bad or illegal practices). However , it is acknowledged that enforcement 

and, especially, a lack of it, plays a role in waste policie s. Some examples can be 

found in the literature:  

¶ SEPA and Zero Waste Scotland produced a set of guidelines for the 

enforcement of waste legislation for businesses and public contracts, with an 

extensive set of measures covering planning, designing, executi on and 

assessment of public contracts (SEPA, 2015).  

¶ Municipalities can establish for example  a ñWaste management enforcement 

policyò. For instance, Dudley in the UK established a policy to tackle problems 

associated with abandoned vehicles, untaxed motor vehicles, fly tipping, litter, 

dog fouling and accumu lation of waste (Dudley, 2008). The policy remain s 

open to new obligations or instruments derived from local legislation. Measures 

include visits, inspections, verbal and written advice on legal requirem ents and 

assistance with compliance, written warnings, penalty notices, prosecution, 

seizure and detention, etc. It also provides guidance to police officers for 

informal  enforcement, where they need to be supportive of those willing to fix 

any non -complia nt situation that they are not aware  of .  

Case study on deposit refund schemes: Cadaqués p ilot t est  

As an example of the involvement of local authorities in the implementation of deposit 

schemes, the city of Cadaqués, Catalonia, implemented a pilot test to evaluate its 

effect on the municipal waste management system, from the environmental and 

economic point of view. The experiment was promoted by Retorna through the 

support of a number of agencies and waste managers in the region (Recuperadors de 

Catalunya,  Internaco SA, Rhenus Logistics and Tomra SA). The exercise was 

supervised by the Catalonia waste agency. The effect on municipal waste management 

economics was relevant, reducing collection costs from 9.5  %  to 6.5 %. However, a 

reduction in the income fro m recycling was detected, as well as a reduction in  

collection costs. Collected packagings were sold at prices 20  %  to 40 % higher than 

usual due to the good quality of the waste streams. In addition, the cleanliness of 

public spaces in the city was eviden t (Retorna, 2013).  

Other case studies in PAYT schemes  
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Box 3 .1 . Torelles de Llobregat (OECD, 2006)  

This is documented as the first differential and variable - rate waste pricing system in 

Spain.  

Implementation of the system  

- Biowaste  (food waste), collected three times per week (four in winter), no charge, 

25 - litre capacity bins supplied by the municipality . 

- Paper and card collected once per week, no charge . 

- Glass, no charge, bring scheme . 

- Other packaging waste and residual waste, 40 - litre bags (EUR 0.6 0 per bag) or 

100 - litre sacks (EUR 1.50 each), supplied by the municipality . 

- Nappies, white sacks, no charge . 

- Garden waste, EUR 0.4 0 per 50 - litre sack, supplied by municipality, same 

collection as biowaste . Large branc hes excluded.  

- Garden waste such as large branches, no charge, bring scheme.  

Results  

- Reduction of residual waste of  38  % . 

- Increase of separately collected materials from 33  % to 89  % . 

- Net private costs of EUR  11.58 per household (if avoiding landfill) or EU R -9 if 

avoiding other treatments,  i.e. the system has a positive cost for the household if 

it is avoiding only low -cost landfilling.  

- External benefits around EUR 11 ï20 per household (or EUR 8 ï10 if extra time 

spent by users is factored in ), calculated fro m the avoidance of treatments. 

Increase in private transport and illegal disposal not included  in the balance.  

Box 3 .2 . Landkreis Schweinfurt (OECD, 2006)  

Landkreis Schweinfurt (OECD, 2006)  

Implementation of the system  

- Fixed annual fee. This covers the costs of collection infrastructure, bulky waste 

collection, tyres, fridges and special waste. Around EUR 8 per month or EUR 16 

per month per  240 - litre  bin.  

- Emptying charge, calculated as EUR 0.20 per emptying.  

- Weight -based fee. EUR 0.25 per kg for residual waste and EUR 0.15 for biowaste . 

Results  

- Total waste collected reduced by 28  %, and residual waste reduced by 46  %.  

- Increase of separately collected materials from 64  % to 76  % . 

- Net private costs of EUR -6 per household (i.e. cost reduction). The balance does 

not include a reduction or an increase in the deposit refund system.  

- External benefits around EUR 8 per tonne (or EUR 14 per household) .  

- Increase in private transport and illegal disposal not included  in t he balance.  

Box 3 .3 . Limerick, Clare and Kerry regions (R4R, 2014 b )  

Implementation of the system  

- Customers are charged on residual wastes of average weights in the preceding six 

months, directly per kg of resid ual waste at collection, and/or per removal . 
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- A fixed fee, e.g. as an annual service charge, is also paid by the user .  

- Recyclables, biowaste  and glass are usually free of charge . 

- The charge per kg is EUR 0.12 ï0.27 . 

Results  

- Total waste per household was reduced in systems with charges per kg of waste . 

- Recyclables collection was increased substantially in systems with charges per kg 

of waste . 

- Illegal disposal of waste was detected; users opt  out of the system due to high 

charges . 

- Higher costs detected for smaller households . 

 

B2B approaches  

The implementation of deposit systems for several types of industrial packaging is 

usually performed in order to save costs and increase the efficiency of the logistics 

through reverse logistics, rather than improving the environmental performance, as 

priv ate business would only apply such a measure if it is an opportunity for cost 

savings. The technical report on  best environmental management practices in the 

building and construction sector (EC, 2012) identified pallets as one of the main 

reused packaging  materials in the sector. Lundesjo (2011) reported on a pilot 

experience of Aggregates Industries, UK, on the implementation of reusable pallets. 

Although the motivation is essentially to reduce operational costs, the environmental 

savings are very relevan t, compensating the production of new pallets after only two  

or three  trips. At least 1  000 tonnes of wood are saved per year and 200 tonnes of 

CO2e are avoided in one year.  

The operational challenges o f the implementation of a returnable system with 

indus trial customers were the following:  

¶ Two new types of pallets had to be purchased for the trial and redesigned in 

order to strengthen them with the objective of at least three trips before 

recycling or incinerating the waste pallet. The pallets were labelle d as 

returnable and numbered in order to trace the results of  the trial. After the first 

experience with local, small businesses, 40  % of pallets were returned.  

¶ The experience was extended to large customers in order to achieve higher 

savings. B&Q (retaile r) accepted to return the pallets from stores to the 

distribution centres by applying reverse logistics.  

¶ The large -scale experience was applied to larger pallets that could not be 

stacked with other pallets and some resizing was required. This generated 

ot her problems, as the pallets were larger than the product size, therefore 

reducing the space efficiency during its transport.  

Applicability  

The regulatory framework and its enforcement are the main barriers for the 

application of some local economic instru ments described in this section. Some 

countries, such as the  UK or Greece, do not allow (or do not facilitate ) the 

implementation of variable waste collection rates based on generated waste per 

household. For those countries, positive incentives are consid ered to be the best 

option.  



 
 

              Best Environmental Management Practic e for the Waste Management Sector  

 

19 2  

In addition, the existence of environmental awareness, good management skills and 

innovati on -driven  behaviour at the local government  level , with some good accounting 

practices, are prerequisites for the implementation of local  economic instruments, 

which are complex to manage from the technical, managerial and social perspectives.  

Economics  

A study from the OECD for pay -as-you - throw, and a Defra study on recycling incentive 

schemes showed that, in general terms, the social benefit of local economic 

instruments in the monitored case studies is positive and justify their implementation. 

However, the studies point out that when the cost of treatment is low (e.g. cheap  

landfilling ), the waste management system running costs are higher than for 

conventional waste management (see case studies described in Operational data).  

 

Costs of implementation of pilot recycling incentive schemes in the UK  

The study from Defra ( 2013 )  was perform ed on several case  studies . Table 1-9 shows 

the costs of the different systems . Bracknell Forest, shown in Operational data, was 

one  of the funded municipalities but not included in the first reported assessment by 

Defra. Conclus ions from the study and the cost efficiency of the system are to be 

published by Defra. The costs shown in Table 1-9 do not include revenues from 

prod uced secondary materials; the balance has yet to be assessed and stud ied . The 

county of Norfol k and the Bristol students ' association case studies refer to reuse 

shops that also produce recyclable materials.  

Table 3 -9. Disclosure of costs for Defraôs pilot recycling scheme case studies in the UK (Defra, 

2013)  

Cost breakdown  
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Bradford, Aire Valley 

Recycling, UK 
0%  0%  57%  8%  14%  12%  2%  5%  -  637  33  144.00  52.03  20.06  

Bath and North 

Somerset, UK 
15%  11%  25%  10%  5%  31%  3%  0%  -  3 866  104  116.00  26.93  20.49  

Birmingham, UK 24%  0%  23%  6%  8%  38%  0%  0%  -  3 426  63  500.00  18.53  14.46  

Gloucestershire, UK 2%  10%  17%  2%  11%  58%  0%  0%  -  7 008  60  343.00  8.61  5.96  

Norfolk County, UK 0%  12%  5%  48%  33%  2%  0%  0%  258  -  27  371.00  106.09  
 

Student association in 

Bristol, UK 
0%  7%  56%  6%  2%  28%  1%  0%  2 710  -  65  338.00  24.11  5.76  

Preen Community in 

Bedfordshire, UK 
0%  0%  21%  21%  55%  0%  3%  0%  7 505  -  61  240.00  8.16  5.83  

N.B. Opportunity costs are those staff costs involved in the programme but not on  a full - time basis. In -kind contributions 

include  also stakeholders ' contributions and volunteers unless disclosed in the volunteers column.  

Final results and cost efficiency of the scheme yet to be published.  

Driving force for implementation  
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Cost saving is a main driving force of economic instruments, along with the 

improvement of performance of waste management systems and the derived 

environmental benefits. The amount of wa ste is not reduced through these economic 

instruments, so waste prevention cannot be consider ed a driver of implementation, 

except for those B2B schemes  and  deposit refund systems applied in the industry. 

Recycling incentive schemes are also very popular among citizens and tend to give an 

environmental reputation to the local government.  

Reference o rganisations  

Supra -municipal organisations :  

¶ Defra, on the stu dy of the performance of recycling incentives schemes . 

¶ LIPOR, on the application of recycling incentive schemes . 

¶ ACR+, on the study of economic instruments . 

¶ WRAP, on the application of B2B schemes . 

Municipalities applying an economic instrument :  

¶ Recycling incentive schemes:  

Á Rewards: Bracknell Forest  (UK), Valongo and Gondomar (PT) . 

Á óCash for Trashô: Rotterdam, Barendrecht, Krimpen aan den 

Ijssel (NL) .  

Á Reduction of waste tax fee to residents source separating waste: 

villages in Ma llorca . 

¶ Deposit refund schemes at events:  

Á Directly applied: Graz (AT) . 

Á Locally regulated: Schwä bisch Gmünd, N urem berg, Reinheim  

(DE) . 

B2B approaches:  

¶ BEMP: London Construction Consolidation Centre  (UK) . 
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3.3.4.  Link to other relevant reference documents for best practices  

 

Summary overview  

It is BEMP to implement state -of - the -art techniques that maximise resource efficiency 

and minimise environmental impact in the areas of waste treatment (including 

material recycling, energy recovery and waste disposal). Useful reference documents 

(non -exha ustive list) on relevant state -of - the -art techniques that organisations can 

refer to are:  

- Reference Document on Best Available Techniques for Waste Treatment;  

- End-of -waste criteria;  

- Reference Document on Best Available Techniques for Waste Incineration;  

- EU Landfill Directive (99/31/EC).  

Waste management area  

Cross -

cutting  

MSW -  

strategy  

MSW -  

prevention  

MSW -  

collection  

MSW 

-  EPR  

MSW -  

treatment  

CDW  HCW  

Applicability  

This BEMP is targeted to local waste authorities and waste management companies 

planning and carrying out operations in the areas of waste treatment, material 

recycling, energy recovery and waste disposal.  

Specific environmental performance indicators  

- Relevant state -of - the -art techniques described in the reference documents 

listed i n this BEMP are implemented ( y/ n).  

In their integrated waste management strategy ( see S ection 3.3.1 for guidance on its 

development), local waste authorities and waste management companies define a 

coherent set of actions to implement over  the whole waste  management cycle, 

including the final waste treatment steps (e.g. material recycling, energy recovery and 

waste disposal). These areas, which are not directly covered by BEMPs in this report 

(see Section 1.2.2  and Figure 1-18 ), also have a very large resource efficiency and 

environmental improv ement potential. When planning and carrying out operations in 

these areas, it is BEMP for local waste authorities and waste management companies 

to implement state -of - the -art techniques that maximise resource efficiency and 

minimise environmental impact. T o this aim, organisations can refer to the following 

(non -exhaustive) list of reference documents, which are useful sources of information 

about relevant techniques:  

¶ Reference Document on Best Available Techniques for Waste Treatment 33 ;  

                                           

 

33  For more information on the content of the Best Available Techniques Reference Documents and a  
full exp lanation of terms and acronyms, refer to the European Integrated Pollution Prevention and  

Control Bureau website: http://eippcb.jrc.ec.europa.eu/   

http://eippcb.jrc.ec.europa.eu/
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¶ End-of -waste criteri a34 ;  

¶ Reference Document on Best Available Techniques for Waste Incineration;  

¶ EU Landfill Directive (99/31/EC) 35 .  

 

The appropriate environmental performance indicator for this BEMP is:  

¶ relevant state -of - the -art techniques described in the reference documents 

listed in this BEMP are implemented (Y/N) . 

 

                                           

 

34  End-of -waste criteria were introduced by Article 6 of the W aste Framework Directive of December 2008 
(2008/98/EC ). More information is available at: 
http://ec.europa.eu/environment/waste/framework/end_of_waste.htm   
35  For more informat ion on the content on the landfill directive and access to the full text, refer to the 
following website: http://ec.europa.eu/environment/waste/landfill_index.htm   

http://ec.europa.eu/environment/waste/framework/end_of_waste.htm
http://ec.europa.eu/environment/waste/landfill_index.htm
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4.  Municipal solid w aste (MSW)  

4.1.  Introduction  

This chapter contains the best practice in relation to management of m unicipal solid 

waste (MSW). MSW is generated primarily by households, and also by commercial 

enterprises, and includes a wide range of fractions including organic materials, plastics, 

paper, glass and metals. In 2012, each EU citizen generated 492 kg MSW on average 

(Eurostat, 2014), of which only 40  % was recycled, with the rest being landfilled (37  %) 

or incinerated (23  %). EEA (2013) concludes that the majority of Member States will 

have to make unprecedented pr ogress in increasing recycling rates in order to meet the 

Waste Framework Directiveôs target for 50 % of MSW to be recycled by 2020.  

According to Eurostat (2014), 3  % of EU GHG emissions are directly attributable to waste 

management activities. However, M SW disposal represents the loss of products with high 

embodied GHG emissions and other environmental burdens associated with raw material 

extraction, processing, manufacture and transport. Consequently, disposal of the MSW 

fraction is associated with high indirect environmental burdens. As highlighted in Chapter 

1 with respect to embodied GHG emissions, approximately 1.8 tonnes of CO 2e are 

embodied in the MSW generated by an average EU citizen over one year. At the EU -28 

level, this represents over 890 Mt C O2e/y ear of indirect GHG emissions, suggesting that 

waste management is actually associated with over 20  % of EU GHG emission. Food 

waste, textiles and nappies/sanitary products make the largest contributions to GHG 

emissions, followed by plastics.  

4.2.  Technique  portfolio  

This chapter will sequentially address a range of best practice s to manage MSW, starting 

with the formulation of an overarching waste strategy in Section  4.3 , and finishing by 

dealing with  waste treatment in Section  4.7 .  

Section  4.3  provide s waste authorities and waste management companies  with an 

overview of best practice measures and indicators related to the development of waste 

management strategies that systematic ally and comprehensively deliver the best 

environmental outcomes.  

Section  4.4  describes best practice techniques for waste authorities and waste 

ma nagement companies  to drive waste prevention through local waste prevention 

programmes , schemes for  product reuse and for the preparation for reuse  of waste . 

Section  4.5  covers waste collection  and all its different aspects which are key for a well -

implemented and -performing waste management system .  

Section  0 presents the  best practice for producer responsibility organisations (PROs) to 

enhance the performance of the extended producer responsibility (EPR) schemes.   

Section  4.7  addresses waste treatment options that are not described in other best 

practice documentation s, in particular IED BREFs.  

Reference literature  

EEA (2013). Managing municipal solid waste ð a review of achievements in 32 European 

countries. EEA, Copenhagen.  

Eurostat (2014). Statistics database. Accessed December 2014. Available at: 

http://ec.europa.eu/eu rostat .   

http://ec.europa.eu/eurostat
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4.3.  Strategy BEMPs  

4.3.1.  Cost benchmarking  

 

Summary overview  

Choices related to waste management are greatly affected by economic factors; 

carrying out cost benchmarking by comparing the cost structure of a municipality with 

data of other municipalities is BEMP as it allows the identification of optimisation 

options  which may open the door to more environmentally friendly practices.  Cost 

benchmarking can be carried out internally, by an independent third party or in 

cooperation with other municipalities. Cost figures analysed typically include costs for 

waste manage ment services and for the disposal of certain waste fractions as well as 

revenues gained from the sale of waste that is sent to preparation for reuse  or 

recycling and other by -products.  

All relevant waste fractions generated within the territory considered  and belonging to 

MSW need to be taken into account in the cost benchmarking. Comprehensive 

analyses include costs for waste collection, waste treatment (sorting, recovery, 

disposal, etc.) including the management of closed landfills, staff costs and all o ther 

waste -management - related costs.  

Waste management area  

Cross -

cutting  

MSW -  

strategy  

MSW -  

prevention  

MSW -  

collection  

MSW 

-  EPR  

MSW -  

treatment  

CDW  HCW  

Applicability  

Cost benchmarking can be applied within an area (at local or national level) where 

waste management conditions are comparable and where there is a uniform legal 

framework. However, in some cases, strong deviations occur due to specific 

conditions. Cost ben chmarking is particularly relevant for areas with poorly performing 

waste management systems, in order to support the shift to better performing waste 

management options.  

Specific environmental performance indicators  

- Regular participation in a detailed cost benchmarking study (y/n).  

- Total MSW management cost per resident 36  per year (EUR/ capita /year).  

Description  

                                           

 

36  In areas where th e presence of non - resident population (e.g. tourists, commuters) is relevant all over the 
year or during specific seasons , the number of residents can be adjusted and the number of population 
equivalent calculated, as presented in section 2.4 . The same considerations on resident and non -resident 
population applies to all the relevant environmental performance indicators reported in the following sections of 
this repo rt (i.e. 0, 4.4.1  and 4.4.2 ).  
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Waste management is greatly  affected by economic factors; therefore, it is very helpful 

to carry out cost benchmarking in order to reflect the cost structure of a certain 

municipality (city, village or county) and to eventually identify optimisation options.  

Cost benchmarking can be  carried out by an independent third -party organisation, or 

internally by a local public administration of a considerable size, or in cooperation with 

other municipalities. Cost figures analysed can include costs for waste management 

services and for the d isposal of certain waste fractions as well as revenues gained from 

the sale of waste that is sent to preparation for reuse  or recycling and other by -products . 

All relevant waste fractions generated within  the territory considered and  belonging to 

MSW (pape r/cardboard, glass, plastics, biowaste, green cuttings, scrap metal, non -

ferrous metals, residual waste from households etc.) must be taken into account in the 

cost benchmarking study.  

In m ore detail, in the evaluation of total costs, the following costs a re usually considered:  

¶ costs for collecting the different waste fractions (e.g. residual waste, biowaste, 

paper);  

¶ costs for the treatment/disposal of residual waste (e.g. incineration) and 

recycling/energy recovery of waste fractions with distinction betwe en 

municipality -owned plants and third -party plants;  

¶ costs for operation, closure and management of closed landfills (leachate 

treatment, recultivation, etc.);  

¶ costs for staff and administration related to waste management;  

¶ miscellaneous costs.  

In addition, the total costs can also include costs for services provided:  

¶ by private waste management companies on behalf of the municipality;  

¶ by the municipality itself;  

¶ by municipalities providing services for a nother  municipality.  

In the evaluation of  revenues from recycling/recovery activities, the following ones can 

be considered:  

¶ selling electricity or/and heat from incineration of refuse -derived fuels, residual 

waste, biogas from anaerobic digestion of biowaste or landfill gas;  

¶ selling biogas from  anaerobic digestion;  

¶ selling separately collected or separated paper/board;  

¶ selling separately collected packaging;  

¶ selling separately collected glass;  

¶ selling separately collected or separated scrap metal;  

¶ selling compost;  

¶ fees charged to businesses for  waste collection and disposal.  

The difference between the total costs and the revenues is called ñuncovered costsò and 

they are usually paid by the annual waste fee charged to the citizens of the municipality.  

Once the cost benchmarking study is completed , analyses on the data could support the 

identification of improvement options in waste management processes (e.g. collection of 

the different fractions) or in the waste strategy (e.g. type of fractions collected) 

implemented at local level.  

Cost benchmark ing can also be used to compare the costs of waste prevention measures 

with the cost savings due to  the decreased amount of waste to be managed.  

Figure 4-1 shows an example for the evaluation of the main cost categories for 33 

counties and 11 cities in Germany (ia GmbH, 2015).  
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Figure 4 -1 . Specific waste management costs for the main cost categories for 2013 of 33 counties 

and 11 cities in Germany providing waste management services to 6.3 million citizens 

in total, based on ia GmbH (2015)  

The corresponding annual waste quantities per capita are illustrated in Figure 4-2. 

 

Figure 4 -2 . Total specific waste quantities of the participating 33 counties and 11 cities in Germany 

from 2008 to  2013, based on ia G mbH (2015) 37   

                                           

 

37    

The values are presented as median, minimum, maximum and 25 th /75 th  percentiles as  indicated in the figure 
above.   
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75th 
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Achieved environmental b enefit s  

Cost benchmarking is not directly associated with an improved environmental 

performance. However, it can contribute to an optimisation of services such as the 

collection of the different waste fractions. In this  respect, it can encourage municipalities 

to increase the number of waste fractions that are collected separately as the figures 

demonstrate that advanced collection systems do not necessarily lead to significantly 

higher costs ( Figure 4-3).  

 

Figure 4 -3 . Costs for waste collection at different service intensit ies  of the different systems for 

2009 ï201 3, based on ia GmbH (2015) 38  

Appropriate environmental indicators  

The most appropriate indicator s to monitor the implementation of this BEMP are  as 

follows :  

¶ Regular participation  by the local authority  in a detailed cost benchmarking study 

(y/n).  

¶ Total MSW management cost per inhabitant per year ( EUR/ capita /year).  For this 

indicator , it is important to keep in mind that for comparability over different 

                                                                                                                                    

 

 

38   

The values are presented as median, minimum, maximum and 25 th /75 th  percentiles as indicated in the figure 
above.   
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years, waste management costs need to be homogeneous, including therefore the 

same services and activities.  Moreover, when the available data allow, the cost of 

MSW management can be disaggregated for the main different waste streams, in 

order to identify how costs are allocated to specific waste streams.    

Cross - media effects  

There are no cross -media effects a s the technique is not associated with any significant 

energy or material consumption or emissions.  

Operational data  

Any municipality, city or region can participate in the cost benchmarking exercise  by  

using and  providing data to  other organisations  that participate  in  or carry  out  the 

benchmarking study . The more organisations that take part , the more reliable the ir  

assessment .  

A specific case of a cost benchmarking  exercise  has been carried out by a network of 

municipalities and local authorities in Germany, called ForumZ, which promotes the inter -

municipal cooperation in the field of waste management ( www.forumz.de ).  

In order to collect data from the different municipalities included in the network, a 

questionnair e for data collection was developed by a working group comprising waste 

management experts from the different municipalities (counties and cities). Not only 

technical information is required to optimise waste management but also systematic and 

robust data on costs. The questionnaire was developed in a practice -oriented way in 

order to create helpful benchmarks.  

As the cost benchmarking in ForumZ has been carried out six times so far (status: April 

2015), increases and decreases in  costs can be indicated as illustrated in Figure 4-4. 

While developing the questionnaire , the working group decided that , based on the annual 

data collection and responses from t he participating municipalities, the questionnaire 

may be (slightly) adapted year to  year.  

In the case of ForumZ, the data collection also comprises information on whether the 

services are carried out by private waste management companies on behalf of the 

municipality, by the municipality itself, or by municipalities providing services for another 

municipality. The collection of these data allowed ForumZ to also investigat e whether the 

uncovered costs depend on the percentage of private services. Figure 4-5 shows that 

uncovered costs do not depend on the percentage of private services carrying out waste 

management.  

http://www.forumz.de/
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Figure 4 -4 . Increases and decreases in  uncovered costs in 33 counties and 11 cities in Germany 

from 2008 to  2013, based on ia GmbH (2015)  

 

Figure 4 -5 . Uncovered costs and percentage of services provided by private companies in 33 

counties and 11 cities in Germany  in  2010 ï2013, based on ia GmbH (2015)  

Applicability  

Cost benchmarking can be applied in a county/region or at the  national level, where 

waste management conditions are comparabl e and where there is a uniform legal 

framework.  In order to carry out a cost benchmarking of waste management, the public 

administration or the waste management company need to have a full and detailed 

view/control of all operations and mass flows  involved . Concerning comparability of cost 

figures, there may be individual cases where strong deviations occur due to specific 
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conditions. For instance, for municipalities with a high number of tourists the cost figures 

in [EUR/cap ita per  year] are significantly different; as a consequence, in this case, a cost 

indicator [EUR/t total waste] may be more appro priate. Cost benchmarking could be very 

useful when assessing existing poorly performing waste manage ment systems in order to 

support the shift to more effic ient ones.  

A municipality or a county joining a cost benchmarking system should be able to produce 

cost estimations based on its accounts. For those, full cost accounting is preferred 

against yearly outlay balance s, and an appropriate allocation procedure should be 

applied.  A detailed description of cost estimation and allocation procedures is included in 

Section 3.3.3 . 

Economics  

Municipalities taking part in the cost benchmarking exercise performed by the 

independent third -party organisation ForumZ (presented in the Operational data section) 

pay an annual fee to ForumZ which  organis es the collection and evaluation of cost data. 

Thi s fee is in the range of EUR 1 000 and EUR 4 000 per year, depending on the size of 

the municipality.  

According to  Figure 4-1, waste management costs o f different cities, counties or 

municipalities vary by up to a factor of 3. For individual services, the range can be 

bigger, e.g. up to a factor of 8 for waste collection. For instance, in 2013, the cost for 

waste collection with biowaste bin s, paper bin s and recycling stations in all municipalities 

for all citizens varied between EUR 17 and EUR 76 per cap ita per  year. If the costs for the 

waste management of a region, e.g. a county, with 200  000 citizens at the upper end of 

the range can be reduced by only EUR 5 EUR per cap ita per  year thanks to cost 

benchmarking and the improvement of the waste management system, the total cost 

savings in that region could reach EUR 1 million per year. This c an be achieved by cost 

benchmarking for which the expenditure as a network member is EUR 0.0 2ï3 per cap ita 

per  year.  

Driving force for implementation  

The improvement of the waste management system and the consequential potential cost 

reduction for waste ma nagement is the main driving force for implementing cost 

benchmarking.  

Reference o rganisations  

ForumZ, a network including a number of municipalities and counties in Germany,  is so 

far the only one which has been carrying out cost benchmarking for several  years (2008 ï

2013). The latest report for the figures of 2013 is dated March 2015.  

In Germany, the Association of Municipal Waste Management and City Cleaning (VKS) as 

part of the Association of Municipal Enterprises (VKU) is also carrying out benchmarking  

studies both for technical and cost aspects , but not as regular ly  and specific ally  as 

ForumZ. However, so far a benchmark exercise has been carried out nine times (VKS, 

2015); thus the development can be visualised and used for optimisation strategies. In  

the last rounds, about 70 counties, cities and municipalities took part. The data are 

processed and evaluated by third parties (Dornbusch, 2015).  

The French Agency for the Environment and Energy Management (ADEME) has developed 

a cost matrix , which is ava ilable for local authorities and allow s cost benchmarking 
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(ADEME, 2015).  Also , the Paris Region Waste Observatory (ORDIF)  is applying cost 

benchmark tools (ORDIF, 2015).  

Reference literature  

ADEME (2015) information on the concept of cost benchmarking is a vailable on the 

ADEME website: http://www.ademe.fr/collectivites -secteur -public/integrer -

lenvironnement -domaines -dintervention/dechets/maitriser -couts -ajuster -

financement/dossier/connaitre -couts/outils -gestion -dechets -matrice -couts -methode -

comptacoutr , last access  June  201 7. 

Dornbusch, H. -J. (2015) . Benchmarking und Erfahrungsaustausche für die 

Abfallwirtschaft  ï aus der Praxis für die Praxis (Benchmarking and exchange of 

experiences ï from practice to practice . Presentation at the VKS/VKU -

Landesgruppenfachtagung ñLeinen los!ñ in Hamburg in October 2015,  

http://www.iswabeacon.obladen.de/images/presentations/Dornbusch.pdf , last access  

September 2017 . 

ia GmbH (2015). Abfallwirtschaftliche Gesamtkosten (total costs for waste management) .  

Report on cost benchmarking for the waste management of 33 counties, 12 cities and 

one  community in Germany for the year 2013 (in German ï unpublished) . ia GmbH is a 

small engin eering company  with about six  employees which already started to 

systematically collect and evaluate data on waste management at municipality level in 

1996 (see more information on ia GmbH on www.ia -gmbh.de).  

Paris Region Waste Observatory (ORDIF) (2015).  Connaître, analyser, et comparer ses 

coûts de gestion de déchets . March 2015 . 

VKS im VKU ( Association of Municipal Waste Management and City Cleaning (VKS) as 

part of the Association of Municipal Enterprises (VKU) )  (2015) . Das Benchmarking -

Projekt (The Be nchmarking Project) . http://www.vksimvku -

benchmarking.de/das_projekt.php?thema=projekt , last access  September 2017 . 
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4.3.2.  Advanced  w aste monitoring  

 

Summary overview  

The development and implementation of an efficient and effective waste management 

strategy is based on detailed knowledge of statistical data for the waste streams 

collected and managed at local level.  

It is thus BEMP to:  

- regularly collect and process availab le data at single waste stream level, and 

for the different steps of the collection, reuse/preparation for reuse, sorting, 

recycling, recovery and disposal processes;  

- regularly carry out a composition analysis of the mixed waste;  

- when waste management oper ations are contracted out, include contract 

clauses for the systematic communication of comprehensive data.  

Waste monitoring data are useful both for internal analysis (such as evaluating the 

potential implementation of a new measure) and for sharing with the relevant public 

administration and citizens to drive improvement and awareness.  

Waste management area  

Cross -

cutting  

MSW -  

strategy  

MSW -  

prevention  

MSW -  

collection  

MSW 

-  EPR  

MSW -  

treatment  

CDW  HCW  

Applicability  

Detailed waste monitoring is applicable to all local authorities and waste management 

companies managing municipal solid waste. For organisations starting the process, 

waste monitoring may focus first on the most relevant waste fractions and eventually 

be extended to all fractions ste p by step.  

Specific environmental performance indicators  

In addition to the common environmental performance indicators presented in Chapter 

2, the most appropriate indicators to assess the successful implementation of this 

BEMP are:  

- use of web -based tools for tracking and reporting waste data (y/n) ;  

- frequency of composition analysis of mixed waste ( one composition analysis 

every # months or  years).  

Benchmark of excellence  

- Composition analysis of mixed waste is carried out at least four  times a year 

(during different seasons) every three  years or after any substantial change of 

the waste management system . 

Description  
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An efficient and effective waste management strategy is based on detailed knowledge of 

statistical data for the waste str eams collected at local level and treated . Data collection  

and manag ement  can be carried out in detail :  initially defining which information should 

be collected and then keeping a good and updated database , which allows the extraction 

and processing of the required information in order to implement a number of analyses 

on the management  of waste . A detailed example of  advanced waste monitoring, which 

phases to analyse (i.e. waste generation, collection, sort ing, recycling, recovery and 

disposal) and the most suitable environmental performance indicators (e.g. capture rate, 

impurity rate), which can be calculated from the data collected, is provided in Chapter 2. 

A key aspect of improved waste monitoring is the ability to track information along the 

entire value  chain of the collected waste, not only for the operations managed in -house 

(e.g. collection) but also on the fate of waste afterwards, when it may  be managed by 

external companies and contractors  (e.g. waste sorting and recycling) . In such case s, it 

is important to include in the contractual agreement  with the external organisation  the 

provision to regularly communicat e relevant data on waste management operations (e.g. 

sorting, recycling, energy recovery and disposal) as, for example, mentioned in different 

cases in Section 2.4.1 .  

Thanks to advanced monitoring  of waste operations directly managed by the l ocal 

authority/ waste management company or outsourced to other organisations , local 

authorities are able to track waste streams throughout  their presence in the waste 

management system and even further (e.g. when used as recycled or reused materials 

and items).  Web -based tools can be adopted for tracking and reporting waste data and 

for ensuring the easy access of  the local authority or resi dents to all data on waste 

management.  

Waste management systems are complex and their monitoring is an activity which 

requires human resources and a full understan ding of the system. As a  simplified  

example, Figure 4-6 illustrates the waste streams derived from households and 

household - type commercial waste.  
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Figure 4 -6 . Important waste streams concernin g municipal waste  

 

Detailed waste monitoring requires regular analysis of the compos ition of mixed waste: 

as explained in detail in Section 2.4 , this activity needs to be carried out in detail, (i) 

selecting a representative waste sample and (ii) in different periods of the year (i.e. to 

reflect seasonal changes). Knowledge of the co mposition of mixed waste then drives the 

improvements to the waste management strategy to further increase the capacity of the 

system to recycle and recover materials.  

An important aspect of improved waste monitoring is the timely availability of data, 

whi ch allows monitoring of the waste management system based on updated 

information.  Data  collected should be available for processing and analyses in a few 

weeks and the  monitoring system should be co ntin uously improved not only for the 

quality and amount of  data collected but also for the time needed to obtain data to be 

processed.  

Data collected and anal ysed can be used for internal pu rposes (e.g. evaluating the 

potential implementation of a new waste management measure, driving improvement of 

the waste man agement system) and  for providing the required transparency to citizens. 

In fact, a n annual waste management report can be published , providing an overview of 

the operation of the existing facilities and of the quantities of all collected, processed and 

re cycled waste streams.  

Additionally , in the coming years, advanced waste monitoring and web -based tools will 

be able to gather data on the waste streams collected at single household level  and share 

them with citizens  (called know -as-you - throw) . The informa tion could be used, apart 

from for defining the variable part of the PAYT (if present) tariff, to inform residents of 

their specific waste generation, increasing environmental awareness , promoting waste 

prevention  and helping them in improving separate collection at source.  
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Achieved environmental b enefit s  

Improved waste monitoring does not lead directly to any environmental benefit. 

However, detailed kno wledge of the quantities and quality of the waste streams col lected 

and treated can lead to a better waste management system with a consequent improved 

environmental performance (e.g. higher recycling rates). In fact, o n the basis of exact 

quantities of the different waste streams, the efficiency of measures adopted  in the waste 

management system can be determined and optimised , e.g.  the management capacity of 

treatment plants can be improved, the collection of the different waste fractions can be 

optimised and a more accurate post calculation of fees can be achieved .  

Appropriate environmental indicators  

In addition to the common environmental performance indicators presented in Chapter 2, 

the most appropriate indicators to assess the successful implementation of this BEMP 

are:  

- use of web -based tools for tracking and  reporting waste data (y/n) ;  

- frequency of composition analysis of mixed waste ( one composition analysis every 

# months or years ).  

Cross - media effects  

Due to the  improved waste monitoring , there are no known significant environmental 

cross -media effects.  

Operational data  

Table 4-1 shows an excellent example of monitoring of the quantity of the different waste 

fractions collected in a German county (Asc haffenburg) from 1989 to 2013 

(Aschaffenburg, 2013). A total of 17 recyclable streams  and  4 un recyclable, bulky, 

hazardous and commercial waste streams have been systematically recorded over the 

last 20 years.  
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Table 4 -1 . Example for the determination and documentation of the quantity of the different waste fractions of a county ( county of Aschaffenburg in 

Germany) from 1989 to  2013, in kg/cap ita per  y ea r, (Aschaffenburg, 201 4 )  

 

 

 

kg/cap x yr

Waste 

glass

Waste 

paper

Scrap 

metal

waste 

tyres

Waste 

plastic

Textiles Shoes Green 

cuttings

Bio-

waste

Waste 

wood

Windows/ 

flat glass

Alu-

minium

Waste 

cable

Cork Demo-

lition 

waste

WEEE Other 

recycables

Residual 

waste

Bulky waste Hazardous 

waste

Commercial 

(household-

type) waste

1989 191,4 25,7 444,2

1995 134 26,5 1,48 66,9

1996 34 82,2 21,2 13,3 5,4 0,1 79,4 2,5 19,1 0,4 0,4 0,1 0 27,4

1997 32,9 89,2 21,9 16,7 3,2 0,1 81,4 25 25,4 0,6 0,7 0,1 0,1 40,5 68,2 27,4 1,56 27,5 462,5

1998 33,5 97,7 21,9 16,4 3,2 0,1 62,5 24,2 30,5 1,1 0,9 0,1 0,1 42,4 44,6 35,5 1,4 20,9 437,0

1999 32,6 96,8 17,1 19,9 2 0,1 59,1 24,4 17,3 1,4 0,9 0,1 0,1 50,4 47,7 1,8 1,08 14,3 387,1

2000 32,1 100,8 19,7 21,4 2,3 0,1 74 24,2 20,2 2,6 0,1 0,1 44,7 48,8 2,7 0,56 10 404,4

2001 30,8 99,6 20,2 22,1 3,2 0,1 79,8 23,8 22,5 2,3 0,1 0,1 46,8 47,6 1,3 0,87 9,6 410,8

2002 29,2 98,7 20,4 23,3 3,1 0,1 81,2 23,5 23 2,5 0,1 0,1 54,1 47,1 0,8 0,58 8,7 416,5

2003 27 94,8 19,1 22 3,5 0,1 83,3 23,7 23,2 2,6 0,1 0,1 50,8 46,1 0,7 0,74 8 405,8

2004 24,8 84,1 15,4 22,1 3,8 0,1 85,3 25,7 22,9 2,6 0,1 0,1 51,1 0,2 47,9 0,7 0,83 6,9 394,6

2005 28,6 89,2 14,2 22,2 4,8 0,1 82,6 25,9 24,1 1,8 0,6 0,1 0,1 49,5 0,3 48,3 0,9 0,77 9,1 403,2

2006 29,4 92,6 13,5 22 6,6 0,1 83,9 26,7 23,1 5,9 0,6 0,2 0,1 49,5 5,5 0,2 49,3 1,1 0,86 11,2 422,4

2007 28,4 94,4 11,3 23,9 5,5 0,1 76,2 26,5 25,4 6,6 0,1 0,2 0,1 47,2 4,9 0,1 50,1 1,2 0,77 7,9 410,9

2008 26,3 94,3 12,2 25 2,9 0,1 72,1 27,1 26,2 7,6 0,1 0,1 0,1 47 5,7 0,1 50,4 1,5 0,83 8,3 407,9

2009 18,4 92,5 14,2 26,2 3,7 0,1 51,1 27,5 27,6 8,2 0,1 0,2 0 49,7 6,1 0,1 51,9 1,5 0,94 9 389,0

2010 27,3 91,5 12,8 26,5 5,6 0,1 90,2 28,1 28,5 8,5 0,1 0,2 0,1 50,2 5,7 0,1 51,7 1,7 1 9,7 439,6

2011 27,1 92,4 12,1 27,3 6,1 0,1 94,4 29,1 30,2 9,4 0,1 0,1 0 55,7 5,5 0,1 52,8 1,5 1 11 456,0

2012 27,2 91,6 11,2 0,2 24,2 5,4 0,1 97,5 29 29,8 9,8 0,1 0,1 0 52,5 5,6 0,2 52,3 1,6 0,99 9,1 448,5

2013 27,1 90,4 11,3 0,1 26 7 0,2 130,3 29,7 29,9 10,1 0,1 0,1 0,1 53,2 5,6 0,2 52,9 1,8 0,94 10,7 487,7

Recycables
Residual, bulky, hazardous and 

commercial waste Total 

waste
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Such detailed waste monitoring reveals  the drastic change in the waste management 

system of the county in the last 20 years. The quantity of residual waste decreased  

considerably  and the quantities of recyclables shar ply increased. The county 

introduced a weight -based pay -as-you - throw system for residual waste, biowaste and 

paper/cardboard. At the same time, the waste management infrastructure was 

significantly improved in order to drastically increase the recycling ra tes. Thus, today 

the percentage of recyclables is more than 85  % and the specific quantity of mixed 

household  waste is about 50 kg/cap ita per  year. These analyses and the 

successfulness of the implemented waste management system would not have been 

recogni sed and improved without such detailed waste monitoring.  

With respect to evaluation of data, specific circumstances may have to be taken into 

account , such as the influence of tourism, and the collection of paper and cardboard 

by third -party organisations such as clubs of a municipality , etc.  

In connection with the PAYT BEMP (see BEMP  4.3.3 ), it is easily possible to monitor 

which citizens have individual bins and which use common bins. Then it can be 

investigated where the collection and capture rates can be optimi sed most. The  same 

is true for the collection frequency for citizens ' waste  as each collection is recorded 

and documented for all citizens. In this case, the data is available very quickly , 

practically just - in - time, and an evaluation and assessment is possible with in  a few 

weeks or months (Aschaffenburg, 2014).  

Applicability  

Detailed waste monitoring is applicable to all local authorities and waste management 

companies managing municipal solid waste. For organisations starting the process, 

waste monitoring may focus first on the most relevant waste fractions and then it can 

be extended to all fractions , step by step . 

Economics  

No detailed information about the costs  for establishing and running improved waste 

monitoring  is available . Economics is affected by the level of monitoring adopted, the 

frequency, the number of fraction s monitored, the human resources involved, and the 

tools used for data analysis.   

Driving force for implementation  

The legal requirements at EU and national level concerning recycling rates and the  

rates for diver sion of organic waste away from landfills  as well as the need to 

determine the efficiency  and effectiveness  of waste management systems are the 

driving forces for improved waste monitoring . 

Reference o rganisations  

Many cities and counties throughout Europe, ( for example Copenhagen, Hamburg, 

Barce lona, Bristol, Milano, Val di Non, Aschaffenburg , Schweinfurt  and  Lombardy )  

have detailed waste monitoring of waste fractions.  I n the specific case of Lombardy , 

the Regional Waste Monitoring Centre (O.R.So -  Osservatorio Rifiuti Sovraregionale) of 

the Regional Agency for Environmental Protection of Lombardy (Agenzia Regionale per 

la Protezione dellôAmbiente della Lombardia) has set up a system to systematically 

col lect data on single waste streams; this system is subject to continuous 
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improvement. 

http://www2.arpalombardia.it/siti/arpalombardia/imprese/rifiuti/Pagine/ORS O.aspx  

In the case of Val di Non (Italy) , regular ( four  times per year) and comprehensive 

waste monitoring ( quantification of separate amount of fractions collected and 

composition analysis of residual waste) is carried out in the local area (Comunitá Val di 

Non, 2017). Some results are publicly available at 

http://www.comunitavaldinon.tn.it/Aree -Tematiche/Gestione - rifiuti/Statistiche -

raccolt a-differenziata   

 

Another relevant reference organisation is ORDIF ( Î le-de-France Regional Waste 

Management Observatory)  which every year issues a dashboard summari sing the 

main figures related to waste management in the Paris region (prevention, collectio n, 

treatment, costs, environmental impact , etc. ) extracted from its various studies and 

surveys. The dashboard has proved to be a comprehensive and practical reference 

document for regional waste stakeholders.  The dashboard is available here:  

http://www.ordif.com/public/document.srv?id=18805 . 

 

The Swedish waste management company Avfall Sverige, a public organisation 

managing the waste collection and treatment of the vast majority of household waste 

in Sweden , has also developed a detailed monitoring system, which can be easily 

consulted online, via  a website (Avfall web). The online system allows the user to 

check  the  waste management data of specific municipalities and waste treatmen t 

facilities. A number of indicators (e.g. waste generation per capita, waste sent to 

energy recovery) can be freely consulted and results compared thanks to an easy 

interface (Svensson, 2015, personal comm.).  

 

In terms of methodology, the Regions for Recy cling project (R4R, 2014) can be 

considered a reference. In this  EU- funded project, due to the difficulties of comparing 

data from different territories across Europe (see also 

http://www.regions4recycling.eu/upload/public/Reports/R4R_Data_comparison_main_

findings.pdf ), 13 EU partners together defined a common method to monitor, present 

and compare waste management data and recycling performances. The  method is 

based on several elements (R4R, 2017):  

¶ a common scope for municipal waste;  

¶ a common indicator called óDRECô (Destination RECycling) that only includes 

homogeneous waste fractions sent and accepted by the recycling sector (i.e. no 

significant con tamination is included);  

¶ a framework for detailing óexternal factorsô (i.e. factors having an impact on 

waste management performances over  which the territory has little to no 

influence), acting as parameters allowing the  identif ication of  comparable 

terri tories;  

¶ a framework for ólocal instrumentsô detailing all the different policy instruments 

at the disposal of public authorities to organi se and improve waste 

management/recycling;  

¶ an online tool allowing any territory to input its own data according to th e R4R 

method and to benchmark it against  other territor ies . 

http://www2.arpalombardia.it/siti/arpalombardia/imprese/rifiuti/Pagine/ORSO.aspx
http://www.comunitavaldinon.tn.it/Aree-Tematiche/Gestione-rifiuti/Statistiche-raccolta-differenziata
http://www.comunitavaldinon.tn.it/Aree-Tematiche/Gestione-rifiuti/Statistiche-raccolta-differenziata
http://www.ordif.com/public/document.srv?id=18805
http://www.regions4recycling.eu/upload/public/Reports/R4R_Data_comparison_main_findings.pdf
http://www.regions4recycling.eu/upload/public/Reports/R4R_Data_comparison_main_findings.pdf
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In terms of advanced waste monitoring systems and web -based tools able to gather 

data on the waste streams collected at single household level and share information 

with residents (know -as-you - thr ow) , there are currently some examples of 

municipalities experimenting with them within the framework of a PAYT system or 

without the adoption of PAYT. Relevant references are the municipality of Brive -La-

Gaillarde (FR) http://incitation.sirtom - region -brive.net/  or webtools such as 

http://garbagesportello.harnekinfo.it/ElencoAziende.aspx  where each user can access 

their  real - time waste production, or the app http://www.riciclario.it/cosa - fa - riciclario/ .  
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4.3.3.  Pay - as- y ou - t hrow  

 

Summary overview  

The aim of pay -as-you - throw (PAYT) is to enact the polluter pays principle in a fair 

way by charging users of the waste management system according to the amount of 

waste they generate.  

It is BEMP to charge waste fees to users based on a fixed plus variable fee component, 

to reflect the cost structure of waste management and align incentives for users (i.e. 

low er fee when less waste is produced) and waste collectors (i.e. revenue stability 

from the fixed fee component).  

In practice, the system can be implemented in various forms, typically:  

- volume -based schemes (choice of container size);  

- sack -based schemes (nu mber of waste sacks used), e.g. with prepaid specific 

sacks;  

- weight -based schemes (the weight of the waste collected in a given container);  

- frequency -based schemes (the frequency with which a container is left out for 

collection ï this approach can be comb ined with volume -  and weight -based 

schemes).  

The scheme can be focused on charging for residual waste only or also separated 

streams, still with the aim of fostering source separation and waste prevention.  

The four key elements enabling the implementation of a PAYT scheme are:  

- the identification of individual users;  

- the measurement of waste streams at the individual user level (e.g. from door -

to -door collection, street containers or at civic amenity sites);  

- the definition of a unit pricing that effectivel y drives behavioural change;  

- the engagement of residents to ensure a correct understanding of the features 

of the scheme and their buy - in and commitment (this is important to avoid 

illegal dumping or the transfer of waste in other territories not served by  a 

PAYT scheme).  

Waste management area  

Cross -

cutting  

MSW -  

strategy  

MSW -  

prevention  

MSW -  

collection  

MSW 

-  EPR  

MSW -  

treatment  

CDW  HCW  

Applicability  

While the approach is broadly applicable, existing infrastructure must be adapted (e.g. 

collection). Door - to -door collection is usually necessary to fully implement PAYT 

principles.  

Precautions must be taken to ensure that enforcement is ensured (e.g. no 'leakage' 
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into the MSW of adjacent local authorities with no PAYT or into litter bins on the 

streets).  This is more feasible when there is already an existing awareness of users 

regarding source -separation and broader environment and waste issues.  

Depending on the implementation (e.g. in case of user identification of individual bins 

or bags), appropriate measures are needed to deal correctly with data privacy and 

confidentiality (e.g. secure data storage).  

Specific environmental performance indic ators  

In addition to the common environmental performance indicators presented in Chapter 

2, the most appropriate indicators to assess the successful implementation of this 

BEMP are:  

- A pay -as-you - throw system is in place (y/n) ;  

- inclusion of waste conferre d to civic amenity sites in the PAYT system (y/n) ;  

- share of users with zero waste generation (%).  

Benchmarks of excellence  

- A pay -as-you - throw system is in place, according to which at least 40  % of the 

cost is charged to the users depending on the quantity (kg or m 3) of mixed 

waste collected , the size of the waste collection bins and/ or the number of 

collection rounds . 

- The PAYT system also includes the waste conferred to civic amenity sites.  

Description  

The approach of ñpay -as-you - throwò (PAYT) (also k nown as unit pricing (Dijkgraaf and 

Gradus, 2009), differential and variable rates (OECD, 2006; van Beukering et al., 

2009) and variable fee or charge systems) is to apply  the 'polluter pays ' principle in a 

fair way by charging inhabitants according  to the amount of waste they generate 

(Bilitewski et al., 2004).  

The experience gained so far has revealed that the waste fee should not only comprise 

the single component ñamount of waste generatedò but should ideally  consist of fixed 

and variable (servi ce-based) fees (Bilitewski, 2008). On the one hand, this reflects the 

cost structure of waste disposal, which consists of fixed and variable costs (Bilitewski 

et al., 1995), and , on the other hand, the inclusion of a fixed (basic) fee helps to avoid 

illega l disposal practices , which can increase in the event that  the fee is only charged 

for the variable amount of waste collected (Reichenbach, 2008; Puig -Ventosa, 2008). 

Waste fees applied to residents should have  the right balance between variable and 

fixed fees. Local authorities aim at revenue stability, thus high fixed f ees, but it is the 

variable fee  (unit rate) that lead s to behavioural change  of residents, driving waste 

prevention and better waste separation at source . When establishing the waste fees, 

an economic balance of waste management should also be sought by covering as 

much as possible residual waste management costs with  PAYT revenues . 

Figure 4-7 shows the different possible components of a waste fee.  
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Source : Bilitewski (2008)  

Figure 4 -7 . Different suitable components for the design of waste fees  

In Figure 4-7, the service fee represents the service - related part of the fee. 

Consequently, the PAYT approach means that a substantial  part of the overall fee is 

allocated to the amount of waste generated in order to stimulate waste prevention and 

recovery.  

In this context , PAYT schemes can be implemented in different ways as illustrated in 

Figure 4-8. 

 

 

Figure 4 -8 . Overview of the different possibilities to implement the PAYT approach (based on 

Reichenbach, 2008)  

The prepaid sack system is also considered to belong to the volume -based systems 

but here it is presented as an additional system as for solid household waste ;  the 

volume of a sack directly correlates with its weight and the fee has to be paid for each 

PAYT 
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sack. Therefore , it is different from common volume -based schemes where citizens 

pay for the choice of container size. The most important PAYT schemes (Watkins et 

al., 2012) are:  

¶ volume -based schemes (choice of container size) ;  

¶ sack -based schemes (number of s acks left  out for collection) ;  

¶ weight -based schemes (the weight of the waste collected in a given container) ;  

¶ frequency -based schemes (the frequency with which a container is left  out for 

collection ï this approach can be combined with volume -  and weight -based 

schemes).  

Best practice is that weight -based door - to -door collection is carried out not only for 

residual waste but also for organic waste and bulky waste. The successful 

implementation of an efficient PAYT system requires that the waste delivered to civic 

amenity sites is also covered by the PAYT system ;  therefore, a well -developed 

network of civic amenity sites (see Section 4.5.3 ) is key for a well -performing PAYT 

system in order to offer the citizens a comfortable way to dispose  of materials that  

they no  longer  need. In addition, awareness - raising is also a n important element for 

PAYT systems; if the citizens are aware , well - informed  and  supportive of  the system, 

they will contribute to its success . 

The experience shows that the best results can be achieved with weight -based 

schemes but that  with prepaid sack schemes good performances are also achieved  

whereas volu me -based systems impart the weakest incentive for waste prevention 

and recycling (OECD, 2006; Watkins et al., 2012). In contrast, the highest recycling 

rates and lowest residual waste quantities are achieved with weight -based systems 

accompanied with well -developed infrastructure and citizens with high awareness. 

Consequently , a case study is presented in more detail. For such a system, the  

technical elements of the PAYT scheme  are  based on the following four  pillars:  

¶ the identification of individual users;   

¶ the measurement of waste streams at the individual user level (e.g. from door -

to -door collection, street containers or at civic amenity sites);  

¶ the definition of a unit pricing that effectively drives behavioural change;  

¶ the engagement of residents to e nsure a correct understanding of the features 

of the scheme and their buy - in and commitment (this is important to avoid 

illegal dumping or the transfer of waste in other territories not served by a 

PAYT scheme).  

In other words, the waste producer has to be  identified, the amount of waste delivered 

is recorded by weight, and there is a price per unit of waste which has to be paid in 

addition to the fixed fee.  

Achieved environmental benefits  

The amount of residual waste significantly decreases and the amoun t of recycled 

waste increases accordingly ï if the infrastructure to collect and to process the 

recyclables is available and efficient and the citizens have adequate awareness and 

actively support the system. Recycling rates of 70  % and higher  (Reichenbach , 2008), 

up to 86  % in case of weight -based systems (Aschaffenburg, 2013), are achieved. 

Figure 4-9 shows the development of the quantities per capita for the total waste, the 

waste  disposed  of and the recycled waste from 1991 to  2013 for the county of 

Aschaffenburg , Germany. The PAYT system with identification and weighing of the 
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waste bins (for residu al waste as well as for biowaste ), collected door - to -door, was 

introduced in 1997 and the subsequent increase in recycled waste and the decrease in 

disposed of waste are obvious. In princip le, this example is representative ;  as the 

weight -based system is a pplied, the recycling rates are particularly high.  

 

Figure 4 -9 . Development of the quantities of total waste, waste  disposed  of (i.e. mixed waste) 

and recycled waste from 1991 to  2013 in  the county of Asch affenburg  ( Germany )  

(County Aschaffenburg, 2013)  

The reported recycling rates for weight -based systems vary significantly due to the 

different levels of waste collection infrastructure and public awareness. Another 

example with a very good performance is reported from Italy, where high recycling 

rates and low residual waste quantities were achieved. In the Treviso region, only 

55  kg residual waste per capita were reported for 2015 (Contó, 2015; Contarina, 

2015) and in the municipality of Trento in the year  2014  the residual waste quantity 

was 102 kg/capita per  year (see Figure 4-10 ).  

 

Figure 4 -10 . Developm ent of the total and residual waste quantity in the municipality of Trento 

from 1998  to 2014 (Fedrizzi, 2015)  
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The same is true for Flanders, a region of Belgium, where first prepaid sacks were 

used and later weight -based systems. The recycling rate could b e significantly reduced 

and the residual waste quantity reduced down to 149 kg/capita per  year ( Regions for 

Recycling , 2014 a). The development is indicated in Figure 4-11 .  

 

Figure 4 -11 . Development of recycled and residual waste as well as incinerated and landfilled 

waste in Flanders from 1991  to 2012 ( Regions f or Recycling , 2014 a)  

The prepaid sack systems also show a significant decrease in the quantity of residual 

waste but the achievable figures are lower compared t o optimum weight -based 

systems.  

¶ In Switzerland, on  average 391 kg/cap ita per  year are recycled w hich 

corresponds to 53.5 % of the total waste quantity (Switzerland, 2015).  

Appropriate environmental indicators  

In addition to the common environmental performance indicators presented in Chapter 

2, the most appropriate indicators to assess the successfu l implementation of this 

BEMP are :  

¶ A pay -as-you - throw system is in place (y/n);  

¶ inclusion of waste conferred to civic amenity sites in the PAYT system (y/n);  

¶ share of users with zero waste generation (%).  

 

Cross - media effects  

The implementation of PAYT  increases the risk of  waste leakages from the system 

(waste going to nearby municipalities without PAYT, illegal dumping, littering , etc.). A 

well -developed and easy - to -use infrastructure for the collection of waste reduces the 

risk of waste leakages  toge ther with adequate environmental awareness of residents. 

Local authorities, in addition, can monitor the leaked waste, for instance investigating 

residents/users with zero waste generation in the PAYT system. This method  helps 

identify  those residents disp osing  of  their waste through alternative channels (which 

could include illegal dumping), so corrective actions can be implemented.  
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The implementation of  PAYT systems may  also  lead to higher levels of impurities in 

waste fractions (e.g. recyclables) that ca n be collected for free or at a lower cost  than  

mixed waste.  

Operational data  

The principal scheme of the weight -based system is illustrated in Figure 4-12 . 

 

Figure 4 -12 . Process chart for electronic identification and data transfer in a bin identification 

scheme (Bilitewski et al., 2004)  

Figure 4-12  also indicates the option of a volume -based system but this is not 

considered further as the reduction rates with this system are very low.  In contra st , 

the weight -based system, accompanied by  well -developed infrastructure and citizen 

awareness , can achieve the highest recycling rates and lowest residual waste quantity.  

In the example of weight -based PAYT schemes, all the waste bins are equip ped with a 

chip and a barcode that can be read by a transponder or barcode reader. An example 

for a barcode is given in Figure 4-13  and examples for ch ips in Figure 4-14 . 






























































































































































































































































































































































































































































































































































































































































































































































































































































































