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Principal amongst these impacts are:

• Significant direct and indirect contributions to climate 

change emissions;

• Consumption of finite resources; and

• Pollution of the ground, water and air from the poor 

management of wastes, with loss of plastics to the 

terrestrial and, in particular, the marine environment 

being well-recognised examples.

Many of these significant impacts can be reduced or even 

reversed by the implementation of waste management 

techniques that are known and readily deliverable. These 

techniques place recycling and composting of waste at the 

centre of their rationale, so also facilitate a movement from a 

linear model of consumption to a circular resource model as 

products reach the end of their life. 

The Holistic Resources System described in this report 
brings together an integrated package of waste 
management techniques into a single system designed 
to respond to the challenges of managing waste and 
minimising its impact on the planet, using both national 
and local level waste management approaches. 

Acknowledging the significant potential that “good” waste 

management might play in addressing the climate 

emergency, the Holistic Resources System is based on 

policies and approaches that are already in existence, 

dealing with today’s products, materials and waste flows. 

Public policies such as those becoming established in the 

EU are beginning to steer waste management from a linear 

‘consume and dispose’ model to a circular model of resource 

use. The Holistic Resources System shows how to respond 

to such policies.

1.1 System Scope
The Holistic Resources System described here focuses on 

municipal waste both at its current production levels and in 

its compositional form. Whilst it covers all municipal waste 

streams, the focus of our detailed work is on materials where 

the benefits of recycling in terms of reduced carbon 

emissions are most significant when examining their 

subsequent recycling/treatment destinations (for example, 

metals, plastics, textiles). Thus, whilst we acknowledge that, 

for example, both biowaste and glass need to be separately 

collected, the model does not focus in detail on their 

recycling/treatment destinations.

The timeframe of the Holistic Resources System aligns 

around infrastructure plant-life and the immediate need to 

address current waste management challenges to ensure as 

much material remains in the economy as possible. As an 

indication, this means a 15-to-20-year horizon. 

We recognise fully that waste management policy needs to 

drive all aspects of waste further up the hierarchy and 

minimise waste production in future. However, designing a 

system as though there is no waste risks downplaying the 

immense problems that currently need to be overcome, and 

which show no signs of disappearing in the short- or even 

medium-term. Whilst we all need to move rapidly towards 

reducing overall consumption and preventing waste where 

possible, recycling will remain the last resort of the circular 

economy. When products or components eventually get to 

the end of their life, this valuable resource risks being lost if it 

is not recycled.

Human consumption of materials is generating  
increasing amounts of waste which need be  
managed. This production of waste is having  
profound impacts on our environment, the health of  
the planet’s systems, and the health of human beings.

1.0
Introducing 
the Holistic 
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System
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Table 1-1 Separate Collection Fractions

Fraction Rationale

1. Biowaste  
(food wastes and 
botanical wastes*)

The greatest beneficial impact from this fraction is obtained by minimising its production in 

the first place, with waste prevention benefits being particularly high in comparison to 

recycling when compared to most other materials.

Accepting that biowaste will arise and must be dealt with, high captures in separate collection 

systems are necessary to achieve high municipal waste recycling rates and the important 

benefit of removing it from mixed waste prior to sorting. 

From an energy generation perspective, biowaste could have similar outcomes in anaerobic 

digestion if separated from mixed waste or separate collections, but for other reasons it is 

important to promote high levels of separate collections:

1.  It allows for beneficial use of compost and digestate (a by-product of anaerobic digestion) 
in managing soil security, sequestering carbon in soils and helping to minimise agricultural 
impacts from fossil fertilisers;

2.  It is necessary in Europe to meet mandatory municipal waste recycling rate targets; and

3.  It is likely to assist separations of other valuable fractions from mixed waste.

2.  Papers  
(graphic, de-ink and 
packaging papers)

Reprocessing of papers to the maximum benefit (the highest potential yields of re-usable 

pulp) means that papers need to be collected and stored in a dry and clean form. Increased 

levels of moisture and biowaste will degrade paper structures and lower the yield of beneficial 

materials. The presence of non-fibre contaminants at the point of pulping further lowers the 

yield of usable pulp.

3.  Apparel textiles These materials have a high production footprint in terms of carbon emissions, water use and 

other emissions and therefore re-use and recycling of these materials has an important part 

to play. At present, virtually all climate change benefit from collecting these waste items is by 

re-using them. To re-use apparel, it must be kept clean and dry and therefore requires an 

appropriate separate collection system. 

High-quality circular recycling systems are in their infancy for most textiles. Technology may 

develop that is able to deal with more contaminated or moist textiles, but for the time being 

this is not an option for most textile wastes, necessitating separate collection.

4.  Small WEEE and 
batteries

Although arising less consistently at the household level, these wastes can be highly polluting 

if disposed of irresponsibly, or can cause significant issues in the waste management system 

(e.g. the increasing prevalence of lithium-ion battery fires). There can also be significant 

benefits from recycling the carbon-intensive and valuable raw materials in these wastes.

Where retailer take-back schemes are not in place or are not achieving high captures of the 

products reaching end of life, separate collection will be required.

(*) n.b. Food waste should be collected via door-to-door collections, or for apartment buildings, provided wherever there are residual waste 
containers. Botanical wastes should be collected via optional door-to-door and/or container park provisions.

1.2 Holistic Resources  
System Components
The Holistic Resources System is comprised of three 
complimentary collection system elements.

1.2.1 Deposit Return System

Deposit return systems (DRS) for beverage containers 

generate much higher collection rates when compared to 

other separate collections of the same materials. This 

collection system also overcomes several quality issues that 

can be a barrier to high levels of circularity. For example, 

contamination of PET bottles is much lower when collected 

through a DRS compared with other methods of collecting 

these packaging items.

Studies of litter  
show that beverage 
containers are 
contributing to litter 
both in the terrestrial 
environment and 
contributing to marine 
plastic pollution. 

DRS schemes are  
an effective way of 
reducing the littering 
of packaging items 
that they target.1  

Unlike the other components of the Holistic Resources 

System, DRS are typically operated on a national level or, in 

larger countries, at the state level. 

DRS schemes are an intrinsic part of the Holistic Resources 

System and should always include PET beverage bottles 
and metal beverage cans in this system. DRS schemes are 

capable of high return rates for glass beverage packaging 

and in many cases, it may also be appropriate to include 

glass packaging within the scope. This should be determined 

on a case-by-case basis.

The DRS component of the Holistic Resources System may, 

in some countries, include other waste materials where the 

principle of deposit redemption will ensure high collection 

rates and therefore low losses to the environment and where 

the benefits of DRS can outweigh the challenges of DRS 

logistics.

1.2.2 Separate Collection

Separate collections (sometimes known as selective 

collections) that are capable of the highest capture rates 

practicable are an intrinsic part of the Holistic Resources 

System. Certain fractions we believe should always be 

collected separately from each other and separately from 

residual waste. 

Although separate collection systems are a vital part of the 

Holistic Resources System, it is recognised that the capture 

rates in the best examples of separate collection are not 

good enough and residual waste treatment by further sorting 

will always be necessary. 

Fractions that should always have a separate collection 

provision are listed in Table 1-1.
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A good coverage of container parks should always be 

provided for bulky items and separation of all manner of less 

common items for recycling.

Unless there are specific local circumstances then, in theory, 

the separate collection of plastic wastes (other than through 

DRS) might not be necessary. However, in future, this is likely 

to be driven by how much food-grade plastic secondary 

material is required by producers to deliver their 

commitments on recycled content. 

1.3 Mixed Waste Sorting
After DRS and other separate collections systems have 

captured material to the highest practicable degree, the 

remaining waste should be sent to a mixed waste sorting 

(MWS) plant. In these plants, separation of valuable 

recyclable materials occurs so that a minimum of these 

valuable materials is ultimately sent to disposal/incineration. 

MWS in the Holistic Resources System will always target 

high sorting efficiencies of recyclable plastics and metal 

items. The high sorting efficiencies and quality of recycling 

outcome for these materials mean that separate collection 

for these fractions (other than via DRS) may be unnecessary, 

depending on the demand for food-grade plastic secondary 

material.

Depending on local circumstances MWS in the Holistic 

Resources System may separate out the following additional 

fractions where the resulting benefits outweigh the costs:

• Papers;

• Glass packaging; and

• Biowaste.

Note for these materials, MWS is not applied instead of 

high-performing separate collection. Rather, this is a second 

attempt at sorting the material not captured through 

segregated collections, minimising leakage of valuable 

recyclables to disposal and out of the circular economy.

1.4 Complementary Waste 
Management Features
The following features of waste management system and 

policy design are complementary and would be necessary 

for the Holistic Resources System to maximise the chances 

of the desired outcomes (high recycling and substantially 

reduced GHG emissions) being realised.

1.4.1 Wider System Design Considerations

Underpinning the success of the Holistic Resources System 

is the need to determine effective recyclers and markets for 

the fractions of material collected and separated. All fractions 

can be sorted (though it is not always economical to do so), 

but not all fractions can be recycled into new products 

(without incurring costs that are economically unviable). The 

more consistent the fractions of material being collected, the 

easier they can be sorted at scale and the more likely they 

will then be recycled into new products. There is thus a need 

for producers to design products that can be captured as part 

of homogenous streams within the Holistic Resources 

System – if the system can capture sufficient volume, it can 

be sent on for actual recycling (subject to markets/the 

recycling process). In addition, the more that producers can 

design products that facilitate easy recycling into new 

products, the more likely that the material will be recycled. 

The Holistic Resources System is designed very much as a 

system for the here and now. Whilst waste minimisation 

should remain the key imperative, as shown in Eunomia’s 

global report, the World Bank still expects the amount of 

waste to increase across the globe by a further 28% from 

2016 to 2030.2 Whilst producers are starting to look at 

product design that may result in composition changes, a 

significant amount of the waste stream is likely to remain the 

same and/or the components of the Holistic Resources 

System will be adaptable to the changes required. 

Implementing the Holistic Resources System may require 

some future re-configuration as the waste composition 

changes, but if we do nothing or hold off investment because 

of waiting to “see what happens”, then we risk missing the 

chance to minimise global heating through our inaction. 

1.4.2 Policy Design Considerations

There are several key policy design considerations that will 

underpin the success of the Holistic Resources System 

across the globe. 

First, there is a need to underpin the system with policies that 

ensure producers are obliged to pay for the true costs of the 

end-of-life management of any material that they place on 

the market. In doing so, such policies will encourage 

producers to design products that are either longer lasting 

and/or are designed in a way that makes them easier to sort 

and more recyclable. Such policies also provide funding for 

higher quality recycling systems. Within the EU, the concept 

of ‘Extended Producer Responsibility’ (EPR) as a policy to 

deliver this outcome is being considered for particular waste 

streams in order to meet the EU’s 65% recycling target by 

2035; we investigate the ability to reach this target as a 

sensitivity in the performance of the Holistic Resources 

System. The DRS is one such demonstrable mechanism by 

which beverage producers can meet their producer 

obligations in full, with material either returned and refilled or, 

for single-use packaging, recycled back into food-grade 

secondary material, enabling a significant number of refilling 

or recycling cycles before the material is lost from the system 

altogether. 

Second, the system also needs to be underpinned by 

policies which maximise carbon benefit from recycling 

wherever possible, subject to human health requirements 

being met. For example, with regards to the treatment of 

biowaste, careful consideration needs to be given regarding 

the standards that need to be met in the recycling of biowaste 

to maximise the benefits of recycling through the subsequent 

use of digestate and compost on land. Similarly, standards 

for food-grade plastics and the subsequent routes through 

which appropriate material is captured and subsequently 

recycled need to be appropriately considered. 
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Through this work we have also explored the concept of setting 

targets for the Holistic Resources System to reach. We have 

noted approximate values that we think the system globally 

should seek to obtain. However, the specific benefits of the 

Holistic Resources System against the metrics will differ 

according to a specific locality’s circumstances and resulting 

quantities and composition of waste. Until such time that the 

benefits of the Holistic Resources System have been measured 

against a wide range of circumstances, we do not see that it is 

practicable to set targets at a local or national level.

The Holistic Resources System is all about increasing 
the environmental benefits through recycling. The two 
metrics we are using are designed to measure the 
effectiveness of recycling.

2.1 Recycling Rate
A recycling rate is a common metric used around the world to 

measure recycling, but the calculation methodologies vary 

considerably.

We have used the European measurement method as set 

out in the revised Waste Framework Directive and associated 

guidance. This is effectively given by:

 Municipal Solid Waste (MSW) entering a Recycling 

Operation/ All MSW

The interpretation of the point of Recycling Operation is a 

matter explored in detailed in various EU regulations and 

associated guidance documents. Note that for some 

materials this is not the same as dividing the production of 

secondary raw materials from recycling by All MSW.3 

2.2 GHG Recycling Rate
The greenhouse gas (GHG) recycling rate metric is designed 

to value the benefit that recycling has on reducing climate 

change. The recycling of materials has a net benefit on 

climate change because the emissions associated with 

recycling a tonne of material are far less than those 

associated with producing a tonne of material at the primary 

production stage. The climate change impact of producing 

materials varies considerably between materials.

This metric works by ascribing a net benefit in terms of CO2 

emission equivalent to each compositional item that is or is 

likely to be recyclable. These benefits are summed across all 

MSW to give a GHG potential benefit if 100% of all the 

recyclable materials were recycled. The GHG Recycling Rate 

metric then measures the actual benefit in GHG terms from 

what is recycled as a percentage of the overall potential 

benefit.

Some compositional categories are not ascribed a benefit; 

this is where they are unlikely to be recyclable or where there 

is insufficient information on any recycling benefit. For 

example, fines, miscellaneous combustible, miscellaneous 

non-combustible and nappies are not currently ascribed 

values and therefore are not measured in this metric.

This metric does not measure the impacts associated with 

not recycling materials and therefore needing to treat them 

via incineration or landfill. This is intentional because these 

emissions change from country to country largely depending 

on their evolution in terms of residual waste treatments and 

their sources of power production (mainly electricity) that 

energy from waste (EFW) would displace. To include the 

GHG impacts of materials not recycled in the metric would 

skew the result according to whether electricity is currently 

produced from coal compared to mostly renewables.

To a certain extent all current climate change measures have 

a limited lifetime before they would need further revision. 

This is because as economies decarbonise some forms of 

primary production will decarbonise and thus become a 

lower carbon impact; therefore, at the same time, the direct 

benefits from recycling will correspondingly reduce. Still, we 

believe this metric provides a suitable measure of 

performance against climate change objectives for the 

timeframe for this iteration of the Holistic Resources System.

Predicting the environmental performance of the Holistic 
Resources System and comparing how it works in different 
circumstances is important. At present we are proposing 
two metrics, although there may well be benefits in 
developing others over time. 

2.0
Measuring  
the Performance  
of the Holistic 
Resources System
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3.0
Holistic Resources 
System Themes 
Illustrated by the  
Case Studies

3.1 Selected Case Studies
Three case studies were selected to test the various components of the Holistic Resources Systems and how the various 

components of the Holistic Resources System can contribute to the performance metrics (see out in 2.0). The case studies 

were selected to illustrate good practice/performance in at least one of the components of the Holistic Resources System. 

Table 3-1 below shows the key characteristics and waste management systems for each case study.

Table 3-1 Case study locations

Case Study Key Parameters DRS
Separate 
Collections

Mixed Waste 
Sorting

1. Area covered by 
Omrin, mainly 
Friesland region of the 
Netherlands

25 municipalities, 1.05 

million population. 10% 

living in flats

Yes, but limited 

scope of plastics

Biowaste, papers, 

glass, textiles

Yes, MBT facility

2. Milan Municipality, 
Italy

Single municipality, 1.4 

million population, 80% 

living in flats

No Biowaste, papers 

glass, plastics, 

metal packaging, 

textiles

No

3. Area covered by 
IVAR, Stavanger and 
surrounding 
municipalities, Norway

10 municipalities, 

322,000 population

Yes, for plastic and 

metal beverage 

containers

Biowaste, papers, 

glass, textiles

Yes, modern, fully 

automated facility

3.1.1 Friesland
The Friesland region case study refers to the 25 

municipalities in the Netherlands that are served by the 

Omrin facility, 17 of which are in Friesland, with the 

others across Groningen, Gelderland and Zuid-Holland. 

The total population of the municipalities supplying the 

Omrin facility is 1,053,000, with 10% of this population 

living in flats. There is a mixture of urban and rural 

areas, including Schiermonnikoog, the least densely 

populated municipality in the Netherlands.

3.1.1.1 DRS

Nationally, the Netherlands operates a DRS that covers 

large PET bottles (>75l) and glass beer bottles (330ml). 

Small PET bottles and cans were due to be introduced 

to the scheme at the end of 2020 but were not in the 

baseline analysis. 

3.1.1.2 The Omrin MWS Facility
The Omrin MWS facility receives residual waste, which 

makes up a large proportion of material collected, and 

extracts papers, metals, biowastes and plastics for 

recycling. Biowastes are sent to an anaerobic digestion 

(AD) facility, which produces gas to grid, and plastic is 

sent to a reprocessing facility on site that is part  

owned by Omrin. All material not sorted for recycling  

is converted to Refuse Derived Fuel (RDF) and  

sent to EfW. 

The sorters at the facility are around six years old.  

Titech (TOMRA) machines are used on larger plastic  

film extraction and RTT Steinert machines on other 

plastics extraction.
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3.2 Current Performance Against Metrics

3.2.1 Overall Performance

Table 3-2 Current Recycling Rate and GHG Recycling Rate 

Recycling Rate GHG Recycling Rate

Target 65% 75%
Friesland

50.6% 49.6%

Milan

55.2% 46.2%

Stavanger

49.8% 67.0%

The current performance in recycling rates shows all the case studies obtaining reasonable performance but falling short of the 

65% target. Stavanger has the lowest of these results at just under 50% with Milan the best at 55%4.

Similarly, all three case studies fall short of the 75% GHG target but the results differ from the recycling rate metric: Stavanger, 

which has the lower recycling rate performance, has the best GHG performance at 67%, whereas Milan, which has the best 

recycling rate, has the lower GHG performance. This is due to the different interactions of components of the Holistic 

Resources System with the waste composition in each case study, and the different captured amounts of each material for 

recycling. 

3.1.1.3 Separate Collections

Separate collection systems of vary between 
municipalities across the Friesland Region. The 
majority offer separate kerbside (door-to-door) 
collections for paper, glass and mixed biowaste 
(which is largely made up of food waste). Most 
municipalities do not offer separate collections at the 
kerbside (door-to-door) for metals or plastics.  
A small amount of separate textiles collections  
take place. 

3.1.2 Milan
Milan is a municipality within the region of Lombardy 

which is situated in Northern Italy. It is the second 

largest city in the country, with a population of circa 

1.4 million, 80% of which live in flats. The population 

density of Milan is 7,700/km2, which is the highest in 

Italy where the national average density is 206/km2. 

Milan is served by the CSS Cavaglia sorting facility.

3.1.2.1 Separate Collections

With no DRS system or MWS in place, all the 

material recycled is collected separately, either via 

kerbside collections or container parks. 

Milan’s collection system provides for separate 

collections of food waste, papers, glass, plastics and 

metal packaging. 

All remaining material is sent to one of  

two EfW plants. 

3.1.3 Stavanger
The Stavanger region case study, in Norway, is 

based upon the area where waste is managed by 

the inter-municipality company IVAR which 

constructs and operates municipal facilities for 

waste, water and wastewater. It is owned by, and 

delivers services to, ten municipalities.  

The population of the area where waste is  

managed by IVAR is 322,000.

3.1.3.1 DRS

Norway operates a DRS that covers beverage PET 

bottles and metal cans but glass is not included.

3.1.3.2 The IVAR Facility

Household residual waste is collected by the 

municipalities and treated at the IVAR MWS facility, 

where plastics, metals and papers are extracted for 

recycling. Contained within the same plant is a 

paper sorting facility (for sorting separately collected 

papers) and a polyolefins reprocessing facility (both 

for rigid HDPE/PP and for PE films). 

3.1.3.3 Separate Collections

Separate collections are provided for paper, card, 

aseptic cartons, metals, glass, food waste and 

garden waste. Historically, plastics were collected 

separately, however, this service stopped when the 

MWS facility became operational in 2019. At the 

same time residual waste collection frequencies 

were increased. Garden (botanical) waste 

collections are a charged service, and to date has a 

relatively low uptake. 
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3.2.2 Recycling Rate Performance by System

Figure 3-1 shows that the three case studies have quite different results by recycling rate contributions by system and material.

In all three cases separate collections contribute the largest amounts to recycling rate. But in Stavanger and Friesland that is a 

31% and 33% contribution respectively, whereas in Milan that is a 51 % contribution. How each of them reaches these 

separate collection results also differs. The most notable performance variations are the amounts of food waste, papers and 

packaging glass collected in Milan, which all have a considerably higher amount of impact to the overall recycling rate 

performance through separate collection than for the other case studies. 

Container parks are the next most important recycling rate contributors in Friesland and Stavanger.

MWS and DRS make smaller but important contributions in Friesland and Stavanger. 

Figure 3-1 Current Recycling Performance

Table 3-3 Food waste arising and capture rate for the three case studies

Friesland Milan Stavanger

Food Waste Arisings (kg/capita) 122 140 98

Capture Rate 43% 79% 65%

3.2.3 Current GHG Recycling Rate Performance by System
Figure 3-1 shows how the various components of the Holistic Resources System contribute to the GHG performance metric in 

each case study. The majority of Milan’s GHG recycling rate is made up of the benefits derived from separate collections, and 

has the strongest GHG performance for separate collections out of the three case studies. However, when all systems are 

combined it is the Stavanger case study that has the best overall GHG performance. This performance is driven by the overall 

diversion to recycling of the materials with a high carbon benefit when recycled, which are plastics, metals and textiles.

In both Stavanger and Friesland plastics are not collected through separate collection systems at all but are separated at MWS 

plants, which results in higher capture rates of these materials than when collected via separate collection.

Figure 3-2 Current GHG Performance by System

Milan – Food Waste Performance
A key reason for selecting Milan as a case study is the 

performance of the separate food waste collection 

system. An effective separate collection of food waste 

has been highlighted as a key part of the Holistic 

Resources System. All three case studies have separate 

collections of food waste, and overall food waste arisings 

and capture rate performance vary substantially as 

shown in Table 3-3.

Milan has a wider “all municipal” waste scope to their 

collection system and hence a relatively high food waste 

arisings per capita. However, the capture rate of 79% is 

world leading and is especially impressive given that 

nearly 80% of Milan’s residence live in apartment 

buildings and have shared waste containment –  

a collection system that is generally thought to be 

challenging to achieve high recycling rates with.

There are probably a number of key factors that 

contribute to this high performance, with the most  

likely being:

• Twice weekly frequency of food waste collections;

• Mandatory set of residual waste in clear sacks so that 

contents can be inspected;

• Communications with service users; and

• Enforcement of separation with an investment in 

enforcement officers and fines to service users / 

apartment associations.

Stavanger – High Recycling Rates  
of Plastics via Mixed Waste Sorting  
and DRS
The Stavanger high GHG performance of 67% is driven 

by the effectiveness of MWS and DRS in ensuring 75% of 

recyclable plastics are recycled, as shown in Table 3-4. 

The Friesland system is similar but has lower 

performance because capture rates are lower. The DRS 

scheme in the Netherlands has a limited scope of PET 

bottles and the mixed waste sorting facility has an older 

and more basic set of technologies for separating plastics 

from mixed waste.

The Norwegian DRS has a capture of PET beverage 

bottles of 89%. 

The IVAR MWS plant is a fully automated MWS plant 

processing 33 ktpa of mixed waste. The plant is fully 

automated and does not involve people in the manual 

picking or quality control of materials. The plant includes 

22 sensor-based sorters sorting plastics, metals and 

papers from mixed waste into recycling streams. The 

plant has a capture rate of plastics deemed recyclable of 

75% and can further improve recycling and GHG rates if 

the composition of plastics was to change to a higher 

proportion of recyclable plastics.
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Table 3-4 Plastics arisings and capture rate for the three case studies

Friesland Milan Stavanger

Plastics Arisings 
(kg/capita of plastics that are deemed recyclable)

22 45 21

Capture Rate 60% 35% 75%

3.3 Future Performance Against Metrics
The Holistic Resources System if delivered well across all systems is capable of meeting the EU 65% recycling target and 

should measure well against the GHG target. This concept has been tested by combining the better example of each 

component of the system to the case studies with lower performance. The significant changes are shown in Table 3-4. 

Table 3-4 Summary of Modelled Improvements

Friesland Milan Stavanger

DRS Increased scope of plastics to 

all beverage containers

Introduced a full DRS scheme

Bio-waste Increased food waste 

captures to those found in 

Milan

Increased food waste 

captures to those found in 

Milan – Reduced sorting 

losses by reducing garden 

waste content in food waste

Separate Collections Increased performance for separation of papers, glass and textiles

MWS Some sorting efficiencies 

improved 

Introduced MWS

Other 

3.3.1 Overall Future Performance
By applying the assumed improvements to each of the case studies each case study either meets or gets very close to the EU 

65% recycling rate target as shown in Table 3 6. In these improved scenarios with close to 65% recycling rates there is still a 

differential in GHG performance with Friesland and Stavanger close to a 75% GHG rate, whereas Milan’s performance is 

lower. This is driven by differences in composition. Milan has relatively high proportions of plastics and higher still proportions 

of plastics currently deemed unrecyclable. Over 10% of the 34% GHG target shortfall is from plastics currently deemed 

unrecyclable. 

Table 3-6 Recycling Rate and GHG Recycling Rate with assumed improvements

Recycling Rate GHG Recycling Rate

Target 65% 75%
Friesland

65.6% 74.1%

Milan

65.1% 66.2%

Stavanger

63.1% 75.0%
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–
Appendices

A.1.0 Glossary
Acronyms

AD Anaerobic Digestion

CP Container Park

DRS Deposit Return Scheme

EfW Energy from Waste

EPR Extended Producer Responsibility

GHG Greenhouse gas

HWRC Household Waste Recycling Centre

IBA Incinerator Bottom Ash

MSW Mixed waste sorting

RDF Refuse Derived Fuel

SC Separate Collections

WEEE Waste Electric and Electronic Equipment

Definitions

Litter Waste that is on the street, street sweepings or in street bins

Untargeted Waste Waste that is not targeted either through separate collections, 

 a DRS or residual collections

Recycling Collection 
Coverage

Proportion of all waste that is targeted by separate recycling collections

Residual Collection 
Coverage

Proportion of all waste that is targeted by residual waste collections

DRS  
capture rate

Proportion of items collected for recycling by a DRS, as proportion of all waste

SC  
capture rate

Proportion of items collected for recycling through separate collections, as 

proportion of all

MWS  
capture rate

Amount of waste that is captured from the material going through a MWS plant 

(sent for recycling as a proportion of all sorted residual) 

21Testing the Holistic Resources System via Three European Case Studies20 Waste in the Net-Zero Century



A.2.0 Friesland Case Study
A.2.1 Baseline Scenario
Figure A-1 Overall waste flow for Friesland’s baseline scenario [kg/inhabitant]
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Reusable/Recyclable textiles Cans Target plastics

Other metals WEEE Non-recyclable plastics

Papers Packaging glass Other

Liquid cartons Food waste Garden (botanical waste)

Non-target, recyclable plastics

Table A-1  Contribution to recycling rate for different material streams  
and collection points for Friesland’s baseline scenario

Recycling Rate DRS
Separate 

Collection HWRC MWS IBA Total

Target plastics 0.2% 0.0% 0.3% 1.6% - 2.1%

Non-target, 
recyclable plastics

- 0.0% - 0.0% - 0.0%

Non-recyclable 
plastics

- - - 0.0% - 0.0%

Cans - 0.1% - 0.7% 0.1% 0.8%

Other metals - - 0.2% 0.7% 0.1% 1.0%

Packaging glass 4.7% 3.5% 0.2% 0.8% - 9.1%

Liquid cartons - - - 1.4% - 1.4%

Papers - 8.7% - - - 8.7%

Food waste - 8.8% - - - 8.8%

Garden  
(botanical waste)

- 9.2% 6.0% - - 15.2%

Wood - - - - - -

Reusable / 
Recyclable textiles

- 0.8% - - - 0.8%

Inert - - 1.4% - - 1.4%

WEEE - - 0.8% - - 0.8%

Nappies - 0.0% - - - 0.0%

Other - 0.3% 0.2% - - 0.5%

Total 4.9% 31.3% 9.1% 5.2% 0.2% 50.7%

Figure A-2 Details of material performance for Friesland baseline scenario

Solid fill is for recycled material, patterned fill is for captured material but not recycled, and grey fill is the remainder (not captured,  
not recycled)

Table A-2 Contribution to GHG recycling rate for different material 
streams and collection points for Friesland’s baseline scenario

Recycling Rate DRS
Separate 

Collection HWRC MWS IBA Total
Target plastics 1.1% 0.1% 1.1% 7.0% - 9.4%
Non-target, 
recyclable plastics

- 0.0% - 0.1% - 0.1%

Non-recyclable 
plastics

- - - 0.0% - 0.0%

Cans - 1.5% - 8.0% 0.4% 9.8%
Other metals - - 0.7% 4.6% 0.6% 6.0%
Packaging glass 2.6% 1.9% 0.1% 0.4% - 5.0%
Liquid cartons - - - 1.7% - 1.7%
Papers - 4.7% - - - 4.7%
Food waste - 0.8% - - - 0.8%
Garden  
(botanical waste)

- 1.0% 0.7% - - 1.6%

Wood - - - - - -
Reusable / 
Recyclable textiles

- 5.7% - - - 5.7%

Inert - - 0.1% - - 0.1%
WEEE - - 4.6% - - 4.6%
Nappies - - - - - -
Other - - 0.2% - - 0.2%
Total 3.7% 15.7% 7.5% 21.8% 0.9% 49.6%
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A.2.2 Improved Scenario
Table A-3 Contribution to recycling rate for different material streams  
and collection points for Friesland’s improved scenario

Recycling Rate DRS
Separate 

Collection HWRC MWS IBA Total
Target plastics 0.5% 0.0% 0.3% 1.9% - 2.7%
Non-target, 
recyclable plastics

- 0.0% - 0.5% - 0.5%

Non-recyclable 
plastics

- - - 0.0% - 0.0%

Cans 0.4% 0.1% - 0.5% 0.0% 1.1%
Other metals - 0.8% 0.2% 0.1% 0.0% 1.1%
Packaging glass 4.7% 3.5% 0.2% 0.8% - 9.1%
Liquid cartons - 0.9% - 0.6% - 1.4%
Papers - 10.8% - 0.8% - 11.6%
Food waste - 16.9% - - - 16.9%
Garden  
(botanical waste)

- 9.2% 6.0% - - 15.2%

Wood - - 0.8% - - 0.8%
Reusable / 
Recyclable textiles

- 1.9% - - - 1.9%

Inert - - 1.4% - - 1.4%
WEEE - - 1.0% - - 1.0%
Nappies - 0.0% - - - 0.0%
Other - 0.6% 0.3% 0.0% - 0.9%
Total 5.6% 44.6% 10.3% 5.2% 0.0% 65.7%

Figure A-3 Recycling Rate changes between baseline scenario  
and improved scenario for Friesland

 

Table A-4 Contribution to GHG recycling rate for different material  
streams and collection points for Friesland’s improved scenario

GHG Recycling 
Rate DRS

Separate 
Collection HWRC MWS IBA Total

Target plastics 2.7% 0.2% 1.1% 8.0% - 12.0%
Non-target, 
recyclable plastics

- 0.0% - 2.0% - 2.0%

Non-recyclable 
plastics

- - - 0.0% - 0.0%

Cans 10.2% 1.5% - 3.1% 0.2% 15.0%
Other metals - 6.4% 1.8% 0.5% 0.0% 8.8%
Packaging glass 2.6% 1.9% 0.1% 0.4% - 5.0%
Liquid cartons - 1.0% - 0.7% - 1.7%
Papers - 4.7% - 0.4% - 5.1%
Food waste - 1.5% - - - 1.5%
Garden  
(botanical waste)

- 1.0% 0.7% - - 1.6%

Wood - - 0.9% - - 0.9%
Reusable / 
Recyclable textiles

- 13.8% - - - 13.8%

Inert - - 0.1% - - 0.1%
WEEE - - 5.7% - - 5.7%
Nappies - - - - - -
Other - - 0.8% - - 0.8%
Total 15.6% 31.9% 11.2% 15.2% 0.2% 74.1%

Figure A-4 GHG Recycling Rate changes between baseline scenario  
and improved scenario for Friesland
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A.3.0 Milan
A.3.1 Baseline Scenario
Figure A-5 Overall waste flow for Milan’s baseline scenario [kg/inhabitant]
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Target plastics Food waste Other Metals

Reusable/Recyclable textiles Non-recyclable plastics Cans

Papers Bulky Packaging glass
WEEE Non-target, recyclable plastics

Table A-5 Contribution to recycling rate for different material streams  
and collection points for Milan’s baseline scenario

Recycling Rate DRS
Separate 

Collection HWRC MWS IBA Total

Target plastics - 2.9% - - 2.9% 2.9%

Non-target, 
recyclable plastics

- - - - - -

Non-recyclable 
plastics

- - - - - -

Cans - 0.2% - - 0.6% 0.8%

Other metals - 0.8% 0.5% - 0.5% 1.9%

Packaging glass - 9.9% - - - 9.9%

Liquid cartons - 0.4% - - - 0.4%

Papers - 14.1% - - - 14.1%

Food waste - 20.8% - - - 20.8%

Garden  
(botanical waste)

- 0.1% - - - 0.1%

Wood - - - - - -

Reusable / 
Recyclable textiles

- - 0.5% - - 0.5%

Inert - - 0.1% - - 0.1%

Bulky - 2.8% - - - 2.8%

WEEE - - 0.4% - - 0.4%

Other - 0.7% - - - 0.7%

Total - 52.6% 1.6% - 1.1% 55.2%

Figure A-6 Details of material performance for Milan baseline scenario 

Solid fill is for recycled material, patterned fill is for captured material but not recycled, and grey fill is the remainder  
(not captured, not recycled)

Table A-6 Contribution to GHG recycling rate for different material  
streams and collection points for Milan’s baseline scenario

Recycling Rate DRS
Separate 

Collection HWRC MWS IBA Total
Target plastics - 7.6% - - - 7.6%
Non-target, 
recyclable plastics

- - - - - -

Non-recyclable 
plastics

- - - - - -

Cans - 2.4% - - 2.7% 5.1%
Other metals - 3.2% 2.0% - 2.7% 7.9%
Packaging glass - 3.3% - - - 3.3%
Liquid cartons - 0.3% - - - 0.3%
Papers - 3.7% - - - 3.7%
Food waste - 10.8% - - - 10.8%
Garden  
(botanical waste)

- 0.0% - - - 0.0%

Wood - - - - - -
Reusable / 
Recyclable textiles

- - 2.2% - - 2.2%

Inert - - - - - -
Bulky - 3.8% - - - 3.8%
WEEE - - 1.6% - - 1.6%
Other - - - - - -
Total - 35.2% 5.7% - 5.4% 46.2%
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Table A-8 Contribution to GHG recycling rate for different material streams  
and collection points for Milan’s improved scenario

GHG Recycling 
Rate DRS

Separate 
Collection HWRC MWS IBA Total

Target plastics 6.6% 4.9% - 5.3% - 16.8%
Non-target, 
recyclable plastics

- 0.3% - 0.4% - 0.6%

Non-recyclable 
plastics

- - - - - -

Cans 3.8% 1.6% - 2.0% 0.2% 7.6%
Other metals - 3.2% 2.0% 2.9% 0.4% 8.5%
Packaging glass - 3.3% - - - 3.3%
Liquid cartons - 0.3% - 0.1% - 0.4%
Papers - 3.9% - 0.6% - 4.5%
Food waste - 10.8% - - - 10.8%
Garden  
(botanical waste)

- 0.3% - - - 0.3%

Wood - - 0.1% - - 0.1%
Reusable / 
Recyclable textiles

- 1.0% 6.8% - - 7.8%

Inert - - - - - -
Bulky - 3.8% - - - 3.8%
WEEE - - 1.6% - - 1.6%
Other - - - - - -
Total 10.3% 33.4% 10.4% 11.4% 0.7% 66.2%

Figure A-8 GHG Recycling Rate changes between baseline scenario  
and improved scenario for Milan

    

A.3.2 Improved Scenario
Table A-7 Contribution to recycling rate for different material streams  
and collection points for Milan’s improved scenario

Recycling Rate DRS
Separate 

Collection HWRC MWS IBA Total
Target plastics 2.1% 2.0% - 2.0% - 6.1%
Non-target, 
recyclable plastics

- 0.1% - 0.1% - 0.2%

Non-recyclable 
plastics

- - - - - -

Cans 0.3% 0.3% - 0.5% 0.0% 1.2%
Other metals - 0.8% 0.5% 0.6% 0.0% 2.0%
Packaging glass - 9.9% - - - 9.9%
Liquid cartons - 0.4% - 0.2% - 0.6%
Papers - 15.0% - 2.3% - 17.2%
Food waste - 20.8% - - - 20.8%
Garden  
(botanical waste)

- 1.1% - - - 1.1%

Wood - - 0.1% - - 0.1%
Reusable / 
Recyclable textiles

- 0.2% 1.6% - - 1.8%

Inert - - 0.1% - - 0.1%
WEEE - 2.8% - - - 2.8%
Nappies - - 0.4% - - 0.4%
Other - 0.7% - - - 0.7%
Total 2.3% 54.1% 2.8% 5.8% 0.1% 65.1%

Figure A-7 Recycling Rate changes between baseline scenario  
and improved scenario for Milan
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A.4.0 Stavanger
A.4.1 Baseline Scenario
Figure A-9 Overall waste flow for Stavanger’s baseline scenario [kg/inhabitant]
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Papers Non-target, recyclable plastics Garden (botanical waste)

Bulky Wood Packaging glass

Liquid cartons Non-target, recyclable plastics Remainder

Table A-9 Contribution to recycling rate for different material streams and collection points 
for Stavanger’s baseline scenario

Recycling Rate DRS
Separate 

Collection HWRC MWS IBA Total

Target plastics 0.9% - 0.4% 2.2% - 3.5%

Non-target, 
recyclable plastics

- - - - - -

Non-recyclable 
plastics

- - - - - -

Cans 0.4% 0.3% 0.0% 1.0% 0.1% 1.7%

Other metals - 0.0% 2.3% 0.3% 0.1% 2.7%

Packaging glass - 2.3% 0.1% - - 2.3%

Liquid cartons - 0.1% - 0.3% - 0.4%

Papers - 9.4% 0.9% 0.7% - 10.9%

Non-recyclable, 
compostable 
paper

- 0.7% - - - 0.7%

Food waste - 15.6% - - - 15.6%

Garden  
(botanical waste)

- 1.4% 3.2% - - 4.6%

Other biowastes - - - - - -

Wood - - - - - -

Bulky - - - - - -

Reusable / 
Recyclable textiles

- 1.7% - - - 1.7%

Inert - - 0.5% - - 0.5%

WEEE - 1.5% 1.3% - - 2.8%

Nappies - - - - - -

Other - 0.2% 1.9% 0.2% - 2.3%

Total 1.4% 33.1% 10.5% 4.6% 0.1% 49.7%

Figure A-10 Details of material performance for Stavanger baseline scenario

 

 

Solid fill is for recycled material, patterned fill is for captured material but not recycled, and grey fill is the remainder (not captured,  
not recycled)

Table A-10 Contribution to GHG recycling rate for different material streams  
and collection points for Stavanger’s baseline scenario

Recycling Rate DRS
Separate 

Collection HWRC MWS IBA Total
Target plastics 3.0% - 1.0% 5.7% - 9.6%
Non-target, 
recyclable plastics

- - - - - -

Non-recyclable 
plastics

- - - - - -

Cans 5.8% 0.6% 0.0% 5.4% 0.4% 12.2%
Other metals - 0.2% 11.5% 0.9% 0.5% 13.1%
Packaging glass - 0.8% 0.0% - - 0.8%
Liquid cartons - 0.1% - 0.2% - 0.3%
Papers - 2.8% 0.3% 0.1% - 3.3%
Non-recyclable, 
compostable paper

- - - - - -

Food waste - 5.7% - - - 5.7%
Garden (botanical 
waste)

- 0.3% 0.7% - - 1.0%

Wood - - - - - -
Bulky - - - - - -
Reusable / 
Recyclable textiles

- 7.3% - - - 7.3%

Inert - - - - - -
WEEE
Nappies - - - - - -
Other - - 1.2% - - 1.2%
Total 8.7% 24.5% 20.6% 12.3% 0.9% 67.0%
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Table A-12 Contribution to GHG recycling rate for different material streams  
and collection points for Stavanger’s improved scenario

GHG Recycling Rate DRS
Separate 

Collection HWRC MWS IBA Total
Target plastics 3.0% - 1.0% 6.7% - 10.7%
Non-target, recyclable 
plastics

- - - 0.7% - 0.7%

Non-recyclable plastics - - - - - -
Cans 5.8% 0.6% 0.0% 5.4% 0.4% 12.2%
Other metals - 0.2% 11.5% 0.9% 0.5% 13.1%
Packaging glass - 1.0% 0.0% 0.1% - 1.1%
Liquid cartons - 0.1% - 0.2% - 0.3%
Papers - 2.8% 0.3% 0.1% - 3.3%
Non-recyclable, 
compostable paper

- - - - - -

Food waste - 7.2% - - - 7.2%
Garden  
(botanical waste)

- 1.4% 0.7% - - 2.1%

Other biowastes - 0.0% - - - 0.0%
Wood - - 0.8% - - 0.8%
Bulky - 0.5% - - - 0.5%
Reusable / Recyclable 
textiles

- 9.5% - - - 9.5%

Inert - - - - - -
WEEE - 6.5% 5.9% - - 12.4%
Nappies - - - - - -
Other - - 1.2% - - 1.2%
Total 8.7% 29.9% 21.4% 14.2% 0.9% 75.0%

Figure A-12 GHG Recycling Rate changes between baseline scenario and  
improved scenario for Stavanger

A.4.2 Improved Scenario
Table A-11 Contribution to recycling rate for different material streams  
and collection points for Stavanger’s improved scenario

Recycling Rate DRS
Separate 

Collection HWRC MWS IBA Total
Target plastics 0.9% - 0.4% 2.6% - 3.9%
Non-target, 
recyclable plastics

- - - 0.3% - 0.3%

Non-recyclable 
plastics

- - - - - -

Cans 0.4% 0.3% 0.0% 1.0% 0.1% 1.7%
Other metals - 0.0% 2.3% 0.3% 0.1% 2.7%
Packaging glass - 3.0% 0.1% 0.2% - 3.3%
Liquid cartons - 0.1% - 0.3% - 0.4%
Papers - 9.4% 0.9% 0.6% - 10.9%
Non-recyclable, 
compostable paper

- 1.0% - - - 1.0%

Food waste - 19.4% - - - 19.4%
Garden (botanical 
waste)

- 6.8% 3.2% - - 9.9%

Other biowastes - 0.0% - - - 0.0%
Wood - - 1.2% - - 1.2%
Bulky - 0.4% - - - 0.4%
Reusable / 
Recyclable textiles

- 2.2% - - - 2.2%

Inert - - 0.5% - - 0.5%
WEEE - 1.5% 1.3% - - 2.8%
Nappies - - - - - -
Other - 0.2% 1.9% 0.2% - 2.3%
Total 1.4% 44.2% 11.7% 5.6% 0.1% 63.0%

Figure A-11 Recycling Rate changes between baseline scenario and  
improved scenario for Stavanger
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Endnotes

1 ICF Consulting Service Ltd and Eunomia Research & 
Consulting Ltd (2018) Assessment of Measures to reduce marine 
litter from single use plastics, report for European Commission - DG 
ENV - Sustainable Production, Products & Consumption (ENV.B1), 
30th May 2018.

2 Eunomia Research & Consulting Ltd. (2021) Waste in the 
Net-Zero Century: How Better Waste Management Practices can 
Contribute to Reducing Global Carbon Emissions, May 2021, report 
for TOMRA.

3 Commission Implementing Decision (EU) 2019/1004 of 7 June 
2019 (WFD calculation rules implementing act) clarifies this 
position.

4 Note that botanical waste (garden waste) recycling is missing 
from the Milan data as it is currently a private sector activity. 
Excluding this data is leading to an underestimate of current 
recycling rates.
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