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35 actions along the entire life cycle of 
products, to:

Make sustainable products the norm in the EU

Empower consumers and public buyers

Focus also on key product value chains: 
electronics and ICT; batteries and vehicles; 
packaging; plastics; textiles; construction and 
buildings; food; water and nutrients

Ensure less waste

Make circularity work for people, regions and 
cities

Lead global efforts on circular economy

A new vision for Europe

New Circular Economy Action Plan





Mixed waste bin - composition

Source: WRAP (2020) Quantifying the composition of municipal waste 





What is left in our residuals? 
Prov. Lucca Capannori

Categorie merceologiche % (peso/peso) % (peso/peso)

Materiale organico da cucina; 25,12% 14,84%
Materiale organico da giardino; 9,16% 4,36%
Giornali (quotidiani e riviste); 5,09% 0,95%

Cartone ondulato; 6,12% 0,06%
Cartone teso; 2,49% 0,27%
Imballaggi cellulosici poliaccoppiati; 0,98% 1,46%
Altra carta (non imballaggio e non
giornali e riviste); 5,68% 9,77%

Imballaggi flessibili in alluminio; 0,28% 1,07%
Imballaggi rigidi in alluminio; 1,00% 0,00%
Imballaggi in acciaio; 1,20% 9,35%
vetro; 2,11% 1,26%

Imballaggi flessibili in plastica; 8,76% 1,60%

Imballaggi rigidi in plastica (bottiglie  2,08% 0,61%
Imballaggi rigidi in plastica (non
bottiglie e flaconi); 1,96% 1,17%
Imballaggi poliaccoppiati in
plastica; 0,64% 1,91%
Altra plastica: sacchi neri; 4,83% 0,61%
Altra plastica: non imballo; 2,88% 8,05%
Imballaggi in legno; 0,72% 5,75%
Tessili e cuoio; 9,08% 17,30%
Materiali inerti, 0,22% 2,64%
Pannolini; 6,07% 13,65%
RUP; 0,30% 0,30%
Sottovaglio < 20mm. 3,25% 3,05%
TOTALE 100% 100%
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						Prov. Lucca				Capannori

				Categorie merceologiche		% (peso/peso)				% (peso/peso)

		1		Materiale organico da cucina;		25.12%				14.84%

		2		Materiale organico da giardino;		9.16%				4.36%

		3		Giornali (quotidiani e riviste);		5.09%				0.95%

		4		Cartone ondulato;		6.12%				0.06%

		5		Cartone teso;		2.49%				0.27%

		6		Imballaggi cellulosici poliaccoppiati;		0.98%				1.46%						71.41%		Prima

		7		Altra carta (non imballaggio e non giornali e riviste);		5.68%				9.77%						0.00%		Dopo, normalizzato

		8		Imballaggi flessibili in alluminio;		0.28%				1.07%

		9		Imballaggi rigidi in alluminio;		1.00%				0.00%						100%

		10		Imballaggi in acciaio;		1.20%				9.35%

		11		vetro;		2.11%				1.26%

		12		Imballaggi flessibili in plastica;		8.76%				1.60%

		13		Imballaggi rigidi in plastica (bottiglie e flaconi);		2.08%				0.61%

		14		Imballaggi rigidi in plastica (non bottiglie e flaconi);		1.96%				1.17%

		15		Imballaggi poliaccoppiati in plastica;		0.64%				1.91%

		16		Altra plastica: sacchi neri;		4.83%				0.61%

		17		Altra plastica: non imballo;		2.88%				8.05%

		18		Imballaggi in legno;		0.72%				5.75%

		19		Tessili e cuoio;		9.08%				17.30%

		20		Materiali inerti,		0.22%				2.64%

		21		Pannolini;		6.07%				13.65%

		22		RUP;		0.30%				0.30%

		23		Sottovaglio < 20mm.		3.25%				3.05%

				TOTALE		100%				100%
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https://zerowasteeurope.eu
/library/building-a-bridge-
strategy-for-residual-waste/

https://zerowasteeurope.eu/library/building-a-bridge-strategy-for-residual-waste/
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https://eeb.org/library/10-policy-priorities-to-reduce-waste/

https://eeb.org/library/10-policy-priorities-to-reduce-waste/


EU Waste Directives explained + examples of good transposition
https://eeb.org/work-areas/resource-efficiency/waste-recycling/

https://eeb.org/work-areas/resource-efficiency/waste-recycling/






- rise in sep collection 
from 19% to 54%

-10 x more biowaste 
separately collected
with <1% impurities

- plastic/metal 
(packaging and not 
only) with < 10% 
impurities



Biowaste collection is technically and economically 
practicable in large cities

Milan, Italy:
1,300,000 inhabitants
High quality (< 5% impurities)
High capture (90 kg/capita.year)



Residual waste treatment
Present and future developments
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What is MRBT



THANK YOU!
www.eeb.org
@Green_Europe
@EuropeanEnvironmentalBureau
eeb@eeb.org 
The EEB gratefully acknowledges the financial support from the LIFE Programme of the European Union. 
This communication reflects the organizers’ views and does not commit the donors.
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The role of Waste-to-Energy in 
sustainable waste management

Ella Stengler, CEWEP Managing Director



The role of Waste-to-Energy in sustainable waste 
management

Keeps the circle clean by dealing with unwanted organic components in the material 
cycles (act as a pollutant sink, fulfilling a hygienic task for the society).

WtE turns non-recyclable waste in an environmentally safe way into secure energy and 
valuable raw materials;



Circular Economy
Waste Hierarchy to ensure sustainable waste management

Prevention and reuse

Recycling

Source separation ensures:

Quality recycling

That only non-recyclable waste gets to the next step



Can’t we recycle everything?

Dirty, mixed, contaminated 
materials?

Degraded materials after 
multiple times of recycling?
Materials containing 
substances of concern?



Not everything should be recycled…

“In the recycling processes, articles (and the materials they consist 
of) that contain toxic substances contaminate the respective waste 
streams and are diluted in materials that do not contain toxic 
substances.” *

“According to modelling studies, it may take centuries to 
decontaminate a recycled waste stream, even if preventive measures 
are implemented”*

*Study for the strategy for a non-toxic environment of the 7th Environment Action Programme, European 
Commission 2017
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Municipal waste treatment in 2019
EU 27 + Switzerland, Norway and the UK 

Landfill
Waste-to-Energy
Recycling 
+Composting
Missing data

Graph by CEWEP, Source: EUROSTAT 
Last update June 2021

Percentages are calculated 
based on the municipal waste 
reported as generated in the 
country

*: 2018 data (last available)



Reduce landfilling
• Divert waste that can be recycled or recovered from landfills in order to:

j

protect soil and groundwater from potential contamination (leaching)
prevent microplastics from being blown into the seas and rivers
harness the material and energy content of residual waste

avoid the creation of methane - a Greenhouse 
Gas 28 times more potent than CO2 in 100 years 

more than 80 time more potent in a 20 years perspective



Reducing Greenhouse Gases:

“Diversion from landfill is the main contributor to 
GHG mitigation in the waste management sector”*
*The Climate Change Mitigation Potential of the Waste Sector, Öko-Institut
and IFEU on behalf of German Federal Environment Agency (UBA), 2015



Waste-to-Energy’s double role: 
Sustainable waste management + Recovery of energy & secondary raw materials

Essential task: WtE provides a hygienic service 
Additionally, WtE:

1) Substitutes fossil fuels and reduces dependence 
on imports:

2) Helps to divert waste from landfills and saves 
methane emissions
methane is much more potent than CO2

3) Recovers valuable raw materials from bottom ash
 Circular Economy and further CO2eq savings

Between 11 and 53 million tonnes of fossil fuels (gas, 
oil, hard coal and lignite) can be substituted annually, 
which would emit 26 - 52 million tonnes of CO2



Bottom Ash recycling

1 tonne of recycled 
metals from bottom 
ash saves 2 tonnes of 
CO2equ emissions

1 tonne of bottom ash 
contains between 
10-12% metals

Minerals can be used as 
secondary aggregates 
(road construction or in 
building products) 

for more information see:
CEWEP Bottom Ash Factsheet 

https://www.cewep.eu/wp-content/uploads/2017/09/FINAL-Bottom-Ash-factsheet.pdf


Sector coupling - Hydrogen

Wuppertal Waste-to-Energy plant will fuel 10 fuel cells powered city buses.

REVIVE project delivery of 15 fuel cell waste collection trucks to seven 
cities.

Power to 
H2

Export of 
electricity

District 
heating and 

cooling

Electrolysers

O2 H2

H2

Public transport

Fuelling 
station

Waste 
trucks



CEWEP (Confederation of European Waste-to-Energy Plants)

Contact: ella.stengler@cewep.eu





Webinar:  Waste-to-Energy: The Beauty or The 
Beast? 

Presentation:  Managing mixed waste sustainably

Janek Vahk, Climate, Energy and Air Pollution Programme Coordinator- janek@zerowasteeurope.eu

#zerowaste

zerowasteeurope.eu



The current EU residual waste policy is outdated and 
broken

● The current ‘incineration-heavy’ approach to managing mixed waste is unwarranted & contradicts key 
objectives of the Green Deal:

○ Transition to a circular economy

○ Net-zero emissions by 2050

○ Zero pollution 

Source: https://zerowasteeurope.eu/library/rethinking-the-eu-landfill-target/



Undermines waste reduction & contributes to lock-in 
effect
● Numerous reports show that mixed waste is largely recyclable or 

compostable e.g.
TEG Final technical report on Sustainable Finance  
“highlighted the large portion of waste currently incinerated 
that could be recycled…“

● Doing mixed waste sorting could avoid up to 464 million tonnes of 
CO2 equivalent per year globally by 2030 (Eunomia 2021). 

Source: Department of Environment, Food and Rural Affairs -
Resources and Waste Strategy Monitoring Progress (2020)



Risks undermining the net-zero goal
● Incinerators emit large amounts of fossil 

CO2 - over 52 million tonnes just in 
2018 (UNFCCC 2020).

● The emissions from incineration likely 
higher as plastic in mixed waste is 
underrepresented and could 
represent up to 7% of the European 
carbon budget in a 1.5 degree 
scenario. 

● The electricity produced by incinerators 
is twice the carbon intensity of the EU 
marginal electricity grid average - 249 
gCO2e/kW (EEA 2021). Source: https://ukwin.org.uk/climate/



Risks undermining the net-zero goal
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European emissions from plastics incineration vs. total EU GHG emissions 2010-2050 

Source: EEA – assuming targets of 55% reduction by 2030 and 95% reduction by 2050 relative to 1990 
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Undermines the zero pollution goal
● Incinerators are often promoted as safe 

but the truth is that the regulation of 
emissions and the use of its residues of 
is limited.

● Far more limited are the measurements 
of the extreme toxic Persistent Organics 
Pollutants.

● The use of incineration residues often 
spreads the contamination (e.g. 
microplastics, dioxins).

Source: https://www.sciencedirect.com/science/article/abs/pii/S0304389420314187



The way forward: managing mixed waste sustainably 
– material recovery and biological treatment

 Focus on material recovery and biological treatment 
as a new strategy

But… this should be supported by:

 Setting a residual waste target

 Mandate mixed waste sorting 

 Redefine the landfill target  

 Elaborate a clear definition of pre-treatment

https://zerowasteeurope.eu/wp-content/uploads/2020/06/zero_waste_europe_policy_briefing_MRBT_en.pdf



Why a bridge strategy for residual waste: the benefits 
of MRBT

● MRBT-types of treatments are remarkably more scalable (i.e. able to be adopted at different sizes of 
operational capacities) than incineration

● Sites designed to operate through biological stabilisation and material recovery, are markedly cost-
competitive with incineration.

● MRBT types of installations are typically faster to implement than incinerators.

● MRBT types of installations are climate-friendly.

● MRBT systems are inherently flexible.

https://zerowasteeurope.eu/wp-content/uploads/2020/06/zero_waste_europe_policy_briefing_MRBT_en.pdf



Thank you!

Janek Vahk-
janek@zerowasteeurope.eu

#zerowaste

zerowasteeurope.eu



Waste-To-Energy 
keeps the material cycle and 

the environment clean
Dr. Tom Croymans –

Chairman ESWET CCUS working group



• Waste hierarchy is designed to have 
minimal environmental impact and a 
maximal resource efficiency

• Waste-to-Energy is an integrated part of 
the waste hierarchy

• Safely treats non-recyclable waste
• Recovers energy
• Recovers materials

Waste-To-Energy is an integrated 
part of the waste hierarchy

Schematic representation of the EU waste 
hierarchy as laid down in Directive 2008/98/EC

Residual
waste



Waste-To-Energy is complementary 
to recycling

Isolation of toxic substances
like for example heavy metals

• Dissipation of persistent 
toxic substances

• Increased
release/exposure

e.g. paraben in baby bottle

Graphical overview of material flows in Europe showing how (1) landfill disposes valuable material & 
energy while releasing  GHG,  (2)  how Waste to energy keeps the circulare economy clean while giving

back energy & materials to society– Modified from Van Caneghem et al. 2019
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• Major differences in waste 
treatment between members 
states

• Countries with a high recycling 
rate rely on Waste-To-Energy for 
non-recyclable waste treatment

• Certain Member states mainly
rely on disposal (landfill)

Waste-To-Energy is complementary 
to recycling



Waste-To-Energy supports recycling

• Recycling of waste is the preferred option
• Consumes less energy for production
• Makes better use of materials available

• Contaminants concentrate in recycling loops. Waste to
energy destroys and eliminates toxic substances from
material cycles.

• All recycling processes generate residues (=non-
recyclable waste)

• Most materials degrade when recycled (recycling is
finite)

• Paper can be recycled 5 to 7 times
• Pure plastics can be recycled up to about 8 times

before material properties excessively degrade.



Non-recyclable waste - Landfilling

• Release CO2 and methane
• Methane has 28 times higher GWP

compared to CO2

• Disable material recovery

• No or limited energy recovery

• Occupy valuable land

• Landfills contaminate groundwater
eventually

“No liner can keep all liquids out of the ground 
for all time. Eventually the liners will either 
tear or crack and will allow liquids to migrate 
out of the unit.”

US Environmental Protection Agency



Non-recyclable waste - Waste to energy

• Keeps toxic substances out of material
cycles and out of the environment

• Has stringent environmental emission limits

• Reduces volume of waste >90 %

• Recovers energy (electricity, heat, steam,
hydrogen)

• Allows to recover metals and minerals

• Avoids methane emissions



• Unwanted substances are 
present in waste.

• Waste-To-Energy destroys toxic 
substances by high temperature 
process. 

• Waste-To-Energy concentrates 
heavy metals in controlled 
manner.

• Waste-To-Energy has a very 
advanced flue gas cleaning 
system while operating under 
stringent emission limit values.

Waste-To-Energy safely treats 
non-recyclable waste



 WtE produces on average 1 ton of CO2 for
every ton of waste incinerated

• 60% of CO2 is of biogenic origin
• 40% of CO2 is of fossil fuel origin

 Direct emissions are at least partially offset:

• Mitigation of methane from landfill

• Mitigation of fossil fuel consumption for
energy production

• Mitigation of virgin metal mining

• Mitigation of exploiting virgin raw materials
for the construction industry

CO2 emissions: challenge & potential

Comparison based on UIOM C14 programme to 
measure the share of biogenic emissions in MSW 
WtE plants (by Cabinet Merlin & ENVEA, in 
partnership with the French environment agency).

WtE (MSW)



Waste to energy + CCS = net 
carbon dioxide removal

Capturing and storing biogenic CO2 represents a carbon sink
i.e. it reduces the net CO2 concentration in the atmosphere.
This is also referred to as Carbon Dioxide Removal (CDR).
Source: Climate Technology Centre & Network

Negative emission are required to meet 
climate goal of <1,5°C



Summary
Waste-To-Energy

• is the preferred option for waste that cannot be
recycled and would be otherwise landfilled.

• is complementary to recycling, and keep material
cycles & ultimately the environment free from
toxic substances like persistent organic pollutants.

• recovers energy and materials from non-
recyclable waste.

• has the potential to become carbon negative via
carbon capture and storage implementation.



Members



Dr. Tom Croymans

Chairman ESWET CCUS 
Working Group

Thank you!





Fortum Oslo Varme’s CCS project
From waste-to-energy to negative emissions

Jannicke Gerner Bjerkås 
Director CCS

Fortum Oslo Varme 



District heating

Energy sources:

WASTE HEAT

ELECTRISITY

HEATPUMP/
SEWER

WOOD PELLET

BIOFUEL

FOSSIL OIL

LNG

ENERGY RECOVERY 
FROM 400.000 TONNES 

WASTE/ YEAR

Production approx

150 GWh
electricity

3289 
Domestic housing

District cooling
30 mill liters hot water 
distributed throughout

Oslo

600 km district
heating network

952
apartment building 1141

commercial 
buildings

Distric heating
possible to ships

DATACENTER

Fortum Oslo Varme AS



Part of Longship CCS project; permanent 
geological storage below seabed

400 000 tons CO2/year, 90% CO2 capture

CCS on Waste-to-Energy provides 50 % CDR

Studies completed 2015-2019

Demonstrates truck transport of CO2 to port

Successful pilot testing on real flue gas

Relevant demonstration project for 
industrial emissions otherwise hard to abate

World’s first full-scale CCS project on Waste-to-Energy



67

Future circular economy with CDR on end-solution for waste 
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LONGSHIP; 
State financing of CCS in Norway

68

• Full support to the transport and storage part of 
the project; Northern Lights

• Conditional support to FOV’s capture project 
provided additional funding from other sources

• CAPEX support of 200 Mill Eur
• OPEX support of 100 Mill Eur over 10 years

• EU Innovation Fund: 
• Fully matured and shovel ready
• Partly funded, with full funding of storage 
• Large BECCS potential (CDR)
• Pioneering climate positive waste handling
• Replicable to 500 WtE plants in Europe



EU Clima te Neut ralit y:
Is CCS the future of Waste-to-energy?

Eve Tamme
Founder and Managing Director  
Climate Principles

EUSEW,25 October 2021



• Applicable climate targets: Effort 

Sharing Regulation

• Waste hierarchy: only residual waste 

should be incinerated

• Access to CO2 transport and storage 

networks is crucial

CCS and W-t-e in Climate Policy
European  
W-t-e 
Plants
(Endrava, 2021)



Fostering deployment: W-t-e with CCS
• Improving policy frameworks:

o Covering W-t-e emission reductions

and carbon removal (in some cases)

under the carbon price

o Inclusion of W-t-e in Sustainable

Finance Taxonomy

• Expanding funding opportunities

o National decarbonisation strategies

o EU: Innovation Fund and more



@EveTammeEveTamme

Eve.Tamme@climateprinciples.com

evetamme.com; climateprinciples.com

Thank you

mailto:Eve.Tamme@climateprinciples.com
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