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New European resource 
management vision

‘Towards a circular economy: 
A zero waste programme for Europe’ 



Resource management – which vision /
‘value proposition’?



Circular economy: Ellen MacArthour foundation 
vison



Circular economy another vison  
- spot a key difference



PlasticsEurope CE version



Meaning / role of “recycling”

Goal

Basis -
NOT 
Goal

Least 
consid
ered

Focus 
to date



Organics/composition of MSW across 20 
reference cities around the world
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TECHNICAL 
CHALLENGES

• Difficult identification
Different grades of PP and 
Paper/Board and contamination
• Limit of recycling cycles
Degradation (loss in chain length of 
polymers and fibre length of paper)

• Contamination (other materials)
Affect quality

• Lack of methods to monitor 
sorting 

• Plastic complexity  
Immiscibility and incompatibility 
of polymers recycling
• New pigments and inks
Direct printed PP packaging 
and printed in-mould labels
• Contamination (food/ 

chemicals contained in the 
products)

• Lack of recycled  product 
specification

• New inks & paper grades
Flexographic newspapers, 
digital printing with liquid 

tonners,  inkjet printing, UV cured 
inks, etc.

• Energy efficiency

• Contamination in the case 
of commingled collection

Paper/BoardPP

PP and paper & board



• Brominated Fluorine 
retardants (BRFs) in WEEE
• Benzophenone
(photoinitiator used in UV 
cured inks)
• Contamination (organic & 

inorganic compounds) 
• Volatile compounds 
(VOCs) such as Alkanes
• High molecular weight materials 

(hexylsalicylate and isopropyl 
myristate)

• Mineral Oils
• Phtalates
• Phenol (Bisphenol A)
• Parabens (butyl and propyl 

parabens)
• Inorganics (Pb, Sn, Sb 
pigments)
• Other substances 

(Polychlorinated biphenyls, 
Diisopropyl naphthalene, 
Organochlorine
compounds)

• CO2 emissions

Paper/BoardPP

ENVIRONMENTAL 
CHALLENGES

• Energy consumption
• Water consumption
• GHG from collection 

and transport, sorting 
and reprocessing

PP and paper & board



2 approaches to recovering value



Circular economy = 
(closed)-loop economy?

NOT Goal Intermediate
Goal? Ultimate Goal



Better society – how?



A long chain – how to maintain througout clean 
material flows and environment?



Circular + green economy?
Any dilemas?



How can we recover value from waste?
3 key dimensions of material value



Technological options for MSW processing



Kew options for energy/heat recovery
from solid waste 



Some key considerations



SRF vs. RDF

≠



SRF – terminology

WASTE (as produced)

WDF: Waste derived fuel 
(any thermally recoverable fraction 
separated)

RDF: refuse-derived fuel 
(MSW fraction, mechanically 
separated, typically no 
QA/QC)

MBT-derived WDF
(RDF, but not necessarily SRF)

MBT-biodried 
(RDF and possibly SRF)

SRF: solid recovered fuel 
(non- hazardous 
thermally  recoverable 
waste fraction
QA/QC in place) 

Source:  Velis et al., 2010



SRF surplus in Germany 2006…

Source: Saft and Elsinga, 2006



UK RDF / SRF exports
2.4 Million tonnes in 2014



R1 EfW formula – sensitivity analysis and 
implications
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Trade-off electric vs. Thermal efficiency



Refuse derived fuel (RDF) 
exports within Europe



Plastics recyclability - global value chains

Download 
from: 

http://www.iswa.
org/iswa/iswa-
groups/task-

forces/

http://www.iswa.org/iswa/iswa-groups/task-forces/
http://www.iswa.org/iswa/iswa-groups/task-forces/
http://www.iswa.org/iswa/iswa-groups/task-forces/
http://www.iswa.org/iswa/iswa-groups/task-forces/
http://www.iswa.org/iswa/iswa-groups/task-forces/
http://www.iswa.org/iswa/iswa-groups/task-forces/


Geographical alignment of sustainability? 

Code 3915: 
“waste, pairings 
and scraps of 

plastics”

Data source:
UN Comtrade - 2011



A complex and volatile market

Export / import
laws and

enforcement

Reproceccing
capabilities

and material 
needs

National
collection
capacity

Global supply
netwroks

Oil and
primary resins

cost

Technlogical
innovation

Assumentry of
information for 

players



Global map of import transactions in 
waste plastic – 2011: China rules!

87
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China and
Hong Kong 

SAR

Rest of world

By weight – 2012 data



Documentary on reprocessing plastic 
scrap imports “Deadly waste in China”

See at 2DF:http://www.zdf.de/ZDFmediathek#/beitrag/video/1993090/Die-
Doku:-Tödlicher-Müll-in-China 



MBT: mechanical-biological treatment

Mechanical
(treatment)

Biological
(treatment)+ 



Solid recovered fuels (SRF) via
Mechanical-biological treatment (MBT)

SRF as used in a UK cement 
UK industry
Source: letsrecycle.com 
http://www.letsrecycle.com/news/latest-news/waste-
management/shanks-in-second-castle-cement-fuel-
deal

A finely shredded fluffy SRF, in 
storage production pit
Source: Nottinghamshire Recycling Ltd.
http://www.nottsrecycling.co.uk/information/11/
solid+recovered+fuel+(srf)/

Stabilat® SRF: production from 
different inputs to different 3D 
and type specs
Source: Herhof GmbH
http://www.herhof.com/en/business-
divisions/stabilat/rdf-production-with-stabilat.html

Example of plastic film fluff-
type SRF
Source: MID UK Recycling Ltd.
http://www.midukrecycling.co.uk/energy-from-
waste/rdf-srf.aspx

Example of fluff-type SRF
Source: ERFO
http://www.erfo.info/

MBT-derived (bio-drying) SRF in 
the UK, mainly for cement kilns
Source: Shanks
http://www.shanks.co.uk/corporate-services/local-
authority/srf-and-fuels

http://www.letsrecycle.com/news/latest-news/waste-management/shanks-in-second-castle-cement-fuel-deal
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http://www.nottsrecycling.co.uk/information/11/solid+recovered+fuel+(srf)/
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Solid recovered fuel according to CEN TC/343 

“solid fuel prepared from non-hazardous waste to be 
utilised for energy recovery in incineration and co-

incineration plants and meeting the classification and 
specification requirements laid down in CEN/TS 13359”

ERFO: “prepared” means: 
processed, homogenised and up-

graded to a quality that can be 
traded amongst producers and 

users



CEN SRF classification system

Property 
category

Classification 
property

Desig
-
nation

Unit Statistical
measure1

Classes

1 2 3 4 5
Economy Net calorific value2

(NCV)
Qp,net MJ/kg (ar) Mean ≥25 ≥20 ≥15 ≥10 ≥3

1 2 3 4 5
Technology Chlorine Cl % w/w (d) Mean ≤0.2 ≤0.6 ≤1.0 ≤1.5 ≤3.

0
1 2 3 4 5

Environment Mercury Hg mg/MJ (ar) Median3

80th 
percentile3

≤0.02

≤0.04

≤0.0
3

≤0.0
6

≤0.0
8

≤0.1
6

≤0.1
5

≤0.3
0

≤0.
5

≤1.
0

1 Specified sampling, sample preparation, analytical methods and statistical analysis apply. For Hg specific rules apply, according to number of assays taken.
2 NVC is the same as lower heating value (LHV): Hu.
3 The higher classification stemming from each of the two statistics controls the class.
Reference: CEN/TC 15359:2006 Solid recovered fuels – specifications and classes. European Committee for Standardisation. See: 
http://www.erfo.info/CEN_TC_343.18.0.html



Cl flows to SRF in mechanical biological 
treatment plants (MBT) 

78% wt. of Cl
is 

incorporated 
into the fuel 

output
(SRF)



Biodried residual MSW  -
combustible part

Fuel property Units

Biodried
residual 
MSW Mean* ± U95,4

SRF desired 
quality

Ratio
Com/SRF
specs
(%)

Moisture content % w/wd 13.4 14.4 4.6 < 15 96

Ash content % w/wd 44.4 28 8 < 15 188

Biogenic content 
(‘pure’) % w/wd 39 51 16 > 50 102

Net calorific value MJ kgar
-1 14.8 15.0 2.3 20 ± 2 75

Total chlorine 
content [Cl]_COM,d 0.47 0.61 0.42 < 0.9 68

Biodried combustible MSW: 
key fuel properties 

*Arithmetic mean; Total extended uncertainty: 95% confidence limits, based on t-student distribution, at 4 
degrees of freedom (d.f.). 



Comparison of 3 “ideal” scenarios for SRF 
composition from biodried MSW
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How much actually combustible matter 
is recovered in SRF?

Combustible, ash-free mass (d)Total mass (ar)

TC(mcomb,ar)_SRF 

= 74.5±3.2% 
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Utilisation (recovery) – According to WDF
(Italy declared EoW for SRF, but…)

To achieve ‘end of waste status,’ criteria for the following conditions 
defined by the WFD must be satisfied:

1. The substance or object is commonly used for specific purposes
2. A market or demand exists for such a substance or object
3. The substance or object fulfils the technical requirements for the 

specific purposes and meets the existing legislation and standards 
applicable to products;

4. Use of the substance or object will not lead to overall adverse 
environmental or human health impacts



SRF prices over time



Circular + green economy?
Any dilemas?



Benefit for whom?
The Paracommons…

Source: Bruce Lankford http://brucelankford.org.uk/research/paracommons/

http://brucelankford.org.uk/
http://brucelankford.org.uk/research/paracommons/


Is waste hierarchy and our overall
evaluation tools insufficient?



System A

Environment Economics

Social

System B

System C

Optimal 
value



C-VORR: multiple-value dimensions 
systems and concurrent approach

 

Social F(t) Environmental F(t) Economic (t) Other (t) 

 

 

Image by: JMacPherson, licensed under CC-BY 1.0

https://www.flickr.com/photos/lipstickproject/6372229591
https://creativecommons.org/licenses/by/2.0/


C-VORR is not an 
abstract intellectual 
exercise
• Co-created with industry 

partners
• Systems thinking critical to 

achieving real sustainability 
goals in the waste industry

• >£1M of industrial support
• Internationally leading 

academic partners on  LCA 
and MFA

Complex Value Optimisation for Resource Recovery
: not an abstract intellectual exercise…



CVORR: enabling an evidence-based transition to 
resource recovery – circular economy!!



Global Waste 
Management 
Outlook (GWMO)
Authoritative, analytical, evidence-
based, concise and visual: To be 
published by September 2015

1st overall account of waste management 
around the world



International co-operation for sound waste 
management – cost of inacton?



School of Civil Engineering
Institute for Resilient Infrastructure (iRI)
Institute for Public Health & Environmental Engineering (iPHEE)

Dr Costas Velis 
c.velis@leeds.ac.uk

Ευχαρστω πολυ!!
Thank you for your attention!
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