
| | www.ifu.ethz.ch/ESD 

Industrial Ecology, Science, the Environment  and the Circular Economy 
April 25, 2016, Brussels, Belgium 

30.09.2016 1 

Managing waste for an efficient and clean 
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Presenter
Presentation Notes
Will make the point that not enough to cycle materials, but the way how we cycle also matters and sometimes it is better not to cycle to keep cycles clean and efficient
Hier nur MSW, aber kann auch andere Fraktionen ansprechen.
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Pro-Kopf Abfallmengen und Entsorgungswege in Europa Per capita municipal solid waste (MSW) amounts 
and disposal pathways in Europe (2012) 
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Source: Dataset ‘[tsdpc240] - Municipal waste generation and treatment, by type of treatment method - kg per capita’; 
retrieved from http://ec.europa.eu/eurostat/web/environment/waste/main-tables 
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Landfill / disposal Material recycling
Composting and digestion Total incineration (including energy recovery)

Presenter
Presentation Notes
Differences in amounts, differences in treatment/recycling
Show that even in the «waste advanced» countries there are improvelement potentials; my example is Switzerland, but others similar

What exactly happens with this waste and how to evaluate?
To understand, plot first energy flows
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net benefits from substitution energetic content 

13 PJ CED: 20 PJ 

LHV: 28 PJ CED: 50 PJ 

Source: Haupt M., Vadenbo C., Hellweg S. 
2014. Material and energy flow analysis of the 
Swiss waste management system. Conference 
Proceedings. 5th International Symposium on 
energy from biomass and waste, Venice, Italy.  

Example: Municipal Solid Waste energy flows in Switzerland  

Presenter
Presentation Notes
Energy content of Waste, discuss flows and their size
Cum. Energy that would be needed to produced primary materials (if not provided by secondary) – needs of recycling process

Ungefähr 2 PJ net benefit from Slag metal recovery (grössenordnung, aus Michaels paper abgeschätzt)
These subflows can be distinguished further and then different treatments compared… also other indicators… only show one example here, but data is available for all these flows (e.g. Easetech).

Show energetic content first – distribution between waste going to MSWI and recycling as said still 50/50
No numbers: focus on proportions as relative comparison between the energetic potential and the indirect energy gains
Net benefits: show CED saving if material are not produced from primary but from secondary material. Mention, that this is a optimistic first view, as a substitution of primary material was considered. 
Metals from BA neglected, as their quality and therefore also the substitution potential are varying significantly (ca. 2000 TJ)
Energy recovery: 13’000 TJ, substitution: 20’000 TJ (neglecting hydropower)
Material recycling: 28’000 TJ, substitution: 50’000 TJ (neglecting hydropower) - mention that only some recycling fractions are considered – WEEE, batteries, textiles etc. are still missing!


Details: 
Largest potential per kg for aluminium, absolute for paper/cardboard
Substitution of XPS insulation by foam glass gives high substitution benefits as XPS is fossil polymer and therefore energy intensive

Feedback: 
Explain the substitution better, give an example …
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Closed-loop vs. open-loop recycling 

PET 
bottle 

PET 
bottle 

Packaging 
material 

Glass 
bottle 

Glass 
jar 

closed-loop  open-loop  

Melanie Haupt, ETH Zürich 

Presenter
Presentation Notes
This only shows reversibility of so called cycles… but it does not really say anything about the envrionmental impacts.
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Collection rates (CR) vs. Recycling rates (RR) 
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The comparison of collection and recycling rates for 
Switzerland shown during the presentation will be 
available soon in: 
 
Haupt, M., C. Vadenbo, and S. Hellweg. Do we have 
the right performance indicators for the circular 
economy? – Insight into the Swiss waste management 
system. Journal of Industrial Ecology. In Press. 
 

Presenter
Presentation Notes
Zeigt, wie wenig wir überhaupt wissen … Verbesserungspotential bleibt unerkannt, oft sind Leute froh, wenn recycliert wird (egal wie)
Melanie: woher kam Diskrepanz zu BAFU Zahlen Sammlung Glas nochmals? – wegen erhöhter Menge im KVA Zusammensetzung

RPK: Verein Recycling Papier und Karton  
iRR: intermediate recycling rate 
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 Recycling rates should be net of all losses (as far as 
possible). 

 Environmental impacts of various recycling processes 
vary and should be considered when defining recycling 
targets. 

 Improvement potential both in terms of quantity and 
quality of recycling exists even in «waste-frontrunner» 
countries. 
 
 

Conclusions  
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Presenter
Presentation Notes
Weight is not necessarily decisive, good that individual targets for individual materials
Bad recycling is not always better than good incineration 



e.g. in Switzerland high CR, but RR lower and the quality of rec can be improved.

Open loop not necessarily bad from an environmental point of view, but delimits flexibility.

Don’t you want to make any link to environmental impacts/assessment here?
For example, that (aggregated) national recycling rates prevent us from determining
environmental relevance of these recycling activities – link to food waste case possible
Maybe also relevance prevention vs. more efficient waste treatment
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Influence of resource quality on environmental impacts 
(example steel recycling from MSWI bottom ash scrap) 

Haupt, M., C. Vadenbo, C. Zeltner, and S. Hellweg. 2016. Influence of input-
scrap quality on the environmental impact of secondary steel production. 

Journal of Industrial Ecology 0(0) [online]. 

El
ec

tr
ic

ity
 d

em
an

d 
 

(k
W

h 
/ t

 li
qu

id
 s

te
el

) 

C
lim

at
e 

ch
an

ge
 im

pa
ct

 
(k

g 
C

O
2-

eq
. /

 t 
liq

ui
d 

st
ee

l) 

MSWI 
scrap 

 
other scrap grades 

Primary 
steel 
(BOF) 

Presenter
Presentation Notes
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liquid  
steel 
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Separate collection vs. recovery after MSWI 

separation / 
pre-treatment 

recovery from 
bottom ash 

medium quality scrap grades: 
410 kWh/t LS 

low quality scrap grades: 
560 kWh/t LS 

+40% electricity 

MSWI 

Haupt, M., C. Vadenbo, C. Zeltner, and S. Hellweg. 2016. Influence of input-
scrap quality on the environmental impact of secondary steel production. 

Journal of Industrial Ecology 0(0) [online]. 

Presenter
Presentation Notes
Melanie, sie werden das Energetische Potential wissen wollen. Stimmt folgende Ueberschlagesrechnung:

Energetic potential if it is possible to upgrade low quality MSWI scrap to medium quality scrap: 40’000 t/a (?) * 150 kWh = 6 GWh/a (=0.5 PJ/a) … 0.2% vom Endelektrizitätsbedarf

Das hier ist ein relativ kleiner Beitrag, aber wenn Erkenntnisgewinn weltweit umgesetzt würde, ist das Potential sehr gross … Stahl ist der industrielle Sektor mit höchsten CO2 Emissionen weltweit…

Wie viel vom Elektrizitäts-Endenergiedemand würde das ausmachen?

From proposal:
Final energy consumption of the steel sector in Switzerland is small (3%), but steel manufacturing
is the industry with highest energy demand in the EU (Bachmann 2013; Hildago et
al. 2003)
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 low quality scrap adds 
copper that cannot be 
removed from molten steel 
 accumulation in steel 
cycle  

 copper hardens the steel 
and is detrimental for the 
carbon steel quality 

 cannot be recycled as 
copper once lost in the 
carbon steel cycle 
 

 “Clean cycles” (Kral et al. 
2013) 
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Copper in ferrous scrap recycling 
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Haupt, M., C. Vadenbo, C. Zeltner, and S. Hellweg. 2016. Influence of input-
scrap quality on the environmental impact of secondary steel production. 

Journal of Industrial Ecology 0(0) [online]. 
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 The quality of waste materials influences the potential use 
of recycling products, the environmental impacts and 
(hazardous) pollutant concentrations of recycling products. 

 Increasing the quality (better sorting, optimized pre-
processing, optimizing blending etc.) can lead to 
significant savings in energy and environmental impact 

 Data gaps on the influence of resource quality           
on the recycling process are large. 

 

 

 

 

 

Conclusions 
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Presenter
Presentation Notes
Careful here – cite Paper analysis of DTU: certain papers you want to sort out; Do not increase RT over a meaningful limit!

Some issue with concrete exampes, but this mornign systemic perspective; what I showed are parts of a larger system to optimize overall WM

Have done this previously for other CS
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Outlook: Optimization of MSW management 
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Presenter
Presentation Notes
Learn from this to derive targets which make sense
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Take-home messages 
 Recycling ≠ recycling 
 Recycling alternatives differ in  environmental benefits and 

impacts.  
 Targets need to be designed carefully to provide meaningful 

incentives (RR should consider all losses and be determined 
based on environmental benefits and impacts). 

 Quality matters! Waste material quality … 
 may restrict the potential use of recycled products,  
 influences environmental impacts of the recycling process 

(e.g. energy demand) 
 may lead to hazardous exposure through follow-up products. 

 Industrial Ecology Tools can guide the way. Combination of 
MFA and LCA can be used… 
 for comprehensive optimization of resource/waste 

management systems, 
 to reveal trade-offs, 
 as basis to derive resource strategies 
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Presenter
Presentation Notes
Verluste…
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hellweg@ifu.baug.ethz.ch 
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Thank you! 

Funding is gratefully acknowledged from: 
• Swiss National Science Foundation (NRP 70) 
• Cantonal office of waste, water, energy and air (Zurich)  
• Development centre for sustainable management of recyclable waste and resources (ZAR) 
• Danish Council for Strategic Research (grant no. 11-116775; the IRMAR project) 

ESD group, in particular  
Melanie Haupt,  
Claudio Beretta 
Carl Vadenbo 
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