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Comparative study on the total energy use of products
based on primary versus recycled materials:
first phase
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Comparative study on the total energy use of products
based on primary versus recycled materials

¢ How can recycled and virgin material be compared ?

— The complete sharing of alll material processing (environmental) costs between all produced
materials: WHY 2

The system perspective: virgin and recycled material processing are part of'a wider
Industrial metabolism and it is: difficult tor compare thelr material outputs /oose from. the

entangled processes

Retrospective or prospective comparison of product systems ?




Comparative study on the total energy use of products
based on primary versus recycled materials

¢ SYSTEM DEFINITION heavily impacts the result throughout the study.

— The model: open loop recycling vs closed loop recycling
— Jhe methodology: life cycle perspective

fi0) be ablerto compare two. SysStems iR One Comparison, the product systems had tor be
expanded. But where to stop expanding ?

m
phase

Raw material Raw material Waste ‘e .
. . . Recycling
acquirement Processing o collection
1 n
System
expansion




Mass flow in considered closed loop recycling system

Recycling

G*(1-M)/F RDF co-
Wh*Ch/F incineration *M *Cr/F
Wi*Ci/F
Wh*Rh/F

Raw material Product Household h/F

extraction and manufactu-ring consumption Wh*Ih/F MSW
virgin rr.latenal Witli/F incineration
processing

Industrial
consumption Wi*Ri/F

Landfill
Wh*Lh/F *M *Lr/F
(1-G*(1-M))/F Wi*Li/F

With G = Wh*Rh+Wi*Ri W: fraction of waste from h or i
F = 1-G*(1-M)*(1-S) R: recycling rate from h or i
M: material losses of r
S: substitution rate
C: co-incineration rate for waste from h, i, and r
I: MSW incineration rate for waste from h, i, and r
L: Landfill rate for waste from h, i, and r

The postscripts h, i and r stand for households, industry and recycling.

In the notations of the above figure, the formula used in calculating the total energy consumption and GWP is[1]:
Etot = (1/F)*(1-G*(1-M)) *Ev + / Energy consumption raw material phase/
(1/F)*(Ep + Eu) + / Energy consumption product manufacturing and use phase/
(1/F)*G*(1-M)* Er + / Energy consumption recycling/
(1/F)* (Wh*Ch+Wi*Ci+G*M*Cr)*Ec+ / Energy consumption co-incineration/
(1/F)* (Wh*Ih+ Wi*Ii+G*M* Ir)*Ei+ / Energy consumption incineration/
(1/F)* (Wh*Lh+Wi*Li+G*M*Lr)*El + / Energy consumption landfill/
With Ex: the per kg energy consumption (or GHG emissions) of process/phase x (transports included).; Etot: the per product unit total energy
consumption (or GHG emissions) of the system.

[1] Somewhat more complicated terms taking into account different waste transport modes are used in our calculations.




Virgin production recycling plastics

extraction Scrap sorting and processing

polimerisation Mechanical or chemical
recovery

Industrial Plastic component shaping
application

Product Manufa ng

llection and recovg

waste collection Scrap sorting and processing

Final wdste treatment

landfill incineration

Life Cycle of plastics




Virgin production recycling paper

extraction Used paper sorting and
processing

Pulp mill Repulping and de-inking

Industrial Paper mill & product manufacturing
application

dllection and recovd

waste collection Used paper sorting and
processing

landfill incineration

Life Cycle of paper




Comparative study on the total energy use of products
based on primary versus recycled materials

RECYCLING COST OR BENEFIT

Although the results were assessed to be highly dependant on national
specificities and used technology, and the calculated results cannot be taken
over in a specific context, some general guiding conclusions can be made.

In all studies recycling was considered to generally have a benefit
over other waste handling options.

the smaller processingl energy: consumption of material recycling compared to virgin
materiall precessing

the miore efificient valorization| ofi the fieedstock eneragy. in recycling compared to other waste
handling eptions

Ithe size off the recycling benefit was highy: dependant on different process
Parameters

The costs due to the emission of greemhouse gasses: lessi clear / the case off
thie paper Waste

OthEer parameters




(Key) Issue

Plastics

Type of material under consideration

Assumed! (marginal) electricity mix

Differences in energy systems material
production

Substituted fuel upon energy recuperation
from waste

Alternative use of saved wood

Alternative use incineration; capacity:

Inclusion of carbon sinks

Anaerobic degradation wood waste

High cost virgin material manufacturing and
the used! technology.

Energy: mix used! inf materiall manufacturing

Substitution rate

NYpe off mateniall substituted

Recycled materiall rate

Deglee) off contamination off the Waste

Enerngy, content of the waste

Recyclinglrate

Wasterhendling o thernot recycled iraction

Miransport distance tortherrecycling plant

Matenial loss) rate

EfficiEnCy, Off ENERGY/ FECOVERY fifOm| Waste

nyperandiperformance landillfinstaliation

Key issues for the comparison of recycling and other waste handling options




Comparative study on the total energy use of products
based on primary versus recycled materials

¢ Study continuation

— In a second phase, the consequences of recycling for PEC and GWP will be
further illustrated by means of specific products:
¢ Printing paper
» PP/PE packaging materials and EPS thermal insulation

— he local product perspective (the Belgian and regional situation in Europe)

¢ Three steps:

» Redefinition off the, researchr guestion, descriptive analysis or change oriented 2

s [he system borders, (or: « WhEre: torstopr expanding 2 >)

_ Tpegradiezl) sotreas, e zllse from) orezlatles (laletisiey, covanmale, ..




Comparative study on the total energy use of products
based on primary versus recycled materials

¢ Conclusion before the second phase:

+ Making the results off the first phase public

— On our web sites: wwwi.irgt-kint.be and
www.produitrecycle.info

& Gathering comments, suggestions,
Propesitions off taking part N the Project...

¢ Broadening the discuission
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