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Executive ammary

According to BS888Fart 2,remanufacturing is an industrial practice of:
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It is an inportant component of a resoureefficient manufacturing industryand a key

strategy within the circular economyby keeping components and their embodied material

OAYOf dzZRAY 3 WONIR G A O dseXor Brider, Wignricaht gnor§yRise andl G S NR | €
emissions to air and watee(g.CQandSQ) can be avoidedin addition toits

environmental benefits, remanufacturing provides opportunities for the creation of highly

skilled jobs and economic growth.

QX
c-

Despite thesgositives remanufacturing is an undervalued part of the industrial landscape
and an undefrecognisedsustainable industryActivity to promote remanufacturing is
currently undertakeron a sectoiby-sector basis.In Europe, crossectoral activities to
facilitate knowledge transfer and promote the industry do not ekisemandacturing-

unlike in the recycling industryOur major competitors, the Usand China, already ka
somecommon vision and strategy for remanufacturingile Europeamemanufacturing

could lose competitiveness against these more organeseshomies. Asa result, there is a
real need for a Europealevel solution to encourage remanufacturing throughout Europe

Accordingly, the ERN project, sponsored under Horizon 2020, has looked to start to address
these barriers. This report describes the findingsheffirst component of the work, namely

to estimate the current level of remanufacturing activity within the EU. Using a mixture of
methods, data has been gathered on remanufacturing acmisg keysectorsto reveal

economic value, numbers employed angpaoximate carbon benefits his resource can be
used to support further actions at both European and Member State I&hel sectors of

focus areaerospace, automotive, heavy duty and-odd (HDOR) equipmergjectronic and
electrical equipmentEER machinery and medical equipment, and on smaller sectors such

as (office) furniture, ail (rolling stock) and marine

The table below provides a summary of the findings by sector across the EU.

Sectors Turnover Firms 9YLX 2¢e Intensity
0€ o0yl ('000)
Aerospace 12.4 1,000 71 5,160 11.5%
Automotive 7.4 2,363 43 27,286 1.1%
EEE 3.1 2,502 28 87,925 1.1%
Furniture 0.3 147 4 2,173 0.4%
HDOR 4.1 581 31 7,390 2.9%
Machinery 1.0 513 6 1,010 0.7%
Marine 0.1 7 1 83 0.3%
Medical equipment 1.0 60 7 1,005 2.8%
Rail 0.3 30 3 374 1.1%
Total 29.8 7,204 192 132,405 1.9%

lOn-Iine survey, direct phoning, use of meséudies and topdown analysis

2Core: a used part intended to become a remanufactured product
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people. Thesare substantial numbers but represent an intensity (ratio of remanufacturing

to new manufacturing) of only 1.9%. Both intensity and overall value lag the US experience.

Itis, therefore, apparent that there is substantial headroom for growth, givenighd r

interventions and framework conditions.

The four key regions, estimated to account for some 70 % of remanufacturing value in

Europe, are Germany, the UK & Ireland, France and léafyller overview is provided in the

table below. It shows that Ganany undertakes most remanufacturing by a significant

margin, making up almost a third of European remanufacturing turnover. It has a strong

L2aAGAZ2Y AYy FSNRALI OS> +dzi2a2Y2G0ABS IyR I 5hw aSoid2
as a manufacturing posvhouse, particularly as it has strong automotive and HDOR

capabilities. Remanufacturing in France and in the UK & Ireland, similar in size to each other,

Aa SadAYIFIGSR G2 0SS FNRdzyR KIFfF GKIFIG Ay DSNXIyeo
smalle than expected considering the size of its manufacturing industry. This is partly due

to the distribution of the aerospace sector across Europe: Germany, France and the UK are

major global aerospace maintenance, repair and overhaul hubs. There ispdstedly

slightlyft Sa & NB Y ydzF I OG dzNR y 3 pokegtiallizdine téd cdl@ral | dzi 2 Y2 0 A @S &S
preferences.

Aerospace 389 395 513 2311 3814 1,127 816 368 2,698 12,436

Automotive 395 652 692 754 2,370 699 790 273 766 7,393
EEE 111 230 s78 355 646 592 E38 1 106 150 3118
Furniture 10 16 52 24 66 66 23 18 34 310
HOOR 160 227 243 633 1,108 s41 380 242 S09 4,182
Machinery 4“4 45 81 108 33 199 70 S3 90 1,026
Marine 1 2 15 3 1 8 13 S 6 76
316 61 68 83 121 971
61 39 48 27 49 343
8,728 3,333 2,519 1173 4,463 29813

The survey element of this work has also considered motives and barriers for
remanufacturing. Amongst thep motivesfor remanufacturersare higher profit margins
environmental responsibility strategic advantagendincreasing market shareThese all
point to an encouraging view of the future of the remanufacturing industry from those
within the business Further motives cited through thgurvey and discussions include
securing spare parts supplyptential to lower product prices, enabling alternative business
models, reduced resource security riskstomer pressure, product warrantiesset and
brand protectionandreduced lead times.

Top larriers includecustomer recognition@ 2 f dzY Sk | @+ A fQaasedparti @ 2F WO2 NB
intended to lecome a remanufactured productjuality of coreandhigh labour costs

Other barriers includetegal ambiguity over remanufaaing in different jurisdictios

particularly around transmational shipmentslack ofsales channels (linked to customer

recognition), lack of product knowledge includihird party product technical informatign

lack of technologylow cost new product competitiarskills shortagegpoor design for

remanufacturingrapid evolution oftechnology base and lack of remediation techniques.

Despitethese barrierswith supportive policies and industry investmekta 4 NS § OKQ | y R

WOENI YyaF2NXEFGA2YEEQ G NBSGa. witkiithepeBoghagodzwé O dzNA y 3 O
can expecthat by 2030EU remanufacturing could attain an annual valueeofr n 6y | y R

3 € BObn withthe associated employment 6f450,000 and almost 600,008spectively.



2.1

Introduction

Remanufacturing and the Grand Societahallenges

The manufacturingectoris the largest emplar and the greatst contributor to GDh
industrialized nationsiii EU27, 34 million people contributing about 14%of total GDP)
and so can be consideresh important driverof wellbeing and posperity. It is also a major
consumer of material and energy as well as a significant source of waste (alfadf1de
2,652 milliontonnesof waste generated in ER7 countries in 200%.

The issue of resource constraint has never been as critidaisdeday due to rapidly

increasing consumption of energy and material resources in industrialized and developing
countries ¢ 2 R @ Q& Y2ad aA3ayATFAOLYyd OKFffSy3asS Ara G2
systems whicmot onlyensure economic and environmeaitsustainabilityput alsosatisfy

O2y adzySNRE Q y S SRl jobsyrdurrett bidd futiiré sodleties K

The EC working pap&oadmap to a Resource Efficient EuPguéblished in 2011 outlines
resource conservation and resource management inpifeeluctlifecycle as key approaches
to deal with this problem More recently, theManifesto for a Resource Efficient Eurbpe
published in December 2012, states:

oXin a world with growing pressures on resources and the environment, the EU
has no choice huo go for the transition to a resouregfficient and ultimately
regenerative circular economy as our future jobs and competitiveness, as a major
importer of resources, are dependent on our ability to get more added value, and
achieve overall decouplinthrough a systemic change in the use and recovery of
resources in the econondy

The European Innovation Partnership on Raw Mate(#BRM) has theaim of contributing

G2 GKS wnun 202S00GA @Sand thetobjectivds ofahe aggh L Y Rdza G N& I €
initiativesInnovation UniohandResource Efficient Europg ensuring the sustainable

supply of raw materials to the European economy whilst increasing benefits for society as a

whole. One proven way to achievthisaimis by expandinghe remanufactiring sector

The BP-RMsupports this by proposing to achieve the objective by reducing import
dependency and promoting production and exports by improving supply conditionstifiem
EU, diversifying raw materials sourcing and improving resource efficie

Importantly, recent years hav&een an increasi the diversityof materials used in EU
manufacturing Securing reliable and undistorted accéssertain raw materials is of
growing concern within the EUAt the heart of this concern are the rawaterialswhich are
Writicak¥ 2 NJ (1 KS 9. These ctiCaRrgi2méat@rials have a high economic
importance to the EU combined with a high risk associated with their supply.

3Europe in figuresEurostat yearbook, 2010. ISBN 99879148842, European Union 2010
4 Eurostat pocketbooksEnergy, transport and environment indicato2910 edition; ISBN 9782-79-163036, European Union 2011

5 Roadmap to a Resource Efficient Eurdpept 2011. Accessed at:
http://ec.europa.eu/environment/resource_efficiency/pdf/com2011_571.pdf

6 Manifesto for a Resource Efficient Eurppec 2012. Accessed at: http://europa.eu/idpressrelease_ MEME12-989_en.htm
7 http://ec.europa.eu/enterprise/policies/industriatompetitiveness/industriapolicy/index_en.htm
8 http://ec.europa.eu/research/innovatiorunion/index_en.cfm
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Remanufacturing is an portant component of a resoureefficient manufactiring industry

By keeping components and their embodied matedidl y Of dzZRAy 3 WONARGAOFf Q 2 NJ W]
materials)in use for longer, significant energy use and emissions to air and veate€Q

and SQ) can be avoidedIn addition toits environmentalbenefits, remanufacturing

provides opportunities for the creation of highly skilled jobs and economic growth.

Despite thesgpositives remanufacturing is an undervalued part of the industrial landscape
and an undetrecognisedsustainable industryActiviy to promote remanufacturing is
currently undertakeron a sectoiby-sector basis In Europegcrosssectoral activities to
facilitate knowledge transfer and promote the industry do not exisemanufacturing

unlike in the recycling industryOur maja competitors, the USand China, already have a
common vision and strategy for remanufacturing within their industrial landssBpeopean
remanufacturing could lose competitiveness against these more orgaa@bmies. As a
result, there is a real nekfor a Europeattevel solution to encourage remanufacturing
throughout Europe

2.1.1 The industrial challenges within remanufacturing

In the projectpartnera Q £ 2y 3 SELISNASYOS 6AGKAY NBYIl ydzf I O dzN&
many different driving forcésand chdlenges®faced by remanufacturing companieShese

are hurdles that manufacturers need to overcome to start remanufacturing keép

remanufacturingorofitably. These challenges relate to the three areas we have chosen to

study within this network:

1  business models - without a viable business case, reméacturing would not take
place;

1  product desigA? - product design plays a significant role in determining the ease with
which a product can be remanufactured; and

1 remanufacturing process technologi€®; process technologies can be developed to
increase the efficiency of remanufacturing operatiohwever the experiencegained
needsto be collected systematidly and disseminated effectively to European industry

Underpinningthese effortsis theneed fora robust understanding of the remanufacturing
industry, its key sectors and the value it provides from economic, social and environmental
perspectives This reportis the first to presena comprehensiveeview ofthis European
remanufacturingdndscape.

2.2 Remanufacturinglefined

Given the complexities associated wihirveyingacross Member States, it is particularly
important that the term$&manufacturingls well defined in language that is portable across
Member States Even with a definitiorn place it is equally important to recognise that
terminology and practice varies across different sectd@ns inflexible definition could

9see e.g0stlin J., Sundin. Bnd Bjérkman M(2008)Business Drivers for Remanufacturingthe Proceedings of 15th CIRP International
Conference on Life Cycle Engineering, ISBN: 1877040673, The University of New South Wales, Syalieey]l AL& March, pp 585686
10 Seee.g.Lundmark P., Sundii and Bjoérkman M(2009)Industrial Challenges within the Remanufacturing Sysferaceedings of
Swedish Production Symposium, ISBN:-9%833-6006:0, Dec 23, Goteborg, Sweden, pp 1338

11 Seee.g.Sundin Eand Bras B(2005)Making Functional Salesyronmentally and Economically Beneficial through Product
RemanufacturingJournal of Cleaner Productioviol 13, Issue 9, pp 913825

12Seee.g.Hatcher, G.D., ljomah, W.L., Windmill, J.E2G11)Design for remanufacture: a literature review and futtesearch needs
Journal of Cleaner Production, 19,.pp04-2014.

Bsee e.g. Seifert S., Butzer S., Westermaiih,Fteinhilper RManaging Complexity in Remanufacturjrigecture Notes in Engineering
and Computer Science: Proceedings of The World CongneBagineering 2013. WCE 2013 3uly 2013, S.: 6452, London, UK



alienate potential network members by virtue of linguistic understanding or because it
excludes activities whioembrace the principles if not exact practices of remanufacturing

2.2.1 Essentiahttributes of remanufacturing

Remanufacturing is a manufacturing process that invai®®antlinga product, restoing
and replaing ®mponents and testing the individual parsndthe whole product to its
original design specificationg heperformance after remanufacture is expectedte at
least the same as theriginal performance specificatiah Wt A | d beife§ an@the
remanufactured producgenerallycomes witha warranty.

Numerous definitions have been offered, many of whistlude common featuresAn
extensive review is not provided here but may be foumédn Analysis of the Spectrum of
Reuse'* The only definition which has recognition as a national standatigiat provided by
GKS . NAGAAK { il §8RA2:RARMTermy andiDefinitivhasgay @ he . {
Wa! 59Q &S NR DésigiofF Maaufactyfdasseibly, Bassemblyand End-of-life
processingf). Thisdefinition drew upon practitioner exgrience, andwo of the partners in
the European Remanufacturing Netwdtke Centre for Remanufacturing &useandthe
University ofStrathclyd@ participated in drafting, consuttg onand editingthe Sandard.

The BSB887-2 definition states that remanufacturing is the process of
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Notes accompany this text, dravg in features @& other definitions including that:

1 Manufacturing effort involves dismantling the product, restoring and replacing
components and testing individual parts and whole product to ensure it fits within the
original design specifications.

1 Performance after remnufacture is expected to be at least that of the original
performance specification.

I  Subsequent warranty is generally at least equahgt of the new product

1  Theremanufacturedproduct can be considered the same as a new product by the
customer

Howeve, in essence, B887-2 is an outcomeriented standard in that it focuses on the

product produced, customer expectations and guarantees of performance or longevity

Such a standard sits welith original equipment remanufacturers since the liabilitieeflect

directly on their brand, and there is an implicit assumption that the processes supporting

both original manufacture and remanufactuaee informed by the same engineering

knowledge It is consistent with the approach advocated by Lund in hisntefiue Database

of Remanufacturet$¢ KSy SELX FAyAy3a (RSsa@@dS 2F (GKS GSNY wi

ICNRY (KS @GASgLIRAYG 2F GKS LINPRddzZOSNE (GKAA& NBL
its claim for the product, and its ability to live up to that claitarting with cores

that are likely to have a variety of defects, the remanufacturer must produce a

flow of products that uniformly meet the likeew standard CN2 Y G KS Odza 2 YSNIR &

14 http://www.remanufacturing.org.uk/pdf/story/1p297.pdf
15 http://shop.bsigroup.com/en/ProductDetail/?pid=000000000030182997
16 Lund, R.T. (2012)he Database of remanufacturettp://www.bu.edu/reman/The Remanufacturingpatabase.pdf



viewpoint, the likey $¢ G SN¥Y NBLINBaSyidia (KS Odzaiz2zYSNDRDE SELX
product sold as renraufactureds

However, an alternative processiented standard has other benefitSpecifying process
steps to remanufacture at least lays the basis for a common approach by remanufacturers
which¢ other factors being equaj might lead to a similar prodtion output. This is
particularlyrelevantfor independent agents who do not necessarily have access to original
designs, and hence need processes to substanttadir engineering credibilityas is the

case with other qualitypriented standards

Theefore, for the purposes of this work, we have also described a typical set of
informational, logistical and manufacturing processes which together might constitute an
idealised remanufacturing processsdepicted inFigurel. As asidebenefit this description
creates auseful modelWwhen askingompanies whethethey are indeed remanufacturers, as
some firms are can be unaware that they carry out remanufacturing

Figurel: A generic remanufacturing process
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ACEA, APRA Europe, CLEPA andRiBd/&a common definition of a remanufactured part
which captures very similar concepts to those discussed above:

G! NBYLIl ydzF I Oh dzheBoR which iddi leatdzjuivalent dompared to

the original part It is restored from an existing paddrée), using standardized

industrial processes in line with specific technical specificatidns

remanufactured part is given the same warrantyaasew part and it clearly

ARSYGATASAE GKS LI NI Fa | NBYlFydzZFlF OGdzNBER LI NI

While this reflects theview of the automotive industry and there may be seespecific
nuancesthe definition ismostly general enougto havewider applicability in other product
sectors!  dza STF¥dz FEE@SNI gAGK FAdINIKSNI REIGFAT A Ad LINRC

While these definitions presented are well aligned, lack of a globally accepted definition for
remanufacturing can hamper the uptake of renadacturing The lack of definition can

create barriers to international trades products and core (a used part intended to become
a remanufactured producire sometimegonsidered as wasteather than potentially high
value inpusinto a (re)manufacturing processConsumer perception of remanufactured
products could also be affected by this lack of definition

2.2.2 Terms and practiceselated to remanufacturing

It has already been acknowledged that both terminology and practicesratieia may differ
slightlyaccording to product or sectpthis is not surprisingRemanufacturing originates in
the domain of valuablgypicallylarge, engineered, compledurable goods and we are
attempting to map the practice into very differentgmuct and manufacturing domains.
What is practical and cogfffective to achieve depends dhe balance of design features,
inherent value, product dispersion, product emotional attachment, technological evolution
and tradeoff of material and labour costsThis is particularly truéor consumer goods.

The study must therefore be sensitive to these differencesrandtnot unnecessarily
exclude activities which have a clear intent to extend product life whilst offering a similarly
extended performance expation and guarantee to the user.

Briefly, and for comparative purposes, we offer descriptions of terms related to
remanufacturing and which form common practice in life extension activitiabl€l).
These terms can be considered as specific loops wittleigircular economy (seeegtion
2.2.5for further details).

17TheEuropean Automobile Manufacturers' Associatitime Europearutomotive Parts Bmanufacturers Associatiothe European
Association of Automotive Supplie@nd thelnternational Federation dEngine Remanufacturers and Rebuilders

18 http://www.apra-europe.org/dateien/News/News2014/Reman_Flyer_Web.pdf



Tablel: Terms related to remanufacturing

Term Definition Reference

The potential adjustment to component: Triple WinThe Economic, Social and
bringing an item back to working order, Environmental Case for Remanufacturin
thoughy 2 G ySOS&aal NAf ¢
state.
Return a used product to a satisfactory BS 88872: 2009
= workingcondition by rebuilding or
g=] repairing major components that are
2 close to failure, even where there are n
§ reported or apparent faults in those
14 components.
Notes
1 Generally less expensive than remanufactoaé more than necessary for repair.
i Performance after reconditioning is expected to perform its intended role but
overall is likely to be inferior to that of the original model.
i Subsequent warranty is generally less than new or a remanufactured product.
= The largely aesthetic improvement of a Triple WinThe Economic, Social and
% product which may involve making it Environmental Case for Remanufacturin
S | look like new, with limited
§ improvements tofunctionality.
Fixing a fault but with no guantee on Triple WinThe Economic, Social and
the product as a whole. Environmental Case for Remanufacturin
Returning a faulty or broken product or BS 88872: 2009
component back to a useable state.
Fixing what is broken or worn. Lund, n.dTheDatabase of
= Remanufacturers
2 http://www.bu.edu/reman/The
14 Remanufacturing Database.pdf
Notes
1 Repair may use remanufactured or reconditioned parts.
9 Minimum manufacturing effort required to address the specified fault
9 Subsequent warranty is generally less than that of newly manufactured,
reconditioned oremanufactured and may only apply to theplacedcomponent.
The simple reuse of a product with no  Triple WinThe Economic, Social and
o) modifications. Environmetal Case for Remanufacturing
3 Operation by which a product or its BS 88872: 2009
o components are put back into use for tr
same purpose at end of life.
Extractingl  LINE R dzO (i Q ato NJ Triple WinThe Economic, Social and
use in new productsThis is a good Environmental Case for Remanufacturin
option for products which are easily
constructed and have minimal numbers
of components.
g Shredding or disassembling products tc Lund, n.dThe Database of
& recover materials value. Remanufaatrers
http://www.bu.edu/reman/The
Remanufacturindpatabase.pdf
Process waste materials for the original BS 88872: 2009
purpose or for other purposes, excludin
energy recovery.




2.2.3 Sectorl and international remanufacturingpractices

We need to besensitive to the fact that use of these terms may vary by sector and that they
are presented from the perspective of the English languddse in other languages may be
equally nuancedA full reviewof use across all sectors is ragpropriate, but anliustration

of the way a multitude of terms exist andvebeen rationalised within one sector is

provided by APRA in its documeRgmanufacturing Terminology: Remanufacturing Term
Guideline!®* Here, one diagram neatly encapsulates the variety of terntsthair implied

rigour compared to newHjgure2) in the automotive sector.

Figure2: The potential lifecycle(s) of a product and its materials

Remanufacture
(equivalent or better)
Rebuﬂq
{lower or equivalent)
Hecondition
{lowwer ar eguivalent)
|, Reconstruct
{lowrer or equivalent)
Refurbish
{lower)
» Renwalte
(loweer or equivalent)
Repalrl
{lowrer or equivalent)
Renewlr
{loweer or equivalent)
Heworll(
{lowwer ar eguivalent)
Restore |
| (lowwer ar eguivalent)
[, Reuse
{lowrer or equivalent)
[, Reclalrp
{loweer or equivalent)
\ 4
Installation Dismaounting from | Repurpose
into the vehicle Use the vehicle (different) Different use
[
Recycle
(different)

. Mew Part | Dispose
manufacture thonej

Source: APRA Europe (2012) Remanufacturing TerminB®leganufacturing Term Guidelinslote, the
wordsin parenthesis indicate inferred quality relativetie new product

A further APRA Europe documemesents comparative terminology across a number of
Member StategTable2) which couldprovide the basis for conversations in other sectors
although we are still reliant on the interpretation of research@rs.

19 APRA (201 emanufacturing Terminology: Remanufacturing Term Guidatihep://www.apra-
europe.org/dateien/downloads/Reman_Term_Guideline_2@R206.pdf

20APRA (? t ws!R@anufacturingTranslation Mtrix at http://www.apra-
europe.org/dateien/downloads/Reman_Terms_and_Definitions_Translations_Final.pdf



Table2: Comparativeemanufacturimg terms inthe automotivesector
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2.2.4 Remanufacturing overview

Remanufacturing occurs across a wide range of indstctors, but is particularly
attractive to industries that produce capitaitensive, durable products with relatively long
product life cycles These include: aerospace, automotiedectrical and electronic
equipment furniture, heavy dutyand off roadequipment, machinery, marine, medical
devices and ra{rolling stock) However, these factors alone are not enough to enable
remanufacturing to take placeThe economic viability of remanufacture can depend on a
numberof factors includinghow dispergd the product is; how easy it is to locate and
retrieve; the ease with which it can be disassembled, diagnosed and remediat¢adte of
technology and product performance change; knowledge and skills related to
manufacturing; and legislative changeghe interplay of the effectsf these factorcreates

I WFSFaAofS alLBigdBQs adzYYI NAR&aSR Ay

Figure3: Remanufaturing attributes- feasibility space
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The production of remanufactured goods depsmghon the supply of enaf-life finished

goods for disassembly and remanufactuiiéhe length and complexity of the

remanufacturing process varies, with companies perfogrone or a number of different
operations: storage and transport, disassembly, cleaning, inspection, trading of components,
replacing worn parts, product restoration, testing and distribution

The ndividual sectors with the greatest number of remanufaatgrfirms includeelectrical
and electronic equipment (EEmB)otor vehicle parts, and aerospace.

In general, the remanufacturirigusinessesan be broadlyivided betweeroriginal
equipment manufacturerfOEMs) and nacl®WEMs OEMremanufacturersnanufacturetheir
own products andthen havethe capability to collecthem at end of life and the facility to
remanufacture Non-OEMremanufacturergypically source core dahe end of life either



directly or in some cases through brolerThey can atsbe distributortype organisations
selling OEM producisndalsoprovidingrepair, refurbishment and remanufacturing services
In some sectors, this distinctidretween OEMs and ne®@EMss more nuancegdwith a set

of componentmanufacturergfor example Bosch in the automotive components seqtor
that manufacturecomponents to feed into OEMs directly or to sell into #feermarketfor
parts.

2.2.5 Remanufacturingwithin the circular economy

The Ellen MacAur Foundation defines the circular economy as aar@my that is

GwSad2NI GAGS YR NBISYSNI GAGS o6& RSaAdays YR &
components and materials at their highest utility and value at all times,
distinguishing between technical and biological cyéles

The circular economig an alternative b a traditional¥fnearCeconomy that extracts
resources andanakes productshat aredisposel of after use The circular economy
approach is tkeep resources in userfas long as possible, extractimgximum value from
them duringuse, thenrecoveing and regeneratinthem at the end of each service life.

Remanufacturingypically applies to complex manufactured products that possess

significant embedded material, energy and labour resourteseforeit fits wellas a key

strategy within he circular economgnd representan important component of a resouree

efficient manufacturingridustry. Remanufacturin@l y ©6S O2y aARSNBR | a | Wf22
circular economy, where products return tov@anufacturingsetting where most of the value

can ke recovered by suitable remediation technigueés.

Figure4: Remanufacturing in context with the circustonomy

Raw material I
M “

End of life

Remanufacture

By keeping components and their embodied material in use for longer, large environmental
benefits can be realisedipr examplethe remanufacturing of automotive components yields
some 88% materials savingsompared tousinga new product, with an associated 33
decrease irCQ emitted and 58%lower energyrequirement?® Further, remanufacturing

has the ability to &ep advanced materials, including those termedtical raw materials
(materials withhigh economic value and supply riskjthin the economy.tlalso provides
opportunitiesto createhigh skiljobsand economic growthandyet, despiteall these

21 http://www.ellenmacarthurfoundation.org/circulaeconomy
22 http://www.zerowastescotland.org.uk/sites/files/zws/RemanufacturiSgudy- FullReport- March2015_0.pdf

2 Remanufacturing as best practice of the Circular Econ&iiRA Européitp://www.apra-
europe.org/dateien/News/News2015/APRA_Position_Paper.pdf
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2.3.2

bendfits, remanufacturingemains arundervalued and underecognisecpart of the
industrial landscape.

Objectivesand scope of the project

Objectives

Stakeholders in the European remanufacturing industry have previouslyghitgd the need
for an evidencebase on thecurrentsize benefits and potential growth of the industf§.
The roles of legislation and standards are also pertinent for regulating and promoting
genuine remanufacturing activities

The purpose of this studyas beerto map the current remaufacturing landscape across
Europe for the first timeandto quantify the current size and structure of the European
remanufacturing industry in key market secteiscluding thevalug employmentand key
drivers and barriers affecting the industryhs evidencebase will be used to inform
industry and policymakers on theirrent stateof remanufacturingacross theeU.

The specific aims and objectives of this market study were as follows:

i Toidentify sources of existing market data on remanufactunrgurope.

i To quantify the current size and structure of the European remanufacturing industry, in
key market sectorée.g.aerospaceautomotive components

1 To quantify the current social (number of jobs), economimpver) and environmental
(CQreductons and displaced tonnages) benefits of remanufacturing in Europe.

1  To quantify the estimated social, economic and environmental potential of increased
remanufacturing in Europe, ard identify particular areas for growth.

1  To look at the markets for adveaed materials antb identify where remanufacturing
providesopportunities.

1 Toidentify regiorspecific contextual factors that may influence the uptake and
development of remanufacturing.

More widely, the formation of a European Remanufacturing NetwolRNEwould provide
resources for collecting and disseminating information on these topitsupport of this,
exemplars of remanufacturing business models, design and proctededready exist in
the European remanufacturing industwill be collated The formation of the ERprovides

a platform for collaborative networking from whigfjoodpractice can be disseminateds a
complement to the ERN, the project will establish a European Remanufacturing Council
(ERC)a group of organisations large asthall from a variety of sectors representing the
coordinated voice of the European remanufacturing indusdrgolicymakers and wider
stakeholders.

Scope

During project scoping, se&kection2.4.2 nine sector categories were identified areas
where significant remanufacturing activés might be occurringThese sectors are
addressed in detail in the following chapters:

Chapters:  Aerospacéandustry[Oakdene Hollins]
Chapter6: Automotive (includingomponentsgenginestyre retread9 [Oakdene Hollins]

24 Remanufacturing workshop held in London in December 2013 coordinated by Oakdene Hollins.
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Chapter7: EEKincludingconsumer electronics (ICT and mobile electronia&)and toner
cartridges,andwhite goodsjOakdene Holtis]

Chapter8:  Furniture(includingoffice furniture) [Circle Economy]

Chapter9: Heavy duty and off roadquipment[Oakdene Hollins]

Chapterl0: Machinery (including pumps, machine te@nd food processing machingry
[Oakdene Hdins]

Chapterll: Marine industry{VTT]

Chapterl2: Medical equipmen{Oakdene Hollins]

Chapterl3: Rail idustry[VTT]

Approach

Much of the infornation presented in this report was based on the analysis of primary data
collectedand its applicatiorito macroeconomic data sources such as Eurostae primary
data wascollected viaa market survey afemanufacturing actorand sampling the wider
manufacturing industry to understand the proportion of manufacturing organisatibas
perform remanufacturing

The market survey aEmanufacturing actorivolved

i Identifyingcompanies for surveg companies in the target sectors and countries were
identified through trade associations, academic institutions, dea&ed research,
partner contacts, Steering Group contacts, contacts database and calls for support
(newsletters, conferences, ERN website and mailing.lists)

9  Desigiing a questionnaire/semsstructured interviews; a list of questions was compiled
and included questions tgather detail on remanufacturing organisationg.size of
firms, sectors they participate irtype of remanufacturer (OEM, contractor, third party)
barriers and motivations to participating in remanufacturinthe survey was offered
online in eight European languages copyof the surveycan be foundn Annexe B

1  Collecthg market informationg identified companiesvere contacted via email and/or
telephone Responses to the questionnaire/interviews were collected either by online
survey, telephone interviewgmail or from company visits

Throwgh the variousommunicatiorroutes, it is estimateaver 20,000contacts were made
aware of the surveyglthough itis likelythat there wassome double counting antthat some
contactsrepresentedthe same organisationdn most cases, these contacts wesent at
least one reminder of the surveyrhis approaclyielded206 responses from
remanufacturing actors across Europe.

Samplingthe manufacturing firms involved the following activities:

i Identifyingcompanies fosamplingg similar to abovewith a focus on developingider
lists of manufacturing firms in the sectors of interest

i Testing for remanufacturing activitythis was generally done through a caldlling
campaign for each sector, supplemented where appropriate by desk research.

1  Thefocus on the sample was not andepth set of questions as withe formal market
survey aboveinstead it was to confirm the following pieces of information:

Whether the firm perforned remanufacturingactivities in a significant number of
cases a desgiion of what constitutes remanufacturing was required to distinguish
between firms that provided repairefurbishmentand/or reconditioningactivities
from those that provided remanufacturing

13



Where remanufacturing occurred, how much of the businessrépsesentedin
terms of( dzNy 2 SNJ 60e€ 0 | YRk 2NJ ydzYoSNJ SYL)X 2&SSa
What type of organisatioit was: OEM vs nGDEM

1 Where possiblefurther information was gathere(e.g.estimates of number of similar
firms) to provide further input into the analysis

Overl,300companies were reviewed in this phase of work as a basis for understanding the
subset of manufacturing and repair and maintenance organisationgémaanufacture.

2.4.1 Analysis

Analysis included the following activities:

1 Identifyingand reviewingexistirg data sourcesncluding Eurostat and information held
by trade associations. THimed the basis of the project scoping step described in
further detail in Sectior2.4.2

i1 Collatngraw data, generating graphs and tables of key results, and anonymising the
results

i Extrapolating e datagathered during both the survey and sampling exercise to
estimate thesize of the remanufacturing industry for the whole of Europe

i Scaling up theata collated for environmental impact of remanufactured versus new
products tothe size of the European remanufacturing industry.

i Estimating he overall potential for remanutduring in Europghrough assumptions on
differing levels of remanufacturingtes.

2.4.2 Scoping study results

Thissection provides an overview of the scoping stage, which compiigedhain elements

i Identifying what data on the European remanufacturing maekesady exists
1 Identifying what market sectors should be explored in the full market study

Industryassociationsvere approached to determine what, if any, market data on
remanufacturing they collect on the behalf of their memhe@&her information sources
were collated to see whatmarket data existon the remanufacturing industry in Europe
The scoping studglsoidentified target sectordor remanufacturingi.e. thosein which
significant remanufacturing activities might be expectedave darge impact The sectors
identified were:

1. Aerospace

Automotive (including tyres, engines, components)

EEEincluding ink and toner cartridges, consumer electronics (ICT and mobile
electronics), white goods)

Furniture/office furniture

Heavy duty anaff road equipment

Machinery (including pumps, machine tools, energy, food, vending machines)
Marine industry

Medical equipment

Rail industry.

W N
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retreading of tyres, machinery and equipment, motor vehicle, ICT/electronics and other



household goodsIn most instances, with the possible exception of repair of aerospace, we

do notbelieve that the quality of théinal products matches that provided by

remanufacturingL y 2 G KSNJ OF aSaz Wi ORESteaptiNgslivthe/ dzF I O dzNA y 3
databut is incorporated within wider manufacturing productio”rlowever, the data for
repairactivitiescanprovide anupperestimate of remanufacturing activitidsy nonOEMs

and thus be useful later for extrapolating the survey data collected.

Avarietyof other potentially useful data sourcegere uncoveredduring engagementvith
remanufacturing actorsr during the scoping study, including:

1 Market studies for particular countriesg.UKby the Centre for Remanufacturing &
Reusq CRRandUSAby the US International Trade Commiss{oisITC)

1 Highlevel ®ctor informationfrom industry associations in aerospace (ADS),
automotive (APRACLEPAFIRM, tyres (ETRMA) and toner/printer cartridges (ETHRA)

i Other useful background documengich as those by the CRElen MacArthur
Foundationor United Nations Environment Prograne.

In conclusion, the scoping study revealed that some interesting and useful market data
sourcesexistfor remanufacturing in Europe, althougiverwhelminglyfew are detailed or
provide ay breakdown by sectoor by geographic regionThe coverage ohie data is also
patchy, and it is not always clear whether the economic activities reporteti@re fide
remanufacturingor simply repair activitiesNonetheless, these sourcesre useful in
helping to triangulate and extrapolate the data collected dgrihe full market survey.

Encouragingly, a number of the industry associatiwase supportive towards this project,
andoffered supportin disseminating the market survey and collecting data from their
membership across Europdhe full market survewas lainched at the end of April 2015
SeeAnnexe Bor a copy of the survey.

2.5 Global remanufacturinglandscape

The following sections presentcampiled viewof individual national remanufacturing
markets where it appears in literature. Only two countries are known to have condeotéd
publishedholistic reviews of their remanufacturing landscape, namely USA and UK.

2.5.1 Brazil

Remanufacturing in Brazd mainly focused on aerospace, motor vehicle pamsyvy duty

and offroad HDORequipment, andnformation technologyI{l) products. The repair and
remanufacturing industry consists of thousands of small firms, mostly employing 20 or fewer
workers. Hywever, domestic remanufacturers also include OEMs that remanufacture and
sell products that they originally produced and independent firms that purchase used goods
on the open market or receive them from specific customers and remanufacture ¥hem.

Thereare over 2,000 engine remanufacturers in Brazil, 60 % of which employ fewer than six
workers. The remainder are SMEs employing between 20 and 60 workers. However, several
large multinational firms account for the majority of remanufacturing activity.tdvleehicle

25Aerospace, Defence, Security and Spaade association, Automotive Parts Remanufacturers Association, European Association of
Automotive Suppliers, European Tyre/ R wdzo 6 SNJ a | y dzF | EdibpAhN dhlr @nd Inkjel Re®anbifaciurry Association
26 Remanufactured goods: An overview of the US and Global Markets andZDB2iéJSITCAccessible from
http://www.usitc.gov/publications/332/pub4356.pdf
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parts producers ZF Sachs Automotive, Eaton Corp., and §iemens account for three quarters
2F GKS G2G0Frt @Ftdz2S 2F . NI T2t Qa NBYFydzZFlF OG dzNBR

NI TAfQa SO2y2YAO ANRGGK YR AYONBIaS Ay AYTNI:
and energy exploration has driven demand for heavy duty equipment and remanufactured
parts in the country. Equipment producers in Brazil idelmultinational OEMs such as
Caterpillar, Cummins, Komatsu, and Odebrecht. These firms remanufacture diesel engines
and provide services in the equipment, motor vehicle and industrial machinery sectors. For
example, Komatsu is a major producer of remfactured diesel engines and parts, as well
as construction and industrial machinery.

WSYlFydzZFF OGdzNAYy3 Ay . NITAEQa L¢ LINRPRdzOGa &aSOG2N
around 18,000 firms that manufacture or repair printer cartridges, and rerfeanturers

reportedly make up about 25 % of the number of firms in the broader printer cartridge

industry 26

Imports of remanufactured goods are allowed into Brazil provided that the remanufacturing
has been performed by the original manufacturer and has the same warranty as an
equivalent new product. Remanufacturers located in Brazil are limited to remanufagtur
domestically sourced products, which are subject to additional requirements. For example,
it is reported thatengine serial numbers are linked to vehicle registration, and engines must
be deregistered by the vehicle owner before they can be remarntufad. In 2011, Brazil
proposed regulation that would prohibit the import of remanufactured medical devices
altogether, limiting domestic remanufacturing to used medical equipment originally

LINE RdzOSR Ay . NIT Rt 2NJ AYLRNIGSR WwWra ySsQo

China

Statistics on Chinese remanufacturing production, foreign trade, and employment are largely
unavailable ashe remanufacturing sectavaslargely urestablished bfore 2008. In 2003, a

series of lawsvere enacted whicladdressed pollution, recycling and energy conservation,

ending witha law?” which expanded the application of remanufacturing.2008/ KA y' I Qa
National Development and Reform Commission (NDRChandinistry of Industry and

Information Technology (MIIT) established two pilot progradt@wvinglimited

remanufacturingd @ WI LILINE GSRQ T Apkds induitnal madhiBerylantti 2 Y2 G A @S
electrical equipment sectors.

In the automotive parts sector, the pilot program auttses the remanufacture of engines,
transmissions, generators, starters, drive shafts, compressors, oil pumps, water pathps
other components. Only 15 remanufacturers were approved for the pilot program. In 2009
China reportedly remanufactured around 110,000 engines, 60,000 transmissiorss, and
million starter motors.

In 2009, the MIIT established a pilot program whatlbwed the controlled remanufacture of
construction machinery; industrial, electrical, and mechanical equipment; machine tools;
mining machinery; railway locomotives and equipment; marine equipment; office
equipment and IT products. 60 remanufacturersr&vapproved for this pilot!

In 2010, the NDRC and 11 other ministries and agencies issued a guidance document to
promote the development of Chitad NB Y | y dzF | GHilditehl fhdindisyfiés dwid i NB ®

ZTThelave ¥ GKS t852LX 508 wSLIHHtAO 2F /KAYl 2y /ANDdZ I NI 902y2Y8é tNRY2GA2Y &
28 NDRCGuidelines for Promoting the Developmeiday 31, 2010



2.5.3

products that should be promoted, established broad goals for remanufacturing, noted the
major challenges, and presented a strategic road map for implementation. Further guidance
in September 201 aimed at expanding the number of industries approved for
remanufacturing and sought to ensure that pilot projects achieved tangible reSults.

Beyond ths central government encouragemetite landscape is somewhat complex with
seemingly overlapping authoritiesd contradictory regulationsThe aforementioned pilot
programmes are closed and itusclear how a new business can be classifiedraapproved
remanufacturemow. These issues are thought to have hampered industry growth.

Althoughoutside the scope ahe remanufacturing pilot programs, tyre retreading is a well
established industryvith reportedly over 1,000etreaders but only afew producingmore
than 100,000 retreaded tyresnnually, and only one producing more than 300

Barriers
1 Alack of an official dfinition is seen as a significant barrier because regulators find it
confusing to deal with firms seeking approval for theiemtions.
i  Collection of corecan be difficult due témport constraints on certain partand
regulations regarding dismantling and requirement to nugltvn certain components
1 Import banson used goods todremanufactured domesticalliRemanufactured
YSOKFYAOIt YyR St SOGNRYAO LINRRdzOGAa I NB O2yaiARS
and are either prohibited, restricted dreelyimported, depending upon the product.
Thusautomotive parts andHDORemanufacturers selgdirectly intothe Chinese
market dependfor coreon domestic supply of used goods. Import of remanufactured
products is consideredffectivelyimpossible. Linking back to the official definition,
/| KAyl Qa Odzald2Yya &ASNIBAOS R2Sa y24 KI @S | &aSLJI NI
goods, making it difficult to apply the correct import ddty.
1  Tax burdensave also been cited as potentially restrictive for remanufacturing
i PRilot progranmes rulesprohibit remanufacturingwithin the OEMwarranty period

Denmark

A recent review found the scopeof remanufacturing in Denmaskas limited The

potential for remanufacturingg I & S&adAYFGSR G | NRPdzyR 5YY Hdo OAff
million based on the assumption that Danish industigeslidaccomplish remanufacturingt

the levelof the US inhie seven sectors presentedTiable3.

Table3: The value of products poteatly remanufactured in DenmafR014)

Industry Intensity Production Investment Employ Exports Imports
(reman/ (DKK (DKK ment (316 (DKK
prod@) million) million) (FTE  million) million)

Metals 0.9 % 439 18 318 104 184

Electronics 0.4 % 126 18 65 26 126

Electrical 0.9% 163 10 83 46 130

equipment

Machinery 0.9% 1,280 63 544 317 833

29 Remanufactured goods: An overview of the US and Global Marke{frade2012 Accessible from
http://www.usitc.gov/publications/332/pub4356.pdf

30 Remanufacturing in Denma(R015), Incentive, viewed at
https://groenomstilling.erhvervsstyrelsen.dk/sites/default/files/media/remanufactoring_incentive_2015.pdf
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Transport vehicle

. 1.0% 147 7 80 38 300
industry
Furniture & other 0.9% 136 12 86 38 138
manufacturing

Total 0.9% 2,289 127 1,177 569 1,712

SourceRemanufacturing in Denmark (2015p

Notes: The intensity shows the share of the total production being remanufactnelgt. sectors that
remanufacture are shown. Investment, exports and imports are calculated based on standard
production in the industries and are not based specificallepranufacturing.
The assessment is subject to uncertainty but gives an indication of the scope.

Barriers

The following barriers to remanufacturing were identified through interviews:

1 Companies
Logistics chainCostly and complicated collection of cores.
Campliance with quality requirementsCostly to ensure the quality of
remanufactured products
Longterm investment: Remanufacturing requires cost intensive R&D with a long
payback period that can be too risky for some companies.
Too much transparencyRemanufacturing requires cooperation between suppliers
and customers, as well as an open value chain. It can give competitors an advantage
and increase espionage.
Salesvsleasing:2 02dzy i SNJ Odzai2 YSNEQ aOSLIiAoAay 27
some companig lease their products to the customers. The inability to lease some
product types was seem to be a potential barrier.

i1  Legislation and accounting
International trade:International laws may restrict or prevent the transport of
remanufactured products intor out of the country.

1 Demand
Perception of quality:.companiesare concernedhat customers will perceive
remanufactured products as being of lower quality than new products.
Limitations in tendersSeveral companies highlighted that Danish authoritiesalo
demand remanufactured products in public procurement.

i Structural
Rapidevolution rate: Some products change so fast that new products are
significantly different from old products, thereby making it difficult or impossible to
remanufacture old produst
High wagesThesemake remanufacturing very expensive in Denmark.

India

Remanufacturing in India is underdevelopaddrepairis more common.

Most of theremanufactured IT products in Indge printer cartridges, although the
definion2 ¥  WNB Y | gadbe lsohéwdeBatahleviore than 30,000 businesses
reportedly engage in some form of cartridge refilling or remanufactutiogit is said that

the sector is largely unregulated, quality varies, and counterfeiting common, and it is
thought that only about 70 firms remanufacture printer cartridges under reputable brands.
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The Indian market for printer cartridges is estimated at rougfB#®50 million annually
genuindy remanufactured cartridgeare thoughtto account for less than 1% of this 3!

Inthe HDOR sectololvo began remanufacturing construction equipment at its facility in
Bangalore for the domestic market. Cummins operates two separate remanufacturing
facilitiess one for exports and the other for the domestic marRét.

The country prohibits imports of used goods to be remanufactured in India and sold in the
domestic market, butloes allowimports of goodgor remanufacture and subsequent

export. Imports ofmostused capital goodg.g.reconditioned spare parts or componets
intended for the domestic market are prohibited unless it can be shitveypretain 80%of

the residual value of the original products. Imparfaused computers and laptops are
bannedcompletelys?

l'f 0K2dzZ3K LYRAFQa FT2NBA3AYy GNI RS LRftAO& R20dzySyl
imports of remanufactured goods are subject to licensi@gly the specific remanufactured

parts listed on themport licensemay be imported This restrictionand thelong approval

timesneededto obtain a new license, hampers the ability of importereiiher import

more or change the product mix of import shipments in response to evolving defand.

Japan

Japan has a relatively well establishechanufacturing sector albeit estimates for the size of

the remanufacturing industry by sector is not well characterised. Remanufacturing is

estimatedat up toe o @y 0N Hillfork Y2r1y) with fhe automotive sector believed to be a

fAGGE S Y 2mikon (109 bijon ¥en)Retread tyres, photocopiers, and toner

cartridges magdzL) e mpn YAf f A2y S € mmn ctvelyf(20,A12aid30Y R € Ho N
billion ¥en respectivelyj? The Japanese government has promoted the reduction of

pollution and vaste generation, for example through the 3Rs initiative to reduce waste

generation, reuse parts and recycle used produgtsRemanufacturing is thuseen as

waste reduction strategy and has been adopted by a number of industry sectors.

Japan is homeotseveral large photocagr manufacturergFuji Xerox, Ricoh and Candimat
have expanded their activities to include remanufacturing. The companies collaborate to
collect returned units and have invested in design for remanufacturing princhjtesgever,
Fuji Xerox unlike the othemmanufactures ¢ reportedly also uses remanufactured
components in its new product.

Singleuse cameras is also a wdkveloped remanufacturing sector in Japan. Fuji Film
developed a fully automated remanufacturing line fmocessing returned cameras in 1998.
Again, key elements of success in the sector include collaboration between OEMs to get a
high core return rateand design for remanufacturing.

Remanufacturing in the automotive sector and printer cartridge sector is predominantly led
by independent remanufacturers rather than OENRemanufacturing in the automotive

31 Remanufaatred goods: An overview of the US and Global Markets and 2@ide Accessible from
http://www.usitc.gov/publications/332/pub4356.pdf

32 Conference proceedings from International Remanufacturing Conference, 2015, Seoul. Presented by Dr Mitsutaka Ma\stiowdd,
Institute of Advanced Industrial Science and technology (AIST)

33 Ramstetter, ERemanufacturing and the 3Rs in Japan: Lessons for Thallaachmasat Economic Journal, Vol. 30, No. 4, Dec 2012

34Matsumoto, M. & Umeda, YAn analysis of remanufaaring practices in Japadournal of Remanufacturing, 2011 1:2
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sector idikelyto bea growth areathoughfrom a relatively low baseas the average age of
passenger vehicles in Japan increases and the repair industry is deredgélated.

Remanufacturing of heavy duty and construction equipméott exampleby Hitachi
Construction Mahinery and Komatsus another active sector in Jap#n

Korea

Remanufacturing in Koreaassignificantindustryand focused primarily in thautomotive
partsand printer cartridge sectors with some activityheavyduty equipment, IT products,
medical evices, and defese sectors. In 2011, the Korean government identiffeat
remanufacturing could foster sustainable growthgneer(industries, create employment
and stabilse prices in the countr§’ The government has encoumgremanufacturing
growth through the Ministryof Trade, Industry and EnergVlOTIEpand has sought
promotional policies from around the world to support its domestic industry.

Estimates suggest that the automotive seatepresents some 80% of the industry ard

worth aboute550 million (670 billion Korean Wojwhile the ink andtoner cartridge sector
NELINBaSyida YdzOK 27 (RGmilNGEDbilliborvaiean WonHe A a ¢ 2 NI K
value of the industry has grown by 11% in the last five years. While the value hasét;rea

the number of firms and employment has decreased from around 1,500 firms down to 1,100

and 11,000 employees down to 7,380

The market for remanufacturedDORequipment is reportedly small, pdytbecausdéorean
constructionfirms contractout repair activities to independent supplierather thanrelying
on OEMs to remanufacture OEManded equipment’

Malaysia

Significant remanufeuring sectorsn Malaysia includaerospacemotor vehicle partsiICT
equipment and ink & toner cartridges.

Maintenancerepair and overhaubf engines, airframes and othaerospaceeomponents is
animportantsectorg A G K G KS YI NJ S Gon GRM8.4p8liBn)Thete ae T on YA £ A
currently drives to increasthis activity to turn Malaysia into a hub for South East Asia.

There areno institutional barriers preventing this activitjfthe most significant barrier to

continuing growth is lack of skills in the workforce atite requiredinvestment in test

equipment?®

There is a remanufacturing industry which feeds into the domestic aftermarket for
automotivecomponents.Most core is imported from Japan and Eureen thoughthere

aresS NBAGNROGA2Z2ya 2y -ON&SEoMONNEIRONICh a8 BrakeBieS R Wal FS
market for remanufacturd components wagrevioushyS & G A Y G SR (i 2per6 S e c ®dp YA
year®® Anin-depth review by theCRRound the market to be significantly largerstimated

35us Department of CommercdS Commercial Service Automotive Resource Guiigderence for U.S. Exportefiird Edition, 2014
36APEC, US AlRemanufacturing Resource Gui@@13

37 Remanufactured goods: An overview of the US and Global Markets andZDB2léccessible from
http://www.usitc.gov/publications/332/pub4356.pdf

38 Conference proceedings from International Remanufacturing Conference, 2015, Seoul. Presented by Yudi&agmg, Center for
Resources Information & Management at the Korea Institute of Industrial Technology

39 Remanufacturing in Malaysia, 2016RR for Nathan Associates Inc. for review by the United States Agency for International
Developmenthttp://www.ncapecorg/docs/USAIBtudyon MalaysianRemanufacturing. pdf

40 http://www.apec.org/~/media/Files/Groups/MAG/20131120_ARREmanResourceGuide_Sep2013.pdf



G2 0S8 I LILINFEmN6h @VR2O7845 milliqn) with the potential to double should
the profile of the US remanufacturing industry be replicated.

The marketfor remanufactured ICT equipmeitda S & G A Y I { S RMIOSimillom.o YAt f A2y 6
Core is sourced both domestically and internationally with remanufacturing performed by

both OEM and thirgbarty independent remanufacturerslhesector sometimes suffers

from associatiorwith remanufactured / refurbished equipment sold with illegal pirated

software.

9aildA Yl ( &ilionl(RM7Xmillipn), there is an actiirk and toner cartridges
remanufacturingndustry consisting omall players with generalfgwer than 25
employees.Remanufactured cartridges do not seem to be impor&udpty cartridgesare
imported and remanufactured and used domesticals inthe ICT sector, there are issues
with illegal practicesin this cae sellingemanufactured cartridges adewCrartridges.

2.5.8 Mexico

Goods remanufactured in Mexico include consumer electronics, IT productausmdotive
parts. There are 60 known remanufacturers in MexiNo.specific laws regulate
remanufacturing as aimdustrial activity however, in 2008, Mexico implemented the
ThreeRsinitiative*: to promote sustainability and to reduce waste in industrial activitfes.

2.5.9 Singapore

In Singapore, remanufacturing occurs in the HDOR equipment, automotive parts, medical
devices, electrical apparatus and marine equipment remanufacturing sectors. The
government neither distinguishes between new, remanufactured or gsexls nor has
specific lab#ing requirements for remanufactured goods. Used goods to be
remanufactured can be freely imported, and remanufactured products are sold both
domestically and exported to ASEAN countries and Austf&dieor! Bookmark not defined.

In 2011, Caterpillar began remanufacturing eeugnt for trucks and mining workcluding
transmissions, drives, and torque converters, to serve the regional mining indéig6y% of

[ FGSNLAf f | NQprodieB aréexpot@d tadriddabst Rhe remainder to Australia.
Tru-Marine (a remanufacturer of turbocharger componented in marine, power plant,

and locomotive application®)and Ark (remanufacturer of marine compressors, pumps and
other components) hee also bgun remanufacturing

Although Singapore does not specifically collect data on domestianufacturing

production or trade, the government is committed to establishing a remanufacturing base to
increase valuadded manufacturing activities. In 2011, thevgrnment launched the

Advanced Remanufacturing and Technology Center (ARTC), an R&D centre that works with
local universities and remanufacturers to develop remanufacturing technologies for the
aerospace, motor vehicle parts, marine, and HDOR equipmetdrse The ARTC has

partnered with a handful of SMEs and larger multinaticc@mpanies, including Boeing,
RollsRoyce and Siemeris.

41 Reduce, Reuse and Recycle

42 Remanufactured goods: An overview of the US and Global Markets andZDB2ié\ccessible from
http://www.usitc.gov/publications/332/pub4356.pdf

43 Caterpillar Inc.Caterpillar Announces Opening of New Singapore Remanufacturing Pdaiit34, 2011.
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2.5.10 United Kirgdom

A 2004studyby Oakdene Hollinsstimatedremanufactured goods production the UKat
£4.9 billion in 2002¢ It was estimated that 44,300 fdiime jobs exist because of
remanufacturing activities in the UKn 2002, aerospace remanufacturing acotad for
40%(£2 billion) of the total value of remanufacturiegrried outin the UK, followed by the
machinery and automotive sectors which each accourfited 1 %(£530 million).

Ina 2009 updateo the 2004 studythe total value of remanufacturingefurbishment and
reusein the UK was estimated to be £dlion (with carbon saving&of 10 million tonnes
of CQe)*¢ Theapparent declinen the value of remanufacturingince the 2004 repoiis
partially attributable to a higher granularity of the 20 survey butnainlya result of the
exclusion of the aerospace sectei£2 billion)in the more recent report

Of the remanufacturingype activity identified in the UK in the 2009 report, proper
remanufacturing accounted for approximately half of thealof2.4 billion value, with
refurbishment and reuse contributing around a quarter each. The sector showing the
highest intensity of remanufacturing was found to be the ink and toner cartridges sector.
Outside this sector the highest intensity of remaraifaing was found in sectors which are
associated with mechanical or powered machinery. Of the total value identified in these
sectors, 30% was associated with remanufacturing activities.

Barriers

Barriers to growth in remanufacturing in the UK were idfted to be:

Declining UK manufacturing base.

Availability of low cost products.

Cost of labour.

Low awareness of remanufacturing amongst purchasers.

Increased incidence of lower quality products which has reduced the quality and
guantity of core available, further increasing costs and complexity of remanufacturing.
Shift in favour of refurbishmeng economic pressures.

Longer product lifetimes.

Compexity of business operations.

1  Economic recession.

= =4 -8 -4 9

E

2.5.11 United States

A wideranging remanufacturing review was commissioned by the USITC and published in
20127 with a focus on international trade of k8oduced remanufactured goods. The
report defined remanfacturing asan industrial process that restores enftlife goods to

2 NRA I A Y I flike aenPEbniliyoal Remhufacturings welldeveloped in the USA,
occurringacross aliverse range of industry sectoisut it ismost prevalenin sectors
makingcapitatintensive, durable prodcts that have relatively longroduct life cycles This
Aa Ay fAYS 6AlKgidedS WFSIFarAotsS aLl 0SQ Ay

44 Parker, D. (20043emanufacturing in the UkOakdene Hollins

45The effect of greenhouse gas emissions is often measured as the equivalent effect of emissions of carbon digjide (CO
46 ChapmarA.C et al (2009)Remanufacturing ithe UK Oakdene Hollins and Centre for Remanufacturing & Reuse

47 Remanufactured good#in overview of the US and Global Markets and Tegde?2 USITC



The remanufacturingntensiwve sectors that account fonostof the remanufacturing activity
in the USAinclude (in alphabetical orderjerospaceautomotive componentsconsumer
products electrical apparatus, HDG#uipment,IT products,locomotivesmachinery,
medical devices, dffe furniture, restaurant equipment, and retreadegtes (Table4).

According to the USITC report, the USA is the largest remanugadh the world between
2009 and2011 the value of U&marufactured production grew by 15 % to at least
US$4dillion, supportingl80,000 fultime USobs. 63 % of totalSremanufactured
productionvalues and 48 % of remanufacturiagsociated employmergtemmed from the
aerospaceHDORandautomotive sectors. In the USBMEsvere estimated tobe
responsible foa quarter of productio{US$.1 billion) 17 % of exports and 36 % of
employment The EUs estimated to have received 37 % (US$ti5on) of LSForeign
Direct Investmenfor remanufacturing activities

Table4: US remanufacturing statistics, 2011

Production  Investment Employed Exports Imports Intensity
(US$ m) (US$m) oWnnn (US$m) (US$m) (%P

Aerospace 13,046 90 35.2 2,590 1,870 2.6
Automotive parts 6,212 106 30.7 582 1,482 1.1
Consumer products 659 5 7.6 21 360 0.1
HDOR equipment 7,771 163 20.8 2,452 1,489 3.8
IT products 2,682 18 154 260 2,756 04
Machinery 5,795 711 26.8 1,349 268 1.0
Medical devices 1,463 31 4.1 488 111 0.5
Retreaded tyres 1,399 24 4.9 19 11 2.9
All othere 3,974 68 23.0 225 41 1.3
Wholesalerd 8 10.9 3,752 1,874
Total 43,000 1,223 179.5 11,736 10,263 2.0

Derived fromRemanufactured goods: An overview of the U8 @lobal Markets an@irade 2012. USITC

Notes: 2 Sector ranked by production value
b Total value of shipments of remanufactured goods &6 total sectorsales
¢Includes remanufactured electrical apparatus, locomotives, office furniture, restaurant equipment
dWholesalers do not produce remanufactured goods, but sell or ékpprrt them

The USITC report focused on international trade, particularly exports, and found that
Canada, the EU and Mexico were the leading destinations for US exports of remanufactured
goods. The value eports of remanufactured goodeom the USA was estimated to be
USH11.7 billion in 2011

The report found that trade in remanufactured goods is strongly affected by regulatory
barriers in foreign markets, and by price and availabilftgore (
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Tableb). An absence of an accepted legal definition was found to exacerbate the issue, with
customs authorities treating remanufactured goods and corasesl products which are
often prohibited.

The challenge of moving core across borders resulted in attempts to source coreigmfore
marketsc also difficultdue to price and availabilit Cheap new products and consumer
perceptions around price and glity were also seen as key challenges.



Tableb: Factors cited by US remanufacturers as important in determining their ability to

compete domestically and globally
Sector (ranked by The US market

production value)
Aerospace

Automotive parts

Consumer

products

HDOR equipment

IT products

Machinery

Medical devices

Retreaded yres

All other®

Wholesalers

Availability of skilled workers
Availability of core

Labour costs

Labour costs

Transportation costs
Availability of core

Availability of lowcost new products
Customer preference for new products
Declining demand for reman goods
Transportation costs

Environmental regulations

Availability of core

High price of core

Customer preference for new products
Availability of lowcost new products
Availability of skilled workers
Healthcare costs

Unfavourabletax treatment
Unfavourable tax treatment
Availability of core

Healthcare costs

Availability of core

Energy costs

Unfavourable tax treatment

Healthcare costs
Availability of core
Unfavourable tax treatment
Transportation costs
Energy costs

Labaur costs

Foreign markets

Regulatory barriers in foreign markets
Licensing or certification requirements
Transportation costs

Highprice of core

/284G 2F O2YLX Al yO!
environmental standards

Licensing or certification requirements
Lack of knowledgef foreign markets
Transportation costs

Lack of distribution/marketing channels
Foreign market tariffs

Transportation costs

Regulatory barriers in foreign markets
Transportation costs

Lack of knowledge of foreign markets
Foreign market tariffs

High price of core

Transportation costs

Regulatory barriers in foreign markets
Transportation costs

Regulatory barriers in foreign markets
Lack ofistribution/marketing channels

@

Transportation costs

Foreign market tariffs

Lack ofistribution/marketing channels
Regulatory barriers in foreign markets
Transportation costs

High price of core

Derived fromRemanufactured goods: An overview of the U& @obal Markets andrade 2012. USITC

Notes:

a Neither foreign markets nor factors reported by respondents

b Includes electric apparatus, locomotives, office furniture, restaurant equipment

2.5.12 Trends in developing nations
According to a recerltNEReport (2013)*®

GwSYLl ydzF I Ol dzNR y 3

2T FTSNA

LI2GSYGAL €

developing countries and new export opportunities. Given the minimal financial
and material input into production, remanufacturing services provide lower
prices to consumers, tyally in the order of 30 to 40 % less than comparable

Y

LINE RdzO (G & ¢

The reportgoes on to state that

G!' y2GKSNIJ FRAFYy (Gl 3S 2F NBYFydzFl Ol dzZNBR

for new goods without additional quality and safety requirements that
someimes apply to refurbished goods. Indeed, in the 201 1Peasgific

48United Nations Environment Programme (20G3gen economy and tradgtrends, challenges and opportunitiegewed at

http://www.unep.org/greeneconomy/Portals/88/GETReport/pdf/FullReport. pdf
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Economic Cooperation (APEC) Ministerial Meeting, 11 countries including

Australia, Japan, Singapore and the United States, agreed in principle to refrain

from implementing import restrictits on remanufactured goods, and to apply

0KS aryYS GNIRS YSIadNBa (G2 adzOK LINRRdzOG &

The report assesses that trade in remanufactured products is growing in many developing
countries. African companies, for example, are seelangdrket their remanufactured
goodsinside and outsidéfrica. It quotes the examples BbTech Solutions Kenya which
advertises and offers remafactured toner cartridges at 6@of the priceof new toners,

and the company ships ¢hgoods in Easternfiica; andiCC Toneman EgyptiafS joint

venture, which remanufactures cartridges in Egypt for export tolls& ICT

remanufacturing is reputed to be buoyant in Nigeria.

a
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Survey esponses

Survey p@rticipants

The surveyuestionnaire a copyof whichcan be found irAnnexe Bwas distributed
electronically toan estimated 20,000contactsthat were identifiedasverylikely to be
remanufacturingactors 206 resporsesto the questionnairevere receivedaresponse rate
of 1% Of these responsed,81 had completedall the questions whil@5 questionnaires
were returnednot entirely complete

The first questions in the survey were designed to tibeithe type of compares

represented by the respondest 197 individuals respondeith the question orwhere their

headquartersare based The most responses were received fradhose whose company is

headquartered in Germany (34), the UK (199 andthe Netherlands (129. While

Germany and the UK are large remanufacturing markets,réssponse from théletherlands

isbelievedto be disproportionately highecausewo of the eight project partners are based

there andthey were able toelicit more responses from localetworks There wasalso

significant dissemination of the survey at ReMaTec 2015 in Amsterdam, 2n8lf RQa t F NASa&
remanufacturingevent, andthusa higherikelihoodthat more remanufacturing actors from

the Netherlands heard abowndresponded tahe survey.

Figure5: NumberoNB alLl2yaSa (2 GKS ljdzSadAaz2y a2 KSNB Aa @&2dzN
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192 company representativesrovidedinformation on their turnoverin the EUFigure6),
including10respondentsvho saidii K S @ QKR&WD Rfyfhe respondats that knew, 63%

statedd KSA NI O2Y LI yi&aQd S9 2 ¢l dzNgitizatmFBNIoASAIye>ntign € m n
Iy ROOanjllion, and 1Pothatitia I NS G S NI (i KBhs¢d oa hisTh% ofthd f A 2 y
respondentgepresent small and mediwsized enteprises (SMES) as per the EU
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definition®%; 32 % are intha A ONR  datdgory 300 inthd Y I £ f

Gagomyand” U

8% inthea SR A dzY @ateggy(sifrbdoes not match due to roundinglhis suggests
that the structure of theremanufacturing industry is characterised by a skew toward a
significant numbenf smaller norROEMswith a relatively small proportion dérger firms

0 e mn&p A A Yidlikelythat the 17 % ofirms g A (i K

GdzNy 2 3SNJ ANBI G4SN G K

representOEMSs that also remanufacture i.e. remanufacturing will only be associated with a

smallYAYy2NRGe 27

Figure6: The EU turnover of companigsimber of resposes)
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We receivedl88responses tahe questionregarding whaproportion of the overall global
business turnover is located within the Etigure?). Excluding the 28espondentsvho
stated that they did not know13 %of the participantsreported EU turnovewasless than
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Figure7: The share of company turnover originating in the(iinber of resposes)
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190respondents answerecdthe questionof how manyBJ-basedemployeeshe company

employed(Figures), including fous K2 & A R

0 K S Mlirroirig th&®ahsmvér tdhe/ 2 6 Q

49 EU SME definitiorhttp://ec.europa.eu/growth/smes/businessriendly-environment/smedefinition/index_en.htm
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guestionregarding company turnover,raajority of firms (& %of thosewho knew the
answer to this question) are in the SME catefbityarge Enterprises which employ over

5,000 people made up6 %of responses

Figure8: The number of EU employges compary (number of respmses)
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Survey esults

Having established the type of companies represented by the respondents to the survey, the
extent of their involvement in remanufacturing was probédgrsty, we establishedvhether

the companies were involved in remanufacturing at @f the 190respondents who
answeredthis question, 162 (884 said thatheir company does undertake remanufacturing
activity; the others generally represeati research, promotional or consulting organisations

with remanufacturing interestéigure9).

Figure9: Share of respondents whe companys involved in remanufacturing activity

15%

\i

HYes wNo

186 people responded to thquestionon what kind of renanufacturer they consider
themselves to bealthough 13 (@49 of these did not knowow to classify themselves and
14%thought they were better described by a different definition than those presented as
options. A summary of thether respondents isncluded inTable6.

50\ve take the employment aspect of the EC definition of a SME, i.e. fewer than 250 employees
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Table6: Summary of responsesdoiestionregarding remanufacturer type

Type of remanufacturer No. of Share (&cluding those who
respondents | ya s SNBR WR

Contract emanufacturer 7 4%

OEM/OER 63 36%

Third-party / Independentremanufacturer (IR) 79 46 %

Other* 24 14%

46 %told us that their business is a thifghrty or independent remanufacturefypically

these businesses are the SMEs identifieHigure6. 36 %of those who picked a category
stated that their firm is an original equipment manufacturer or remanufaat(@EM or

OER) It is of note that onlya very small proportion (%) identified themselves as contract
remanufacturer whiclvalidatesthe ideathat the remanufacturing industry can be broadly
classifiednto two categoried.e. OEMs and not©OEMSs Historically, remanufacturing has
been described as having the three categories preseateve asn the survey question;
however this may be a legaoy a narrower past focus on the automotive remanufacturing
industry where this nuance is valid. With a more holistic view of the wider remanufacturing
industry, it seems that this distinction is less relevant.

Reviewing the size éfm againstthe perspetive of firm type(Figurel0) supportsthe
premisethat, as the firms get biggethe proportion of thirdparty / independent
remanufacturerdecreases

FigurelO: The distribution of types of firm across the different sizes of enterprise (percent)
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Wethen focused orwhat remanufacturingype activities were being carried out by the
companies With multiple responses allowed pegspondent the total number of
remanufacturingtype activities reported wa$42via 188 respondent@~igurell); as an
example a company could perform remanufacturipggparaion for reuserefurbishment
and repair ativities and would therefordave reportedfour options. Note that differences
in how common each term is in the sectors surveyed and that the emaahing of these
terms is also secteor actor-specific Thismakes further detailed analysis of the responses



to this questiorstatistically unreliable However, remanufacturing/as cited by two thirds of
respondents (125 of 18&) this question and represente2 %of all activity reported,
confirmingthat the term is usedif not necessarily always corredtiyncludingoverhaul and
reconditioning (ordsoften used synonymoushyith remanufacturing), this accounted for
responsesrom 84% of respondentd 57 of 188).

Figurell: The typeof remanufacturing activities respondents identified their companies to
be undertakingrfumber of responsesjultiple reponses were allowed)
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The respondents were asked to spedifyvhich countriegshese remanufacturing activities
were taking place Multiple answers were allowed and 506 responses were recdivigdire
12). 73respondents said thefirm isactive in Germanyl4 % of the total carrying out
remanufacturing); a similar numbeare active in France and the Netherlandgh a little
over 6% of responses eacNorth Americathe Czech Republic and thiKrepresented the
nextmostactive with around 4% of responses eathe top ten was rounded out by Atig,
Belgium, Sweden, Spain and Italy.

Not too surprisingly, Germany has a dominant position in remanufacturing for European
remanufacturers with France and UK also expectedly being significant mdrketens of
slightly unexpected results, is the Nettands and Czech Republic being relatively high up on
the list while Italy is a littlédower than could be expected based on its manufacturing base.
We have previously described the over representation in the sample of the Netherlands,
nonethelesst shows that there is a significant market there. The Czech Republic ikkalso

to represent significant remanufacturing activity based partly on its lower wage costs versus
2 SAGSNY 9dzNRP LIS yR (GKSNBF2NB SylofAy3d NBYlFydzZl O
remanuacturing activity may partly be due to a reduced amount of aerospace and
automotive remanufacturing compared to its peers (DE, FR, UK), strict rules on the
movement of core and manufacturing activity focused in less intensive remanufacturing
sectors likemachinery.
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Figurel2: Geographical distribuiin of remanufacturing activity (number of responses;
multiple responses were allowed)
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To assess the valubat the companiesvhichresponded gained from remanufacturing
activities we asked them to estimate what percentage of their turnover relates to
remanufacturing To this question we received 167 answers, though this inclt8es
respondents who saithey R A Ry Q@Figlirgl3.4Of those that knew, 286reported that
under 10%of their businesselatedto remanufacturing, whereas Zastated thattheir
remanufacturingurnoveraccounted forover 90%of the total, or 40% with over 70% o

their business

Figurel3: Percentage of turnover related to remanufacturingmber of responses)
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A more nuanced view dfigurel3is presented irFigureld, which shows the proportion of
business by firm typeThis shows that ne®EMSs tend to have a higher proportion of their
business in remanufacturing activitieSome three quarters of respondents with <5% of
their business related to remanufacturing were OEMs. Another way to view this i4QBat



of OEMs in this sampleaveless than B%of their business in remanufacturirghis is not
altogether surprising athe OEM2 primary business is to manufacture a product rather than
remanufacture it Thiseffect isin fact even more pronounced on detailed review of the few
OEM comgpnies that responded thaiver 90 %of their businesssiin remanufacturing,

these includeverylarge OEM¢hat have responded to the survey #ee local

remanufacturing subsidiary rather than the overall parent compaaning that the

response does naepresent the wider manufacturing compasyg. a large vehicle
manufacturer Therefore this approach by respondents has somewhat masked the fact that
mostOEMs have only small proportions of their businesses in remanufacturing.

Figurel4: Remanufacturing percentage of business by firm {moenber of responses)
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One point to highlight here is that there seems totia® clearpeaks:over 40% (of those

that knew) responded that remanufacturing activities made upore than70 % oftheir
businessand40 % stated manufacturinmade upless than 2@% of their businessThis

seems tesupportthe characterisation that theemanufacturingndustryis comprisel of

third party / independent firms that consider remanufacturing as their dmrsiness, while
OEMs are keen to consolidate and grow their remanufacturing businesses as pait of th
portfolio. This may be more nuanced in the automotive sector where there are major first
tier suppliers / aftermarket components suppliers that mag f#gemselves as distinct
contractors rather than OEM®r see themselves in multiple roles).

When asked where the major geographical markets for their remanufactured products were
the respondents informed us that they market their remanufactured prodirts total of

377 marketgFigurel5). Multiple responses were allowed to this questia®8 %of the
businesses represented in this sample produce remanufacturedugts for the domestic
market whilst slightly more (3%) market these products across other countries in the EU
Markets for extra-EU regios were as expected, with North America and Asia leading, Asia
and Middle East and South America being smalleketar
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Figurel5: Major geographical markets for remanufactured productsmber of responses;
multiple responses were allowed)
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We also asked respondents to identify approximately their annual turnover as a result of
remanufacturing activitiesTo this question wéad 97 response@igurel6). This is a low
response rateonsidering thatl62respondents werénvolved in remanufeturing. This may
suggest thatemanufacturing is niorun as a standilone businesbut takesplace within an
existing business linghusdoesnot have aclear/ reported turnoverassociated with it.

53%of those who knewthe amountreported that theircompanyturnoveris under

€ wmillion; 87 % of those who kneweportedturnoverto bef S a &

0KI yUsingtle YATfAZ2Yd

ECdefinition, these companieXan be categorised as SME remanufactufasviewed asa
standalone business)At the other end of thespectrum, turnover of greater than
€ m miilion from remanufacturingvasreported by 10%of respondentgexcluding those

who said theyR A Ry QQU0 | Y 2 ¢

Figurel6: Annud turnover from remanufacturingelated activitiednumber ofrespongs)
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98 people respondedbout the number of employeedsat are involved in remanufacturing
type activitiesn the company they representUnsurprisingly similar to the turnover profile,
93 %of respondents who knew this figure stated that thevere fewer than 250 employees
(the cutoff for SMESs) working in the remanufacturing part of their businés% of

respondents did not know the answer to this question.



This seems to confirm that European remanufacturing, at least thenpoint of view @&
number of firms, is largelgased n SME. With SMEs representing 86 of new jobs and
providingtwo-thirds of the total private sector employment in the Blkr the last five
years!, it may point to remanufacturing being a useflicytool for employment growth
within the high skill arena.

Figurel7: The employment supported by remanufacturing activiiiesnber of responses)
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To the question of what changese expecedin the market foNB & LI2 Yy RSy (1 &4 Q
remanufactured products over the next-80 yearswe received 110esponsegFigureld).
A strong majority o¥1%of the respondentgexcluding those who did not kngwxpect
steady or strong growth in the next-50 years 13 %of respondents thought that their
market would decline in the near future and ¥%&oresaw no changel’hose within the
industry are thereforegenerallypositiveof the growth prospects of remanufacturing.

Figurel8: How the market foremanufactured productwill changein the shortto-medium
term (number of responses)
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Steady growth
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A sectoral analysis of the above responses, including information from other sources, points

to the following setor growth profiles

51 http://ec.europa.eu/growth/smes/accessed Octobet015.
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Table7: Growth profile of remanufacturing intensive sectors

Growth profile  Sectors

Low HDORInk+toner cartridgesMachinery Marine, Tyre retreading
Steady Aerospace Automotive Rail
High EEHex ink+toner cartridges)Furniture, Medical equipment

Respondents were asked to classifyithmisiness moddby choosing from &stincluding

direct order, service contract, deposit/credit, leasing or oth&f the179 respondents to

this question 57 %assessethati KSA NJ O2 YLJ y& Qa NI YIdygnddiFektO i dzNX y 3
orders while 14 %classified their business modas service contract and 26 as deposit/

credit (Figurel9). Pirect ordefincreases to over two thirds of respongés/e omit the

Wtheryroup, which contained several comments that would not traditionally be considered

as a business modelg. nonprofit.

Figurel9: Business models of the companies of the respondeuisber of responses)
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A deeper look at the survey information suggested that no particular sectors were associated
with specific models apart from perhaps aerospace that had a tendency teseavite

contracts. Considering the long history of remanufactutiyge activities in aerospace, it

might be argued that this sector is potentially more sophisticated in its understanding of
remanufacturing than other sectors. It may therefore be that Hervice contract business
model is the most appropriate for remanufacturing as it ensures performance for the
customer by moving this risk to the manufacturer, with customer concern around product
quality effectively become irrelevant allowing the remé&atturer to deliver the most cost
effective approach and still deliver the appropriate performance.

This fits well with circular economy thinking around servitisation of produsidling
performance rather than productfor example Philips and Turntoaqviding light (a service)
rather than lightbulbs (a product) at Schiphol airport. This servitisation forces Philips to
developlighting fixtures with serviceability arrémanufacture i.ereplacementof individual
componens specificallyin mind.Philips has therefore designed and innovated to a solution
that makes it economical for this model to work.

Beyond the three models highlighted above (direct order, service contract, deposit/credit)
leasingwas reported by only 4% of responses. Notatngst of these were focused around
the EEE sector, or more specifically electronics: ICT+mobile and Ink+toner cartridges.



179 responded about the pricirgf how their remanufactured product compares to the
price of comparable new product3.wo said thatheir products command a high#¢nan-
new price, but 91 % of responden E O f dzR/AQ/MIT 38EERgIRemanufactured
products sell for a price lower than that of a new prodweith over 60%saying that the
price realised was no more than 60% of a paduct This clearly posess barrier and an
opportunity to further remanufacturing growthif consumers recognised that the products
are indeed as good as neamd were willing to pay aimilar priceto a new product, the
industry turnover could be roughlb0% bigger without any more remanufacturing activity.

Figure20: The answers given to the question of what the price of their remanufactured
product is compared to a comparable new prodimcimber of responses)
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173 answeredhe question about what kind of warranty offeredon their remanufactured
products, as summarised Figure21. This highlights an issue around aklad
understanding of the term remanufacturingith some 7% of those that knew responding
that they provided no warranty, a key tenet of remanufactured products.

Figure21: Types of warrantiesffered onremanufactured product&humber of responses)

To end the survey, the respondents were asked how important various drivers (meatnes)
barriersare to remanufacturing The motives and barriers were rated on a scale of 1
(unimportant) to 4 (very importan) by the respondentsFigure22 charts the drivers that
respondents considered quite or vemportant.

Interestingly, three of the top four most important reasons wé@mpany profitabilit®
Btrategic advantag@and4hcrease market shaf2 This highlights a positivearketview of
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