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1 INTRODUCTION 

Remanufacturing1 is a central measure for increasing resource efficiency. 
The material and energy expenditure for the manufacture of a product and 
the associated costs are lowered. Through remanufacturing the original high 
level of value added is retained and the dependence on import of critical raw 
materials is reduced. 

Remanufacturing is defined as treatment for reuse of a used product which 
through various process steps is brought to at least the quality level of a new 
product.2 For this the collected used parts, so called cores3, are disassembled, 
cleaned, inspected, rebuilt and reassembled. 

Remanufacturing as a key component of a circular economy is viewed as 
being the preferred option for closing material loops, particularly compared 
with recycling, and possesses a high resource efficiency potential 
(Figure 1).4 

Raw materials 
processing

Product 
manufacture

Use of the 
product

End of Life 
(EoL)

Remanufacturing (End of life)

Reuse/Repair

Recycling

v

Remanufacturing (End of use)

Figure 1: Instruments of a circular economy 

           

The remanufacturing industry already experienced a dramatic upswing in 
WWII. Sinking production capacities in favour of military production led to 

                                                           
1  Editorial note: In the present brief analysis, apart from the usual term “remanufacturing”, the 

German version “refabrication” along with the verb form “refabricate” as well as the verb 
“rebuild” and the phrase “industrial rebuilding” are used. 

2  Cf. BUMB (2016), pp. 36 and 48. 
3  “A core part is a used part intended to become a remanufactured product.” cf. Parker et al. 

(2015), p. 0; in the present brief analysis the terms “core” and “used part” are used for collected 
and returned products and product units. 

4  Cf. Graedel and Allenby (1998), Ryding et al. (1995), Jacobssen (2000), Steinhilper (1998) in 
Lindahl et al. (2006), p. 448. 
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the rebuilding of used goods.5 Today the remanufacturing industry has a 
share of approx. 2 % of the overall European manufacturing sector. The Ger-
man remanufacturing industry generates annual turnover of some 8.7 billion 
euros. This already corresponds to one-third of the entire European turno-
ver.6 

Corporations such as Bosch, Liebherr, Ricoh and Caterpillar make use of the 
advantages of remanufacturing and rebuild their own products in in-house 
remanufacturing divisions. However, remanufacturing also offers numerous 
options for small and medium-sized enterprises. Remanufactured products 
can be used in place of new makes, or remanufacturing can be integrated 
into the company workflows. For manufacturers this means lowered produc-
tion costs, increased profit margins and strategic competitive advantages, 
whereas customers can profit from more flexible pricing policies. 

The present brief analysis delivers an industry overview and is particularly 
intended to provide an impetus to small and medium-sized enterprises 

• for implementing remanufacturing processes, 

• creating incentives for use of remanufactured products, 

• raising the awareness of the ecological and economic efficiency poten-
tial of remanufacturing and  

• provoke further discussion on the topic. 

To that end, in this brief analysis the legal framework is staked out, relevant 
actors in the value chain are introduced and the necessary process steps are 
described. Ecological and economic effects as well as effects of targeted prod-
uct design are discussed and the European and German markets are charac-
terised according to countries and industries. Finally, practical examples are 
presented to point out the possibilities of how remanufacturing companies 
act or how remanufacturing is integrated into original equipment manufac-
turers’ company workflows. 

                                                           
5  Cf. APRA (2016). 
6  Cf. Parker et al. (2015), pp. 1 and 50. 
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2 REMANUFACTURING OF CORES  

2.1 Definition and demarcation 

Remanufacturing is the industrial rebuilding of used parts and is defined 
uniformly in the literature with respect to its key characteristics. Based on 
the following definitions and demarcations, remanufacturing is understood 
and used in the present brief analysis as follows: 

Definition of remanufacturing for the purposes of the present brief 
analysis: 

(1) Remanufacturing is an industrial rebuilding process used on 
cores. 

(2) A core is subjected to standardised process steps to rebuild it and 
restore its original function. 

(3) The product performance given back to the core is at the same 
level as or a higher level than that of an equivalent new part. 

(4) By means of the same quality assurance measures as for new 
parts production and a warranty it is ensured that the refabricated 
product or the refabricated product unit7 has the quality of a new 
product or product unit. 

Sundin summarises remanufacturing as an industrial process through which 
cores are rebuilt for reuse. At the end of the process it must be ensured that 
the refabricated product meets the standards of the original.8 

British standard BS 8887-2:2009 defines remanufacturing as the restoration 
of the product performance to the same level as or a higher level than that of 

                                                           
7  Editorial note: In the present brief analysis the phrases “refabricated product“ and “refabricated 

product unit” are grouped into the phrase “refabricated product”. The term “product” 
accordingly also includes product units such as product assemblies and product subsystems. 

8  Cf. Sundin (2004), p. 2. 
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a newly manufactured product. The standard also demands that a warranty 
of the restored performance be provided for the refabricated product. 9 

This definition is also adhered to by the Centre for Remanufacturing & Re-
use10 and the Automotive Parts Remanufacturers Association (APRA) which 
has agreed upon a common definition with four other European automotive 
and supplier industry associations. This additionally determines that the 
cores are rebuilt using standardised industrial processes and are visibly 
marked as refabricated products.11, 12 

Some enterprises hold that refabrication is the industrial repair of products 
after their use cycle.13, 14 The term ‘repair’ is described in accordance with 
DIN 31051:2012-09 as a physical measure which re-establishes the function 
of a defective unit (element, device, subsystem etc.). The wear parts are not 
renewed in the process, unlike in remanufacturing. The term ‘defective unit’ 
describes the condition in which a unit is incapable of performing a required 
function.15 However, the general process of remanufacturing is not limited 
to defective units. All cores, functional and defective, are included (Fig-
ure 2).16 This is in agreement with the definition in the technical guidelines 
of the Basel Convention which define the process of refurbishment as modi-
fication of used equipment to re-establish the function. Definition of a func-
tional or defective condition or classification as waste is not made.17 The term 
‘refurbishment’ is equated to the term ‘remanufacturing’.18 Therefore repair 
is excluded as a definition for the determination of remanufacturing in the 
context of the present brief analysis. 

 

                                                           
9  Cf. BS 8887-2:2009 (2009). 
10  Cf. Parker and Butler (2007), p. 3. 
11  Cf. APRA (2014). 
12  Cf. Weiland (2014), p. 13. 
13  Cf. Buecker + Essing (2009). 
14  Cf. Knorr-Bremse (2015). 
15  Cf. DIN 31051, (2012-09), p. 4. 
16  Cf. Lindahl et al. (2006), p. 447. 
17  Cf. Basel Convention (2015), p. 18. 
18  Cf. Ernst (2016). 
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2.2 Classification in the legal frameworks 

A core can be classified depending upon the application as a used product or 
as waste according to the German Waste Management Act (KrWG). The clas-
sification is independent of whether the product is in functional or defective 
condition (Figure 2). 

Waste according to §3(1) 
of the KrWG

Used product

Defective 
condition

Functional 
condition

Defective 
condition

Functional 
condition

Disposal phaseUse phase

Remanufacturing

Core

Figure 2: Classification of the term ‘core’  

The waste term plays a crucial role in the classification: According to §3(1) 
of the KrWG ‘waste is […] any substance or object which the holder discards 
or intends or is required to discard’. Therefore the discarding intention of the 
owner decides on the waste status if rebuilding of the product is still possible. 

A product to be refabricated which does not fall under the waste definition – 
for which there is thus no discarding intention – remains in the use phase 
or is fed back into the manufacturing phase. The legal waste framework is 
not applicable in this case. The responsibility and liability for the product 
remain with the manufacturer. According to §3(1) clause 2 of the German 
Product Liability Act anyone ‘who claims to be a manufacturer through at-
tachment of a name, a brand or another differentiating mark’ can be consid-
ered to be a manufacturer. 

Products which fall under the definition of waste in accordance with the Ger-
man Waste Management Act can only lose their waste status again under 
certain conditions. According to §5 of the KrWG the waste characteristic 
ends if a material or an object has gone through a recovery process and is 
made in such a way that 
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(1) it is usually used for specific purposes, 

(2) a market for it or a demand for it exists, 

(3) it meets or complies with all technical requirements applicable for its 
respective purpose as well as all legal requirements and applicable 
standards for products (e.g. DIN EN 62309 and VDI 2343) and 

(4) its use does not on the whole lead to harmful effects on humans or the 
environment. 

In this case remanufacturing is a recovery process and can be assigned to 
the second level of the waste hierarchy, preparation for reuse, according to 
§6(1) of the KrWG. 

Manufacturers placing, e.g., electrical equipment on the market are obliged 
to ensure proper collection and recovery of their products in accordance with 
the statutory producer responsibility (§23 of the KrWG). If the original equip-
ment manufacturer carries out rebuilding or has rebuilding carried out, the 
producer responsibility remains with the original equipment manufacturer.  

The producer responsibility can be passed on to an enterprise which is inde-
pendent of the original equipment manufacturer if this enterprise rebuilds 
the respective product and, e.g., markets it under its own brand name.19 

The Electrical and Electronic Equipment Act (ElektroG) makes specific de-
mands on actors who directly or indirectly influence the preparation for re-
use: 

• According to §4(1) of the ElektroG, manufacturers should design ‘their 
electrical and electronic equipment if possible such that reuse and disas-
sembly [...] are considered and facilitated’. 

• Preliminary treatment facilities for old electrical and electronic equip-
ment are obliged according to §20(1) of the ElektroG to check through 
visual and functional tests whether the old equipment can be fed into a 

                                                           
19  Cf. Arbeitskreis Elektrogeräte und Ressourceneffizienz (2016), p. 46. 
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process for preparation for reuse – insofar as is technically possible and 
economically feasible. 

• Preliminary treatment facilities, thus remanufacturing enterprises, 
which rebuild old electrical and electronic equipment, must also be cer-
tified by an expert according to §21 of the ElektroG.20 

Waste intended for remanufacturing is often treated internationally and is 
then subject to the Regulation on Shipments of Waste (VVA) and the require-
ments set forth in the Basel Convention. These are extremely strict in order 
to prevent illegal shipments. Waste can thus be shipped, dependent on the 
severity of the hazard (hazard category) and the recipient country, without 
being subject to approval or being subject to approval – if no general export 
prohibition exists (Table 1). 

Table 1: Requirements pertaining to shipment of waste21 

 Export to 
EU countries 

Export to  
OECD-countries 

Export to 
Non-OECD countries 

Non-hazard-
ous waste22 

not subject to  
approval, but  

subject to notifica-
tion in accordance 

with §18  
of the VVA*  

not subject to  
approval, but subject 

to notification in  
accordance with §18 

of the VVA* 

depending upon the  
communication from the  

recipient state, not subject to 
approval, subject to approval 

or prohibited 

Hazardous 
waste21 subject to approval subject to approval subject to approval  

if no export prohibition exists 

* VVA = regulation (EC) no. 1013/2006 of 14.06.2006 on shipments of waste 

 

 

 

                                                           
20  Cf. LAGA M31 (draft 2016), p. 77 et sq. 
21  Cf. Aiblinger-Madersbacher (2016), p. 331 et sqq. 
22  Hazardous waste is waste which has hazardous properties and represents a potential danger to 

the environment. Non-hazardous waste is all other waste. 
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2.3 Relevant actors in remanufacturing 

In the remanufacturing industry three actors carrying out the rebuilding pro-
cess for cores can be distinguished:23 

• original equipment manufacturers (OEMs) or original equipment  
remanufacturers (OERs) 

• contracted remanufacturers (CRs) 

• independent remanufacturers (IRs). 

Original equipment manufacturers and remanufacturers (OEMs/OERs) take 
their own products back via a so-called reverse supply chain, a backwards-
oriented logistics chain, e.g. through a service centre, leasing agreements, 
deposit systems or trade-in by dealers. The cores are disassembled and re-
built in-house and re-assembled either on the same production lines as are 
used for production of new parts or at separate production locations.24 Re-
manufacturing enables original equipment manufacturers to offer customers 
a broader product range with greater pricing flexibility. Another advantage 
is the already existing knowledge related to product design and the availa-
bility of parts, allowing the rebuilding process to be completed cost-effec-
tively and with efficient use of materials.25  

External remanufacturing enterprises (CRs) can be commissioned to carry 
out the rebuilding of the cores by original equipment manufacturers on a 
contract basis. The possession of the cores remains with the original equip-
ment manufacturer, whereas the process is outsourced. With this variant the 
original equipment manufacturer can also offer a wider range of products 
and has flexibility in terms of pricing. For the contracted remanufacturer the 
constant order situation over the contract period and the simple access to 
information concerning product design and inspection specifications as well 
as to spare parts are of importance.26 

                                                           
23  Cf. Sundin et al. (2016), p. 12. 
24  Cf. Knorr-Bremse (2015). 
25  Cf. Sundin et al. (2008), p. 538. 
26  Cf. Sundin et al. (2008), p. 539. 
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In contrast, independent remanufacturers (IRs) act without or with only  
minimal contact to the original equipment manufacturers. This means they 
are responsible for procurement of the cores, procurement of any necessary 
spare parts and redistribution of the refabricated products themselves. The 
refabricated products are often marketed under their own brand names.27 

The boundaries between the three actors presented above can be fluid (Fig-
ure 3). 

External remanufacturer
Contracted

remanufacturer (CRs*) 
for core 2

Original equipment 
manufacturers/remanu-
facturers (OEMs/OERs*) 

Actors in remanufacturing

New product 1

Core 1

Independent 
remanufacturer (IRs*) 

for core 3 

Original equipment 
manufacturers/remanu-
facturers (OEMs/OERs)

Marketing OEMs/OERs

Refabricated product 1

Marketing IRs

Refabricated product 3

Original equipment 
manufacturer 

(OEMs) 

New product 3

Core 3

New product 2

Core 2

Use phase

Refabricated product 2

*OEMs/OERs = Original Equipment Manufacturer/ Original Equipment Remanufacturer
CRs = Contracted remanufacturer
IRs = Independent remanufacturer

Figure 3: Relevant actors in remanufacturing 

An external remanufacturer can rebuild cores on a contract basis for an orig-
inal equipment manufacturer and at the same time restore another or the 
same used parts assortment and market it under its own brand name as an 
independent remanufacturer. The original equipment manufacturer can also 
rebuild an assortment of its products in-house while the rebuilding of an-
other product assortment is contracted out to an external contracted reman-
ufacturer. 

 

                                                           
27  Cf. Sundin et al. (2008), p. 539. 
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The core broker is an additional actor who comes in before the rebuilding 
process begins.28 The core broker is a professional service provider who han-
dles cores and who carries out pre-sorting upon the request of the customer 
prior to shipment so that used parts can be shipped in an unmixed fashion. 

2.4 Remanufacturing process chain 

Remanufacturing takes place in manufacturing plants which are organised 
like industrial enterprises. This includes mass production or standardised 
industrial processes as well as a uniform quality level for the rebuilt pro-
ducts.29 

The remanufacturing process is divided into five main process chain steps 
as well as possible upstream and downstream process steps (Figure 4). 

Dis-
assembly

Cleaning
Re-

building
Re-

assembly

Used parts 
procurement

Final 
in-

spection

(External) recovery

Main steps in the remanufacturing process

New/spare 
parts 

procurement

Storage

Storage

Inward 
function 

test

Pre-
sorting

Inspection/
diagnostics

Figure 4: Remanufacturing process chain30, 31 

The order of the process chain steps depends upon the used parts to be re-
built, among other things. Mechanical, electrical, electromechanical and hy-
draulic systems (e.g. clutches, starters or alternators) are usually immedi-
ately disassembled and follow the further process steps of cleaning, inspec-
tion, rebuilding and reassembly.32 

 

                                                           
28  “Core = used part intended to become a remanufactured product”, cf. Parker (2015), p. 0; 

Corebroker = Used parts dealer. 
29  Cf. Bullinger et al. (2009). 
30  Following Steinhilper (1998) in Butzer (2016a). 
31  Following Bullinger et al. (2009), p. 287. 
32  Cf. Steinhilper (1998) in Butzer (2016a). 
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The upstream goods inward function test is primarily carried out on mecha-
tronic, electronic and hybrid systems.  

Vehicles, for instance, may contain up to 100 electronic assemblies for 
which reliable testing and fault diagnostics must be performed. For this a 
behaviour test can be used by means of a characteristic curve analysis33, 
subsequent thermographic diagnostics and manual visual diagnostics be-
fore the product is sent in rebuildable condition to the disassembly sec-
tion.34  

During disassembly the cores are broken down into their individual constit-
uents and sorted. Constituents which cannot be reused or refabricated are 
removed and fed into adequate recovery systems. Disassembly usually re-
quires manual breaking down as various degrees of corrosion and contami-
nation exist and the associated rebuilding or reuse can only be estimated by 
trained personnel, there is a large variety of differing and in part disassem-
bly-unfriendly old equipment structures and the quantity arising is difficult 
to calculate.35, 36 

In the subsequent cleaning step the disassembled parts which have been 
segregated for rebuilding are de-greased, de-oiled, de-rusted or stripped of 
paint. This is done by wet cleaning (e.g. washing station systems or chamber 
washing systems with spray-float-immersion technology) or dry cleaning 
systems (e.g. furnaces for removing coats of paint or dry blasting systems 
with blasting media of the usual type such as sand, glass beads or corun-
dum).37 There is a need for development of product- and material-specific 
cleaning technologies in order to reduce surface attack and better protect the 
functional properties of the used parts.38 At the same time consideration 

                                                           
33  Characteristic curve = characteristic multidimensional representation of two mutually 

dependent physical quantities for a part or an assembly. The characteristic curve analysis of a 
mechatronic system uses signal measurements to examine the system’s performance 
capabilities which should lie in a predetermined performance range. 

34  Cf. Steinhilper and Freiberger (2010), p. 95 et sq. 
35  Cf. Butzer and Schötz (2016), p. 4. 
36  Cf. VDI 2343 Blatt 3, p. 3. 
37  Cf. Universität Bayreuth (2017). 
38  Cf. Bullinger et al. (2009), p. 287. 
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should be paid to resource efficiency aspects such as preparation and circu-
lation of the cleaning media or use of programmable logic  
controllers (PLCs) enabling cleaning based on the component contamination 
depth (e.g. adjustable blasting intensity).39 

The cleaned parts are subjected to a further condition check and are catego-
rised according to the defects found as follows:40 

• reusable without rebuilding, 

• reusable after rebuilding, 

• not reusable. 

Used parts which do not require rebuilding are sent directly to the reassem-
bly section. Used parts which must be rebuilt are rebuilt using typical pro-
cedures such as drilling, milling, honing, grinding or welding, inspected and 
assembled in the reassembly section to form the output product. The method 
of mechanical rebuilding depends on the used part and is already defined 
during process design. Non-reusable parts are supplied to an adequate re-
covery system and can be replaced by new parts or spare parts.41 Reassem-
bly can partly take place after the rebuilding of the components on the pro-
duction lines used for the new parts if the used parts are refabricated by the 
original equipment manufacturer.42 

Quality assurance measures are operated intensively and continuously after 
the production of the rebuilt product as well as over the entire rebuilding 
process.43 The final inspection ultimately serves towards checking of the per-
formance and functionality and ensures that they are at the same level as or 
a higher level than that of a new product. Quality assurance measures are 
carried out on every refabricated used part – unlike with newly produced 
parts.44 

                                                           
39  Cf. Universität Bayreuth (2017). 
40  Cf. Butzer and Schötz (2016), p. 4. 
41  Cf. Butzer and Schötz (2016), p. 4. 
42  Cf. Knorr-Bremse (2015). 
43  Cf. Bullinger et al. (2009), p. 287. 
44  Cf. Butzer and Schötz (2016), p. 4. 
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2.5 Ecological effects and resource savings through 
remanufacturing 

Remanufacturing circulates products. A used part is fed into a rebuilding 
system either at the end of the use phase or at the beginning of the disposal 
phase. The use of primary raw materials and the employment of, among 
other things, energy as well as raw, auxiliary and operating materials for 
new production are hence done away with for at least one life cycle  
(Figure 5). 

            

Use phaseManufacturing phase Disposal phase

Remanufacturing

Used part
Used part = waste 
in accordance with 
§3(1) of the KrWG*

P1 = Product 1
P2 = Product 2
P3 = Product 3
PR = Refabricated product
PT = Original product part
PTR = Refabricated product part

* § 3 (1) KrWG: Waste in the sense given in this act is any substance or object which the 
holder discards or intends or is required to discard.

Product 
manufacture

Recycling/
Recovery

P
ri
m
ar

y 
ra

w
 m

at
er

ia
ls

Recycling/
Recovery

Recycling/
Recovery

Product
use

Figure 5: Classification of remanufacturing in the product life cycle 

The question of whether remanufacturing actually requires fewer materials 
and less energy than new production has already been investigated in sev-
eral studies using the method of life cycle assessment (LCA). The compara-
tive assessment of ecological effects over the entire life cycle thereby deter-
mines the alternative which is favoured from an environmental point of view. 
Selected results of five LCA analyses for different remanufacturing case ex-
amples are listed in Table 2. 
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Table 2: LCA results for new and remanufactured product parts – case examples45 

 
New pro-
duction 

Remanu-
facturing 

Savings 
in % 

Case example 1: DIESEL MOTOR46  
Energy consumption in megajoules 6,016.68 MJ 3,620.16 MJ 40 % 

Resource consumption of coal in kilograms 2,200 kg 590 kg 73 % 

Resource consumption of crude oil in kilograms 59.5 kg 48.5 kg 18 % 

CO2-emissions in tonnes 3.9 t 1.02 t 74 % 

Case example 2: CYLINDER HEAD47 
Resource consumption of coal in kilograms 320,175 kg 71,182 kg 78 % 

Resource consumption of crude oil in kilograms 6,468 kg 9,237 kg - 43 % 

CO2-emissions in tonnes 534 t 126 t 76 % 

Case example 3: COMPRESSOR48 
Emissions in kilograms of CO2 equivalents  1,590 kg CO2-eq 168 kg CO2-eq 89 % 

Case example 4: GEAR BOX49 
Energy consumption Not specified Not specified 33 % 

Case example 5: STARTER50 
Energy consumption in megajoule equivalents 281.03 MJ-e 122.73 MJ-e 56 % 

Material consumption in kilograms 3.49 kg 0.43 kg 88 % 

Emissions in kilograms of CO2 equivalents 17.01 kg CO2-eq 8.03 kg CO2-eq 53 % 

Up to nearly 90 % less emissions and material and up to 56 % less energy are 
consumed in the presented examples by remanufacturing of cores. For in-
stance in the ‘cylinder head’ case the process steps of cast iron production 
and cylinder head casting are avoided. In addition the rebuilding of a used 
cylinder head requires less energy resources and generates less emissions 
than machining of a new cylinder head.51 

This case example also shows that consideration of the entire life cycle is 
indispensable. Through this the crude oil consumption for the used cylinder 
heads increases by 2,800 kg. This is due on the one hand to the transport 
path to the rebuilding location (remanufacturing centre) which is lengthened 
by more than 750 km. On the other hand approximately 4.5 kg of crude oil 

                                                           
45  The case examples possess different system limits and cannot be compared with one another. 
46  Cf. Dias et al. (2013), p. 676. 
47  Cf. Liu et al. (2013), p. 1031. 
48  Cf. Biswas et al. (2013), p. 7. 
49  Cf. Warsen et al. (2011), p. 67 in Peters (2016), p. 33. 
50  Cf. Bartel (2015), p. 7. 
51  Cf. Liu et al. (2016), p. 1031. 
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per cylinder head is employed for pyrolysis for removal of paint in the clean-
ing process. Refabrication of the cylinder head thereby increases the crude 
oil consumption by a total of 43 %. Nevertheless, the remaining savings com-
pensate for the increased transport path and crude oil consumption in the 
cleaning process and decrease the overall environmental impact by some 
40 %.52  

Remanufacturing is hence assessed to be a circulation option with one of the 
highest resource efficiency potentials and has a lower environmental impact 
than recycling, for instance.53, 54 The amount of energy employed for rebuild-
ing an used part is usually less than the amount of energy used for recycling 
the product and for renewed product manufacture from the resulting second-
ary raw materials.55, 56 Both variants are loop closing strategies which pro-
mote independence from critical raw materials.57 

In summary the use of refabricated products has clear advantages from an 
environmental point of view.58 However, the assessment should take into 
account all criteria and life phases. 

Ecological advantages of remanufacturing:  

• Extension of product service life 

• Sustainable option for closing material loops 

• Lower material and energy consumption in comparison with new 
parts production for greater resource and energy efficiency 

• Resource-efficient alternative to recycling (preparation for reuse) 

• Promotes independence from critical raw materials 

                                                           
52  Cf. Liu et al. (2016), p. 1031. 
53  Cf. Graedel and Allenby (1998), Ryding et al. (1995), Jacobssen (2000), Steinhilper (1998) in 

Lindahl et al. (2006), p. 448. 
54  Cf. Dando (2016). 
55  Cf. Lund (1996) in Lindahl (2006), p. 448. 
56  Cf. Nasr and Thurston (2006), p. 16. 
57  Cf. BMUB (2016), p. 36 and 48. 
58  Cf. Sundin and Lee (2016). 
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2.6 Economic effects of remanufacturing 

Rebuilding of cores retains the resources introduced and the energy used for 
manufacture – that is, the original added value.59 

Manufacturers in the manufacturing industry assume on average more than 
40 % for material costs which thus represent the largest cost centre within a 
company.60 Through remanufacturing material and energy expenditures can 
be lowered. This accordingly leads to cost savings or higher profit margins 
which can possibly be passed on to the customers via reduced selling prices. 
In this case remanufacturing results in a win-win situation for the manufac-
turer and the customer. 

Using the example of mechatronic systems it could be determined that used 
parts under certain conditions (Figure 6, Table 3, Table 4) could in part be 
rebuilt at a cost of less than 50 % of the original new price. The break-even 
point is thereby already attained with low parts volumes.61 Consequently 
refabricated products can be offered on a case-by-case basis for around 40 % 
to 80 % of the price for procurement of an equivalent original product and 
represent a major cost advantage for the customer.62 

However, the resulting savings for manufacturers and customers only ensue 
under certain market conditions. In the United States the remanufacturing 
industry, which had a market size of approx. USD 43 billion in 2011, became 
established not because of ecological motives or due to legal requirements, 
but rather for purely economic reasons.63, 64 The necessary conditions for 
this are listed in Figure 6 and can be assigned to three areas: the collection 
system for cores (a), the remanufacturing process (b) and the marketing of 
the refabricated products (c). 

                                                           
59  Cf. Walther (2010), p. 189. 
60  Cf. VDI ZRE (2017). 
61  Cf. Steinhilper and Freiberger (2010), p. 92. 
62  Cf. Sahni et al. (2010) in Xing and Gao (2014), p. xiii. 
63  Cf. Parker et al. (2015), p. 23. 
64  Cf. Nasr and Thurston (2006), p. 16. 
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Conditions include, amongst 
other things:

•reasonably widespread 
distribution of used parts 

•securing of continuous 
collection over time

•securing of constant 
collection quantities

•quality assurance for 
old parts

•continuous (international) 
procurement management/ 
acquisition

(a)
Collection system 

for cores

(b)
Remanufacturing 

process

(c)
Marketing of the 

refabricated products

*  Market for repairs, maintenance, and refabricated products and product parts
** Gains in market share for one brand name (e.g. refabricated products) at the expense of 

other brand names (e.g. new products) within the same company

Conditions include, amongst 
other things:

•reasonable technical 
expenditure 

•sufficient technical 
qualification

•adequate, efficient 
process design

•adequate, efficient 
logistics system

Conditions include, amongst 
other things:

•appropriate product value for 
used parts and refabricated 
parts

•examination of an already 
established (international) 
aftermarket*

•examination of the effect of 
product cannibalism**

•continuous checking and 
extension of the development 
of marketing and sales 
channels (also internationally)

Figure 6: Conditions for economic viability of remanufacturing65 

(a) Collection system for cores 

An adequate collection system is one of the basic conditions for an econom-
ically functioning remanufacturing company or a remanufacturing division 
in a company.66 The continuous supply of constant quantities of cores over 
time with the most constant quality possible and at reasonable prices must 
be secured via procurement management and acquisition.67 This depends 
crucially upon how widespread the original product is on the market. A small 
quantity of products on the market makes collection logistics more difficult, 
whereas market (over)saturation causes the demand for refabricated prod-
ucts to drop in the marketing phase. Potential core collection routes or sys-
tems can be divided into the following groups:68  

• Ownership-based collection: During use of the product by the customer 
the ownership constantly lies with the manufacturer (leasing and rental 
models, amongst others). 

                                                           
65  Following Guide and Wassenhove (2009), p. 12. 
66  Cf. Nasr and Thurston (2006), p. 16. 
67  Cf. Guide and Wassenhove (2009), p. 12. 
68  Cf. Östlin (2009) in Sundin et al. (2016), p. 18. 
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• Collection based on a service agreement: Collection is based on a ser-
vice agreement between the manufacturer and the customer which in-
cludes rebuilding. 

• Order-based repair: A customer transfers the used part to the remanu-
facturer with a direct rebuild order. The customer gets the same product 
back in rebuilt condition. 

• 1:1-Collection: With the purchase of a rebuilt product the customer is 
obliged to return an identical, used part. 

• Collection via discount on refabricated products: With the return of a 
used part the customer receives a discount which he or she receives as 
a price reduction for the purchase of refabricated products. 

• Collection via purchase of used parts: The rebuilder buys used parts 
from offerers (scrap yards, core brokers and end consumers, amongst 
others). 

• Voluntary return: The offerer (scrap yard, core brokers, end consumer 
or customer, amongst others) returns the used part voluntarily to the 
rebuilder. 

A study surveyed 30 European remanufacturing companies about their col-
lection routes. Of 44 responses the most frequently mentioned collection 
type was the purchase of used parts (34 %, Table 14 in Appendix).69 

(b) The remanufacturing process 

The process design for rebuilding must be adapted to the type and variety of 
used parts70 and must be economically oriented, meaning that the costs of 
the technical work should not exceed the income obtained from the refabri-
cated products. In particular the inspection of the used parts can currently 
not yet or hardly be carried out via automated process steps, but rather re-
quires manual visual diagnostics and specific know-how, thus sufficient 
qualification of employees. Moreover the logistics system and the associated 

                                                           
69  Cf. Sundin et al. (2016), p. 18. 
70  Cf. Butzer and Schötz (2016a), p. 7 et sqq. 
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transport expenses must efficiently network the collection channels, the re-
manufacturing locations and the available marketing channels.  

(c) Marketing of the refabricated products 

The refabricated products must possess an appropriate product value; i.e. 
there should be a constant demand for them. It is hence more difficult to 
refabricate short-lived electronics articles than, e.g., automobile products 
such as starters or alternators which are required over longer time phases.71 
An already established aftermarket – a market on which repaired, reusable 
and rebuilt products are traded – is also helpful. 

The sales channels through which the refabricated products are offered must 
always be readjusted and adapted to the requirements of the customers and 
the current market trends. One example is the principle of ‘using rather than 
possessing’ which represents a new marketing route for refabricated prod-
ucts. The scepticism shown by the customer towards refabricated products 
can be restrained through buying of the product performance by the cus-
tomer without the customer being in possession of the product. 

Within the enterprise further effects such as product cannibalism effects can 
occur. Here refabricated products counteract the market share gains of other 
newly manufactured products within the company. Dell, for example, pre-
vented this effect on the American market by separating the Internet 
presences for new products and refabricated products.72, 73 

The economic effects of remanufacturing can thus positively affect the bal-
ance of an enterprise if the market conditions are met and considered. 

                                                           
71  Cf. Allwood et al. (2011), Chapman et al. (2009) and Lundmark et al. (2009) in Brüning et al. 

(2014), p. 27. 
72  Cf. Ovchinnikov (20f10), p. 824. 
73  Cf. Dell (2016). 
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Economic advantages of remanufacturing: 

• Retention of original resources and energy – thus the original 
added value – for the most part  

• The usually lower manufacturing costs compared with those for 
new production of an equivalent product  

• Cost advantages for users: Procurement costs for refabricated prod-
ucts which are approx. 40 % to 80 % lower than for equivalent new 
products  

• Competitive advantages through higher profit margins and strate-
gic advantages 

2.7 Design for Remanufacturing 

The economic and ecological advantages of remanufacturing can be strength-
ened if the product design is already adapted to refabrication. ‘Design for 
remanufacturing’ (DfRem) is a component of the Ecodesign which can lower 
the environmental impacts over the entire life cycle of a product.74, 75 

Design for remanufacturing (DfRem) can be applied at two leverage points: 
in the strategic design, e.g. sales, marketing, service support, the collection 
system or analysis of the aftermarket, and on the technical level.76 Focus in 
the last few years has almost exclusively been on the analysis and develop-
ment of the technical level, i.e. the physical product design, to the benefit of 
remanufacturing.77 This includes easy disassembly, modular design or wear 
resistance of components (Table 3, derivation in Table 11 in Appendix).78 

                                                           
74  Cf. Sundin et al. (2008), p. 46. 
75  Cf. UBA (2016). 
76  Cf. Nasr and Thurston (2006), p. 17. 
77  Cf. Prendeville et al. (2016), p. 3. 
78  Cf. Nasr and Thurston (2006), p. 17; Yang et al. (2016), p. 149; Gray and Charter (2006), p. 25 et 

sqq.; Prendeville, S. and Bocken, N.; p. 5.; Prendeville et al. (2016), p. 40. 
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Table 3: Elements of DfRem – technical level 

DESIGN FOR REMANUFACTURING – TECHNICAL LEVEL 

PRODUCT DESIGN in consideration of adaptive or adequate 

TECHNOLOGY MATERIALS CONSTRUCTION 

• use of durable technology 
extending beyond a life 
cycle  

• use of exchangeable tech-
nologies with the same 
product design 

• corrosion resistance 
• wear resistance 
• durability 
• surface stability (func-

tional and decorative 
layers) 

 

• ease of disassembly 
• ease of cleaning 
• modular product design with 

low complexity 
• adequate joining processes 

(using pins, screws etc.) 
• standardisation of design for 

product families, amongst oth-
ers 

The planned product should be designed according to Figure 6 under the 
aspects of adaptive technology, adequate materials and efficient construc-
tion. The manufacturers/designers thereby obtain the greatest benefit from 
a lasting product design if the producer responsibility, thus the product own-
ership, remains with the manufacturer over the entire life cycle.79 Under cer-
tain circumstances conflicting aims could thereby arise in product develop-
ment. In lightweight construction, for example, saving of as much weight as 
possible can influence the durability of the materials used and hence oppose 
product use over multiple life cycles and hence remanufacturing (e.g. in the 
automotive sector for reduction of petrol and diesel consumption). Compre-
hensive consideration of the product life cycle and precise definition of aims 
are thus indispensable. 

Apart from the life cycle consideration as a key recommendation, assignment 
of a greater role to the strategic design, thus the design of the operational 
and organisational factors to the benefit of remanufacturing, is suggested.80 
This contains the definition of the strategy regarding, amongst other things, 
the customer needs and/or the consumer behaviour, appropriate communi-

                                                           
79  Cf. Nasr and Thurston (2006), p. 17. 
80  Cf. Hatcher et al. (2011), p. 2004. 
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cations and public relations work, optimal pricing strategies, efficient collec-
tion systems or analysis of existing markets for rebuilt used parts (Table 
4).81, 82 

Table 4: Elements of DfRem – strategic level83 

DESIGN FOR REMANUFACTURING – STRATEGIC LEVEL 

ORGANISATIONAL DESIGN in consideration of the factors 

MARKET ANALYSIS CONSUMER BEHAVIOUR / 
CUSTOMER STRUCTURE 

MARKETING 
STRATEGY LOGISTICS 

amongst other things, 
analysis 

• existing  
aftermarkets 

• market volume  
and market  
potential 

• market growth and 
dynamics 

• market shares 
• legal framework 

amongst other things, analy-
sis of 

• consumer categories (sex,  
income etc.) 

• main purchasing motives/ 
purchasing intentions of  
consumer categories 

• factors influencing existing 
purchasing motives/  
intentions 

• effect of product category on 
willingness to pay 

• effect of type and form of 
information retrieval on 
willingness to pay 

Definition of 
(amongst other 
things) 

• pricing policy 
• product policy 
• sales policy 
• advertising    

policy 

amongst other 
things, analysis 
of 

• efficient  
design of  
collection  
systems 

• efficient  
design of 
transport and 
infrastructure 

• suppliers 

 
 

The organisational and operational design significantly affects the success of 
remanufacturing. VDI standard 2343 Blatt 2 presents, e.g., the collection and 
disposal logistics, but investigations on this are currently still rare and re-
quire intensification in order for design for remanufacturing to be advanced 
on a strategic level.84, 85 

                                                           
81  Cf. Prendeville and Bocken (2016), p. 4. 
82  Cf. Prendeville et al. (2016), p. 8. 
83  Cf. Govindan (2016). 
84  Cf. VDI 2343 Blatt 2, (2010). 
85  Cf. Govindan (2016). 
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Key aspects of design for remanufacturing: 

• Technical level: Employment of durable and adaptable technologies, 
processing of long-lasting and reliable materials and easily disassem-
bled, modular, partly standardised product design 

• Strategic level: Comprehensive analysis of market and consumer be-
haviour regarding the products to be refabricated as well as definition 
of a marketing strategy and an efficient collection system 
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3 REMANUFACTURING MARKET STRENGTH AND MARKET 
TREND 

3.1 The European market 

3.1.1 Characterisation by country 

The remanufacturing industry has a share of about 2 % of the overall Euro-
pean manufacturing sector and generates turnover of some 30 billion euros 
annually.86 

In a Europe-wide comparison the countries Germany, the United Kingdom 
and Ireland as well as France and Italy are market leaders and generate over 
two-thirds of the total turnover. German companies generate around one-
third of the total gross receipts in the remanufacturing industry (Figure 7). 
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Benelux countries (Belgium,
Luxembourg, The Netherlands)

Figure 7: Turnover in remanufacturing industry in billions of euros per year by 
country87 

 

Most of the remanufacturing activities take place in Germany, going hand in 
hand with the high level of turnover generated in Germany. The European 
Remanufacturing Network (ERN) asked remanufacturing companies operat-
ing in Europe about their rebuilding locations. Of 188 respondents with a 

86  Cf. Parker et al. (2015), p. 1. 
87  Following Parker et al. (2015), p. 1. 
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total of 506 responses, there were 73 responses indicating activities taking 
place at German production locations. This corresponds to a share of 14 % 
(Figure 8).88 
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responses were permitted.)
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Figure 8: Remanufacturing activities by country89 

Nearly 50 % of the European remanufacturing activities take place in the 
countries Germany, France, the Netherlands, Czech Republic, the UK, Aus-
tria, Belgium and Sweden. The head offices of the surveyed companies are 
situated in Germany in 61 cases, in the U in 37 cases, in the Netherlands in 
24 cases and in France in 12 cases. There are either no or a maximum of 
seven head offices of remanufacturing companies in the remaining countries 
(Table 12 in Appendix). 90 

                                                           
88  Cf. Parker et al. (2015), p. 32. 
89  Following Parker et al. (2015), p. 32.  
90  Cf. Parker et al. (2015), p. 27. 
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In some cases the country-specific turnover (Figure 7) does not correspond 
to the country-specific number of companies (Figure 8). This applies, for ex-
ample, to the Netherlands. Together with Belgium and Luxembourg, the 
Netherlands has approximately 1.2 billion euros in annual turnover, but 
count amongst the countries with the highest number of company locations 
(32) in a country comparison. This can be attributed to, among other things, 
a different company size which was likewise surveyed in the market study 
of the European Remanufacturing Network and measured by means of the 
company turnover (Table 5). 

Table 5: Distribution of enterprise sizes as measured by turnover91 

Company size Responses In per cent 
< 2 million Euro 59  32.4 % 

71 % 2–10 million Euro 55  30.2 % 
10–50 million Euro 15    8.2 % 
50–100 million Euro 11          6.0 % 
100–500 million Euro 10          5.5 % 
> 500 million Euro 32        17.6 % 
Responses 182        100 % 

Approximately 71 % of the survey participants (182 responses in total) are 
small to medium-sized enterprises (SMEs) with annual turnover of up to 
50 million euros. Of all of responses, microenterprises (< 2 million euros) 
and small enterprises (2–10 million euros) make up the largest share with 
approx. 30 % each.92, 93 Approximately 18% of the enterprises generate turn-
over of more than 500 million euros per year, with 5.5 %, 6 % and 8 % of the 
enterprises being in the three successively lower turnover segments. The 
remanufacturing industry can thus be characterised as showing a tendency 
towards micro- and small enterprises and a share of large corporations with 
their own remanufacturing divisions.94 

Regarding the actors of remanufacturing it was found that the small enter-
prises and microenterprises operated as independent remanufacturers (IRs) 
in up to 80 % of the cases. Large corporations with turnover of more than 100 

                                                           
91  Cf. Parker et al. (2015), p. 28. 
92  Cf. Parker et al. (2015), p. 28. 
93  Classification of different company sizes recommended by EC 2003/361/EG in Parker et al. 

(2015), p. 28. 
94  Cf. Parker et al. (2015), p. 27. 
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million euros are original equipment manufacturers or remanufacturers 
(OEMs or OERs) with in-house rebuilding operations in more than 80 % of 
the cases (Figure 9).95 
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Figure 9: Distribution of remanufacturing actors by turnover96 

In comparison, contracted remanufacturers (CRs) hardly play a role or play 
a subordinate role as companies with less than 10 million euros in turnover. 

3.1.2 Characterisation by industry sector 

The greatest share of the total European turnover of approx. 30 billion euros 
is taken up by the aerospace (42 %) and automotive (25 %) industry sectors. 
Together they produce more than two-thirds of the entire European turnover 
in the remanufacturing industry (Figure 10). 

                                                           
95  Cf. Parker et al. (2015), p. 30. 
96  Following Parker et al. (2015), p. 30. 
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Figure 10: Turnover in the remanufacturing industry in billions of euros in Europe by 
industry 97 

Annual turnover of between one and four billion euros is achieved in the 
heavy-duty and commercial vehicles, electrical and electronic equipment 
(EEE), mechanical engineering and medical equipment industry sectors. The 
industry sectors of rail, furniture and marine play a much lesser role, to-
gether achieving a share of 2.5 % of the total turnover in the remanufacturing 
industry. 

Over two-thirds of the European companies are active in the automotive in-
dustry and in the industry for rebuilding of electrical and electronic equip-
ment. These are also the industries rebuilding the most cores, as indicated 
in the table as quantities (Table 6). 

                                                           
97  Following Parker et al. (2015), p. 44. 



38 Remanufacturing market strength and market trend 

 

Table 6: Number of companies, employee count and quantity of rebuilt used parts by 
industry98 

Branch Company Employee 
count 

Remanufactured  
used parts  

Aerospace 1,000 13.9 % 71,000 37.0 % 5,160,000 3.9 % 
Automotive 2,363 32.8 % 43,000 22.4 % 27,286,000 20.6 % 
Heavy-duty and commer-
cial vehicles 581 8.1 % 31,000 16.1 % 7,390,000 5.6 % 

EEE 2,502 34.7 % 28,000 14.6 % 87,925,000 66.4 % 
Mechanical engineering 513 7.1 % 6,000 3.1 % 1,010,000 0.8 % 
Medical equipment 60 0.8 % 7,000 3.6 % 1,005,000 0.8 % 
Rail 30 0.4 % 3,000 1.6 % 374,000 0.3 % 
Furniture 147 2.0 % 4,000 2.1 % 2,173,000 1.6 % 
Marine 7 0.1 % 1,000 0.5 % 83,000 0.1 % 
Total 7,204 100 % 192,000 100 % 132,405,000 100 % 

In contrast, most jobs are found in aerospace, more than twice as many as in 
the electrical and electronic equipment industry. The lower number of rebuilt 
used parts with more than twice as many employees in the aerospace indus-
try can be explained by, among other things, the sizes of the used parts 
which are, as is to be expected, larger than in, e.g., the electrical and elec-
tronic equipment industry. 

The European market can thus be summarised on the basis of the country 
and industry analyses as follows: 

The European remanufacturing market: 

• The Reman industry makes up 2 % of the European manufacturing 
sector and has annual turnover of approximately 30 billion euros. 

• The branches of industry with the highest turnover levels are aero-
space, automotive, electrical and electronic equipment (EEE) and 
heavy-duty and commercial vehicles. 

• In an EU-wide comparison Germany has the highest turnover with the 
most company head offices and rebuilding locations.  

• The remanufacturing market is characterised by a majority of micro-
enterprises and small enterprises for the most part operating as inde-
pendent remanufacturers. 

                                                           
98  Following Parker et al. (2015), p. 0. 
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3.2 The German market 

The German remanufacturing industry generates annual turnover of some 
8.7 billion euros. The greatest share of this is contributed by aerospace with 
44 %, followed by automotive with a turnover share of 27 % (Figure 11).99 
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Figure 11: Turnover by industry in Germany100 

The rail, furniture and marine industries play a subordinate role, together 
making up approx. 2 %. The heavy-duty and commercial vehicles (13 %), elec-
trical and electronic equipment (7 %), mechanical engineering (4 %) and 
medical equipment (4 %) industries contribute nearly one-third of the annual 
turnover. 

Except for furniture and marine, the German remanufacturing industries 
lead in terms of turnover in Europe (Table 7). 

                                                           
99  Cf. Parker et al. (2015), pp. 58, 64, 73, 81, 87, 92, 98, 104 and 109. 
100  Following Parker et al. (2015), pp. 58, 64, 73, 81, 87, 92, 98, 104 and 109. 
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Table 7: Comparison of turnover between Germany and the second-placed 
country101 

 Branch 
Turnover 
in the  
EU (1) 

Turnover 
BRD (2) 

Turnover second-
placed country (3) 

Difference 
(2)-(3) 

 
Total in 

billions of 
euros 

in  
billion 
euros 

% of 
total 

in billion 
euros 

% of 
total 

In  
billion  
euros 

Per-
centage 
points 

Aerospace 12.44 3.81 31 % 2.7 (UK & Ireland) 22 % 1.11 9 

Automotive 7.39 2.37 32 % 0.79 (South  
Europe*) 11 % 1.58 21 

Heavy-duty 
and commer-
cial vehicles 

4.14 1.11 27 % 0.63 (France) 15 % 0.48 12 

EEE 3.12 0.65 21 % 0.59 (Italy) 19 % 0.06 2 
Mechanical  
engineering 1.03 0.34 33 % 0.2 (Italy) 19 % 0.14 14 

Medical  
technology 0.97 0.32 33 % 0.12 (UK & Ireland) 12 % 0.2 21 

Rail 0.35 0.06 17 % 0.05 (amongst oth-
ers, UK & Ireland) 14 % 0.01 3 

* Southern Europe = Croatia, Cyprus, Greece, Malta, Portugal, Spain 

In the automotive sector and in the medical equipment industry Germany’s 
share of the total European turnover is more than 20 percentage points 
higher than that of the second-placed country. In the remaining industries 
the obtained turnover levels lie between 2 and 14 percentage points higher. 

The industry in Germany with the most employees is the aerospace sector 
with a total of 17,400 employees, followed by the automotive industry with 
around 10,400 jobs (Table 8). 

                                                           
101  Following Parker et al. (2015), pp. 58, 64, 73, 81, 87, 92, 98, 104 and 109. 
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Table 8: Number of employees and number of refabricated used parts per industry 
and year in Germany102 

Branch 
Employee 

count 
Rebuilt 

used parts 
Number of used 

parts per employee 
Aerospace 17,400 1,580,000 91 
Automotive 10,400 8,510,000 818 
Heavy-duty and commer-
cial vehicles 6,400 1,550,000 242 

EEE 4,000 10,420,000 2,605 
Mechanical engineering 1,600 330,000 206 
Medical  
equipment 2,000 330,000 165 

Rail 400 70,000 175 
Furniture 500 470,000 940 
Marine 70 12,400 177 
Total 42,770 23,272,400  

The highest number of refabricated cores can be found for a staff count of 
4,000 in the electrical and electronic industry. This corresponds to a ratio of 
2,600 remanufactured used parts for each employee per year. In comparison, 
the ratio of refabricated used parts to employees is approx. 90:1 in the aero-
space industry. 

In summary the German remanufacturing market can be characterised as 
follows: 

The German remanufacturing market: 

• The German remanufacturing industry generates annual turnover of 
some 8.7 billion euros. 

• More than two-thirds of turnover is obtained in the aerospace and au-
tomotive sectors and approx. 98 % in the aerospace, automotive, elec-
trical and electronic equipment, heavy-duty and commercial vehicles, 
mechanical engineering and medical equipment sectors. 

• Remanufacturing in Germany leads Europe in terms of turnover in all 
sectors except for furniture and marine. 

• The remanufacturing industry employs approx. 43,000 people and re-
builds approximately 23 million cores a year. 

                                                           
102  Following Parker et al. (2015), pp. 58, 64, 73, 81, 87, 92, 98, 104 and 109. 
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3.3 Market trend 

Remanufacturing offers a high resource efficiency potential. It is experienc-
ing broad promotion and extensive interest, particularly in research and de-
velopment103, 104 and will become increasingly anchored in political instru-
ments, for instance directly via continuation of the German Resource Effi-
ciency Programme or indirectly via the Ecodesign Directive. 

Evaluation of the remanufacturing market has yielded a prediction of steady 
growth in the coming years to at least 43 billion euros in 2030.105 In the 
aerospace industry, for example, an annual growth rate of 2.9 % in the 
maintenance, repair and overhaul (MRO) sector is expected for Europe.106 
For Eastern Europe the annual growth rate is even estimated to be 6.2 % as 
primarily older, maintenance-intensive fleets are in use.107 

The greatest challenges affecting growth or that need to be overcome for 
growth are thereby: 

• the progressing electrification of the products, 

• the availability of (high-quality) spare parts and cores management, 

• the image of remanufacturing and  

• the availability of well trained personnel.108, 109 

 

 

                                                           
103  Cf. Matsumoto et al. (2016), p. 131. 
104  Cf. Govindan (2016). 
105  Cf. Parker et al. (2015), p. 1. 
106  “overhaul“ is the technical term for remanufacturing processes at airline industries, cf. Parker 

et al. (2015), p. 55. 
107  Cf. European Commission (2015), p. 194. 
108  Cf. Butzer and Schötz (2016), p. 36. 
109  Cf. Sundin et al. (2016), p. 24. 
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Further current and future strengths, weaknesses, opportunities and barri-
ers were recorded by 42 remanufacturing actors in a workshop (Table 9, Ta-
ble 10).110 

Table 9: Current and future strengths and weaknesses in the remanufacturing 
industry111 

Strengths Weaknesses 
Current Future Current Future 

• specialised tech-
nical knowledge 

• achieved resource 
efficiency 

• good price-to-per-
formance ratio of 
refabricated  
products 

• well trained  

• personnel 

• specialised tech-
nical knowledge 

• established net-
works 

• stable and  
efficient processes 

• partially estab-
lished design for 
remanufacturing 

• image problems 
availability of high-
quality spare parts 
legal framework 

• variety of product  
and part variants 

• access to product  
information  

• availability of 
well trained  
personnel 

• rising product 
complexity 

• knowledge in 
the field of  
rebuilding of  
electronics 

• Digitalisation 

The specialised technical knowledge is evaluated by the actors as a constant 
strength in the remanufacturing industry, whereas, for example, the availa-
bility of well trained personnel in the future is estimated to be problematic. 
This can be due to the much discussed lack of experts, particularly in the 
technology-related sectors of the economy.112 This can cause additional high 
personnel costs (Table 10) as the remanufacturing processes often require 
manual disassembly as well as technical know-how. 

Rising product complexity necessitates continuous adjustment and speciali-
sation of the remanufacturing processes which is detrimental to economic 
viability. This can be countered by design for remanufacturing (DfRem) 
which is estimated by the actors as a future strength of the remanufacturing 
industry and at the same time as a current opportunity (Table 10). Thus, for 
example, one of the future megatrends in German mechanical engineering 
lies in the establishment or intensification of non-price-related competitive 
factors such as quality, reliability and in particular sustainability.113 

                                                           
110  Cf. Butzer (2016b). 
111  Cf. Butzer and Schötz (2016), p. 36. 
112  Cf. DIHK (2016), p. 7. 
113  Cf. Auer (2014), p. 3. 
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Table 10: Current and future opportunities and barriers in the remanufacturing 
industry114 

Opportunities Barriers 
Current Future Current Future 

• Design for  
Remanufacturing 

• increasing  
awareness,  
improved image 

• new products 

• growing market 

• 3D printing 

• Digitalisation/ 
Big Data 

• technological  
developments 

• increasing aware-
ness, improved  
image 

• new products 

• growing market 

• legal framework 

• no access to soft-
ware 

• electrification 

• competition with 
low-priced new 
parts 

• market inter-
vention by 
OEMs 

• legal  
framework 

• no access to 
software 

• high  
personnel 
costs  

 
Digitalisation and electrification of products require specialised competen-
cies and present the remanufacturing industry with current and future chal-
lenges. At the same time they yield a significant growth potential if these 
challenges are faced, e.g., with a modular product design or use of exchange-
able technologies with the same product design (Table 10). 

In the future 3D printing will be a promising way of producing spare parts 
which are currently estimated as being problematic with respect to availabil-
ity. Research projects are currently being carried out to link the technology 
and spare parts production115 which can become more important for reman-
ufacturing enterprises as well as for workshops or repair cafes, amongst 
other things. 

The trade sees a constant barrier in the legislative framework which causes 
a high administrative expenditure due to the case-based definition of used 
parts as waste. For example the minimum requirements for shipment of used 
electrical and electronic equipment are extremely tightly regulated by the 
ElektroG and the VVA so that illegal shipments can be prevented. However, 
this is assessed as endangering global remanufacturing processes116 be-
cause economically viable supply of the necessary know-how or spare parts 

                                                           
114  Cf. Butzer and Schötz (2016), p. 36. 
115  Cf. IPRI (2015). 
116  Cf. Hieronymi (2016). 
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on a national scale is often difficult to guarantee, particularly in light of the 
fact that the remanufacturing centres are in part close to the manufacturing 
plants, e.g. in China or Malaysia.117 If the competitiveness of remanufactur-
ing is restricted by this, then the competitiveness of (low-priced) new parts 
is increased. 

The market trend in the remanufacturing industry can thus be summarised 
as follows: 

Key aspects of the market trend for remanufacturing: 

• The remanufacturing market will grow in the coming years. 

• The main challenges to be overcome in the remanufacturing industry 
are 

 the continuing electrification of products,  

 the availability of high-quality spare parts,  

 the image of the sector and  

 the availability of well trained personnel. 

• Future opportunities for remanufacturing are seen to lie in the areas 
of 3D printing and digitalisation, amongst others. 

                                                           
117  Cf. ZVEI/Bitkom (2015), p. 14. 
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4 PRACTICAL EXAMPLES OF REMANUFACTURING 

4.1 Remanufactured water meters 

In general a water meter consists of a plastic counter and a brass hydraulic 
element through which the water flows. In the last few years the raw material 
prices for brass, amongst other things, has shown strong fluctuations, with 
brass being replaced by plastics in the production of water meters. The dis-
advantages of this lie in the energy-intensive manufacture of the plastic as 
well as the plastic’s comparatively low durability.118 

In Annex 7 clause 5.5 of the Measurement and Calibration Act calibration 
intervals of between five and eight years are defined for measuring instru-
ments for flowing water.119 For cold water meters with supplementary me-
chanical devices, for example, recalibration after six years is necessary. This 
causes the exchange of the entire water meters for economic reasons. 

Based on this relatively reliable return rate for water meters Lorenz GmbH, 
a mid-sized manufacturer of water meters, developed a collection concept. 
Water meters replaced by measuring services and water suppliers are taken 
back or bought by Lorenz GmbH and fed into an in-house remanufacturing 
process. This includes efficient disassembly of the water meters, in the pro-
cess of which worn, used or contaminated components such as batteries and 
strainers are partly replaced. The brass hydraulic component with usually 
minimal signs of wear is rebuilt and in part reassembled with new material 
to form a refabricated water meter (Figure 12).120, 121 

                                                           
118  Cf. Schmidt et al. (2017), p. 182. 
119  Regulation governing the sale and provision of measuring instruments on the market as well as 

their use and calibration (Measurement and Calibration Act – MessEV) 
120  Cf. Schmidt et al. (2017), p. 184. 
121  Cf. Mauß (2016). 
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Figure 12: Buyback of water meters 122 

Because, amongst other things, the entire forging process in the production 
of the hydraulic component is eliminated, Lorenz GmbH saves approximately 
30 % on new material, in particular brass, and reduces annual energy con-
sumption by approximately 150,000 kWh. At present approximately 75% of 
the returned water meters are reused; approximately 25 % of manufactured 
water meters are made from rebuilt material. 

The reduced material expenditure is reflected in lowered material costs 
which do not exceed the increased personnel costs for the rebuilding process. 
Through an approximately 30 % unburdening of hydraulic manufacture the 
same production volume can be achieved with lower expenditures and pro-
duction growth can be realised without additional investments.123, 124 

4.2 Remanufactured PCs and notebooks 

In the b2b area in 2013 approximately 40,700 tonnes of waste IT and tele-
communications devices occurred, whereby 97 % was recovered.125 Accord-
ing to Chapter 2.2 remanufacturing of waste is a recovery process and may 
only be carried out in certified disposal or preliminary treatment facilities. 
An SME is specialised in rebuilding of IT products, specifically PCs and note-
books, and as a certified preliminary treatment enterprise rebuilds some 
65,000 IT units for reuse (Figure 13).126 

                                                           
122  Following Mauß (2016). 
123  Cf. Schmidt et al. (2017), p. 184 et sq. 
124  Cf. Mauß (2016). 
125  Cf. Wagner et al. (2016), p. 31. 
126  Cf. bb-net (2017). 
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Figure 13: Process chain for IT products127 

The products usually collected via an IT purchase are visually inspected and 
classified in the first step of the rebuilding process. The devices are classified 
according to the damage and signs of wear found. The first class covers vis-
ually immaculate products, whereas second-class products are no longer 
used for resale under the own brand name.128 

In the second step the products undergo a technical check. If the functional-
ity is impaired and cannot be restored by the replacement by hardware com-
ponents, the product is discharged from the rebuilding process. Functioning 
devices are additionally equipped with new SSD hard drives or extended 
RAM to correspond to the state of the art.129  

Professional data deletion is then carried out using special software tools. In 
this step as well larger hard drives (new ware) are used, for example, to se-
cure the technical status quo.130 

After the technical inspection and equipping the product is prepared for 
sales through cleaning and visual rebuilding. Intensive cleaning is carried 
out, broken or missing parts such as keys are replaced and worn areas are 
treated. If the device corresponds to the credo of the SME of providing ‘like-

                                                           
127  Cf. tecXL (2017). 
128  Cf. tecXL (2017). 
129  Cf. tecXL (2017). 
130  Cf. tecXL (2017). 
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new technology’, then the operating system and further software are in-
stalled. The product is packaged and sold under the company’s own brand 
name through dealers.131 

The company reduces the natural resources requirement by 80 % and 
thereby reduces CO2 emissions by around 70 % by rebuilding the IT products. 
In addition ecologically degradable cleaning agents, pollution-free packaging 
solutions and carbon-neutral parcel delivery are used.132 

4.3 Remanufactured industrial robots 

Industrial robots have an average service life of five years.133 In order to ex-
tend the service life and avoid cost-intensive new investments an SME offers 
individual rebuilding services for robots. In 90 % of the cases rebuilding is 
done at the request of customers; in only 10 % of the cases are the industrial 
robots purchased by the SME.134 The general procedure is shown in Figure 
14.135 
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Figure 14: Process chain for industrial robots136 
 

                                                           
131  Cf. tecXL (2017). 
132  Cf. bb-net (2017). 
133  Cf. Meister (2012). 
134  Cf. ERN (2015). 
135  Cf. robotif GmbH (2017). 
136  Cf. robotif GmbH (2017). 
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The greatest challenges for the rebuilder lie in procuring of the spare parts. 
Particularly for industrial robots which are no longer manufactured on a reg-
ular basis, spare parts must be taken from existing robots.137 In this case 3D 
printing could offer an interesting option in the future. 

4.4 Remanufactured printers 

Remanufacturing of printers and printer modules is a common process in 
the industry. Via leasing agreements, particularly for companies, the manu-
facturers get their printers back after the use period has elapsed and can 
supply them again for reuse after successful rebuilding. 

An SME carries out remanufacturing of printers designed especially for com-
pany needs. At the end of the leasing period the printers frequently do not 
attain the designed print volumes or the estimated service life. The company 
purchases the collected devices from the manufacturers, rebuilds them and 
sells them to other companies (Figure 15).138 
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Figure 15: Process chain for printers139 

In the first step of the remanufacturing process the product is analysed with 
respect to various criteria. If the criteria are met the memory is deleted and 
the product is stored. Only after an order has been received from a customer 
is the product tested for functionality and thoroughly cleaned. Wear parts 
are replaced and the printer can optionally be repainted.140 The company 
additionally offers untested devices to external remanufacturers. 

                                                           
137  Cf. ERN (2015). 
138  Cf. ERN (2015a). 
139  Cf. Büroservice Hübner (2017).  
140  Cf. Büroservice Hübner (2017). 
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4.5 Remanufactured laser cartridges 

The Clover Technologies Group offers remanufacturing of laser cartridges for 
printing systems. Collected empty laser cartridges are inspected and sub-
jected to sorting and classification according to stringent criteria. Only car-
tridges meeting the standards specified by the company are sent to the fur-
ther remanufacturing process. The remaining cartridges are fed into an ade-
quate recycling system.141 

The cartridges designated for remanufacturing are separated, disassembled 
and cleaned with a partially automated system before digital filling up to the 
precisely calculated toner weight is carried out. A seal is affixed to the car-
tridge and the cartridge is assembled with original manufacturer compo-
nents (Figure 16). 
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Figure 16: Process chain for laser cartridges142 

At the end of the process up to 75 % of the cartridge consists of new compo-
nents. Each cartridge undergoes a final test and upon passing the test is 
made available for reuse. 

4.6 Remanufactured starters and alternators 

The average age of passenger cars has been rising for several years. The 
service life of passenger cars was seven years in 2004, but by 2014 it was 
nearly nine years. With increasing age come increasing defect and conse-
quently repair rates.143 

                                                           
141  Cf. Clover Technologies Group (2017). 
142  Cf. Clover Technologies Group (2017). 
143  Cf. Deutschlandfunk about TÜV Report (2014). 
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Remanufacturing of passenger car spare parts such as starters and alterna-
tors has been an established process in the automotive industry for years. 
An example company rebuilds up to 300 to 450 starters and alternators a 
day. Each core is run through the same standardised process (Figure 17). 
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Figure 17: Process chain for starters and alternators144 

The cores are identified, visually inspected and completely disassembled. 
Following thorough cleaning by means of hot washing machines and sand-
blasters, amongst other things145, the disassembled parts are checked. The 
rebuildable parts are separated from the non-rebuildable parts and remanu-
factured. This is followed by assembly to form the finished aggregate and a 
computer-assisted performance check.146 

Remanufacturing of starters can save up to 88 % of the material costs for new 
production, lower CO2 emissions by up to 53 % and slash energy consump-
tion by more than half.147 

4.7 Remanufactured braking systems 

A braking system manufacturer has been remanufacture parts for 60 years 
and estimates remanufacturing to be an increasingly relevant area in the 
automotive sector, particularly in light of rising demand for fair value-based 
repairs.148 

The company receives used parts through a deposit system. The parts are 
manually disassembled, whereby disassembly of compressors, for example, 

                                                           
144  Cf. Andre Niermann (2017). 
145  Cf. Niermann (2014), p. 73. 
146  Cf. Andre Niermann (2017). 
147  Cf. Bartel (2015). 
148  Cf. Heerwagen (2015). 
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takes about 20 minutes. The parts are then thoroughly cleaned using spray 
washing machines, pyrolysis furnaces, blasting systems and ultrasonic 
baths, amongst other things. Remanufacturing of the cleaned parts includes 
exchange of spare parts such as seals and bearings. The remanufactured 
spare parts are reassembled using work steps corresponding to those used 
for the original parts. Some of the rebuilt components are assembled on the 
production lines for new parts. Each remanufactured product is subjected to 
more than 100 testing and measurement steps for ensuring the quality and 
functionality (Figure 18).149 
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Figure 18: Process chain for braking systems150 

Through the remanufacturing process for used parts savings in carbon diox-
ide emissions of up to 75 % compared with those associated with manufac-
ture of a new product are possible. In addition the refabricated products can 
be offered at an up to 20 % lower selling price. 

4.8 Remanufactured carbon fibre-reinforced plastic 
components 

The manufacture of carbon fibre-reinforced plastics (CFRPs) involves high 
energy consumption which can be justified by the return or recirculation of 

                                                           
149  Cf. Heerwagen (2015). 
150  Cf. Knorr-Bremse (2015). 
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the CFRP.151 However, current recycling technologies for CFRP (e.g. pyroly-
sis) are neither economically viable nor resource-efficient and shorten the 
reclaimed fibres.  

Recycled CFRPs thus are of lesser quality and are only used for parts with 
low requirements.152 Thus remanufacturing represents an economically via-
ble variant for retaining the high quality of the CFRP components. 

A company produces CFRP components for bicycles, motorsport and medical 
equipment. Because the company serves a niche market it has close relation-
ships with customers by means of whom used or defect products get back to 
the company. The returned products are disassembled and undergo testing. 
Often the defective CFRP element, usually a tube or CFRP surface, is re-
moved from the rest of the product and replaced by a new CFRP part. The 
challenge lies in the renewed joining of the existing and new CFRP elements, 
a task requiring a great deal of know-how and technical experience (Fig-
ure 19).153 
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Figure 19: Process chain for carbon fibre-reinforced plastic components 

In the remanufacturing process the rebuilt components are continuously in-
spected. At the end of the process the components undergo a final check for 
ensuring the function and performance of the remanufactured product; the  
manufacturing costs can be reduced by 70 % to 80 % in some cases.154 

                                                           
151  Cf. Meiners and Eversmann (2014), p. 374. 
152  Cf. Kaiser et al. (2016), p. 95. 
153  Cf. ERN (2015c). 
154  Cf. ERN (2015c). 
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4.9 Remanufactured tunnel boring systems 

Tunnel boring machines, or moles, are often unique pieces of machinery 
which have been designed according to the specific project requirements. 
Nevertheless, further use in other projects cannot be ruled out given the ap-
propriate adaptations.155 

A company disassembles the tunnel boring machine – following delivery and 
identification – into its components and carries out an initial analysis of the 
technical condition. The reusable components are prepared for storage, 
stored and only upon request by the customer considered for rebuilding and 
reassembly. The company calculates the price for the tunnel boring machine 
requested by the customer in consideration of stored rebuildable compo-
nents and can thus flexibly respond to the customer in terms of pricing (Fig-
ure 20).156 
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Figure 20: Process chain for tunnel boring machine157 

When the customer issues the order the tunnel boring machine including the 
components to be remanufactured is planned. The mole is fed into the re-
manufacturing process (further disassembly, cleaning, rebuilding, sand-
blasting, painting and assembly) and finally into the final tunnel boring ma-
chine assembly process. Following completion, inspection and certification 
of the tunnel boring machine are carried out after which the machine is ready 
for use.158 

                                                           
155  Cf. Herrenknecht AG (2017). 
156  Cf. ERN (2015b). 
157  Cf. Herrenknecht AG (2017). 
158  Cf. ERN (2015b). 
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5 CONCLUSION 

The brief analysis shows that remanufacturing of products under adequate 
conditions holds tremendous resource efficiency potential and can lead to 
reduced material consumption and cost savings, and hence to competitive 
advantages, in small and medium-sized enterprises – as procurers as well as 
providers of refabricated products. 

Remanufacturing describes a standardised industrial rebuilding process. The 
performance of rebuilt products is the same as or higher than that of new 
products. The remanufacturer provides a warranty. 

Material and energy expenditures in production of materials and parts as 
well as at end of life are saved through the avoidance of new product manu-
facture. Examples and analyses show that through remanufacturing of used 
parts up to 80 % of the manufacturing costs159 could be saved and material 
consumption could be reduced by up to nearly 90 %160 in some cases. This 
allows manufacturers to pass some of the resulting profit margins on to the 
customers. Remanufactured products can thus be offered at approx. 40 % to 
80 % of the procurement price for a new product. This results in improved 
competitiveness of the companies due to more variable pricing with a simul-
taneously wider range of products. 

The positive economic and ecological effects can be enhanced even more if 
design for remanufacturing is heeded in the product design. This includes, 
for example, modular design as well as easy disassembly, high corrosion re-
sistance and wear resistance of materials used or accommodation for tech-
nological leaps. 

However, it is precisely the increasing prevalence of electronics in products 
and the rising complexity that present challenges to the remanufacturing 
industry. The availability of high-quality spare parts, the image of the reman-
ufacturing sector and the availability of well trained personnel are also being 
considered to be current and in part future weaknesses.161 At the same time 

                                                           
159  Cf. ERN (2015c). 
160  Cf. Bartel (2015), p. 7. 
161  Cf. Butzer and Schötz (2016), p. 36. 



Conclusion 57 

 

the remanufacturing industry sees, for example, 3D printing as an oppor-
tunity for reacting to the limited availability of spare parts. The increasing 
positive perception of the industry too is already being recognised as an op-
portunity to boost market growth. Thus the remanufacturing industry is be-
ing met with keener interest precisely in the area of research and develop-
ment.162, 163 The German Resource Efficiency programme II, for example, de-
fines the conceptual consideration of the topic in substitution research.164 

The European remanufacturing industry is expected to grow by more than 
50 % to 46 billion euros by 2030 given the current conditions. With more 
favourable political and economic conditions the industry is even predicted 
to more than triple.165 This underscores the rising significance of remanu-
facturing for industrial production and unlocks further resource efficiency 
potential. 

                                                           
162  Cf. Matsumoto et al. (2016), p. 131. 
163  Cf. Govindan (2016). 
164  Cf. BMUB (2016), pp. 36 and 48. 
165  Cf. Parker et al. (2015), p. 50. 
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APPENDIX 

Table 11: Elements for product design on a technical level mentioned in the literature 

Source 
Mentioned elements  
(design for …) Class 

Nasr and Thurston 
(2006): "Remanufactur-
ing: A Key Enabler to 
Sustainable Product Sys-
tems" p. 17 

• Design for disassembly  (ease of disassembly) Construction 
• Design for product reliability Material 
• Design for product durability Material  
• Design for restoration Technology 
• Design for cleaning Construction 
• Modular design Construction 

Yang et al. (2016): "A De-
cision Support Tool for 
Product Design for Re-
manufacturing",  
p. 146 

• Used material Material 
• Material joining method Construction 
• Structure Design Construction 
• Functional and decorative Surface Coating Material 
• Durability Material 
• Disassemblability and assemblability Construction 
• Cleanability Construction 
• Restorability/Upgradeability Technology 
• Reduced Complexity Construction 

Prendeville and Bocken 
(2016): "Design for Re-
manufacturing and Circu-
lar Business Models", p. 5 

• Design for Technology Integration Technology 

• Detailed Design & Materials Selection 
  

Construction 
& Material 

• Design for Standardisation & Reducing Complexity 
  

Construction 

Gray and Charter (2006): 
"Remanufacturing and 
Product Design",  
p. 25 sqq. 

• Design for Disassembly Construction 
• Design for Cleaning Construction 
• Design for Product reliability Material 
• Design for Product durability Material 
• Design for Remediation Technology 
• Design for Upgrade Technology 
• Modular Design Construction 

Prendeville et al. (2016): 
"Map of Remanufacturing 
Product Design Land-
scape", p. 40 

• Ease of Disassembly Construction 
• Material selection Material 
• Durable materials /parts; reliability  Material 
• Upgradeability/adaptability Technology 
• Modular Design Construction 
• Easy serviceability Construction 
• Design for rapid repair Construction 
• Design for milling and machining Construction 
• Standardisation Construction 
• Easy access to vulnerable/valuable parts Construction 
• Small number of parts/designing layouts that segre-

gate recyclable and remanufacturable  
Components 

Construction 
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Table 12: Number of head offices for remanufacturing companies by country166 

Country Number of head 
offices  

Country Number of 
head offices 

Germany 61 Finland 3 
UK 37 Austria 2 
The Netherlands 24 Denmark 2 
France 12 Czech Republic 1 
Greece 7 Hungary 1 
Poland 7 Latvia 1 
Sweden 7 Luxembourg 1 
Italy 5 Romania 1 
Spain 5 Other EU countries 1 
Belgium 4 North America 4 
Ireland 4 Asia-Pacific 1 
Switzerland 4 Others 2 

 

Table 13: Industry share of total turnover 

Total industry turnover Europe Germany 
Turnover in aerospace, automotive, heavy-duty and 
commercial vehicles, EEE, mechanical engineering 
and medical equipment industries 

29.09 billion euros 8.60 billion euros 

Total turnover (above-mentioned industries plus rail, 
furniture and marine) 29.83 billion euros 8.74 billion euros 

Share of total turnover 97.5 % 98.4 % 

 

Table 14: Distribution of responses regarding collection routes (44 responses from 30 
survey participants)167 

Collection type 
Share of all responses for 
collection routes 

Collection via purchase of used parts 34 % 

Voluntary return 14 % 

Ownership-based collection 14 % 

Collection based on a service agreement 11 % 

1:1-Collection 11 % 

Collection by customer order 9 % 

Collection via discount on refabricated products 7 % 

 

                                                           
166 Following Parker et al. (2015), p. 28. 
167 Following Parker et al. (2015), p. 18 sq. 
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