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Abstract

Humans use more resources than the earth can regenerate and the demand on materials is expected to rise further. The
worldwide economy follows mainly the linear rules, in which only one life cycle of a product is considered.
Remanufacturing, the reuse of products after their treatment, even if achieving a turnover of round 30 billion Euros in
Europe accounts only for a small proportion of the manufacturing. In this paper the integration of remanufacturing in
the production of new units is introduced in order to enable a shift of remanufactured products from used to new ones.
The opportunity for this approach is explained based on the example of household appliances.

1 Introduction

Humans strive to lead a better life. The definition of a better life depends on the individual itself, their living situation
and the recognized possibilities. Globalization supports not only the exchange of goods and information but also
desires. The inner need to own luxury products as for example a car, a television or a smartphone can be observed all
over the globe [1, 2]. A higher consumption of goods results in a higher resource consumption. In a linear economy raw
materials are extracted, processed, transformed to products, used and discarded. In recent years, it has become common
to collect and to return some materials to the production site [3]. Nevertheless, the majority of the economy is still
linear. Circle Economy calculated the global circularity metric, which describes the proportion between the cycled
materials and the material input, to be 9.1 percent in 2015 [4]. Additionally, humans worldwide use more resources than
the earth can regenerate as the earth overshoot day was already on the 2" of August [5]. Furthermore, the world
population is steadily growing as well as the challenge to ensure an acceptable living standard [6]. To return the
material to the production seems not to be sufficient to bridge the gap. The reuse of products is discussed and
implemented in several industries as a further part of the solution. The products are treated and offered as a further
purchase option often for a lower price. This additionally addresses another customer group with a lower willingness to
pay and thus can lead to a further consumption and resource use [7]. Returning complete components or assemblies to a
production of new units to save both material and work needed is not addressed yet.

2 Influence of the Ownership on Remanufacturing

To manufacture a product, materials, energy and work have to be added. Even if the product itself loses value over time,
it still retains the material value as well as the value of production that can be used in reprocessing and thus lead to
energy and material savings. The possible energy savings amount to up to 85 percent compared to the production of a
new product [8], but this has to be checked for each case individually [9]. There are three main approaches to treat a
product after the previous use phase: no treatment, repair and remanufacturing. The repair consists only of actions to
restore the functionality of the product. In contrast to this, remanufacturing aims to achieve a product condition that is at
least as good as new. According to BS8887: Part 2, remanufacturing is an industrial process of “returning a used
product to at least its original performance with a warranty that is equivalent to or better than that of the newly
manufactured product”. During this process the products go through the steps of inspection, disassembly, repair and
replacement, cleaning and reassembly [10-12]. Remanufacturing is the highest level of treatment, since it guarantees at
least the same quality, functionality, safety and warranty as a new product, even though it does not address explicitly
the appearance and the perception of the product.

Several researchers have tried to explore the extent of remanufacturing in the economy. In the USA, in 2012 the United
States Trade Commission introduced the report Remanufactured Goods: An Overview of the U.S. and Global
industries, Markets, and Trade [13]. In 2015, the European Remanufacturing Network released a Remanufacturing
Market Study [14]. In 2017, a report of VDI Centre for Resource Efficiency was published [15]. According to these
data, the remanufacturing industry is worth round 30 billion Euros and employs around 190,000 people across Europe
[14]. Nevertheless, it reaches only two percent of the turnover from production [15]. The share of various industrial
sectors in remanufacturing is comparable in both the USA and Europe. The aviation industry with more than 12 billion
Euros turnover from remanufacturing in Europe, the automotive industry with more than 7 billion Euros, and the Heavy
Duty and Off-Road Equipment industry with more than 4 billion Euros turnover are the three main sectors of
remanufacturing in Europe and together achieve more than 80 percent of the whole turnover [15]. In the mentioned
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industries, the manufactured products can be acquired through high initial investment and therefore a longer use through
maintenance is intended. Further, there are legislative regulations, such as e.g. the requirements for maintenance in the
aviation industry that enforce a regular treatment and enable a continuous availability of old parts.

The availability of cores as well as the reverse logistic are mentioned as one of the most important challenges of
remanufacturing [16].The occurrence of the end of life due to a functionality failure or the general dissatisfaction with
the product cannot be predicted precisely and depend amongst others on the usage intensity, the quality of the product
and the willingness to purchase a new product by the user. The ownership of a product determines to some extent the
unit responsible for the return. If ownership is with the user and no other requirements must be met, the date and the end
of life strategy are assigned to them. If ownership remains with a party responsible for the end of life treatment, due to a
business model providing a service of usability and not the ownership itself, a so-called Product- Service- System, the
return date can be defined in advance. A common example is a leasing contract on a car, where the exact date and the
condition of the product at the return are predetermined [17]. The challenge of the reverse logistic to handle the
uncertainty of date and quantity of the return can be reduced and the product can be supplied to the process. The Figure
1 illustrates four exemplary ownership models under consideration of remanufacturing.
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Figure 1. Ownership during remanufacturing

In case 1 the ownership remains with the customer all the time. A customer owns a product as well as all included
assemblies and components. If an assembly has to be changed, this assembly can be removed, treated and reinstalled. In
practice, automotive gears are remanufactured after a request of the owner and reinstalled in the same product. There is
a direct connection to the owner and the observed errors can be queried. The spare part is usually adapted to a specific
car model and can be exchanged only by an equivalent part.

In case 2 the ownership of the product remains with the customer, but the ownership of the assembly changes. A
customer owns the product as well as all included assemblies and components. If an assembly has to be changed,
another, already treated assembly is installed. The removed assembly is treated and stocked by the remanufacturer.
Alternators are the most common examples, as they are installed in several car models and are available in large
quantities. The exchange can be done as promptly as when using a new spare part.

In case 3 the ownership of the product remains with the customer, but the ownership of the assembly changes. A
customer owns a product as well as all included assemblies and components. If an assembly has to be changed, a new
assembly is installed. The removed assembly is discarded by the first owner and is bought by a remanufacturing
company. It is treated and sold to another customer requiring a more favourable price-performance ratio.

Case 4 is similar to case 3 with the difference that ownership refers to the whole product. An ascending trend of this can
be observed for electronic devices, such as tablets or laptops, which no longer meet the requirements of the first user but
have a performance sufficient for other customer groups.

The described cases are applied in different industry sectors and business models and address a customer group with a
lower willingness to pay [18-21]. Remanufactured products are perceived as used products, the customer therefore
attributes a higher failure risk to them [20-22]. In several cases, where the product is used directly by the customer, as
for example clothes or smartphones, additional information stating that the product was treated can lead to a worse
perception of the product. To analyse the influence of information provided on the perception of used products,
Ackermann et al. conducted a study in which the attitudes towards new, briefly worn and worn plus certified as equal to
new pairs of pants were elaborated. The results of the study show that the respondents have worse feelings about the
worn and certified as equal to new pair of pants than the just worn ones [22].

Using a different method of remanufacturing and simultaneously providing less information to the customer may shift
remanufactured products from used to new ones without changing the customer attitude and therefore address the same
customer group as for new products and with the same willingness to pay. In this paper a further model for
remanufacturing is introduced and illustrated in Figure 2. In the introduced case, the customer acts according to the
principles of the linear economy, i.e. buy, use, discard. The discarded product is not landfilled or recycled but is
disassembled, and the assemblies and components are remanufactured. The remanufactured parts are not used as spare
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parts but as parts for a production of new units. The new product contains new and remanufactured components. The
proportion of the remanufactured components differs in each end product. The main difference to the current
remanufacturing approach is that additionally to the functionality aspect visual aspects are addressed, as the produced
product shows no signs of usage. For this approach the knowledge about the location and availability of cores is crucial.
Therefore, ownership of the product and thus the possibility of deciding when a product is to be taken back should
remain with the manufacturer. From an ecological point of view, this approach shows the advantage that no new
customer group is addressed and therefore no additional resource consumption is expected.
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Figure 2. Integration of remanufacturing in a new production

3 The Potential of Household Appliances for Remanufacturing

Domestic appliances have become an integral part of European households. More than 95 percent of all households in
Germany have e.g. a washing machine. According to the findings of Stamminger and Goerdeler 4.5 washes per week
are made on average in a German household [24]. The additional effort of handwashing is no longer considered
acceptable.

The average life span of a washing machine is difficult to determine. An online survey shows that the majority of
washing machines are used longer than ten years [25]. If the long failure-free life time of washing machines is
considered, it seems that there is no potential for remanufacturing in this sector. During such a long life span, several
new models with additional features appear on the market. The cost for a single spare part amounts to a significant
portion of the cost of a new washing machine. It often seems uneconomical to repair these devices after the warranty
has expired, which is why a new product is bought. On the other hand, it is common to repair used washing machines in
small repair shops where the spare parts are extracted from other used machines and to sell them for a small portion of
the cost of a new one. An industrial process with high quality requirements would cost more money and shrink the price
difference.

If a closer look at the construction of a washing machine is taken, two groups of components can be differentiated:
Components that can be seen by the customer, such as the drum or the housing, and components within the machine,
such as the pump. Prior research conducted by the author at the spare parts dealers has revealed that some components
of the second group used by a major German household appliances manufacturer are installed in different models of a
washing machine for more than twenty years. If the usage phase of a washing machine of ten years is sought,
remanufactured components could be supplied to the production after half of the production timespan. Additionally,
components taken from broken machines due to transportation damages or warranty claims could be used earlier.

The German washing machine market is saturated. Therefore, there is no need to attract a new customer group with a
lower willingness to pay. Conventionally remanufactured washing machines would compete with low cost washing
machines. Integrating remanufacturing in the production of new machines, however, would address the same customer
group and reduce resource consumption without awaking the perception of a higher functionality risk.

Even if the market is saturated, there is a high demand for washing machines. It is assumed that an average household
remains for 60 years, i.e. the time span between the start of independent living at 20 years and death at the age of 80.
These figures represent a rough orientation rather than statistical data. With the average life time of a washing machine
estimated at 15 years, four washing machines are needed for one household. With approximately 40 million households,
2.7 million washing machines are needed each year. This assumption corresponds with the market data. In 2011, 2.9
million washing machines were sold in Germany [26]. A further advantage for the market and a disadvantage for the
environment is the fact that the relative cost of durable goods in Europe is sinking. For example, the necessary
worktime for a washing machine, i.e. the time a worker with an average salary has to work to earn enough money to
buy a product at an average price, amounted to 225 hours in 1960. In 2007, an average washing machine was achievable
after 36 hours [28]. This can foster the willingness to buy new products instead of using them as long as they work
without a defect. Using remanufactured components and assemblies would lessen the environmental impact of this
approach without limiting the customer.

In addition, there are still markets with a high demand for low cost washing machines. In Vietnam in 2012, only 22.7
percent of all households owned a washing machine. The demand for them is increasing, as is the number of households
[27]. To meet the demand, products based on older technology can be produced locally and therefore extend the time a
component is used and increase the ability of integration remanufacturing into a production of new units.
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4  Conclusion

This paper describes a new model for product reuse, where parts are remanufactured and used in the production of new
products. It addresses the challenge of customer perception regarding remanufactured products. Several researchers
have examined the willingness to pay for remanufactured products. In all studies, the achieved price was less than for
new products [18-21]. Customers perceive remanufactured products as used ones entailing lower benefits and higher
risks [21, 22]. The paper describes the opportunity to overcome this challenge by providing less information and
addressing the visual appeal in the treatment process. The approach is explained based on the example of a washing
machine. The bought product is always a new one, as it consists of approved assemblies and goes through the standard
production process. It also guarantees the predetermined functionalities, appearance and warranty. If no further
information is provided, customers do not experience any further difference. This idea can be compared to the use of
recycled materials in production. In general, customers cannot determine the proportion of recycled materials. Only in
exceptional cases, such as in the case of children’s toys, is information provided stating that the product consists only of
new materials.

To implement this model, a consideration of the legal situation is necessary. There is no legal definition of used
products. For example, the Higher Regional Court of Hamm (Oberlandesgericht Hamm) has decided that a product is
considered a used product (Gebrauchtware), if it has been used under normal conditions and is therefore associated with
a higher risk of defects [29]. Used products are allowed to have a reduced warranty, which influences the customer
perception. Remanufactured products have been used under normal conditions, but have no higher risk of defects than
new products and come with at least the same warranty as a new one. However, they still cannot be described as new
products. In this context, a Dutch court has ruled that remanufactured products cannot be used as exchange products as
part of the warranty, because they are not an equivalent substitute for a new product [30].

5 Zusammenfassung

Der Mensch verbraucht bereits jetzt mehr Ressourcen, als die Erde regenerieren kann. Zusitzlich wird der Bedarf an
Rohstoffen weiter steigen. Die Weltwirtschaft folgt hauptsdchlich den linearen Regeln, bei denen nur ein Lebenszyklus
eines Produktes beriicksichtigt wird. Remanufacturing, die Wiederverwendung von Produkten, mit einem Umsatz von
rund 30 Milliarden Euro in Europa macht lediglich einen kleinen Teil des Umsatzes der gesamten Produktion aus. In
diesem Beitrag wird die Integration von Remanufacturing in die Produktion von neuen Giitern vorgestellt, um eine
Verlagerung von wiederaufbereiteten Produkten von Gebrauchtware zu Neuware zu ermdglichen. Die Chancen dieses
Ansatzes werden am Beispiel von Haushaltsgeriten erldutert.
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