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ABSTRACT

Small- and medium-sized enterprises are the majority of European compa-
nies, including in the remanufacturing sector. Although automotive parts have
been remanufactured for decades, becoming a common business practice, many
problems remain. Empirical studies on small- and medium-sized remanufac-
turing enterprises are limited, with most of the research papers presenting
case study results. In this paper, we aim to compare theoretical findings with
empirical results from a bigger group of enterprises. We investigated small-sized
automotive remanufacturers in order to identify everyday challenges in supplies
of cores and the remanufacturing process.

Keywords: Remanufacturing process, Small-sized enterprise, Challenges, Oper-
ations.

INTRODUCTION

Remanufacturing is an industrial process that transforms used or bro-
ken-down product to restore its useful life and achieve as-good-as-new functionality
(adopted from Lund, 1996; Hammond et al., 1998; Parkinson and Thompson,
2003; Sundin, 2004).

The remanufacturing process is more complex than the primary produc-
tion process of the same product. The used or broken-down product must first
be inspected to assess the feasibility of remanufacturing, then disassembled and
cleaned. Components are reprocessed or substituted with new or reconditioned
parts. All components are then re-assembled into the remanufactured product and
tested. A flow chart of the remanufacturing process in presented in Figure 1.
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Figure 1. Example of remanufacturing process flow.

Remanufacturing companies, especially small- and medium-sized, face pro-
blems achieving adequate economies of scale and operational excellence (Golinska
and Nowak, 2015).

The literature includes reports on the number of problems in logistics and
operations management. We have classified them as follows:

* cores supplies,
* organization of the remanufacturing process,
* sales and demand management.

Cores are the equivalent of raw materials in primary production (Golinska
et al., 2015). A core has multiple modules that are materially recycled, reused,
refurbished, or disposed (Jayaraman, 2006). A number of researchers have noted
the problems of cores supplies (Hammond et al., 1998; Guide, 2000; Sundin and
Bras, 2005; Ostlin and Ekholm, 2007; Rubio and Corominas, 2008; Souza, 2008),
including:

* uncertainty in quality, quantity, and timing of cores’ arrival,
* insufficient availability of good quality cores,

* high product variability and small order sizes,

* variation in the rate of materials recovered.

An efficient cores management is the backbone of all remanufacturing
processes (Subramoniam et al., 2010). According to Lind et al. (2014), achieving
a steady flow of cores is challenging.

The second group of problems focuses on process perspective. The challenges
presented in the literature can be classified as (Guide, 2000; Seitz and Peattie,
2004; Kim et al., 2008; Saavedra et al., 2013; Gagnon and Morgan, 2014;):
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 uncertain lead times,

» small batches of a wide range of product variants and generations,

* materials matching restrictions,

* time consuming disassembly, cleaning, reprocessing, and reassembly,
» problems meeting variable quality requirements.

Sales and demand management problems focus mainly on matching supply
with demand, and on pricing and marketing of the remanufactured products. Sales
and demand management problems are not discussed in this paper.

This paper presents the results of a survey of Polish small-sized enterprises
that remanufacture automotive components.

MATERIALS AND METHODS

Survey method
Figure 2 presents the research scope. This study focused on two problem
areas: “cores supplies” and “organization of the remanufacturing process”.

Remanufacturing process

Process feed-in Process outputs
buffer buffer
Vtoriale Dissassembly Sorting  Inspection Wastes
Cores —_— Cleaning Reprocessing — Remanufactured
products

y Completion Reassembly Testing

Materials flow loop

Figure 2. System under study.

We applied the Ostlin (2008) approach, which divides the operation of
remanufacturing into two processes — internal and external. The external reman-
ufacturing process covers the operative and logistics operations performed before
or after the internal process. To better define the border of the research, the “core
supplies” were perceived from a “feed-in” buffer perspective for further internal
process. The relations within the remanufacturing closed-loop supply chain were
not taken into consideration. That simplification was based on a summary of the
findings of Ostlin (2008), Lundmark et al. (2009) and Barquet et al. (2013) who
proposed integrated models for remanufacturing systems with supply chains and/
or reverse supply chains. Their research, based on case studies, highlighted the
differentiation of remanufacturing supply chains. Um et al. (2008) and Oiko et
al. (2011) confirmed that remanufacturing can be performed by different actors in
the supply chain, classified as original equipment remanufacturers (OEM), third
parties like independent remanufactures (IR), or subcontractors (CR — contracted
remanufacturers). Therefore, different supply chain models should be applied in
each case. Some authors identified even more types of remanufacturing supply
chain models (e.g., Lind at al., 2014). To provide a homogenous framework for
our research, we excluded the supply chain relationship perspective in designing
the survey.
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The methodology incorporated the following steps:

1. Search for companies and create company database,

2. Verify company data by phone interviews,

3. Develop research questions and validate with small-sized remanufacturing
company and academic experts,

. Update the questionnaire and design an online survey tool,

. Distribute the survey to small remanufacturing companies by emails,

. Collect data,

. Analyze data, and

. Write research report.

The companies were identified by an Internet search of the APRA database
(filtered for Polish companies only). Because the number of companies was not
sufficient, we also used the Google search engine with the following keywords:
remanufacturing, automotive parts, and regeneration. To verify the Google results,
we conducted brief phone interviews to confirm each company’s size and scope
of its basic business operations. From these searches and verification, we created
a database of 70 companies. (Official data about the size of the automotive
remanufacturing sector in Poland is lacking.)

We based the initial structure of the questionnaire on our findings from the
literature review and previous case studies conducted by the authors. The initial
questionnaire was validated with a small-sized remanufacturing company to check
the accuracy and clarity of the questions. After receiving the company feedback,
academic experts reviewed and modified the questionnaire.

We used an online questionnaire, designed as a Google Docs application,
to collect the empirical data. The questionnaire consisted of open-, closed-, and
semi-open questions. We used both a numerical threshold (for quantitative ques-
tions) and Likert scale (for qualitative questions). The survey was designed to
find answers to the following research questions:

RQ1: What are the main sources of the cores? Do small remanufacturers
diversify the sources of supplies to buffer against uncertainty in
quality, quantity, and timing of cores’ arrival?

RQ2: Is product variability high in the case of small remanufacturers?

RQ3: Do small companies struggle to meet industry standards for material
recovery rate?

RQ4: Are lead times for orders easy to predict in the case of small remanu-
facturers?

RQ5: Do small remanufacturers suffer from small batches of a wide range
of product variants and generations?

RQ6: Do small size remanufacturers experience problems with materials
matching restrictions?

RQ7: Which operations are the most time consuming in the case of small
remanufacturers?

RQ8: Do small remanufacturers experience problems meeting quality re-
quirements as stated by clients?

003N L b
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Data collection and sample testing

The questionnaire was distributed in electronic format to all 70 of the
companies in the created database. We phoned the companies to make sure that
they had received the survey and understood the questions. We collected the data
both online and during phone interviews (using an online tool to enter the answers
given by the respondents, if the company representative indicated that he/she was
too busy to complete it online or was not familiar with online surveys).

RESULTS

We received 40 (out of 70) completed surveys, for a response rate of 57%,
which was satisfactory. In order to verify the size and structure of our company
group, we performed power analyses and calculated the required sample size. To
achieve a confidence level of 95% (1-a) and a high test strength of 1-f = 0.9,
the sample should consist of at least 37 companies. With 40 completed surveys,
or sample was sufficient to provide further analyses.

All of the respondents employed less than 50 people, and remanufacturing
was their primary business. The respondents were located in 12 out of 16 Pol-
ish administrative regions, so representative of the national perspective. Table 1
presents company experience in automotive parts remanufacturing in Poland.

Table 1. Respondents experience in automotive parts remanufacturing.

Period of time Percentage Number of respondents
< 5 years 10% 4
5-10 years 20% 8
> 10 years 70% 28

Most of the companies were operating in the automotive remanufacturing
sector for more than 10 years. The companies remanufactured typical aftermar-
ket products like: alternators, turbochargers, steering gear, cylinder heads, brake
calipers, and pumps.

We provide below the analysis of the results for each of the defined research
questions.
RQ1: What are the main sources of the cores? Do small remanufacturers
diversify the sources of supplies to buffer against uncertainty in quality,
quantity, and timing of cores’ arrival?

The sources of the cores are presented in Figure 3. The majority (>75%)
of the cores come from Poland.
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Sources of cores

Figure 3. Sources of the cores.

Most of the companies remanufactured with cores delivered and owned by
customers or by the OEM/OES. This approach helps to mitigate the uncertainty
associated with availability of cores. The other approach to mitigate the uncertainty
associated with cores delivery is diversification of the sourcing. The majority of
analyzed companies diversified the supply of cores —72.5 % of the companies
had more than one source of cores supplies (see Figure 4).

Diversification of supplies

four or more sources

three sources

two sources

one source

0.0% 10.0% 20.0% 30.0% 40.0% 50.0%

Figure 4. Diversification of the cores supplies.

RQ2: Is product variability high in case of small remanufacturers?

The respondents confirmed the theoretical statement that they suffer from a
high variety of product models. The respondents explained that even when they
remanufacture only single product groups (e.g., alternators), they still have to
deal with hundreds of different variants of product and different generations. The
majority of orders (87.5%) were for one piece (see Figure 5). Because customers’
orders differ significantly, each order is processed as a separate production lot.
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Figure 5. Size of typical order.

RQ3: Do small companies struggle to meet industry standards for material
recovery rate?

The current standard for the material recovery rate in automotive aftermarket
remanufacturing is over 85% (see www.apra-europe.org). The analyzed companies
declared recovery rates as indicated in Figure 6. The majority of the analyzed
companies (82.5%) met the industry standard and obtained a remanufacturability
rate over 85%. Only 5% of respondents reported recovery rates below 80%,
primarily due to very old cores.

Material recovery rate

H70%-80% " 81%-85% M86%-90% Mover 90%

5%

38%

Figure 6. Material recovery rate values (MRR).

RQ4: Are lead times for orders easy to predict in the case of small reman-
ufacturers?

The respondents stated that the remanufacturing process lead-time is rather
unpredictable, varying from hours to weeks. They explained that the lead-time
depends mainly on the technical condition of the core and the availability of spare
parts to replace the worn-out components.

RQ5: Do small remanufacturers suffer from small batches of a wide range
of product variants and generations?
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We received very similar answers as in RQ 2. The majority of companies
(87.5%) struggle to reach lot sizes of more than one piece. The large variety of
products variants made it impossible to automate some of the operations or to apply
line organization to the remanufacturing process. All operations were manual and
required advanced technical skills. The respondents complained about difficulty
finding suitably skilled employees. The lack of economies of scale also affected
remanufacturing costs. Companies stated that due to the constant flow of cheap
automotive parts from emerging markets (e.g., China) the cost attractiveness of
remanufactured products is falling.

RQ6: Do small size remanufacturers experience problems with materials
matching restrictions?

Materials matching problems are widely discussed in the literature. Fifty
percent of our respondents reported these problems to a significant degree
(answers 3-5 on Likert scale, see Figure 7). In follow-up interviews, some of the
small remanufacturers indicated they were used to in-house engineering to suit the
parts, because they remanufactured very small and differentiated orders. Materials
matching problems were more common for the larger-scale remanufacturers, where
partly automated processes required a constant flow of spare parts.

Materials matching problems

No anwser
No problems
5 - high

4

3

2

low -1

0.0% 5.0% 10.0% 15.0%  20.0%  25.0%  30.0%

Figure 7. Materials matching problems.

RQ7: Which operations are the most time consuming in the case of small
remanufacturers?

Most respondents listed more than one operation, so we summarized the
results and divided them by the total number of answers. In our survey, approxi-
mately 45% of respondents indicated one operation as the most time consuming;
for the remainder, it was a combination of two or more operations (e.g., disas-
sembly and reassembly). According to almost 34% of respondents, the most time
consuming operation was reprocessing of particular components. Cleaning was
the second most time consuming (22.5%). Disassembly and reassembly operations
were also mentioned as time consuming (see Figure 8).
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The most consuming operations

No anwser
Testing
Reassembly
Reprocessing
Cleaning

Inspection

Disassembly

0.0% 5.0% 10.0% 15.0% 20.0% 25.0% 30.0% 35.0% 40.0%

Figure 8. Most time consuming operations (Golinska et al., 2015).

Our results are partly consistent with Kim et al. (2008), who identified
reprocessing and reassembly as the most time consuming operations. However,
in contrast to our study, they reported cleaning and disassembly was perceived
as not difficult or time consuming. This difference might be related to the small
lot sizes, which are more time consuming, in the case of our respondents; this is
typical of small size companies.

RQ8: Do small remanufacturers experience problems meeting quality
requirements as stated by clients?

This question was assessed on a 5-point Likert scale. Detailed results are
presented in Figure 9.

Problems with meeting quality requirments

1o response
none
5

—_ W A

0% 3% 10% 15% 20% 25% 30% 35% 40% 45% 50%

Figure 9. Meeting quality requirements.

Of our respondents, 47.5% did not experience problems meeting customer
requirements; 20% indicated such problems were small (1 on Likert scale); and
22.5% referred the problems of meeting quality requirements as rather small
(2 on Likert scale). None of the respondents indicated large problems meeting
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quality requirements (5 on Likert scale). The majority of respondents had few or
no problems (none or 1-2 on Likert scale) meeting customer quality requirements.

DISCUSSION

We classified the identified theoretical problems into three categories: core
supplies, organization of the remanufacturing process, and demand and sales
management. In this paper, we presented the eight research questions related to
the first and second group of problems. In the case of the third group, namely
“demand and sales management”, the majority of respondents (over 90%) did not
report any problems with demand for their products. The main reason for this was
that they remanufactured to order (RTO) and very often provided remanufacturing
services for individual customers or for other companies. Previous studies con-
firmed this. They concluded that a low or unstable demand for remanufactured
products negatively affected the companies, due to customers worrying about the
quality of remanufactured goods and the poor structure of the sales channel when
product ownership is only transferred during the sale (e.g., [jomah et al., 2007;
Guidat et al., 2015).

The results of RQ1 showed that Polish small remanufacturing companies
try to diversify their source of supplies to overcome problems addressed in the
literature as uncertainties about the quality, the quantity and the time of return of
the used product” (Hammond et al., 1998; Guide, 2000; Sundin and Bras, 2005;
Ostlin and Ekholm, 2007; Rubio and Corominas, 2008; Souza, 2008). However,
their approach is not proactive. They mainly relay on the cores, which are owned
by the individual customers or by OEM/OES (remanufacturing contract). This
situation is sufficient to meet the current demand, but might be a barrier to extend
operations in the future. The OEM companies in the remanufacturing sector show
an increasing interest in remanufacturing by themselves, which might result in
fewer remanufacturing contracts for small companies in the future. The experts
estimated that due to the growing importance of the circular economy concept,
the demand for remanufactured products will be growing. The lack of independent
supplies of good quality cores might be a barrier for extending the operations in
the future.

An important problem that the small-sized remanufacturers in Poland expe-
rienced was the lack of economies of scale. This issue was addressed in research
questions RQ2 and RQ5. Guidat et al. (2015) stated: “The processes of remanu-
facturing are difficult to standardize partly due to the variability of components
parts, products and processes”. Our findings confirmed that statement. The Polish
small remanufacturers suffer from very high variability of product variants, which
influence the profitability of their operations and limit the application of more
efficient organization of the internal remanufacturing process (for example, line
production or optimal lot size).

Guidat et al. (2014) examined the challenges and barriers for different types
of remanufacturing in networks. They proposed networking as a remedy for the
lack of economies of scale in the case of small- and medium-sized remanufacturers.
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The examination of the networking potential of the small- and medium-sized
remanufacturers might be an interesting step for further research.

Research question RQ4 provided rather limited information. The numerical
data was not sufficient to provide reliable answers on the remanufacturing lead-
time in the case of small automotive remanufacturers. The respondents stated that
the remanufacturing process lead-time is rather unpredictable, but mainly avoided
providing detailed information, saying that the lead-time is strongly case-depen-
dent. They stated that even in the same product families, the lead-time might vary
from hours to days or even weeks, depending on the technical conditions. The
literature also does not provide much insight, as most studies report on individual
cases that cannot be generalized (e.g., Seitz and Peattie, 2004; Sundin, 2004).

Materials matching restrictions were addressed in RQ6. Our research
showed that 50% of respondents perceived the problem as valid (answers 3-5 on
Likert scale). Most of the respondents (over 90%) remanufacture to order. In such
conditions, companies operate with short scheduling cycles and poor visibility
regarding replacement components. The order release is generally organized as a
one-to-one system. That means that every received core should be remanufactured.
Despite these difficult organizational conditions, almost 25% of respondents said
that they do not experience materials matching problems. This was a surprising
result for us. However, in-depth interviews revealed that because the companies
remanufactured very small and differentiated orders everyday, they were used
to needing to do in-house engineering to suit the parts. The materials matching
problems, however, should not be dismissed. They can be an important barrier to
extending the scale of operations and meeting future demand for products, as well
as managing the supplies of new parts and components. The materials matching
problems are more crucial to larger-scale remanufacturing, where partly automated
processes required a constant flow of spare parts.

The literature has reported highly variable processing times for remanu-
facturing operations along with time-consuming processing (e.g., Guide, 2000;
Sundin, 2004). Kim et al. (2008) conducted a survey of automotive parts reman-
ufacturers in the UK, Germany, France, and USA. They examined the economic
and environmental aspects of remanufacturing operations. One of the problems
they surveyed was the processing time of particular remanufacturing operations.
They found that both reconditioning and reassembly were time consuming. In
contrast, they found cleaning and disassembly accounted for only 20% of the
remanufacturing process, and were relatively less time consuming and problematic
as a result. Their research focused mainly on alternators and starters remanufac-
turing. These two products allow for relatively large lot sizes, in contrast to our
sample companies. Moreover, our sample of 40 companies was much larger than
the 10 companies of Kim et al. (2008). In our study, disassembly and cleaning
operations were more time consuming for companies processing small lot sizes.
Our results are consistent with Sundin (2004), who identified disassembly and
cleaning as time consuming.
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CONCLUSION

Current environmental regulations focus more on recycling regulations and
reduction of hazardous substances. A growing number of end-of-use and end-of-
life products enter the reverse supply chains of many companies and communities
every year. The future supply and demand trends show that reverse supply chain
management will require a shift to more efficient recycling recovery options. Re-
manufacturing is an environmentally preferable recovery option for products with
high residual value (e.g., computers, machinery, and automotive parts) that can
contribute to a more sustainable economy. In Europe, remanufacturing is mainly
focused on the car industry, but slowly spreading to other industries (Guidat et
al., 2014). Despite a long tradition of automotive parts remanufacturing (since the
1940s), empirical studies are still rather limited. The literature shows a number
of problems relevant to automotive remanufacturers. We focused on small-sized
enterprises, which are a majority of European companies.

In this paper, we aimed to compare theoretical findings with the empirical
results coming from a bigger group of small enterprises in Poland. The main con-
tribution of our research was providing empirical evidence for previous theoretical
statements regarding core supplies and remanufacturing operations organization.
Table 2 compares the problems found in the literature with those from our survey.

Table 2. Comparison of literature findings and survey results.

Domain Problem Research Finding in survey
question

Core Uncertainty in quality, quantity, RQ1 Respondents apply a diversified

supplies and timing of cores’ arrival supply policy to buffer against this
High product variability and RQ2 Confirmed by respondents; the
small order sizes majority remanufacture one-piece

orders

Variation of the rate of materials RQ3 Respondents are able to meet in-
recovered dustry MRR standards

Process Uncertain lead times, RQ4 Confirmed by the respondents

0rganization  gmai| batches of a wide range of RQ5 Confirmed by the respondents

product variants and generations

Materials matching restrictions RQ6 Confirmed by the respondents

Time consuming disassembly, RQ7 Confirmed by the respondents
cleaning, and reprocessing

Problems meeting variable qual- RQ8 Not confirmed by the respondents
ity requirements

This paper aimed to reveal the current state of remanufacturing operations
for small remanufacturers in Poland. The limitation of our study is that the supply
chain perspective was simplified. More information would be needed to illustrate
management of the entire supply chain of the automotive part remanufacturing
industry. The relationships in the supply chain automotive remanufacturing
industry are not sufficiently presented in our survey. To the best of our knowledge,
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an extended supply chain survey of the automotive remanufacturing industry is
not available in the literature. Some relevant information can be found in Lind
et al. (2014) and Ostlin (2008), who examine how to secure the flow of cores by
making agreements with core suppliers. The problem of supply chain management
for remanufacturing is very complex, because both forward automotive supply
chain and reverse supply chain must be taken into consideration. Moreover, the
design of the supply chain is highly dependent on the remanufacturer type. For
future research, we will extend this study to include in-depth studies on the
relationships in the remanufacturing automotive supply chain in order to create
a supply chain management model for the remanufacturing industry in Poland.
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