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Abstract: Through the remanufacturing process, obsolete, broken, and end-of-use products are
brought to “a like new condition”. Remanufacturing is an example of implementation of circular
economy at a company level. There are few studies on responsible resource management in a
remanufacturing process. This paper contributes to this research gap by presenting a two-layered
framework, which uses the maturity model theory, and it allows for a quick scan of a remanufacturing
process. First, in the descriptive layer of the framework we define five maturity levels with regard to
responsible resource management. We analyze water, emissions, energy, and materials, and describe
relevant responsible resource management practices, which we link with maturity levels. We also
design the relevant self-assessment tool which utilizes the existing expert’s knowledge of a company.
Then, in the prescriptive layer of the framework, we propose a method for the identification of the
maturity gap, and areas for improvement. We develop a procedure for prioritizing the measures,
which shall be implemented in order to achieve a higher level of responsible resource management in
a remanufacturing company. The framework is tested in small and medium-sized enterprises from
the automotive industry.

Keywords: resource-efficient remanufacturing; quick scan method; environmental sustainability;
maturity model; resources

1. Introduction
1.1. Motivation for this Study

The depletion of natural resources and the burdens resulting from climate change
have triggered the need to decouple the economic growth from the consumption of natural
resources [1]. The circular economy (CE) concept provides a new alternative to the long
lasting paradigm of the linear economy model (take-make-use-dispose). It has gained much
attention in academia in the last decade [2]. The primary goal of circular economy is “to
transform business processes into sustainable, closed-loop resource systems” ([3], p. 2). The
circular economy concept aims for redesigning the industrial practices in order to establish
more resource-efficient business models that allow reducing, reusing, and recycling.

Implementing the principles of Circular Economy at micro-level (e.g., a company) is
challenging [4]. At the same time, companies (as the singular actor) own most resources
and capabilities, and thus can stimulate CE transition [5]. In companies, the focus shall be
placed on achieving the circular flow of materials and energy in industrial processes and
avoiding resource leaks [6].

In that context, responsible resource management in a company is defined here, as
the implementation of the management practices, which focus on increasing the resource
efficiency and allow for the resource conservation by closing materials, water, and en-
ergy loops.
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The resource efficiency approach derives from the ‘eco-efficiency’ view, and it aims
for reducing consumption of resources, reducing the impact on nature, and increasing
the value of used resources [7]. However, the resource efficiency approach presumes
that resources are infinite. In the CE, the resource efficiency concept is extended by the
pledge for resource conservation that allows a company to be economically viable and
environmentally sustainable [8]. The resource conservation aims for the restoring of energy,
materials, and value added with waste prevention [9].

Hence, responsible resource management is pivotal to fulfill the Goal 12 UN SDG
“Responsible consumption and production”, as it includes the targets on sustainable
management and efficient use of natural resources (Target 12.2) and on the reduction of
waste generation through prevention, reduction, recycling, and reuse (Target 12.5) [10].

Small and medium-sized enterprises (SMEs) are a crucial link at micro-level towards
CE transition at meso and macro-levels. In 2018, in the EU there were 25.1 million small and
medium-sized enterprises [11], with the vast majority of micro-sized (max. 9 employees),
1.47 million small enterprises (10 and 49 employees), and 236 thousand medium-sized
(50 to 249 employees). At the same time, SMEs are often characterized by low resource
efficiency [12]. Moreover, they also have limited technological, financial, and organiza-
tional capabilities, which reduce their abilities to implement sophisticated methods for
the quantitative environmental impact assessment, as life cycle assessment or lifecycle
costing [13,14]. SMEs rely on ad hoc solutions and expert’s knowledge, processes suffer
from low standardization, and the corporate reporting standards are rarely used [15].
SMEs have a limited number of staff and often limited access to financial means, thus
there are required methods and models that respond to their specific needs, and are easy
to implement [16].

In this paper, we focus in particular on the SMEs in the remanufacturing sector.
Remanufacturing is an example of a business practice that implements the CE guidelines
at a company level. Remanufacturing is an industrial process that allows for bringing
back core (non-functional, discarded or trade-in products) to its original performance
specifications, or to upgrade it to a new specifications [17]. In the literature, we can
find proofs that remanufacturing is the most resource efficient recovery option for end-
of-use products [18–20]. However, the SMEs in the remanufacturing sector suffer from
low resource-efficiency [14,21]. Responsible resource management in remanufacturing
encompasses actions, as follows:

• Economically efficient use of resources,
• reduction of waste and emissions generation,
• maximization of the recovery rate and use of secondary materials.

1.2. Aim of this Paper, its Originality, and Main Contributions

In this paper, we aim to develop a decision making framework for responsible resource
management in remanufacturing (so called RRMRem). The framework shall provide
decision makers with actionable knowledge on the current state (as-is state) with regard
to responsible resource management practices. Further, it shall allow for identifying the
inefficiencies in resource management practices and proposing the improvement actions.

Our previous studies in the remanufacturing sector [14,21] have shown that SMEs
there face difficulties in implementing advanced quantitative methods.

The qualitative methods allow for simplified, linguistic assessment by applying the
in-house expert’s knowledge. They allow identifying the current stage (as-is) even when
numerical data is not collected or available from external sources.

Previous studies [14,15,22,23] have explored the maturity model (MM) with regard to its
potential, as a framework for sustainability related assessment in a company. Bititci et al. [24]
have defined the maturity model as a “matrix of practices that defines, for each organi-
zational area, the level of formality, sophistication, and embeddedness of practices from
ad hoc to optimizing”. Pullen [25] states that the maturity model is “a structured collec-
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tion of elements that describe the characteristics of effective processes at different stages
of development”.

The advantage of the maturity model is its simplicity in application and evolutionary
character, as it provides a sequential description of the requirements, and practices at each
level, and therefore it gradually guides the company on how to achieve excellence in the
analyzed domain [23]. The importance of the evolutionary approach in SMEs has been
addressed by Veleva and Ellenbecker [26] “( . . . ) organizations need to begin with simple,
easy to implement measures of compliance and resource efficiency and move toward
more complex indicators, addressing environmental and social effects, supply chain and
life-cycle impacts.”

The maturity model can be elaborated on the market-based view or on the resource-
based view [27]. In this paper, the resource-based view is applied. The maturity models
are relevant for the improvement of the economic and ecological performance, as they
provide tools and techniques for dealing with complexity and highlight the potential for
improvements [22,28]. Correira et al. [22] have conducted a systematic literature review on
maturity models in the sustainability domain and they have concluded that the majority of
research provides a descriptive, usually linguistics assessment of the current state, but the
prescriptive power is limited. That limitation results from lack of an application framework
(prescriptive layer).

Authors have found only one maturity model, which is solely dedicated for an as-
sessment of the remanufacturing process, namely “The Remanufacturing Process Capa-
bility Maturity Model” (RPCMM) [29]. The RPCMM allows for the assessment of current
resource-efficiency (as-is), but it has a very limited descriptive power. It does not pro-
vide tools and methods for identifying the source of inefficiencies, and implementing
improvement actions in a company.

The main goal of this paper is to develop the decision making framework for respon-
sible resource management for remanufacturing SMEs (RRMRem), that is based on the
maturity model theory. The framework shall guide the decision-maker toward transition
from the current state (as-is state) to a desirable future state of responsible resource man-
agement (to-be). The RRMRem has the descriptive power, as it includes the definition of
the maturity levels and tool for current state assessment (RRMQ–responsible resource man-
agement questionnaire). Moreover, it provides an application framework, which allows a
company to make necessary changes in the current business practices to progress toward a
higher maturity level (to-be state).

The originality of the proposed framework results from relating the maturity level
(current state) with appropriate improvement’s actions, and providing guidance to a
decision-maker through improvement path toward more responsible resource management
in remanufacturing. The main contributions of this paper are:

• A definition of the maturity levels for responsible resource management in a SME;
• a design of the responsible resource management practices (RRMP) that are relevant

for each maturity level in a SME (measured with responsible resource management
questionnaire RRMQ);

• a proposal of an integrated indicator OWEEM (Overall Water, Emissions, Energy,
Materials), which allows for classifying a company in a synthetic way to relevant
maturity level;

• a method for identification of the maturity’s gaps and prioritizing the improvement’s
actions, which are necessary to progress towards a higher maturity level.

The paper is organized as follows: First the background and motivation of this study
are presented (Section 1). In Section 2, the methodology is described, as well as the
proposed framework with relevant tools and methods. In Section 3, the empirical testing
of the framework (RRMRem) is provided. The discussion on the results is presented in
Section 4. The final conclusions, benefits and limitations of this study, and further research
are discussed in Section 5.
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2. Materials and Methods
2.1. Research Design

The maturity models in the domain of sustainability are usually enrooted in empirical
research strategies (e.g., case study), as they allow for the exploration of the research domain
even in an infancy stage. The advantages of the MM can be summarized, as follows [22,23]:

• A descriptive tool for evaluation of company strengths and weaknesses,
• a prescriptive instrument for performance improvement,
• a comparative tool for evaluation of processes across companies and further compari-

son with standards and best practices.

The MMs are suitable for application in SMEs, as they enable internal or external
benchmarking and can act as reference models [30]. Additionally, they can be applied for
current state analysis, and they might facilitate positive transformation towards a desirable
future state (to-be). Tarhan et al. [31] in systematic literature have analyzed over 60 business
process maturity models and identified further research needs, as follows:

• Development of MMs with regard to their prescriptive properties,
• extended empirical validation of MMs to prove their utilitarian function,
• detachment of the assessment methods from model’s description (separate descriptive

and prescriptive layers).

In order to contribute to the existing research gap the research questions are stated,
as follows:

• RQ1: How can the responsible resource management practices be evaluated in a SME
based on the existing in-house expert’s knowledge?

• RQ2: How can the current management practices be improved in order to facilitate
transformation towards responsible resource management in a SME?

The main stages for development of the proposed framework are presented in Figure 1.
The authors have used a multimethod approach in order to find the answers to

the stated research questions. This study applies methods as follows: Critical literature
review, questionnaire-based interviews in a company, case studies, indicators analyses,
and benchmarking.

After each stage from Figure 1, the research team performed evaluation of the out-
comes during internal team meetings. The theoretical outcomes were triangulated between
team members. The draft version of the assessment tool (so-called responsible resource
management questionnaire RRMQ) was consulted with the industrial partners (remanu-
facturing companies). Their feedback was incorporated into the final version of the tool
(Supplementary Material).

The final version of the designed decision framework includes:

• A descriptive layer, with: A definition of the maturity levels, and a description of the
responsible resource management practices (RRMPs) in the assessment tool (RRMQ).

• A prescriptive layer, with: An indicator-based method for assessment and classifica-
tion of the maturity level, and a benchmarking method for identifying the appropriate
actions that should be taken to order to improve the current situation.

The detailed description of each element of the framework is provided in the next section.

2.2. The Framework for Responsible Resource Management in Remanufacturing
RRMRem—Structure, Methods, and Tools

The developed framework is rooted in the previous authors’ work [14,15]. The prag-
matic approach is implemented, as previously conducted case studies among groups of
SMEs have indicated, that there is a need for an qualitative approach, which is based on
expert’s knowledge. The framework aims to provide the decision-makers with actionable
knowledge on the current state of resource management practices and guide then through
the improvement process.
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Figure 1. Development of the responsible resource management in remanufacturing (RRMRem) framework.

The maturity of the responsible resource management practices is defined here, as an
extent to which resources are identified, controlled, and optimized with regards to their
responsible management.

First, based on the literature review and multiple case studies the maturity levels are
defined as follows:

• Level ML1 (very low)—the responsible resource management practices in the remanu-
facturing process are not applied or are applied incompletely by a company.

• Level ML2 (low)—the responsible resource management practices in the remanufac-
turing process are applied ad hoc (e.g., to solve a current problem or to comply with
specific customer requirements/legal requirements) in a company, and processes are
not formalized.

• Level ML3 (medium)—the responsible resource management practices are formalized,
measured at facility, and ad hoc actions are taken.



Resources 2021, 10, 19 6 of 17

• Level ML4 (high)—the responsible resource management practices are formalized,
measured, and controlled at each stage of the process/each work station on a regular
basis, and improvement actions are taken.

• Level ML5 (very high)—the responsible resource management practices are formal-
ized, measured, and controlled at each stage of the process/each work station on a
regular basis, and improvement actions are taken for continuous optimization.

In the proposed framework, ML5 is a reference level for responsible resource manage-
ment in remanufacturing at SMEs.

The remanufacturing process aims to transform a core (used/obsolete product) into
a remanufactured product for use in multiple cycles or to cannibalize poor quality core
for reuse purpose, as spare parts and secondary material. The remanufacturing SME is
analyzed through simplified framework, with focus on:

• I = Inputs (water, primary and secondary materials, energy consumption),
• outputs (emissions, sludge, waste), and
• value added in remanufacturing (energy saving, recycling, and increased material recovery).

The descriptive layer is presented in Figure 2.
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In order to assess the current maturity level with regard to responsible resource man-
agement, we propose the tool (RRMQ) with the Likert-scale. It allows for self-assessment
of existing resource management practices in a company using expert’s knowledge. A
similar approach has also been recommended by [22]. The questionnaire (RRMQ) describes
management practices which correspond to each maturity level. The questions’ order is
consistent with the structure of the descriptive layer, as presented in Figure 2. In the descrip-
tive layer, there are 4 aggregated categories (Water, Emissions, Energy, Materials), 10 criteria
for assessment, and 50 relevant responsible resource management practices (RRMPs). The
RRMPs are described for each criterion in accordance with each maturity level. They are
designed based on 4 in-depth case studies conducted by the authors in remanufacturing
SMEs, and additional data from interviews with industrial and academic experts. The
empirical data has been triangulated with the characteristics of remanufacturing SMEs
extracted from other case studies found during the literature review. Table 1 presents an
example of the RRMPs. The full description of the 50 management practices is provided in
Supplementary Material. All the RRMPs are transposed to the assessment tool (RRMQ).
The descriptive phase of the assessment is concluded with the graphic presentation of
the maturity profile. The profile reflects the expert’s knowledge based self-assessment
using the RRMQ tool (see Supplementary Material). The maturity profile presents the
current state of practices (as-is) in a company with regard to their responsible (or not)
resource management.

The prescriptive layer of the proposed framework aims to provide guidelines for a
SME on how to progress towards a higher maturity level. The prescriptive layer consists of:

• An indicator-based assessment method, and
• a benchmarking method in order to identify maturity gaps and prioritize necessary

improvement’s actions.

The logic of the prescriptive layer is presented in Figure 3.
The indicator-based assessment allows for translating the yes/no answers for each cri-

terion from the assessment tool RRMQ (linguistic binary expert’s assessment) into the value
of an integrated indicator, called OWEEM (Overall Water-Emissions-Energy-Materials).
OWEEM is rooted in the “green & lean” approach [32], where lean management methods
and tools are used in order to eliminate wasteful practices in a company, and therefore
achieve more efficient use of resources and reduction of waste in the remanufacturing
process. The OWEEM is an aggregated indictor, and it is calculated per analogy to well-
known lean management OEE indicator (overall equipment effectiveness). The OEE allows
for assessing the process and identifying the losses. In this paper, the proposed OWEEM
indicator is calculated as follows (Equation (1)):

OWEEM = RGW × RGEM × RGE × RGM (1)

where:

RGW—is the aggregated score for category Water,
RGEM—is the aggregated score for each category Emissions,
RGE—is the aggregated score for each category Energy,
RGM—is the aggregated score for category Material.

The aggregated score is calculated for each category separately as follows (Equation (2)):

RGCi =
RMMQRGCi(

sRGj
)

max ×
(
wRGj

)
max

× 100% (2)

where:

RMMQRGCi is the score from responsible resource management questionnaire for the
analyzed category,
SRGj is the scoring for criterion “j” in the analyzed category and SRGj = {0, 1},
WRGj is the weight wRGj ∈ 〈1, 5〉and wRGj ∈ Z.
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RMMQRG, is calculated as follows (Equation (3)):

RMMQRGCi =
5

∑
j=1

sRGj × wRGj (3)

Table 1. An example of the responsible resource management practices’ description.

Resource
Group Criterion Practice Code Management Practice Description Corresponding

Maturity Level

Water
W

Water
consumption

WCL5
Water consumption is measured and
controlled at work stations, water is

reused (or closed loop) where possible
Very high

WCL 4
Water consumption is measured and

controlled at work stations, water is not
reused

High

WCL3 Water usage is monitored ad hoc at output
level/process level, water is not reused Medium

WCL 2
Water usage is monitored at hoc only at

cost level (the invoices are reviewed),
water is not reused

Low

WCL1 Water usage is not monitored, water is not
reused Very low

Waste
water

WW5 Sludge generation is monitored at work
stations, water is reused where possible Very high

WW4 Sludge generation is monitored at work
stations, water is not reused High

WW3 Sludge generation is monitored at process
output, water is not reused Medium

WW2
Sludge generation is monitored at cost
level (reviewing invoices), water is not

reused
Low

WW1 Sludge generation is not monitored, water
is not reused Very low

Materials
M

Reused/recycled
material

consumption

RMC1 Recycled materials usage is not
monitored, no additional actions are taken Very low

RMC2
Recycled materials are used to meet legal
requirements, no additional internal goals

are defined
Low

RMC3
Recycled materials are used where

possible, internal goals for secondary
materials/parts are defined

Medium

RMC4
Recycled materials are used where

possible, ad hoc actions are taken improve
internal goal

High

RMC5
Recycled materials are used where

possible systematically actions are taken
improve internal goal

Very high

In Equation (2), value of denominator of the fraction is taken as a benchmark level.
In this way, the degree of compliance is calculated in each resource group (steps from 2.1
to 2.4 on Figure 3). Finally, based on the value of OWEEM, a company is classified into a
relevant maturity level from ML1 to ML5. The classification rule is presented in Table 2.

The benefit of the proposed solution is its flexibility, as the amount of criteria in each
category can be extended or reduced for a particular company, without influencing the
complexity of OWEEM calculation.

The next step in the decision framework is application of the benchmarking method,
in order to identify maturity gaps, and to prioritize a necessary improvement’s actions.
The maturity level ML5 is a benchmark, as it represents the reference state of responsible
resource management. The maturity gap is calculated for each category (Water, Emissions,
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Energy, and Materials). Then priorities are given accordingly to the size of the maturity
gap in descending order (the bigger the gap, the higher the priority to take improvement
actions). The maturity gap (MgapRGCi) is calculated as follows (Equation (4)):

MgapRGCi= 1 − RGCi (4)
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Table 2. Maturity level—the classification rules. OWEEM: Overall Water-Emissions-Energy-Materials.

OWEEM Score Maturity Level

<3% ML1
<3%,13) ML2

IF <13%,41) THEN ML3
<41%,100) ML4

100% ML5

The improvement’s actions are designed based on:

• RIO Matrix (Resource’s Importance in Operations),
• the management practices (RRMPs) from the next maturity level ML(i+1),
• priority PrCi for the resource’s group.

For example, if an analyzed company is currently at very low maturity level ML1
(according to the calculated OWEEM value), then the management practices (RRMPs) are
applied from next level ML2. The RIO Matrix is a simple tool which uses expert’s knowl-
edge, and it enables the identification of the key resources at the operations level. After
the improvement’s actions are implemented at a company, the value of the maturity gap
should be recalculated to verify if the company has progressed towards more responsible
resource management. The next section presents the empirical testing of the proposed
decision making framework in SMEs from the remanufacturing sector.

3. Results
Testing Approach

The framework was tested in two phases. First, the descriptive layer was applied to
four real-life case studies. The aim was to identify the potential problems with the design
of the assessment questionnaire and description of the responsible management practices
in the context of the maturity levels. The four companies have characteristics, as follows:

• Company A is a small-sized company (below 50 employees), it remanufactures alter-
nators, pumps, and starters. The company operates at one facility. It is an independent
remanufacturer (IR).

• Company B is a medium-sized company, it remanufactures alternators and starters.
The company operates at one facility, in a mixed model, as it remanufactures under
own brand, and as a service provider for bigger automotive original parts suppliers.

• Company C is a small-sized company, it provides remanufacturing services of engines
for transport companies.

• Company D is a small-sized company, it offers remanufacturing services of Diesel
particulate filter (DPF) for individuals and companies.

For each company, one expert filled in the questionnaire (RRMQ from Supplementary
Material) in order to self-assess the current state of responsible resource management in the
company. Each expert has got at least 5 years of experience in automotive remanufacturing.
The experts have declared that they have sufficient knowledge regarding the resources of
a company, and the existing resource management practices. The experts completed the
questionnaire (RRMQ) in times varying from 5 min to 11 min. They gave yes/no answers
with regard to the appearance of each management practice. Only one most relevant answer
(yes) was allowed for each criterion. Based on the answers from the questionnaire, the
members of the research team calculated the cumulative score and classified a company to
the corresponding maturity level from ML1 (very low) to ML5 (very high). The calculation
and classification procedure was double-checked by at least one more team member. The
results are presented in Table 3.
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Table 3. The results of case studies.

Company Testing Summary Maturity Level

A

Application of the descriptive framework is
feasible, the assessment with responsible
resource management questionnaire (RRMQ)
took approximately 8 min.

Company is at low maturity
level (ML 2)

B

Application of the descriptive framework is
feasible, the assessment with RRMQ took
approximately 6 min. Expert has declared that
the tool is easy to use, the criteria and description
of the management practices are relevant.

Company is at medium
maturity level (ML 3)

C

Application of the descriptive framework is
feasible, the assessment with RRMQ took
approximately 11 min. Expert has declared that
the tool is easy to use, and the description of the
management practices is suitable.

Company is at very low
maturity level (ML 1)

D

Application of the descriptive framework is
feasible, the assessment with RRMQ took
approximately 5 min. Expert has declared that
the tool is easy to use and the management
practices are well defined.

Company is at very low
maturity level (ML 1)

Afterwards, the prescriptive layer was tested by an in-depth case study in Company D.
Company D was chosen because, during the first stage of empirical testing, it was assessed
at a very low maturity level (ML1) with regard to responsible resource management
practices. The testing was performed in accordance with the method presented in Figure 3.
The results from the expert’s assessment (from RRMQ) were aggregated in accordance with
Equation (3) for each category: Water, Emissions, Energy, and Materials, and presented in
the form of the maturity’s profile in Figure 4. The values in Figure 4 were calculated in
accordance with Equation (2), and they showed to what extend the company was applying
the responsible management practices in each category.
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Figure 4. Maturity profile of Company D.

After the value of the OWEEM was calculated, the maturity gap was indicated for
each category (Water, Emission, Energy, and Materials) in order to assign the priorities
for the further improvement’s actions. In Table 4 presents the values, which have been
calculated using the equations from the previous section (Equations (1)–(4)).



Resources 2021, 10, 19 12 of 17

Table 4. Current state analysis (as-is) in Company D.

Category
RGCi

RRMQRGCi
Score

(Equation (3))

Maturity Gap
MgapRGCi

(Equation (4))

Priority
PrRGCi

OWEEM
(Equation (1))

Maturity
Level

Water 3 0.70 2 1.25% ML1
Emissions 1 0.80 1

Energy 4 0.60 3
Materials 13 0.48 4

The results (Table 4) have shown that first the improvement’s actions should be taken
with regard to more responsible resource management for emissions (PrEM = 1), followed by
water, energy, and materials. Then, the facility manager was asked to fulfill the RIO Matrix
(Figure 5), which linked the operations in the remanufacturing process and assessment
criteria. It took the facility manager about 20 min to perform this step. The traffic lights
system was implemented for simplicity of the result’s visualization, as a SME has limited
human resources. The colors show the meaning as follows:

• Grey—not relevant for operations,
• green—low importance,
• orange—medium importance,
• red—high importance.
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The RIO matrix facilitated a quick scan of the remanufacturing process and identifica-
tion of the hotspots, where the improvement’s actions should be implemented first.

For example, (as indicated in Table 4) the category “Emissions” was given the priority
PrEM = 1 (the highest). The Emissions (as indicated in RIO Matrix) were identified as
medium important/important (“orange” and “red” areas) at operations: Residues blast-
ing (cleaning), disassembly (as applied there cutting techniques have generated heat),
and induction burning, welding, and painting. The transition towards higher maturity
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level should start by the management practice (RRMP) from next maturity level (ML2)
for “Emissions”:

RRMPEmML2: GHG emissions are measured and monitored only if required by law,
and legal requirements are fully implemented.

The first set of improvement actions should be directed to hotspots (orange and red
areas from the RIO Matrix from Figure 5). The company could benefit from focusing on the
limited area, without the need to monitor the whole process yet (as it is relevant to higher
MLs). Therefore, the limitations of the SME (limited staff and financial resources) could be
overcome. The proposed approach is iterative. After implementation of the proposed first
set of improvements actions at operational level (residues blasting (cleaning), disassembly
(as it involves cutting techniques which generate heat), induction burning, welding, and
painting), the criterion value should be recalculated (see Table 5). The value of the indicator
OWEEM should be recalculated in order to verify if the company has reached higher
maturity level. As presented in Table 5, the company has improved the value of OWEEM,
but it was not high enough to be classified as ML2. The second set of improvement actions
should be focused on areas with the current highest priority, therefore in Company D the
actions should be taken for the category “Water” (as PrW = 1). The transition towards higher
maturity levels should be started by implementation of the management practices (RRMP)
from ML2 for “Water”. Category “Water” includes two criteria: “Water consumption level”
and “Waste water”.

Table 5. Transition towards higher maturity level ML2 in Company D.

Implementation of
1st Set.

Category
RGCi

RRMQRGCi Score
(Equation (3))

Maturity Gap
MgapRGCi

(Equation (4))

Priority
PrRGCi

OWEEM
(Equation (1))

Maturity
Level

Water 3 0.70 1 2.50% ML1
Emissions 2 0.60 2

Energy 4 0.60 2
Materials 13 0.48 3

implementation of
2nd set

Category
RGCi

RRMQRGCi Score Maturity Gap
MgapRGCi

Priority
PrRGCi

OWEEM Maturity
Level

Water 5 0.50 2 4.16% ML2
Emissions 2 0.60 1

Energy 4 0.60 1
Materials 13 0.48 3

RRMPWCML2: Water usage is monitored ad hoc only at cost level (the invoices are
reviewed), water is not reused.

RRMPWWML2: Sludge generation is monitored at cost level (reviewing invoices), water
is not reused.

In the criterion “Waste Water”, the company has already implemented the manage-
ment practices RRMPWWML2. Therefore, the focus should be placed now on application of
the relevant practice RRMPWCML2. The first set of improvement actions shall be directed to
hotspots (orange and red area from RIO Matrix). In the RIO Matrix (Figure 5), the manager
has not indicated hotspots for “Water use”. In Company D, the existing technological
process is not water-intensive. The water is used mainly for disassembly operations and in
the general area (cleaning the facility, hygiene of employees). Nevertheless, the company
should establish the awareness of the water usage, for that reason the implementation
of the RRMPWCML2 has been recommended. The aggregated value (RRMQRGCi) for the
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category “Water” has been recalculated (see Table 5), as well as the value of the OWEEM,
and the company is classified at a higher maturity level (as ML2).

4. Discussion and Managerial Implications

The presented two-layered decision making framework allows for finding answers to
the research questions:

• RQ1: How can the responsible resource management practices be evaluated in a SME
based on the existing in-house expert’s knowledge?

• RQ2: How can the current management practices be improved in order to facilitate
transformation towards responsible resource management in a SME?

The previous studies [14,33,34] have proven that remanufacturing SMEs struggle to
achieve resource efficiency. The sophisticated quantitative tools are often not suitable for
application at SMEs, as they don’t have sufficient access to the external databases and
software, due to high cost (of license’s purchase) or work-load needed (limited employment
and/or limited range of staff competences). Therefore, this paper presents a qualitative
approach for assessment of the current practices with regard to responsible resource man-
agement. The testing in the SMEs has given positive feedback about the feasibility and
applicability of the proposed framework. The first layer of the proposed framework is
dedicated to the assessment of the current state, and thus it corresponds with the research
question RQ1. The previous studies, e.g., [35,36] have highlighted benefits of remanu-
facturing for the environment from the product’s perspective, but they have dedicated
a very little attention to the responsible resource management in the remanufacturing
process itself. The conducted case studies have confirmed that the application of the RRMQ
is feasible, and it allows benefiting from the existing in-house expert’s knowledge in a
company. It provides insight on the existing management practices in a structured way.

The prescriptive layer of the RRMRem corresponds to the research question RQ2.
The responsible management practices (RRMPs) are defined for each of the criterion, and
then merged into categories: Water, Emissions, Energy, and Materials. In accordance with
the taken “eco-efficiency” view, the responsible resource management practices (RRMPs)
are designed to allow for reducing consumption of resources, reducing the impact on
nature, and increasing the value of used resources. The analyzed criteria are related to
remanufacturing process inputs (water, primary and secondary materials, energy con-
sumption), outputs (emissions, sludge, process waste), and value added (energy saving,
recycling, and increased material recovery). A similar approach has been recommended by
Lundholm et al. [12].

The paper has got managerial implications, as the provided framework is designed
taking in consideration the organizational conditions which exist in SMEs. RRMRem can
support the decision-maker with guidelines on:

• Identifying in the synthetic way the current maturity level with usage of the RRMQ
questionnaire, and then

• conducting in-depth analyses using RIO Matrix,
• prioritizing improvement’s actions which should be taken first in order to move

towards more resource responsible remanufacturing practices.

5. Conclusions

The proposed framework aims to guide the decision-makers towards more responsible
resource management in the remanufacturing process in SMEs. It is designed to facilitate
iterative and continuous transition in a company. The originality of this research results
from relating (through maturity scoring) the current state of resource management in a
company with the relevant management practices which shall be taken in order to progress
to the higher maturity level. The paper contributes to the existing body of literature by
extending the existing maturity models with a prescriptive layer. The two-layered structure
of our framework allows for:
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• Maturity scoring;
• assessment of the maturity gap;
• prioritization of the required actions;
• design of the improvement’s actions at the operational level; and
• continuous improvement by benchmarking with a higher maturity level.

The main benefit of the framework proposed here is its simplicity, and its accessibility.
The testing in the remanufacturing sector has proven its suitability and feasibility for
application in the organizational conditions, which are typical for SMEs. This pragmatic
framework does not require collection of the extensive additional data or access to the
external environmental databases. The framework utilizes the existing in-house expert’s
knowledge. Moreover, the structure of the framework is flexible, as the amount of criteria
in each category can be extended or reduced in order to tailor it better to the existing
conditions of remanufacturing process. For example, additional criterion can be added
in the category “Emissions” if the remanufacturing technology used at a company is
emission-intensive and various emissions should be considered separately.

The main limitation of this framework is that it has been elaborated based on the case
studies, interviews with academia, and industrial experts only from the automotive sector.

Further research will include testing of the proposed framework in remanufacturing
SMEs in different sectors in order to develop the sector-tailored catalog of the assessment
criteria for the descriptive layer. Moreover, we will extend the propose framework by
implementation of a decision tree for grouping criteria, and obtaining measurement spaces.

Supplementary Materials: The following are available online at https://www.mdpi.com/2079-9
276/10/2/19/s1, Table S1: RRMQ -Responsible resource management practices’ questionnaire for
remanufacturing SMEs.
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