sustainability
Article

Circular Business Processes in the State-of-the-Practice:
A Survey Study
Tanja van Engelenhoven

, Ayalew Kassahun *

and Bedir Tekinerdogan

Information Technology Group, Wageningen University & Research, Hollandseweg 1,
6706 KN Wageningen, The Netherlands; tanja.vanengelenhoven@wur.nl (T.v.E.); bedir.tekinerdogan@wur.nl (B.T.)
* Correspondence: ayalew.kassahun@wur.nl; Tel.: +31-317-484723




Abstract: Despite increasing global environmental concerns, we continue to consume large amounts
of products with little regard to what happens before, during, and after their use. Roughly one-third
of the food produced is wasted. Because the world’s population is expected to grow to 10 billion by
2050, adopting circular economy practices will become essential. The transition towards a circular
economy requires adopting business processes that support circular economy practices across supply
chains. Currently, the SCOR (Supply Chain Operations Reference) model is the most widely used,
and widely known, approach for studying and evaluating supply chain business processes. It is,
however, unclear to what extent circular principles are included in the SCOR model. Past studies
indicating missing processes for circular supply chain management in the SCOR model have made
limited efforts in capturing the current state-of-the-practice. We conducted an online survey of
60 companies engaged in 14 different types of economic activities to study the SCOR level 2 business
processes adopted in practice. In addition to the 22 level 2 business processes documented in SCOR,
we identified six additional level 2 circular business processes that the respondents recognized as
being commonly applied within their businesses. The results clearly show that the current SCOR
model does not fully represent circular business processes in the state-of-the-practice.
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1. Introduction
Despite increasing global environmental concerns, we still continue to consume large
amounts of products with little regard to what happens before, during, and after their
use. Many supply chains follow a linear model of resource consumption, in which raw
materials are sourced, products are made, and the resulting waste products are disposed of.
This practice results in large amounts of waste and is untenable, with the world population
expected to reach 9.8 billion by 2050 [1]. According to FAO’s latest estimates, roughly
one-third of food produced for human consumption is wasted globally every year [2],
amounting to about 1.3 billion tons. Not only is the world population increasing, but also
the global middle class is expanding rapidly according to the OECD, from 1.8 billion in 2009
to 4.9 billion people in 2030 [3]. This expanding middle class tends to consume increasingly
more manufactured items. As a result, many studies call for discarding the traditional
linear model of the “take, make, and dispose” pattern of resource consumption [4–10].
The idea of a circular economy (CE) has therefore increased in popularity and importance [11]. It is a concept for an industrial economy that is restorative by intention and
design, replacing the end-of-life concept, closing the material loops, and reducing wasteful
resources [4,7,9]. However, the Circularity Gap Report of 2020 notes that only 8.6% of the
world economy is currently “circular” [12]. It is therefore important that initiatives are
taken to transition to a CE.
The Ellen MacArthur Foundation [7] notes that supply chains are the key unit of
action in CE. Supply Chain Management (SCM) includes many decisions concerning, for
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instance, the sourcing and recycling of materials, and waste produced, and as such is
essential in taking actions for the transition to CE. In essence, a supply chain is a system
consisting of interacting elements, including products, processes, people, and information
to accomplish the objectives of the actors involved (INCOSE, 2015). These elements are
interconnected and interrelated through supply chain processes, and it is thus valuable to
study and evaluate these processes. The Supply Chain Operations Reference (SCOR) model
is a widely used reference model to represent and study supply chain processes [13–15].
The supply chain processes are generally categorized as plan, source, make, deliver, return,
and enable [16,17].
Even though the SCOR processes have been developed over time through a collaborative effort of many organizations, past studies indicate that processes for circular supply
chain management are missing in the SCOR model [18–22]. These studies were primarily
theoretical investigations and made a limited effort in capturing the current state-of-thepractice. Therefore, this research aimed to identify the circular business processes in supply
chains in the state-of-the-practice through a survey study, and thereby identify the circular
processes that may be relevant for the SCOR model.
2. Background
2.1. Circular Economy
Kirchherr and Reike [23] define CE as an economic system in which various approaches are employed to reduce or overcome wastage of products, avoid product “end-oflife”, close the material loops, and ensure that we will preserve the Earth’s resources for
future generations to come.
There are different conceptualizations related to CE, such as the material cycles and
the “R” frameworks. The material cycles concept is categorized into two components:
the biological and technical material cycles. The biological cycle refers to non-hazardous
materials, which can easily “return” to the soil. The technical cycle refers to materials that
cannot be easily returned to the earth and should therefore be designed in such a way
that they can be used in multiple life cycles [6]. The Ellen MacArthur Foundation [24]
defines five fundamental characteristics of CE, namely: designing out waste, diversity
builds strength, renewable energy sources power the economy, think in systems, and
prices should reflect real costs. The most widely used conceptualization of CE is likely the
so-called “R” framework, of which the 3R and 6R frameworks are widely mentioned. In
this research we adopt the broader 6R framework.
2.2. The 6R Framework
The 6R framework highlights a cradle-to-cradle approach, instead of cradle-to-grave [25].
In a cradle-to-grave approach, after being used, resources are disposed of in the so-called
“graves”, such as landfills or incinerators [26]. Alternatively, in a cradle-to-cradle approach,
materials maintain their status as resources after each useful life [4,6,27]. The 6R framework
consists of the following six concepts: reuse, reduce, recycle, recover, remanufacture, and
redesign [25]. These concepts are described briefly below.
2.2.1. Reduce
The reduce principle argues for the reduction in the use of resources. Eco-efficiency is
the means to ensure this reduction occurs, according to Ghisellini et al. [11]. Eco-efficiency
is the improvement in the efficiency of production and consumption processes.
2.2.2. Reuse
Jawahir and Bradley [9] define reuse as using products or their components in future
life cycles after the end of their current life cycle. This ensures a reduction in raw materials
used for newer products and components. Similarly, eco-efficiency also ensures the need
to reuse or recycle [28]. The European Union (EU) [29] adds that reused products or
components are not considered waste if they are used for the same purpose for which
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they were originally made. This can be undertaken by, amongst others, second-hand
retail chains, charities, vintage shops, and online auctions, and by companies taking back
products for reuse at the products’ end-of-life [30,31].
2.2.3. Recycle
Any recovery operation in which waste materials are reprocessed into useful products,
materials, or substances is defined as recycling according to the EU [29]. This results
in a reduction in waste that ends in landfills or is incinerated, and thereby reduces the
environmental impact of waste [11,32,33]. The Ellen MacArthur Foundation [7] recognizes
three types of recycling, depending on the value the material has after recycling, namely,
functional recycling, downcycling, and upcycling.
2.2.4. Recover
The recover principle includes processes of collecting end-of-use products, in order to
disassemble, sort, and clean them for use in another future product life cycle [9,32]. The
principle includes energy recovery when non-recyclable waste is changed into usable heat,
electricity, or fuel.
2.2.5. Redesign
The redesign principle refers to the design of products that could use components,
materials, and resources that are recovered [9]. This principle adds to CE because it
ensures that materials recovered from earlier end-of-life generations are used as much as
possible [34].
2.2.6. Remanufacture
The remanufacture principle refers to restoring end-of-use products to their original or
improved state, in which functionality is not lost [9,34]. The process saves resources and
related energy, and it reduces the need for recycling [35]. We consider product refurbishment and component remanufacturing to be part of this principle. Product refurbishment
refers to returning products to good working conditions through repair and “cosmetic”
changes. Component manufacturing refers to extracting functioning, reusable components
from used products and restoring them into new ones.
2.3. The SCOR Model
SCM is essential in moving towards a CE and the SCOR model, developed in 1996, can
be an essential tool in CE modeling. The SCOR model facilitates smooth communication
among supply chain partners through its standard description of business processes, and
enables them to evaluate and compare their business activities and performances [16,36].
Huang and Sheoran [36] note that the SCOR model enables the “as-is” state of a business
to be captured and the desired “to-be” future state to be derived. The SCOR model has
regularly been updated to adapt to the changes in practices [16]. In general, the model
contains five main elements, which are processes, practices, performance, people, and
special applications. We explain the processes in more detail as they are the main focus of
SCOR and of this research.
The SCOR process model is described at three different levels, which are called level 1,
level 2, and level 3. The SCOR model focuses on processes that are relevant for representing
supply chains such as customer interactions, physical material transactions, and market
interactions, and is not concerned with processes such as sales and marketing, product
development, and research and development [16].
In SCOR version 12.0, the main processes at level 1 are: plan, source, make, deliver,
return, and enable. The plan process includes the planning of most processes in the supply
chain. Source refers to acquiring goods and services to meet the planned or actual demand
of the company. Within the make process, materials are converted to a product or content is
created for services. Assembly, maintenance, repair, overhaul, recycling, refurbishment,
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and simple packaging activities are thus also considered to be make processes. Deliver refers
to the provision of finished goods or services to customers. Return concerns the reverse
flow of goods. Finally, the enable process is about managing the supply chain [16].
This research describes processes at level 2. The SCOR level 2 processes of plan, source,
make, deliver and return listed in Table 1 are included in this study. Because enable processes
were not used in this research, they are excluded. More detailed descriptions of each level
2 process can be found in the SCOR Quick Reference Guide [17].
Table 1. Level 2 processes of the SCOR model based on the SCOR Quick Reference Guide [17].
sP Plan

sS Source

sM Make

sD Deliver

sR Return

sP1 Plan
Supply Chain

sS1 Source Stocked
Product

sM1 Make-to-Stock

sD1 Deliver Stocked
Product

sSR1 Source Return
Defective Product

sP2 Plan Source

sS2 Source
Make-to-Order Product

sM2 Make-to-Order

sD2 Deliver
Make-to-Order Product

sSR2 Source Return
MRO Product

sP3 Plan Make

sS3 Source
Engineer-to-Order
Product

sM3 Engineer-to-Order

sD3 Deliver
Engineer-to-Order
Product

sSR3 Source Return
Excess Product

sD4 Deliver Retail
Product

sDR1 Deliver Return
Defective Product

sP4 Plan Deliver

sDR2 Deliver Return
MRO Product

sP5 Plan Return

sDR3 Deliver Return
Excess Product

3. Methodology
Survey research is generally used to draw conclusions about a wider pre-defined
population by collecting information from a sample population [37]. This is relevant for
this research because it can help reveal the circular business processes used in practice.
The steps of the survey research methodology adopted here are based on the checklist
of Kelley and Clark [37], who describe good practice for the conduct and reporting of
survey research. The purpose of this checklist is to ensure that a survey study has credible
Sustainability 2021, 13, x FOR PEER REVIEW
5 of 26
results [37]. Figure 1 shows the steps of this research that are derived according to the
requirements of the checklist.

Figure 1.
1. Survey
Survey methodology.
methodology.
Figure

3.1. Research Questions
Through the survey study we aimed to answer the following research questions:
1: Which business processes have been used in circular supply chains?
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3.1. Research Questions
Through the survey study we aimed to answer the following research questions:
1:

Which business processes have been used in circular supply chains?
1.a:
1.b:

2:

Which SCOR processes have been used?
Which non-SCOR processes have been used?

What are the relationships among the business processes?

3.2. Adopted Survey Method
De Leeuw et al. [38] note that there are many different data collection methods, namely,
telephone or face-to-face interviews, mail or Internet/web surveys, and combinations of
these. These differ in the type of contact that the researcher has with the respondent.
With telephone or face-to-face interviews, the researcher can give additional information,
whereas with mail and internet surveys the respondent is dependent entirely on the
information and questions given in the survey form [38]. We chose to do a web survey, in
which the respondent had to independently fill in an online survey. We needed to reach
companies and our respondents would rather fill in a form at their leisure and take as little
time as possible.
3.3. Research Tool
We developed questions in Google Forms. The development of survey questions was
based on a domain-driven design approach in which we first performed a domain analysis
to define the common and variant features in the operations of circular supply chains. The
processes of the SCOR model were considered features and the 6R framework was used to
find additional circular features. We constructed a feature model which was the basis for
the survey questions. We tested the questions on a small number of respondents and made
the necessary changes to ensure the respondents would understand the questions and give
reliable responses. The survey was semi-structured, and was partially qualitative with open
questions and partially quantitative with closed questions. The questions about processes
from our feature model were all closed, yes-or-no, questions. To identify relations among
circular processes, we included a few questions about the presence of relations among
processes. These questions were semi-open questions and allowed respondents to fill in
options in addition to those suggested. The survey also included open questions about
processes that are not mentioned in the feature model but occurred within the company of
the respondent, thereby allowing us to identify circular processes not represented in our
domain model.
We added a general question at the beginning about the economic activities of the
companies in order to sketch the profile of our sample. Additionally, we questioned
the role of the respondent in the company to assess if the types of respondents that
filled in the survey were likely to know the processes, and to check the validity of our
responses. Examples were provided to our respondents as most of them were probably not
familiar with the terms of the SCOR model. The survey questionnaire is included in the
Appendix A.
3.4. Sample and Sampling
Our target population included companies that engage in CE and have circular business processes. Companies of interest were, for instance, those that recycle or deal with
second-hand products, or any other company with circular business processes. Although
some companies may be more circular than others, all of their business processes are of
interest for the analysis of the state-of-the-practice.
We used non-random sampling for our research and, more specifically, we used
convenience sampling and snowballing, as defined by Kelley and Clark [37]. We wanted
to contact as many companies as possible with a high probability of having circular
business processes to make the responses relevant. Any company that we found and
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regarded relevant was contacted. Additionally, our contacts could forward the survey to
relevant people they knew, which is referred to as the snowballing method. In this method,
respondents can recommend others to be surveyed [37].
Kelley and Clark [37] note that the sample size target depends on the resources
available, the aim of the study, and the statistical quality needed. Qualitative surveys
need a smaller sample size compared to quantitative surveys [37]. The survey was mostly
quantitative, and based on the resources we had we decided to target a sample size of
50 respondents.
3.5. Data Collection
We first found relevant companies that engage in CE using Google search. We searched
using various search keywords including Certified B Corporations, circular, sustainable,
recycling, second-hand, and waste recycling. When a company of interest was found, we
contacted the company by phone or via email. Calling ensured a higher response rate,
as people felt more obliged to fill in the survey. To reach a larger number of companies
we also reached out through emails and short messages. We sent a follow-up message to
respondents who did not fill in the survey, increasing the response rate.
In total, we contacted about 130 different potential respondents from as many companies by phone, email, or both, and received 60 responses. If the responses obtained
exclusively through LinkedIn and snowballing are considered insignificant, the response
rate amounts to 46%. Most companies were from the Netherlands, and most of the respondents were managers or owners, which ensured that the respondents probably know the
processes very well. However, there were also respondents who may not have a complete
overview of the processes as they worked in specific departments, such as customer service,
and whose responses may not fully capture the degree of circularity in their companies.
This may slightly affect the results because there were few of these respondents.
3.6. Data Analysis
Before conducting the survey, we considered how the data could be analyzed and the
factors that could influence the data analysis. We identified that most of the responses could
be represented as frequencies or percentages. We used a standard industrial classification
of economic activities in our question about the economic activities of the companies. As
the questions about the presence of SCOR processes could only be answered by either yes
or no, we were able to determine how many respondents acknowledged certain processes
and identify what is used in practice.
The questions about the relationship between processes and economic activities, and
relationships among the processes, were considered essential. The former shows which
circular processes are used in which economic activities, and the latter gives more insight
into possible workflows within companies. The open questions at the end of the survey, for
which people could leave comments or indicate missing processes, were used for describing
possible missing elements or points of validity for the discussion.
4. Results
As part of the study, we first focused on scoping and modeling of the domain of
circular supply chains. Domain scoping and modeling is a set of activities that leads to the
identification of a set of concepts and terminology understood by practitioners in an area
of knowledge, and is undertaken to guide the survey study and the domain analysis.
4.1. Domain Scoping
Within the activity of domain scoping, we define the domain of interest and identify
our knowledge sources. Our domain of interest concerns a circular supply chain operations
system. The system fulfills a customer request and aims to maximize the overall value
generated [39], in addition to the ambitions of CE. We used the SCOR model version
12.0 [16] as our main knowledge source to define our domain and understand the pro-
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cesses within supply chains. As the research also has the purpose of identifying circular
processes that may be relevant for future versions of the SCOR model, we used our own
background knowledge on supply chains and systems and the 6R framework as additional
knowledge sources.
The system in our domain was based on five main processes of SCOR, namely plan,
source, make, deliver, and return. Enable is a more generic process and was not included in this
research. We considered all the six principles of CE of the 6R framework. When combining
these two, we realized that the reduce and redesign principles are already included in the
SCOR plan and were thus not included separately. We also noticed that the level 2 plan
source process of SCOR is not always necessary or possible for all sectors, particularly for
those applying the recycle principle of 6R. We argue that the raw materials entering a waste
management facility are not dependent on downstream requirements but on the available
waste found during collection. Therefore, the identification of product requirements is not
necessary for this sector in the plan source process, and we included the process plan waste
collection in our domain. Furthermore, we included the waste collection process because
we observed that a different type of sourcing process is used in the recycling and waste
management sector which is based on receiving orders from waste disposing customers
and collecting waste instead of ordering and receiving materials.
In addition, we included an additional make process, as some circular make processes
differ from the existing make-to-order, make-to-stock, and engineer-to-order processes. Some
circular make processes are based neither on a sales forecast, a product/service catalogue,
or a customer order. These processes are based on the availability of incoming supplies
and on their quantity and quality. Therefore, we included the processes reprocess-to-stock,
source reprocess-to-stock product, and deliver reprocess-to-stock product. These processes are
related to some of the 6R principles. For instance, the output of the recycling process is
dependent on the inconsistencies in the collected waste.
Through the reuse principle, products and components are used again for the same
purpose [29]. This happens through, for instance, charity or vintage shops, or by initiatives
of companies to take back end-of-life products to reuse them again [30,31]. In our domain
model, the processes source return end-of-use product and deliver return end-of-use product are
therefore included, as used by Vegter and van Hillegersberg [22] in their proposed circular
processes. The other return processes in SCOR indicate defects or needs for repair, which
are different from the reuse processes we identified. We assume that certain companies
receive second-hand products based on their availability and that these processes can
therefore be represented by reprocess-to-stock. An example of source reprocess-to-stock product
is the sourcing of second-hand clothing by sorting and distribution centers, which depends
on the available amount and quality of second-hand clothing. If, alternatively, a company
applies the reuse principle based on sales forecast or customer orders, it can use the relevant
processes as defined in SCOR.
The recover principle, which refers to the collection of end-of-life products to be
disassembled, sorted, and cleaned for use in future product life cycles [9], led us to define
the source- and deliver-return end-of-use product processes.
Within the remanufacture principle, two terms were identified which both use endof-use products, namely, product refurbishment and component remanufacturing. We
consider that both these processes can be represented by reprocess-to-stock, because both
depend on the end-of-use products that are returned. These manufacturing processes are
thus dependent on the availability, quantity, and quality of incoming supplies. Although
the two circular principles are different from one another, we considered it valid to present
them with reprocess-to-stock because the specific production processes are dependent largely
on the specific company, and thus the distinctions belong to level 4 of SCOR.
The key concepts discussed in this section are summarized in Table 2. We also provide
descriptions of the concepts based on our own interpretation. These processes are included
in our domain model in addition to those already defined in the SCOR model.
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Table 2. Key concepts of the circular supply chain operations system.
Concept

Description

Plan Waste Collection

A strategic or tactical process to establish and adjust courses of action over specified time
periods to collect waste to meet anticipated and unanticipated collection requirements.
The collection requirements are independent of downstream requirements [40].

Waste collection

Collection of waste based on either predefined schedule or specific order from a waste
disposing customer. Collection is dependent on the order or the service agreement made
with the waste disposing customer [40]. The goal is to recycle as much as possible into
useful products or materials to be sold.

Source Reprocess-to-Stock Product

Sourcing or receiving a product based on the availability, the quality and the quantity of
incoming supplies and not based on sales forecast or customer order.

Reprocess-to-Stock

Adding value to a deliverable through manufacturing which is completed prior to
customer orders and not based on sales forecast but on the availability, the quality and the
quantity of incoming supplies. The goal is to make products that can be sold made from
used products, materials, or waste.

Deliver Reprocess-to-Stock Product

Delivering a product that is sourced or made based on availability, the quality, and
quantity of incoming supplies.

Source Return End-of-Use product

Return and disposition determination of products that are at the end of their use, in order
to reuse them for the same purpose, or refurbish or remanufacture them for use for the
same purpose. The return process does not represent the actual making process.

Deliver Return End-of-Use product

Return and receive products that are at the end of their use, in order to reuse them for the
same purpose, or refurbish or remanufacture them for use for the same purpose. The
return process does not represent the actual making process.

4.2. Domain Modeling
Following the analysis of the previous section, we developed the feature diagram of
the processes of the circular supply chain shown in Figure 2. A feature diagram defines the
common and variant properties of a domain and can be used to depict the configuration
space of the possible systems.
The model shows that a company can apply one or more of the processes but not
necessarily all. The feature model includes processes from the SCOR model (not shaded)
and additional circular processes identified in this study (shaded). If a company includes a
feature from a feature model (which is a process) at a higher node such as make, it must use
at least one of the sub-features, such as reprocess-to-stock.
4.3. Survey Results
Respondents filled in the economic activities they recognized in their company, based
on the UN’s International Standard Industrial Classification of all economic activities (ISIC).
The UN notes that this is a comprehensive framework within which economic data can
be collected and reported for economic analysis. The classification is used for national
activity classification around the world. We used revision 4, currently the latest revision,
published in 2008, which includes 21 different activities [41]. We added manufacturing
of food products as a separate activity, in addition to manufacturing, because we found it
of interest to separately analyze trends in the food sector. Our respondents identified 14
of the 21 economic activities (Figure 3). The economic activities of one respondent were
undefined as it was unclear what the respondent referred to. The figure indicates that our
respondents came mostly from companies in wholesale and retail trade, agri-food, and
water- and waste-related sectors.
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Figure 2. Feature
Feature diagram of a circular supply chain operations system.

The model shows that a company can apply one or more of the processes but not
necessarily all. The feature model includes processes from the SCOR model (not shaded)
and additional circular processes identified in this study (shaded). If a company includes
a feature from a feature model (which is a process) at a higher node such as make, it must
use at least one of the sub-features, such as reprocess-to-stock.
4.3. Survey Results
Respondents filled in the economic activities they recognized in their company,
based on the UN’s International Standard Industrial Classification of all economic activities (ISIC). The UN notes that this is a comprehensive framework within which economic
data can be collected and reported for economic analysis. The classification is used for
national activity classification around the world. We used revision 4, currently the latest
revision, published in 2008, which includes 21 different activities [41]. We added manufacturing of food products as a separate activity, in addition to manufacturing, because we
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Although sourcing was recognized by respondents slightly less often than planning, it
was still well-known to the respondents (Figure 5). The data shows that many companies
do not apply all the different source types.
Many respondents recognized the newly added circular source processes, namely,
source reprocess-to-stock and waste collection. This clearly shows the presence of these processes in practice although they are not part of the SCOR model. The make and deliver
processes are shown in Figures 6 and 7, respectively.
The figures show that many respondents recognized many of the make and deliver
processes—at least 24 respondents for each process. Specifically, the added circular processes reprocess-to-stock and deliver reprocess-to-stock were recognized by 26 and 27 respondents, respectively. This also shows that these processes are widely used by companies in
practice although they are not part of SCOR.
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it is left blank. The processes source return and deliver return are merged for the sake of
simplicity and thus sSR1 and sDR1 are, for instance, referred to as sR1.
Table 3. ISIC economic activities identified by respondents.
Economic Activity

ISIC Code

Agriculture, forestry, and fishing

A

Manufacturing (excl. food products)

B

Manufacturing of food products

C

Electricity, gas, steam and air conditioning supply

D

Water supply, sewerage, waste management and remediation activities

E

Construction

F

Wholesale and retail trade; repair of motor vehicles and motorcycles

H

Transportation and storage

I

Accommodation and food service activities

K

Information and communication

L

Professional, scientific and technical activities

M

Administrative and support service activities

O

Education

P

Other service activities

S

Undefined

T

Below we first describe the plan processes, followed by the source, make, deliver, and
return processes. Then, we focus on the economic activities and finally comment on the
feature diagram (Figure 2) and the responses in general.
The table shows that all plan processes except for plan return and plan waste collection
were recognized across almost all economic activities. The various source, make, and deliver
processes were not identified across all economic activities. It is interesting to see that
different economic activities have different source, make, and deliver processes, indicating
that different types of companies use different types of processes. Although the processes
are scattered across the different economic activities, it can be seen that the process waste
collection is not used as often by companies in the economic activity of manufacturing of
food products. The same can be observed about the source reprocess-to-stock, reprocess-to-stock,
and deliver reprocess-to-stock processes. By comparison, most companies within the waste
sector recognize the processes plan waste collection, waste collection, reprocess-to-stock, and
deliver reprocess-to-stock. Although the (plan) waste collection process was mostly added for
the waste sector, it was also partially found in most other economic activities. Additionally,
20 respondents recognized reprocess-to-stock when recognizing waste collection, but nine
respondents did not.
The return processes were recognized within a restricted set of economic activities
as compared to the other processes, which could also be seen in Figure 8. In particular,
return MRO product and return excess product were recognized by fewer respondents in
our sample, and thus in few economic activities. In particular, companies in agriculture,
forestry and fishing or food service activities did not recognize many return processes. In total
there were 21 companies that did not recognize any return process, which is one-third of
all respondents.
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Table 4. All processes recognized by respondents categorized by economic activity. (A shaded cell indicates that the associated respondent identified in the first column recognized the
corresponding process given in the first row).
Resp.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

ISIC
A
A
A
A
AB
AC
AC
AI
AEFI
AEIM
B
B
B
BE
BF
BI
C
C
C
C
C
C
C
C
C
CH
D
E
E
E
E
EP

sP1

sP2

sP3

sP4

sP5

sP6

sS1

sS2

sS3

sS4

sS5

sM1

sM2

sM3

sM4

sD1

sD2

sD3

sD4

sD5

sR1

sR2

sR3

sR4
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Table 4. Cont.
Resp.
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

ISIC
EIM
F
FO
FO
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
HS
K
K
K
KL
P
S
S
T

sP1

sP2

sP3

sP4

sP5

sP6

sS1

sS2

sS3

sS4

sS5

sM1

sM2

sM3

sM4

sD1

sD2

sD3

sD4

sD5

sR1

sR2

sR3

sR4
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The feature model shown in Figure 2 suggests that each company has one or more
of the five major SCOR processes. Table 4 proves that is in fact the case in practice. The
feature diagram included an additional one or more relations at level 2. This is also shown
to be valid in practice, as each company has one or more level 2 processes corresponding
Sustainability 2021, 13, x FOR PEER REVIEW
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to each of the five major SCOR processes; some companies, for instance, have one source
process, but others recognize all five source processes.
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The third question concerning relations was about the process that happens before
reprocess-to-stock in a company. We considered the options source reprocess-to-stock and
waste collection but also allowed respondents to fill in another option if necessary. Most
respondents, namely 13, recognized waste collection comes before reprocess-to-stock;
nine
17 of
26
respondents recognized source reprocess-to-stock as coming before reprocess-to-stock (Figure
11). Four respondents filled in another response that we could not interpret.
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The non-SCOR processes are the new circular processes we identified. It appeared from
the results that all processes identified in the domain analysis, including the new circular
processes, were used in practice. This shows that the processes defined by SCOR are
also used in circular supply chains in practice. More importantly, new circular processes
are broadly recognized across multiple economic activities. These new processes used in
practice are plan waste collection, source reprocess-to-stock, reprocess-to-stock, deliver reprocessto-stock, source return end-of-use product, and deliver return end-of-use product. This implies
that the current SCOR model may not fully represent circular business processes and that
the circular processes we identified and represented in our domain model may be good
additions to the SCOR model.
We also observed that the return processes were recognized less often by respondents
compared to others, especially the return MRO product and return excess product processes.
We expected a different result as return is a circular process and essential for closing the
material loop and enabling reuse. One-third of the respondents, however, did not use any
return process at all. It was seen that companies in the economic activities of agriculture,
forestry and fishing or food service did not recognize many return processes. This may be the
case because perishable products cannot easily be returned. Return processes may not be
necessary for all companies to incorporate circularity principles as other processes or best
practices can also increase circularity; examples are selling or buying the residual streams
of a company’s production processes for use in another product, or picking up waste from
waste disposing customers in order to recycle it into new materials or products.
Some respondents left comments about processes they missed in the survey and
recognized in their business. For instance, one respondent mentioned missing drop shipping
in the descriptions. Drop shipping is known as a marketing function where retailers
can forward the orders from their customers directly to the manufacturer, who will send
the order directly to the customer and get paid by the retailer [42]. It seems as though
such activities can be modeled by the SCOR model as suggested by Francia-Arias and
Vilchez [43]. Another respondent mentioned missing the repair of products on location.
Taking in the product is suggested by the return process, as MRO products are first returned
according to SCOR. Nevertheless, it can also be considered as a service and thus a separate
make process in the company. A third respondent mentioned that the reuse and return of
bottles through packaging deposit should have been included. We consider this process
to be similar to the circular process return end-of-use product. Finally, another process that
emerged was to give residual streams of production processes or rejected products a second
life, as animal feed, for instance. There are different options for residual streams, such as
selling or giving away residual products. However, processes related to residual streams
may be a good addition to the SCOR model as a make process at level 3.
Some of the processes explained by respondents may be considered as best practices
instead of additional processes, such as buying food products that have been rejected based
on, for instance, mistakes on the package, and using these as raw materials for a company’s
own production process. As all these types of sourcing processes can be based on customer
forecasts, customer orders, or availability, we consider them to be already included in
our domain.
One area of interest in the responses is that there were multiple respondents in
sectors other than the waste sector that recognized plan waste collection or waste collection.
About half of the respondents recognized at least one of these. When looking at the
textual responses, however, we concluded that some of the companies may not use the
processes as we described them. One respondent, for instance, noted that they recycled
waste but did not collect it, whereas waste collection was recognized. Moreover, multiple
companies that bought residual streams from others seemed to interpret it as the process
waste collection. We define waste collection as picking up waste as a service triggered by
orders from waste disposing customers. Moreover, residual streams are not necessarily the
same as waste streams. Another respondent selling coffee equipment noted that picking
up used crockery and equipment at a customer that stopped drinking their coffee as waste
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collection. However, we would interpret this as return end-of-use product. Nevertheless,
although multiple respondents may have misinterpreted these two processes, they were
still often correctly recognized in the waste sector, showing their applicability in practice.
The other companies may not have fully recognized themselves in other processes. Thus,
it would be of interest to undertake in-depth research on how these processes can be
incorporated into the SCOR model.
Finally, it was noted that multiple respondents recognized a source process, without
recognizing the corresponding make or deliver process, or vice versa (e.g., respondents 20,
27, 38, and 57). There may be relations between processes other than those proposed by the
SCOR model, or companies may have misunderstood some.
5.2. Process Relations
The other question we researched concerned the relations between circular business
processes found in practice. In general, all relations we proposed were recognized to
various degrees. We did not find additional relations in our responses. However, some
responses can be doubted. There were, for instance, 20 respondents that recognized plan
waste collection before waste collection, and two of them did not recognize either of the
processes. Additionally, four respondents indicated “no” for the relation, while only
recognizing the process plan waste collection and not waste collection. However, as most
relations were still recognized by multiple respondents, we can assume that they indeed
represent the state-of-the-practice.
More research is needed regarding the extra processes mentioned by the different
respondents. Research should be conducted about how the SCOR model could be used
to model them, or how the model can be improved; in particular, the process concerning
residual streams of companies would benefit from additional research at level 3. Research
on the application of the return process in circular supply chains is also of interest because it
was recognized less in practice than one would expect. Finally, case studies on the proposed
circular processes in our domain analysis and their relations may provide additional
validation of our domain in practice. These added circular processes need more research to
define the specific processes at level 3.
5.3. Limitations
Multiple limitations must be considered for this research. First, there is a high probability of measurement error, as indicated by Ponto [44]. The questionnaire may not have
reflected the processes accurately, which could have led to incorrect responses. Some
respondents mentioned in the comments that they found the survey difficult to fill in or
clearly identify the processes in their company. Respondents may have wrongly interpreted
the questions as we were not available to provide clarification while the respondent was
answering the questions. We saw that there were respondents that recognized specific
relations, without recognizing the processes mentioned in these relations. This shows that
they misinterpreted either the processes, the relations, or both.
Furthermore, the non-random sampling technique chosen provides a less accurate estimate of the population compared to random sampling according to Kelley and Clark [37].
This can result in some coverage error as important respondents may have no chance
of being included in the sample due to the method of sampling used [44]. Additionally,
there may still be companies with interesting, additional circular processes which did
not fill in the survey. Most of the respondents in our sample include companies from the
Netherlands, which could have influenced the results. We did not have full control over
the respondents because the snowballing method was partially used, leading to sampling
error. A sampling error happens when respondents in the sample are not representative of
the target population [37,44].
Although there were limitations, we carefully followed the steps of the survey protocol
in the literature to gather sufficient and relevant responses. The respondents could choose
to stay anonymous, which reduced the degree to which they would present themselves
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favorably for self-presentation [38]. In addition, the response rate was high for an online
survey, namely 46%. Thus, the nonresponse error was low in our research.
6. Conclusions
This research aimed to identify the circular business processes in supply chains in
the state-of-the practice through a survey study. Other studies indicating that processes
for circular supply chain management are missing in the SCOR model were primarily
theoretical investigations. This study contributes by capturing the current state-of-the
practice. We looked at SCOR processes, in addition to non-SCOR, circular processes and
relations between the processes. We aimed to identify circular processes based on the
state-of-the-practice that may be valuable additions to the SCOR model. We developed
a domain model including existing SCOR business processes and new circular business
processes based on the analysis of the 6R framework.
All SCOR and non-SCOR processes identified in the domain were recognized in
practice in circular supply chains. Thus, we can conclude that the current SCOR model
may not fully represent circular business processes, and the new circular processes we
identified may be valuable additions to the SCOR model. These new processes are: plan
waste collection, source reprocess-to-stock, reprocess-to-stock, deliver reprocess-to-stock, source
return end-of-use product, and deliver return end-of-use product. Other processes identified
by our respondents, such as buying residual streams, were considered best practices for
circularity instead of new processes. We also noticed that the return processes of SCOR
were used less in practice than other processes, even though they are essential aspects of
circular economy.
Our results provide strong evidence that the current SCOR model needs to be improved. However, the new processes we suggest are based on the limited number of
economic sectors we were able to cover in our study. Therefore, future research should
clarify how these and other circular processes should be incorporated into the SCOR model.
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Appendix A. Survey Questions

•

All survey questions are displayed in italic

Appendix A.1. Is Your Company Circular?
With the rapid world’s population growth and our consumption style, we are depleting the world’s finite resources. Does your company have circular ambitions, and do you
want to contribute to a circular economy?
With a few simple questions, we want to identify current conventional and circular
business practices used within businesses as part of my MSc thesis project. In this survey we
have grouped these processes into five well-known categories, which are: planning, sourcing,
making, delivering and returning. In most of the survey, we ask you to answer a simple YES
or NO question about whether these processes are present or absent in your company.
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The survey will take you less than 10 minutes, and at the end of the survey you can
give us additional comments when necessary. You can choose to stay anonymous if you
want, yet your company name will not be used in any publications.
Appendix A.2. General Question
To which sectors does your company mainly relate to? *You can fill in one or more
economic activity of the standard ISIC classification.
Table A1. ISIC economic activities.
o

Agriculture; forestry and fishing

o

Financial and insurance activities

o

Mining and quarrying

o

Real estate activities

o

Manufacturing

o

Professional, scientific and
technical activities

o

Manufacturing of food products

o

Administrative and support
service activities

o

Electricity, gas, steam and air
conditioning supply

o

Public administration and defence;
compulsory social security

o

Water supply; sewerage, waste
management and remediation activities

o

Education

o

Construction

o

Human health and social work activities

o

Wholesale and retail trade; repair of
motor vehicles and motorcycles

o

Arts, entertainment and recreation

o

Transportation and storage

o

Other service activities

o

Accommodation and food
service activities

o

Activities of households as employers;
undifferentiated goods- and servicesproducing activities of households
for own use

o

Information and communication

o

Activities of extraterritorial organizations
and bodies

o

Other . . .

1.

Plan processes

Companies make different kinds of plans for their operations. We define 6 planning
processes. Below are the names of the planning processes with simple examples:
1.1.
1.2.
1.3.
1.4.
1.5.

Plan Supply Chain: A baker makes strategic plans for the company in general
Plan Source: A baker makes a planning for the sourcing (purchasing) of flour
Plan Make: A baker makes a planning for baking bread (e.g., a weekly baking plan)
Plan Deliver: A baker makes a planning for delivering bread to customers
Plan Return: Mediamarkt makes a planning for how to deal with the return of phones
through forecast
1.6. Plan Waste Collection: A recycling company makes a planning for picking up waste
through forecast.
Table A2. Do you recognize the following plan processes in your company?
Yes

No

1.1 Plan Supply Chain

o

o

1.2 Plan Source

o

o

1.3 Plan Make

o

o

1.4 Plan Deliver

o

o

1.5 Plan Return

o

o

1.6 Plan Waste Collection

o

o
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2.

Source processes

Companies source (purchase) inputs like raw materials, subassemblies, products and/or
services. We define the following 5 sourcing processes, explained using simple examples:
2.1. Source Stocked Product: A restaurant in IKEA sources food before knowing what and
how much customers will eat. Sourcing is based on sales forecast.
2.2. Source Make-to-Order Product: A restaurant where customers are required to make
reservation, the sourcing of ingredients required for meals is based on the number of
reservations and menus selected. Sourcing is based on customer order.
2.3. Source Engineer-to-Order Product: A restaurant sources ingredients required for the
meals of a wedding based on specified preferences of the couple (not necessarily based
on fixed menus). Sourcing is based on the unique preferences of a customer order.
2.4. Source Reprocess-to-Stock Product: A second-hand clothing sorting- and distribution
center sources already used clothing depending on the amount available. Sourcing is
based on the availability of materials.
2.5. Waste Collection: A company that recycles waste obtains orders from customers to
collect waste and then picks it up. Sourcing is based on service contracts of waste
disposing customers and availability of waste, yet independent of sales forecast.
(Sourcing based on collecting household waste, collecting empty beer glasses, etc. fall
in this category).
Table A3. Do you recognize the following source processes in your company?
Yes

No

2.1 Source Stocked Product

o

o

2.2 Source Make-to-Order Product

o

o

2.3 Source Engineer-to-Order Product

o

o

2.4 Source Reprocess-to-Stock Product

o

o

2.5 Waste Collection

o

o

*Answer if you checked ‘Yes’ for Waste Collection* Does your company Plan Waste Collection
for the process Waste Collection?
#
#
#

Yes
No
Other . . .

#
#
#

Yes
No
Other . . .

Does your company source used products that have been returned to your company from
customers, in order to remake or deliver it? (e.g., A phone company taking in used phones, after
which they are sourced to be remanufactured)

3.

Make processes

Companies create services or produce products. We define the following 4 types of
make processes, explained using simple examples:
3.1. Make-to-Stock: A restaurant in IKEA makes food ready for the customer to pick,
before knowing what and how much customers will eat. Production is based on sales
forecast with standard outputs.
3.2. Make-to-Order: A restaurant where customers are required to make reservation,
makes ordered meals from already defined menus. Production or completion is based
on customer order within standard outputs.
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3.3. Engineer-to-Order: A restaurant makes food ready for a wedding, based on the
specified preferences of the couple. Production is based on the unique preferences of
a customer order and results in unique outputs.
3.4. Reprocess-to-Stock: A company that recycles waste (as its core or side business)
recycles waste materials, depending on the amount and quality of waste that is
collected. Production is based on the quality and/or quantity of incoming supplies
and results in outputs of different quality and quantity.
Table A4. Do you recognize the following make processes in your company?
Yes

No

3.1 Make-to-Stock

o

o

3.2 Make-to-Order

o

o

3.3 Engineer-to-Order

o

o

3.4 Reprocess-to-Stock

o

o

*Answer if you checked ‘Yes’ for Reprocess-to-Stock* The process Reprocess-to-Stock in your
company, takes place after the process
#
#
#
4.

. . . Waste Collection (e.g., A Waste recycling company that recycles waste after
collecting it)
. . . Source Reprocess-to-Stock Product (e.g., A second-hand clothing sorting- and
distribution center that sorts and makes used clothing ready for reuse, after sourcing
the used clothes)
Other . . .
Deliver processes

Companies deliver finished goods or services to customers. We define the following
5 deliver processes, explained using simple examples:
4.1. Deliver Stocked Product: IKEA sells finished food at its restaurant that was made
ready before knowing what and how much customers would eat. Delivery is based
on sales forecast with standard outputs.
4.2. Deliver Make-to-Order Product: A restaurant delivers ordered meals from a menu to
customers. Delivery is based on customer order with standard outputs.
4.3. Deliver Engineer-to-Order Product: A restaurant delivers food at a wedding according
to the unique preferences of the couple. Delivery is based on the unique preferences
of a customer with unique outputs.
4.4. Deliver Retail Product: A supermarket stocks its shelf with finished products and sells
it to customers. Delivery is based on acquiring, merchandising and selling finished
goods at a retail store.
4.5. Deliver Reprocess-to-Stock Product: A waste recycling company delivers recycled
paper. Delivery is based on products that are sourced or made based on the quality
and/or quantity of incoming supplies.
Table A5. Do you recognize the following deliver processes in your company?
Yes

No

4.1 Deliver Stocked Product

o

o

4.2 Deliver Make-to-Order Product

o

o

4.3 Deliver Engineer-to-Order Product

o

o

4.4 Deliver Retail Product

o

o

4.5 Deliver Reprocess-to-Stock Product

o

o
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*Answer if you checked ‘Yes’ for Deliver Reprocess-to-Stock Product* The process Deliver
Reprocess-to-Stock Product in your company, takes place after the process.
#
#
#

. . . Reprocess-to-Stock (e.g., A waste recycling company delivering recycled paper,
after recycling it at the company)
. . . Source Reprocess-to-Stock Product (e.g., A second-hand company that delivers
products right after sourcing it)
Other . . .

*Answer if you checked ‘Yes’ for Deliver Retail Product* The process Deliver Retail Product in
your company, takes place after the process . . . .
#
#
#
5.

. . . Source Make-to-Stock Product (e.g., A supermarket that sources finished food
products and sells them at the store)
. . . Source Reprocess-to-Stock Product (e.g., A second-hand shop that sources/
receives used products and sells them at the store)
Other . . .
Return processes

Companies return and receive products from customers. We define the following
4 return processes, explained using simple examples:
5.1. Return Defective Product: Returning a defective product to the company and receiving the product at the company, as defined by company rules. (e.g., A toys
manufacturer identifying and receiving a baby born, which was delivered defective
as it could not make a sound).
5.2. Return MRO Product: Returning a Maintenance, Repair and Overhaul (MRO) product
or company assets to the company and receiving it at the company. The purpose is to
repair or upgrade it. (e.g., A computer company returning and receiving a computer
from a customer for repair).
5.3. Return Excess Product: Returning excess or aging inventory to the company and
receiving it at the company, according to certain terms, in order to reallocate it to a
place that can sell the product (e.g., A distribution center that receives clothes from
a clothing shop that could not sell anymore in its city, and sends it to be sold in
another place).
5.4. Return End-of-Use Product: Returning a used product to the company and receiving
it at the company, in order to reuse, refurbish or remanufacture it (e.g., When a
customer returns its used clothes to H&M in order for H&M to deliver it to another
organization who can sell it).
Table A6. Do you recognize the following return processes in your company?
Yes

No

5.1 Return Defective Product

o

o

5.2 Return MRO Product

o

o

5.3 Return Excess Product

o

o

5.4 Return End-of-Use Product

o

o

Appendix A.3. Other
Are there any processes that you missed in this survey which are present in your
company? If so, which process(es) did you miss?
... ... ...
Do you have any more comments about the processes of your company, or about what you
filled in?
... ... ...
What is the name of your company?
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... ... ...
What is your role in the company?
... ... ...
Where did you find this survey?
#
#
#
#

Via a post on LinkedIn
Someone I know send it to me
I was contacted via mail/message
Other . . .
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