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Abstract.

This paper studies the data-driven decision-making and management mech-
anisms and practices in innovative SMEs operating in the evolving circular
economy related industries. Being rather new area of business with strong de-
velopment needs from the viewpoints of sustainable development, new con-
sumer expectations and environmental targets, rapid changes in business envi-
ronments and competition, as well as frequent changes in legislation cause not
only challenges but also new business opportunities to circular economy SMEs.
To prepare to the operational changes, optimize their operations, and to develop
their competitive advantage, the circular economy SMEs need to continuously
develop dynamic capabilities related to the utilization of the data collected from
various sources to explore the future challenges and opportunities in their busi-
ness environment.

In this paper, we present a comprehensive case study consisting of six indus-
trial cases, all representing SMEs operating in the field of circular economy in
Fin-land. In the case study, we investigate how the SMEs utilize data in sup-
porting their decision-making on both strategic and operational level. The first
interview round was conducted in Oct-Dec 2019. To understand the impact of
COVID-19 pandemic to the data-driven decision making, we conducted the
second interview round in Oct-Dec 2020. The results predict that descriptive
analysis is the mainstream of data utilization in circular economy SMEs where-
as there is still much room for improvement in the utilization of predictive anal-
ysis methods.
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1 Introduction

The exploratory utilization of data collected from the business processes, customers,
competitors and other sources enables data-driven approaches for various decision-
making functions in companies. This is particularly true for the firms that are operat-
ing in rapidly changing business environments, in which a firm may obtain significant
competitive advantages by coming up with new innovations and customer solutions.
Organizations adopting a data-driven approach may have opportunities to improve
their business and outperform other organizations [1]. However, due to their relatively
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small organizations, SMEs are often rather streamlined and limited with their finan-
cial resources and capabilities. For this reason, developing capabilities to utilize data
in their business analytics and operations is particularly important for the SMEs.

Circular economy is based on closed-loop production systems and material flows.
It aims to reuse materials and decrease the need of virgin materials that requires im-
plementation of reverse supply chain and co-operation between actors [2]. The princi-
pal logic of the circular economy is to convert waste into resources by applying tech-
nical or biological conversion. The outcome of the conversion can be re-used in an
industrial process or returned to the biosphere [3]. The business concepts related to
the area of circular economy aim at addressing to sustainable development needs by
minimizing resource input and waste, emissions, and energy leakage, without jeopard-
izing growth and prosperity [2]. The circular economy companies are showing in-
creasing interest to invest in business intelligence and other practical data-based tools
that enable them to make systematic planning for the future on both strategic and
operational levels [5]. Business data also provides the companies basis for rapid and
rational decision making concerning their key operations, including business and
product development. However, for SMEs full utilization of data often causes chal-
lenges that may be related to e.g. lack of competences and capabilities or missing
understanding of the business potential of the data utilization [6].

This paper studies the data-driven decision-making and management mechanisms
and practices in innovative SMEs operating in the evolving circular economy related
industries. The paper seeks to answer the following research question: How the SMEs
operating in the area of circular economy utilize data in supporting their decision-
making? We aim at finding answers to this question on both strategic and operational
levels by means of a comprehensive case study consisting of seven industrial cases. In
the case analysis, we approach the main research question from three separate view-
points (sub-questions): 1) What data is utilized in strategic decision making? 2) How
data is utilized in decision making? 3) How much Covid-19 is affected to data utiliza-
tion in decision making? The case data used in this paper has been collected during
two interview rounds, which enables us to draw conclusions regarding the im-pact of
COVID-19 pandemic to the data-driven decision-making and management in circular
economy SMEs.

2 Data-driven decision making in SMEs

Increasing digitalization and massive volumes of data provide new sources of value
for companies [7]. The impact of data on the economy has also been referred to as
‘the new oil’ [8]. Yet, many SMEs face challenges in making use of this ‘new oil’ [9].
Challenges in harnessing big data peculiar to SMEs include: low level of understand-
ing of big data, classifying emerging developments such as big data analytics as hys-
teria and not as a viable business opportunity, lack of adequate infrastructure to ana-
lyze data, lack of in-house data-analytic experts, lack of representative case studies
and success stories with respect to big data analytics in SMEs, lack of expertise and



selecting suitable solutions, effort needed in order to understand the available data,
dirty data and other data quality issues, etc. [9-12]

2.1  Types of data

A good question is also what kind of data can be used in the data-analytics. Data at
disposal of SMEs can be machine-generated (e.g. data that comes from machines,
sensors, mobile phone applications, computer networks, etc.), human-generated (data
collected by people e.g. name, address, telephone number etc.; and data generated in
technology-mediated interactions via documents, emails and social media services),
and business-generated such as transaction data from point of sales or enterprise re-
source planning systems [13, 14]. Furthermore, data can originate from internal
sources or external sources. External data sources include, for instance, open data,
acquired data, customer provided data and freely available data [15].

2.2 Data analytics in decision-making

Data can be used in decisions making in various ways and SMEs may lack under-
standing, what analytical methods are available in the first place, and which of these
could be feasible in their context. Analytical methods that support in improved deci-
sion making are illustrated in Figure 1.
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Fig. 1. Data analytics methods for improved decision making [16].



Each of the data analytics method can be used to answer various business ques-
tions. Next are outlined some typical business questions that can be addressed with
these methods [16-18]:

e Descriptive analytics: Analytics that help in understanding, e.g. “What happened?
How many, how often, where? What actions are needed?”

e Diagnostive or inquisitive analytics: Analytics that help in comprehending, e.g.
“Why did something happen? Why is this happening?”’

e Predictive analytics: Analytics that help in anticipating, e.g. “What if these trends
continue? What will happen next? What is likely to happen in the future?”

o Prescriptive analytics: Analytics that help in responding to “Now what? What hap-
pens if we try this? What is the best that can happen? What actions should be tak-
en?

e Pre-emptive analytics: Analytics that help in recommending “What is re-quired to
do more?”

e Autonomous analytics: Analytics that help to understand the data with-out human
hypotheses and minimal involvement of human analysts: “What can we learn from
the data? What if we take action?”

For applying these analytic methods, several alternatives are available from rela-
tively simple statistical and optimization tools in spreadsheet, traditional software
packages, data visualization and analytics tools, descriptive, predictive and prescrip-
tive analytics tools to open source programming environments [17]. While large cor-
porations have specialist data scientists and the technology infrastructure in-house,
SMEs may lack both the expertise and tools to benefit from data-analytics [10] or
they may be unaware that they possess this capability.

2.3 Data analytics in circular economy SMESs

Kristoffersen et al. [19] have explored the relationship between data science and cir-
cular economy. Their focus is on how organizations can better structure their data
understanding and preparation in order to align business objectives and circular econ-
omy related objectives. They propose that suitable utilization of data and analytics can
have major efficiency improvements supporting sustainable and circular economy.

Supply chain requires information flows that enables sharing and optimizing mate-
rial flows and can be supported by the key enabling technologies of Industry 4.0 [20].
The key challenge when reusing waste material, is material quality and the barrier is
information exchange relating to the material flow supply and demand, transportation,
and infrastructure [21]. SMEs face the requirements to provide information of the
circular economy benefits to convince the customer and they find it challenging to get
support from the supply and demand network [22]. Industrial networks provide op-
portunities to create value from waste by closing material loops among companies,
but there are also various barriers, such as lack of information management systems,
technological and financial resources, qualified professionals, and managerial com-
mitment [23].
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Methodology

In this paper, we conduct a comparative qualitative case study on seven SMEs operat-
ing in the area of circular economy. All the case companies are located in Finland.
The case companies provide services related to waste management, biogas produc-
tion, material recycling or the manufacturing of products based on waste materials.
The empirical data used in this study was collected by interviewing company execu-
tives, mainly CEOs, in autumn 2019 and 2020. All the interviews were recorded and
transcribed prior to analysis. The interview questions sought insight on how compa-
nies are utilizing data in strategic decision making, and what kinds of impacts the
COVID-19 may have had on the data utilization. Table 1 displays a summary of the

case companies.

Table 1. Case Descriptions.

Case Interviewed Number of | Industry Core business
person employees area
Case A COO 50 Combined Waste  man-
facilities sup- | agement, recy-
port activities | cling services
and solutions
for households
and companies
Case B Service Man- | 60 The treatment | Waste  man-
ager and disposal of | agement and
non-hazardous | recycling ser-
waste vices for
households
and companies
Case C CEO 80 The treatment | Waste  man-
and disposal of | agement and
non-hazardous | recycling ser-
waste vices for
households
and companies
Case D Marketing and | 20 Town and city | Environmental
sales coordina- planning engineering
tor design and
delivering
biowaste
treatment solu-
tions
Case E CEO 40 The recovery | Recovering

of sorted mate-
rials

sorted materi-
als




Case F CEO 10 The disman- | Recycling
tling of wrecks | services  for
wrecks

Recycling and
processing of
oil-based ma-
terial into fuel
and animal
feed

The manufac-
Case G CEO 10 ture of other
food products

4 Results

In this chapter, we summarize the results of the analysis made based on the case-
specific interviews. This chapter is divided into three subchapters, each of which pre-
senting the key results of the interviews from the viewpoint of our three sub-research
questions. Some key results of the case data are also summarized in Table 2.

4.1  What types of data is utilized in strategic decision making?

Based on the interview data, most often companies mentioned business-generated
data. Data that companies are utilizing relates to their own finances, efficiency of the
production and collection-routes, material-specific and customer-specific volumes,
customer experience and satisfaction. These were the most often used internal busi-
ness-generated [15] data sources in the interviewed Circular Economy companies.

We are utilizing data too little. Our financial data is somewhat in use. (Case D)

We utilize data of the number of our client companies and the amount of waste
generated in them. (Case B)

Companies mentioned that they use data describing competitors’ development and
financial condition, granted construction-permits and forthcoming initiatives, price
trends of material fractions and country-specific data. These data sources rep-resent
external data sources [15]. One case company mentioned partner company as an im-
portant data source to provide forecasts of forthcoming waste volumes.

In a competitive situation, we utilize as external data, our competitors' financial
data to monitor their situation. (Case D)

We utilize data on the price trends and seasonal variation of material fractions.
(Case F)

Strand & Syberfeldt [24] stated that external data may be the key asset for organi-
zations, but most organizations primarily utilize internal data. They found that valua-




ble data for waste management companies can be found from the following external
data sources: maps, orthophotos and road data; property and civil data; traffic &
weather data. Compared to the companies we interviewed, none of them mentioned
these external sources. Reason for this might be the fact that SME’s may lack the
expertise and tools to benefit from data analytics [10]. This requires more research in
the future.

4.2 How data is utilized in decision making?

Based on the interview data, all seven interviewed companies conduct descriptive
analytics and two of them conduct predictive analytics. These companies use data in
production planning, process development, investment planning, competition, and
internationalization. Data is utilized for example for making material-specific deci-
sion whether the company should process the material or to source processing as a
service. Descriptive analytics shows the current states of a business, predictive ana-
lytics allows forecasting and shows future possibilities [16].

The bottom line is that we have an adequate load, we can provide staff with work,
we keep the work productive, and we make data-driven decisions about which direc-
tion to go. (Case A)

We've had to analyze more closely what we're doing, what works and what doesn't.
Changes in the clients have required us to make operational changes. (Case A)

We are preparing to make investments and evaluate whether it is worth processing
materials themselves or sourcing as a service. (Case B)

You always must quantify things that where we are, where we re going, and what
road we're going to take. Data itself is the big value for us, through which we justify
our decisions. (Case E)

Predictive analytics allows forecasting and may indicate future opportunities [16].
This analysis type was mentioned as a data analysis method in two interviewed com-
pany cases. These companies utilize data to determine their stock size according to
the price fluctuation or to predict forthcoming movements in the market.

We collect external data on the financial situation of our customers and competi-
tors to conclude, what kind of movements it is possible for them to make. Combining
this information with a view of the market, we know who would be able to build the
facility and, on the other hand, who could order it. (Case D)

In terms of the material fractions we sell, we aim to outline how large stocks we
want or can hold, whether it’s worth waiting for a price hike or whether the variation
is unpredictable. (Case F)



According to Strand and Syberfeldt [24], descriptive analytics in waste manage-
ment company shows annual waste volumes and number of bins, while predictive
analytics predicts required emptying fees for different bin types for the coming years,
whereas prescriptive analytics optimize the number and configuration of vehicles as
well as fuel consumption. Our interview results support these findings, for instance
the interviewees indicated that descriptive analytics methods help them to keep the
work productive. As predictive analytics they mentioned external data of the financial
situation of their customers and competitors, to anticipate what is likely to happen in
the market. Another example relates to the price fluctuation and defining the stock
size.

4.3  How much COVID-19 is affected to data utilization in decision making?

Based on our interview data, COVID-19 pandemic has had only a minor impact on
how data is utilized in our seven case companies Some companies found that data
utilization should be further developed to allow forecasting and timely decision-
making. During the COVID-19 pandemic, companies have had to analyze their own
activities due to changes in their clients.

We realized the need and had an opportunity to develop data utilization. We found
that processing information must be more real-time to be able to make the right deci-
sions in the right moment. (Case A)

We recognize that we need to develop data utilization in decision-making. We
found during COVID-19 that if data utilization was better, we would be able to antic-
ipate earlier. We learned the hard way that it should be done. (Case D)

Not affected exactly. As regards the export of material fractions, we monitor ship-
ping routes, restrictions and in which locations the transport fleet accumu-lates. The
location of transport equipment affects export costs. (Case F)

For the time being, Finland has coped better with COVID-19 than many other in-
dustrialized countries. There have not been wide restrictions or lockdowns in society,
which might give explanation to our interview results. The companies indicate that
COVID-19 hasn’t had at all, or only a minor impact to data utilization in decision
making. The companies we interviewed, highlighted increased consumer waste as
well as infectious waste from hospitals due to COVID-19. Thus, our interview results
sup-port the earlier findings of Ibn-Mohammed et al. [25] that reviewed the impacts
of COVID-19 for global economy and observed that Circular Economy business re-
late to the increase of consumer waste caused by social distancing, online buying and
takeaway food as well as increasing volumes of waste from the healthcare industry
that can be infectious.



If the COVID-19 situation gets bad, then preparedness planning will start in waste
facilities: what kind of waste flows we should be prepared for, for example, for the
treatment of contaminated hospital waste from which diseases can spread. (Case B)

Ibn-Mohammed et al. [25] also expect that digitalization of supply chain enables
companies to attain resilience towards global pandemic. Digitalization enables intelli-
gent assets to share location, condition, and availability, as well as preventing failures
across the supply chain. They stated that another view for digitalization must keep in
mind: even the digital technologies can provide great benefits, they are affecting to
the environment harmfully by increasing energy consumption and material consump-
tion by device production.

The following Table 2 summarizes the findings presented in this chapter.

Table 2. Summary of utilized data types, data analytics, and the effect of COVID-19 in each
case.

A B C D E F G

1.What
data is
utilized in
strategic
decision
making?

machine- X X X X
generated

human- X X X X
generated

business- X X X X X X
generated

2.How data
is utilized
in decision
making?

descriptive | X X X X X X X

predictive X X

prescriptive

3. How
much
COVID-19
is affected
to data
utilization
in decision
making?

not at all X X X X X

only a little | x X
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to some
extent

rather
much

very much

As observable from Table 2 there were only little impacts of COVID-19 on utiliza-
tion of data in decision making. Descriptive analysis was the main approach for the
data utilization in all the companies. Most often used data source was business gener-
ated data, while some companies made use of also machine-generated data and hu-
man-generated data.

5 Discussion

In this paper, we have studied the data utilization in seven SMEs operating in the area
of circular economy by means of a qualitative case study. The main goal of the study
was to improve understanding on how these companies utilize data in supporting their
decision making. In our analysis, we approached our main topic from three separate
but interconnected viewpoints. The first viewpoint was related to the types of the
utilized data. Our empirical data revealed that the business generated data that was
most often coming from the companies’ internal processes, was the most utilized data
type. However, the external data related to competitors, material flows, and construc-
tion have growing value in the companies’ operational management and planning.

The second viewpoint focused on the data analysis methods used by the case com-
panies. The results revealed that descriptive analysis was the mainstream type for the
data utilization in all the companies. This was not surprising, since the daily opera-
tional management in the SMEs obviously relies on the descriptive analysis that anal-
yses the current state of the business. However, two of the case companies utilized
also predictive analytics that allows forecasting and exploring of the future opportuni-
ties. The interview data showed that those companies that are utilizing predictive
analytics have clearly understood the meaning and value of the data-driven decision
making in strategic planning and management. However, our analysis also shows that
there is significant room for improvement in the utilization of data in the circular
economy SMEs, who would clearly benefit from efficient predictive analysis meth-
ods.

As the third viewpoint, we inspected the impacts of the current COVID-19 pan-
demic on the data utilization in the circular economy SMEs. Whereas the societal
impacts in Finland have been quite low in general, also our conclusion is that the
pandemic has had a minor impact on the SMEs studied. However, digitalization and
the development of advanced data utilization in circular economy sector can clearly
advance sustainable material usage, and also contribute to the building of resilient
business in this area.
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