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Climate change and the scarcity of natural resources affect every-
one. These issues are the main reasons why discussions of cir-
cular economy (CE) as a means to promote sustainability have 

come to the fore in recent years. According to Sitra1, CE has the poten-
tial to cut 56% of heavy industry’s CO2 emissions in the EU by 2050. 
OECD2 and European Parliament3 have identified CE as an important 
means for increasing resource efficiency and reducing the use of natural 
resources. Additional reasons for adopting CE include environmental 
benefits from the reduced extraction, processing, and disposal of nat-
ural resources; reducing the reliance on critical material inputs to mit-
igate supply risks; and business opportunities in various sectors, such 
as services, sharing economy, remanufacturing, and secondary material 
production2.

It is stated that digitalization can contribute significantly in transi-
tioning to a more sustainable CE. It is also said that it could help to close 
the material loops by providing precise data on the availability, loca-
tion, and condition of products. One claim is that digitalization could 
also allow for more efficient processes in business, help reduce surplus-
es, support longer life for goods, and diminish transaction costs. Thus, 
digitalization could boost the implementation of CE business models 

1Sitra (2018). The circular economy—A powerful force for climate mitigation.
2 McCarthy, A., Dellink, R., and Bibas, R. (2018). The Macroeconomics of the 
Circular Economy Transition: A Critical Review of Modelling Approaches. OECD 
Environment Working Papers.
3 European Parliament (2018). Resource efficiency and circular economy. Fact 
Sheets on the European Union - 2018.

by helping to close, slow and narrow the material loop with increased 
resource efficiency.

However, how do digitalized solutions really affect businesses? Do 
they create new challenges for life cycle management? Does required 
new hardware contain harmful substances that must be managed after 
its first life? What about the increase in energy consumption for smart 
solutions? In other words, How could digitalization really promote the 
implementation of CE strategies?

The answer may lie behind the claim: digitalization could provide 
precise data on the availability, location, and condition of products 
when available proper competencies are available to transform the data 
into information, knowledge, or even wisdom in order to decide appro-
priate measures for beneficial CE business creation.

It is essential, then, to understand the importance of information 
management if one business actor is interested in implementing CE 
strategies. This is the justification for this publication; the main objec-
tive is to open—in addition to biological and technical cycles—the third 
necessary cycle of CE strategies. This third cycle includes the aspects 
related to data, information, knowledge, and wisdom.

The research and development project titled “From Data to Wis-
dom—Approaches Enabling Circular Economy” has sought new 
knowledge on how companies can systematically identify relevant data, 
create new value constellations, and then convert data into wisdom that 
is used to implement new circular operational and business models. The 
research work was conducted by VTT Technical Research Centre of 
Finland, Ltd., LUT University, and Tampere University.

PREFACE
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TI IVISTELMÄ

Maapallon resurssien huvetessa kiertotalous on tunnistet-
tu tärkeäksi keinoksi resurssitehokkuuden lisäämisessä ja 
luonnonvarojen käytön vähentämisessä. Toisaalta ymmär-

rys mitä kiertotalouden operatiivisten ja liiketoimintamallien käyttöön 
ottaminen vaatii yritysten ajattelumalleilta ja mikä sen merkitys kil-
pailukyvylle on, eivät ole vielä laajalti konkretisoituneita asioita. Täs-
sä julkaisussa esitellään käytännön esimerkkejä kiertotalouden eri lii-
ketoimintojen toteutuksista. Tutkimuksen pääpaino on ollut tunnistaa 
informaatiohallinnan rooli menestyksekkäässä kiertotalouden liiketoi-
minnan toteutuksessa. Julkaisun tavoitteena on tarjota yritysedustajille 
käytännön tuloksia ja oppeja kiertotalouden operatiivisten- ja liiketoi-
mintamallien toteuttamisesta.

Tämän julkaisun tavoitteena on viitoittaa polkua kiertotalouden lii-
ketoiminnan suuntaan tarjoamalla:

1.	 kuvauksen mitä kiertotalous on
2.	 kuvaamalla kiertotalouden vaikutuksia liiketoiminnan toteutta-

misessa
3.	 tarinoita informaation roolista kiertotalouden liiketoiminnan 

luomisessa
4.	 käytännön työkaluja kiertotalouden liiketoiminnan luomiseen

Julkaisun rakenne seuraa tätä logiikkaa ja esittelee käytännön esimerk-
kitapauksia kiertotalouden liiketoiminnan kentältä. Julkaisussa esiteltä-
viä työkaluja ja menetelmiä sovellettiin ja kehitettiin edelleen yritysyh-
teistyössä, johon osallistuivat BMH Technology, Fortum, Solita ja UPM.

Tämä julkaisu kokoaa projektin “Data to wisdom - Approaches Enab-
ling Circular Economy” (D2W) keskeisimmät havainnot ja tulokset. 
Hanke alkoi elokuussa 2016 ja se kesti aina tammikuuhun 2019. Tutki-
mustyöhön osallistuivat VTT, LUT-yliopisto ja Tampereen yliopisto ja 
se toteutettiin osana Business Finlandin BioNets ohjelmaa.

D2W-projekti tarjosi hyvän yleiskuvan kiertotalouden liiketoimin-
nan kehittämisen vaatimuksiin monialaisen osaamisen kattavassa usean 
yrityksen projektissa. Projektissa keskityttiin tarkastelemaan kiertota-
louden liiketoiminnan kehittämistä erityisesti kolmen eri näkökulman 
kautta, joita olivat innovaatiot ja liiketoimintamallit, verkostot ja yhteis-
työsuhteet, sekä tieto ja viisaus. 

Koska D2W-projektissa lähestymistapa oli laaja, on joitakin ehdo-
tettuja työkaluja ja menetelmiä syytä edelleen jalostaa, jotta ne olisivat 
entistä käyttökelpoisempia yritysten ja organisaatioiden hyödynnettä-
väksi. D2W-projektin työtä siis jatketaan ja uusien tutkimus- ja kehi-
tyshankkeiden valmistelu on käynnissä yhdessä toimijoiden kanssa, 
joiden mielenkiinnon kohteena on lisätä valmiuksiaan kiertotalouden 
periaatteita noudattavan liiketoiminnan luomisessa. Esimerkkejä uusis-
ta aiheista seuraavien vaiheiden tutkimukseen ovat muun muassa:

•	 Kiertotalouden ja kestävän kehityksen avainindikaattorit
•	 Kiertotalouden liiketoimintaekosysteemin ohjaaminen
•	 Tekoäly (IT teknologia), mahdollisuudet ja vaatimukset kierto-

talouden liiketoiminnan implementoinnissa
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EXECUTIVE SUMMARY

In this world of scarce resources, circular economy (CE) has been 
identified as an important means for increasing resource efficiency 
and reducing the use of natural resources. What, however, does im-

plementing circular business and operational models mean for compa-
nies’ business execution, mindsets, and competitive edges? This publi-
cation presents the practical case studies of several different CE business 
implementations. The focus on this exploration was to identify the role 
of information management in successful CE business implementation. 
The outcomes offer a chance for different representatives of different 
firms to learn from practical cases of CE implementation in operational 
and business models. 

This publication aims to show the pathway toward CE by providing 

1.	 a description of CE
2.	 an explanation of its impact on business execution
3.	 stories about the role of information in the creation of CE business
4.	 practical tools for the creation of CE business

The structure of the publication tracks similar logic to, and presents 
practical case examples from, the field of CE business. Tools and meth-
ods were applied and further developed within the case companies: 
BMH Technology, Fortum, Solita, and UPM. 

The publication presents the major results of research and develop-
ment work performed within the “From Data to Wisdom—Approaches 
Enabling Circular Economy” project (D2W). The project was initiated 

in August 2016 and continued until January 2019. The research work 
was conducted by VTT, LUT University, and Tampere University as part 
of the BioNets program of Business Finland.

The project provided a good overview of the demands of CE busi-
ness in a multidisciplinary multi-company setting. It focused on three 
approaches for examining circular business: innovation and business 
models, relationships and networks, and data and wisdom. 

Since D2W had a broad scope, some of these approaches should be 
developed further to provide practical tools for business developers 
(companies and organizations). The work of D2W will therefore con-
tinue. Case-specific projects are being considered to develop practical 
results for the needs of practitioners interested in improving their capa-
bilities for CE business creation. Examples of new topics for the subse-
quent steps of research include, for example: 

•	 Key performance indicators of CE and sustainable development
•	 Governance of CE business ecosystems
•	 New artificial intelligence (AI) technologies, opportunities and 

requirements in CE business implementation
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EMERGENCE OF  
CIRCULAR ECONOMY

Circular economy is predicted to grow in importance as a way 
of maximizing profits in the future. Moving from linear opera-
tions to circular value creation is revolutionizing various indus-

tries across the world. Companies have increasingly started to look for 
sources for added value creation through services and smart approaches 
(intelligence-based digital solutions)—for example, by paying attention 
to maintenance and reusing and remanufacturing activities. In Finland, 
CE business is particularly driven by the Finnish Innovation Fund Sitra, 
whose work has gained worldwide recognition. Sitra has, for example, 
listed inspiring examples of Finnish companies that have changed their 
operations and revenue models to drive CE. In addition, Sitra has es-
tablished the world’s first roadmap to CE: “Leading the Cycle—Finnish 
Roadmap to a Circular Economy 2016–2025.” The aim of the roadmap 
is to guide Finnish companies in finding new ways to increase added 
value creation and to lead Finland as a CE pioneer. 

Despite the good intents and increasing interest, the transition from 
a traditional linear business to a circular one is not easy. The aim of this 
publication is to provide information about CE and circular business 
by shedding light on promising case examples from Finland. More im-
portantly, this publication discusses the role of information in circular 
value creation. It also provides a toolkit with research-based resources 
for managers to use on their road toward circular business. 

1.1	 What is Circular Economy?

CE is an economic system that is restorative by intention and design 
and where the resource and energy flows are to be closed, narrowed, 
and slowed down1. In other words, a CE system is about creating value 
from waste by capturing and reusing finite materials and energy2. CE 
has been described as responding to calls for sustainability3 and solving 
the challenges of traditional linear “end-of-life” logic where competition 
and supply risks of scarce resources have increased4. CE has become 
increasingly concerned not only with environmental impacts but with 
economic benefits. From a business perspective, we may talk about cir-
cular business as referring to solutions and business models that aim at 
enhancing CE, responding to minimizing environmental impacts, and 
creating short- and long-term economic benefits. Traditionally, the CE 
model distinguishes between biological (consumption) and technical 
(the recovery of materials and products) cycles, as seen in Figure 1. 

1 Ellen MacArthur Foundation (2013). Towards the Circular Economy: Economic 
and business rationale for accelerated transition.
2 Kraaijenhagen et al. (2016). Circular Business: Collaborate & Circulate.	
3 Murray et al. (2015). The Circular Economy: An Interdisciplinary Exploration of 
the Concept and Application in a Global Context	
4 Lieder and Rashid. (2016). Towards circular economy implementation: a com-
prehensive review in context of manufacturing industry. Ghisellini et al. (2016). 
A review on circular economy: the expected transition to a balanced interplay of 
environmental and economic systems.
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Figure 1  
BIOLOGICAL AND TECHNICAL CYCLES OF CIRCULAR ECONOMY.

Biological cycles consider food and biologically based materials (such 
as wood and cotton) and their circulation back into the consumption 
system through, for example, composting. Biological cycles provide re-
newable resources as they regenerate living systems (e.g., soil).

Technical cycles consider the products, materials, and components, as 
well as their recovery and restoration. The strategies used include prin-
ciples of reuse, repair, recycling and remanufacturing.

BIOLOGICAL
CYCLES

TECHNICAL
CYCLES

1.2	 How is Circular Economy 
	 Revolutionizing Industries?

CE has the potential to revolutionize many industries as companies 
begin to develop their business models around the ideas of extending 
product life cycles, expanding from products to services, and focusing 
on renewability and resource efficiency. Building on the definition of 
CE, several authors have provided categories for CE business models1. 
Perhaps the most well-known categorization is by Bocken et al. (2016)—
that of slowing resource loops through design for long-life goods and 
extending product life, closing resource loops through recycling, ex-
tending resource value and industrial symbiosis, and resource efficien-
cy or narrowing resource flows by using fewer resources per product. 
Using a more business-oriented approach, Sitra (2017) and Lacy and 
Rutqvist (2015) present a complementary categorization of CE business 
models. In this publication, the types of circular business are considered 
through this categorization of business models: 

1.	 product life extension;
2.	 product as a service; 
3.	 sharing platform;
4.	 renewability; and
5.	 resource efficiency and recycling.

1 Lacy and Rutqvist (2015). Waste to Wealth: The Circular Economy Advantage. 
Bocken et al. (2016). Product design and business model strategies for a circular 
economy. 
Sitra (2017). The most interesting companies in the circular economy in Finland.  
Ellen MacArthur Foundation (2013). Towards the Circular Economy: Economic 
and business rationale for accelerated transition.
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1.3 	 What is the Role of Information
	 in Circular Business?

The use of data and IT has the potential to change the way value is creat-
ed and to enable better resource efficiency for societies1. Many CE solu-
tions are supported or even enabled by data and digital platforms. They 
ensure the availability, reliability, and transparency of the solutions to 
the relevant actors and stakeholders. 

It is essential, therefore, to understand the importance of information 
management if a firm is interested in implementing CE strategies and 
solutions. Thus, this publication introduces the third necessary cycle of 
the CE: the information cycle (see Figure 2). The information cycle in-
cludes the aspects related to data, information, knowledge, and wisdom.

The data, information, knowledge, and wisdom hierarchy (DIKW) 2 is 
a useful representation of different stages of information cycles. Data cov-
ers the values and observations from selected variables, such as measured 
value by a technical sensor. When data is transformed to a meaningful 
and useful form, it becomes information. An example of information is 
a trend of failure rate. Knowledge is the ability to interpret trends and to 
recognize when there is a need for action. A professional skill of under-
standing information that has developed over a long time is an example 
of knowledge. Wisdom is the ability to understand relevant alternative 
actions in the current situation, to compare them, and to make an optimal 
decision supported by appropriate decision support tools.3

1 EMF (2016). Intelligent assets: unlocking the circular economy potential.	
2 Ackoff (1989). From data to wisdom.	
3 The explanation of the different stages of the hierarchy is based on the ideas of 
Kunttu et al. (2016).	

It is crucial to understand the stage of DIKW hierarchy needed to 
develop and implement a CE solution. For example, if only a database of 
measurements is required, the data stage is sufficient. However, if there 
is a need to visualize the results or to understand when measurements 
deviate from the norm, there is a need for the information or knowl-
edge stages. In many cases, the information level is sufficient to manage 
even a complex CE solution. Examples of the role of information in CE 
solutions are presented in the following case studies. The case studies do 
not consider whether the firms are capable of using this information as 
organizational knowledge or wisdom in decision-making.
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INFORMATION AS AN ENABLER
OF CIRCULAR BUSINESS

Information is a key enabler for circular business. To help in bet-
ter understanding the role of information in circular business, this 
chapter illustrates the information needs and flows between differ-

ent stakeholders through four business cases analyzed in the D2W pro-
ject. These cases include UPM’s equipment reuse, BMH Technology’s 
SRF as a service, Solita’s Amer Sports platform solution, and Fortum’s 
HorsePower. Following a brief description of the business concept and 
its underlying motivation, each actor involved in value creation is in-
troduced and the discussion is focused, in particular, on the role of in-
formation in fulfilling the actor’s business need. The presented figures 
(3–6) illustrate the material and information flows through the actors 
involved in these concepts. Section 2.5 concludes the key findings across 
the cases.
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2.2 	 BMH: Solid Recovered Fuel as a Service 
(From Products to Services)

Motivation
•	 Global motivation to shut down and get rid of landfills
•	 Increased need to recycle useful materials
•	 BMH’s motivation is to develop its service business and increase 

the stability of its overall business.
•	 Power plants would like to concentrate on their core business 

(i.e., operating the power plant).
Business concept

•	 All useful materials are recycled and the rest of the waste (main-
ly plastics) is shredded, resulting in solid recovered fuel (SRF) 
that can be combusted in the power plants’ boilers.

•	 BMH gets, e.g., a monthly fee from delivering the SRF to power 
plants → SRF as a service.

•	 Business model is based on the selling capacity of the SRF pro-
duction plant.

•	 BMH provides the steady flow of fuel for the power plants by 
operating the SRF production systems.

•	 Power plants combust the SRF and produce heat and electricity 
for society.

•	 Business model is currently at a conceptual level.

Conclusion
As shown in Figure 4, most of the information and material flows form 
cycles throughout the system. In this case, BMH acts as a central infor-
mation node where the information flows about end users, waste man-
agement companies, and power plants are crossing. The role of informa-
tion in this business model is crucial since the needs and requirements 
of each actor in the network need to be identified. In addition, informa-
tion about the composition of waste is very important, as the SRF pro-
duction systems need to be optimized based on this information. This 
also affects the quality of the service (SRF as a service) to be delivered 
to the customers. Detailed information is also needed regarding the val-
uable recyclable that are separated from the waste for use elsewhere. 
Furthermore, the waste management companies need detailed and cor-
rect information about logistics (e.g., delivery and collection times and 
locations) to deliver the waste and SRF to the right places at the right 
times. Since the business model itself is new in this type of industry, the 
idea and information about the model must be communicated clearly to 
potential customers.
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2.3 	 SOLITA: Amer Sports Information  
Platform (Resource Efficiency,  
Sharing Platform Variant)

Motivation
•	 Traditionally, Amer Sports has focused on how many products 

can be sold to retailers. The company possesses a lot of data in 
its network (ERP, CRM, and sport watches). This information is 
used to connect the data from production and sales activities.

•	 The goal of the information platform solution was to increase 
the transparency of the sales processes.

•	 The company can give its retailers forecasts on the sales of its 
products to avoid product and material losses.

•	 At the moment, the operating model is linear; however, during the 
production and storage stages, the solution promoted the princi-
ples of CE by reducing product, material, and energy losses.

Business concept
•	 Information platform connects production, sales, retailers, and 

users of the product.
•	 Provides accurate and detailed real-time sales forecasts to the 

actors that need the information
•	 Increased transparency and predictability translate into an opti-

mized number of products to be manufactured, thus decreasing 
material costs and waste.

•	 Additional benefits include reduced storage costs, avoiding sales 
lost due to unavailability of products and costs related to prepara-
tion of sales forecasts. Total benefits were several million € in 2017.

•	 Accuracy of forecasts for new products was 91.4 % in 2017.

Conclusion
Information plays a central role in the Solita Amer Sports information 
platform. The improved material and energy efficiency is achieved by 
collecting data from end users, analyzing the data, and refining it into 
valuable information about the demand of specific products in specific 
geographical areas. The information is then transmitted to Amer’s de-
sign and realization, Amer’s sales, and the products’ retailers. The suc-
cess of this solution depends the on quality of the data, the accuracy of 
the analytics, combining information from different sources, and shar-
ing the information to the relevant partners in the value network.
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2.4 	 FORTUM: HorsePower  
(Utilizing Material Flows Across Industries)

Motivation
•	 Huge problem & possibility: There are 6 million horses in Europe, 

each producing manure up to 10t/a. (Finland ~ 8,000 horses, Sweden 
~ 400,000, Germany or France ~ 1 million etc.) Options to use or dis-
pose of manure are costly and very limited. Horse manure is a problem 
waste. It is not allowed in landfills and has limited suitability, e.g., as 
fertilizer. Stables have limited possibilities to use manure themselves.

•	 Aim is to solve the problems of stalls, provide alternative for 
non-sustainable energy sources such as coal and for costly bioma-
terials, create profitable business based on services, and change the 
mindsets of decision-makers internationally. 

•	 Possibility for creation of positive environmental impact (Co2 re-
duction ca. 200kg/ton manure) and image benefits, localized energy 
production (no extra emissions, etc. from logistics)

•	 Fortum is committed to sustainable development and attempts to 
create new business that drives CE.

Business concept
•	 The business was established in 2015. It is currently operating in 

Finland (260 stables and around 8 power plants) and is starting in 
Sweden. 

•	 The concept: 1) By-products from the forest industry are delivered 
for stables to use as bedding material. 2) Used bedding material and 
manure are picked up regularly (no need for long-time storage in 
the stable). 3) The manure is delivered to the power or heating plant. 
4) Electricity and heat are used by end users. 5) Combustion ash is 
used (e.g., in civil engineering and as forest fertilizer).

Conclusion
As shown in Figure 6, most of the information flows through the For-
tum HorsePower business unit. This unit works as an information plat-
form, holding and transferring business information (such as material 
details and logistics information). The role of information in this busi-
ness model is crucial. For example, the detailed and correct informa-
tion about logistics (e.g., delivery and collection times and locations) 
is needed to optimize the complex logistic puzzle involving multiple 
actors (e.g., stables and logistic service partners). This is required to 
keep costs in control and enable competitive prices. Furthermore, as the 
service is highly dependent on both the power and heating plant’s need 
for biofuel (manure-bedding material mixture) and the stable’s need for 
the service, assessing the information about requiring these needs is a 
necessity. Thus, the solution requires professional skills to understand 
this information and the ability to turn this information into possibili-
ties and concrete actions.
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2.5 	 The Role of Information  
in Circular Business Cases 

We have illustrated the role of information in four CE solutions. Al-
though the cases present different types of CE business models, the role 
of information in each is substantial. UPM’s refurbishment and reuse of 
equipment and components is an example of a business model based on 
the idea of life extension. In this case, the information required includes 
the condition and characteristics of equipment and components that 
could be reused by other plants inside the company or sold to external 
clients and the needs of potential internal and external clients. An infor-
mation platform is crucial for the management of the vast list of reusa-
ble equipment and components. BMH’s solid recovered fuel as a service 
is an example of a business model focused on moving from products 
to services. In this case, the information cycle means collecting differ-
ent types of information from different stakeholders so that the special 
service can be developed and communicated to customers and valuable 
materials can be used effectively. Solita’s Amer Sports information plat-
form relies on the idea of improving resource efficiency through a shar-
ing platform. In this case, the entire business is based on the establish-
ment of an information technology-based platform that collects data, 
analyzes it, and produces accurate predictions for the value network, 
including design and realization, sales, and retailers. Finally, Fortum’s 
HorsePower is a business model based on the idea of using material 
flows across industries. In this case, both information and material flow 

across industries. Enabling the use of horse manure as a biofuel requires 
the skills and abilities to collect and analyze information from different 
stakeholders and combine these information pieces into knowledge to 
be used in decision-making and business optimization. 

The following matrix (Figure 7) can be used for categorizing CE solu-
tions and identifying potential similarities among business concepts. 
In particular, solutions studied in the D2W project were found to dif-
fer regarding two key characteristics: how they leveraged information 
and whether they resulted in the establishment of new material cycles. 
Our findings show that solutions can either be centered on information 
concerning the production process or rely primarily on information 
describing the status or condition of the production equipment itself. 
Additionally, solutions may focus either on improving the efficiency of 
existing product or material cycles or discovering and leveraging entire-
ly new cycles.

In each of the case studies presented, research and development work 
were also involved. During this work, several approaches were explored 
according to case-specific objectives. To facilitate the development and 
piloting of CE initiatives in companies, concrete tools are needed to im-
plement potential CE business ideas. The following chapter discusses 
the tools used and tailored for promoting CE business.
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3.1 	 Tool 1:  
Building Circular Economy Scenarios 

The target of the tool
CE may present either an opportunity or a threat for companies. 
Adopting CE principles affects companies’ current and future com-
petitiveness. The shift toward a more circular and sustainable econo-
my is, however, a necessary course of action. To prepare for the shift, 
we argue that companies should systematically explore the alterna-
tive futures associated with their strategies and business. The future 
of CE can be explored using, e.g., morphological analysis, roadmaps, 
futures wheel methods, or scenario methods. All methods are useful 
for the systematic analysis of future business environments, CE solu-
tions, and enablers and barriers of CE. The main challenges related 
to CE include the uncertain impacts of CE on companies, the com-
plexity of solutions, and successful solutions that require a paradigm 
shift in many cases. These challenges can be addressed by scenario 
methods.

How the tool works
There are several methods for building scenarios. In this project, the 
following process was used :
 
1.	 defining issues that should be understood better, 
2.	 identifying major stakeholders and actors, 
3.	 identifying the main forces that shape the future, 
4.	 identifying key trends that affect the issues of interest, 
5.	 identifying key uncertainties from the list of future shaping forces 

and examining their interrelations, 
6.	 selecting two key uncertainties and cross their outcomes in a matrix; 

adding outcomes of trends and other key uncertainties to the scenarios, 
7.	 assessing the plausibility of scenarios and revise if necessary, 
8.	 assessing the behavior of key stakeholders in the revised scenarios, 
9.	 exploring the possibility of quantitative model, and 
10.	 reassessing the uncertainty ranges of main variables.

Scenarios were built for, e.g., adopting CE solutions in the smart city con-
text. The goal here was to analyze the role of information systems in CE 
solutions. An example of the scenario matrices is presented in Table 1. 
In this example, the most important variables were data ownership and 
business models.
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3.2 Tool 2: Circular Business Idea Evaluation 

The target of the tool
CE is driven forward by certain factors that support the introduction 
of new business concepts. In the field, however, there also exist barri-
ers that hinder innovation and business development. To build the best 
possible premises for the development of CE initiatives, it is important 
to build understanding about these drivers and barriers. This, in turn, 
helps to reduce the risk of ignoring relevant antecedent factors when 
considering the introduction of new business concepts. Therefore, there 
is a need for tools to evaluate CE business concepts, beginning with the 
ideation stage of development. The developed circular business idea 
evaluation tool aims to support the selection of promising business 
ideas that should be allocated more personnel resources. These ideas 
are selected first for idea enrichment and, after a second evaluation, for 
concept formulation.

How the tool works
The circular business idea evaluation tool provides a holistic perspective 
of a firm’s internal and external business environments when develop-
ing business around CE.1 The tool is targeted for circular business idea 
evaluation (see Figure 9). It consists of seven distinct categories, includ-
ing different antecedent factors that affect the introduction of new CE 
business initiatives. The tool provides a checklist for evaluating business 
ideas from a CE perspective. It ensures that all relevant perspectives are 
considered when developing the idea into a concept. 

1 The tool is developed based on the framework of barriers and drivers for circular 
economy, introduced in Tura, N. et al. (2018) Unlocking circular business: a 
framework of barriers and drivers
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3.3 Tool 3: Assessing CE Impacts for Assets

The target of the tool
CE solutions often require equipment and machinery (assets) that must 
be managed to ensure their reliable and safe operation. CE solutions 
might require new types of assets or for the old assets to be installed 
in new operating environments. Asset management plays a major role 
when CE solutions are implemented and targeted strategic objectives 
are pursued. CE and asset management goals are generally aligned, as 
both aim at optimizing resource value over solution life cycle. As the 
main difference, asset management decisions consider multiple deci-
sion criteria, including the economic perspective and risk. CE focus-
es on extending the resource use after the first life cycle and replacing 
non-renewable with renewable materials. From an asset management 
perspective, CE solutions may not always be viable. There is a need for 
tools to consider the effects of CE solutions on asset management, iden-
tify the strengths and weaknesses of CE solutions, and develop them 
from an asset management perspective.

How the tool works
Table 2 presents a framework that aims to highlight the opportunities 
and threats involved in CE solutions from the perspective of asset man-
agement1. These opportunities and threats can be viewed through asset 
management fundamentals2: the value provided to the organization, the 
alignment of plans and activities, leadership and culture that ensure 
that employees in the organization have clear roles and responsibilities 
and are competent and empowered, and assurance that assets fulfill 
their purpose. CE solutions are compared with existing linear solutions. 
The evaluation framework focuses on transitioning to a CE solution 
from the perspective of the assets required. Examples of CE asset man-
agement opportunities include extending the lifetimes and increasing 
the efficiency of assets, facilitating the recycling or reuse of components 
and equipment, offering new purposes for the old equipment, and cost 
savings. CE solutions increase the need for usage history data. Conse-
quently, additional opportunities may result from more efficient deci-
sion-making and from better availability and quality of information. 
Threats related to asset management include the complexity of the sup-
ply chain and information systems, management of new value elements, 
and the assurance of quality in the new production ecosystem. In gener-
al, companies may require new partners to provide CE solutions, which 
may present either an opportunity or a threat.

1 The tool is developed based on the framework introduced in Hanski et al., 2016 
Circular economy models: Opportunities and threats for asset management.	
2 ISO (2014) ISO 55000-2 Asset Management standards.
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3.4 Tool 4: Roadmap for Knowledge Utilization

The target of the tool
Knowledge utilization is a central element in identifying new business 
ideas and developing these ideas into business concepts. The develop-
ment of innovations for CE requires the use of relevant sustainability 
knowledge (i.e., creating market value by combining pieces of envi-
ronmental, organizational, and social information). The roadmap for 
knowledge utilization tool aims to support the process of transforming 
data into information, to knowledge, and, finally, to wisdom used as the 
basis of circular business initiatives (see Figure 10).

How the tool works
The roadmap tool provides a holistic perspective on the knowledge uti-
lization process that supports innovation development for CE1. The pre-
sented tool is targeted for decision-makers to help them understand the 
transformation process—from data to the managerially usable stock of 
knowledge and, finally, to wisdom. It highlights the five main steps to be 
followed, each involving specified tasks and questions to be considered 
(see Figure 11).

1 The tool is developed based on the ideas of Mohamed et al. (2009) An empirical 
assessment of knowledge management criticality for sustainable development and 
Tura et al. (2018) Innovations for sustainability: Challenges of utilizing sustaina-
bility-related knowledge.	

WHY? 
Specify the sustainability or CE challenge and/or goal under consider-
ation. What are the internal motives? What are the external require-
ments?

WHERE? 
Specify the sources for data and measurement. Collect the data and 
transform it into information. Analyze the information into knowledge.

WHAT IS THE VALUE? 
Determine the knowledge gap: What is useful from the perspective of 
the determined goal/challenge? What knowledge is relevant from CE 
development perspectives? Determine the relevancy of the data: rank-
ing and prioritization based on CE business development objectives.

WHAT IS MISSING? 
Create inferences from validated knowledge: Is knowledge missing? 
Identify new/supporting knowledge. Combine knowledge sources in-
side the organization and across organizational boundaries.

HOW TO USE? 
Determine strategies to communicate the knowledge to relevant stake-
holders. Identify the real value proposition: how knowledge is mobi-
lized and deployed to add circular value.
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STEP 1: Step 1 is concerned with identifying potential and required 
business partners for implementing the concept. The whole value net-
work must be considered (i.e., identifying the partners required not 
only in delivering the products and services but also in returning the 
usable materials in the cycle—the so-called end-of-life partners). Stake-
holders who are not directly linked to the business concept but who may 
indirectly affect the actions of the network partners must also be consid-
ered. These could be, for example, governments and policymakers that 
regulate the business environment.

STEP 2: After potential partners are identified, they must be evaluated 
and, ultimately, chosen to implement the business concept. The matrix 
below (Table 3) could help in evaluating partners. The idea of the ma-
trix is not just to consider the perspective of the focal firm (what the 
partners could offer to the focal firm) but to consider how the entire 
network can benefit from its contributors. Different partners can be 
added—as many as needed. The aim is to identify the resources and 
information the partners can offer to each other by looking at both in-
tersections (focal firm-customer and customer-focal firm intersections) 
in the table. Steps 1 and 2 overlap to an extent, meaning that as partners 
are evaluated, other partners may be considered as potential members 
of the network.

STEP 3: Finally, in step 3, after the required partners have been identi-
fied and chosen, the network can be visualized. Visualization can help 
to validate previous work, and new business ideas and potential new 
partners can potentially arise during the process. Visualization often 

helps in recognizing where different material and information flows5 
exist and where they do not exist. In practice, draw all the relevant ac-
tors and their positions in the network (as done in the case examples in 
section 2 in this report) and identify the most important material and 
information flows between the actors. The needed CE business model 
network described and visualized (as in the case examples of this report 
in sections 2.1–2.4) should result.

5 For more information about identifying and visualizing CE information flows, 
see Ståhle (2017) and Suomi (2018).
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3.6 Tool 6: CE Concept Evaluation

The idea/target of the tool
The CE concept evaluation tool is a continuation of the circular business 
idea evaluation tool (tool 2).1 The checklist (table 4) for this tool is more 
comprehensive, as it aims to support go/no-go/hold decisions when CE 
business concept options are compared. The comparison results in sug-
gestions for further improving certain categories of evaluated business 
concepts. The tool also aims to support selecting the most suitable con-
cepts for new business development.

1 The tool is developed based on the framework of barriers and drivers for circular 
economy, introduced in Tura, N. et al. (2018) Unlocking circular business: a 
framework of barriers and drivers.

How the tool works
The tool consists of seven distinct categories with a set of key and spec-
ifying questions. The goal is to determine how well the properties of 
the concept cover the requirements set by the questions. There are two 
options for this. First, for each question, the concepts are given a score 
(e.g., -2...2). The results of concept scoring are compared to determine 
their key weaknesses and strengths.

To reach comparable results when using the CE concept evaluation 
tool, two factors must be considered. First, a baseline has to be formed 
for the evaluation. This is often achieved by selecting a reference item 
(for example, a product or service). Second, evaluation criteria for differ-
ent scoring values must be defined either qualitatively and/or quantita-
tively. For instance, a score of 2 could be defined as “major improvement 
compared with baseline” or “90% less CO2 emission.” The tool should 
always be tailored to the organizational objectives. Figure 13 shows an 
example of an evaluation based on the categories determined in Table 4.
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CONCLUSIONS4
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CONCLUSIONS Research and practice regarding innovation and CE business op-
portunities are developing quickly. Our findings concern some 
companies that have implemented, perhaps unconsciously, 

practices that follow CE principles—forerunners that highlight sustain-
ability and, thus, CE in their strategies. However, as we have discovered 
through this research project, CE business concepts are far from being 
fully executed, and there is still a relatively limited amount of practical 
knowledge about how manufacturers, service providers, consumers, 
and other stakeholders need to act to realize the full potential of CE 
business. In concluding, we first present an outline of the ongoing shift 
toward CE business and then suggest acknowledged research topics to 
support companies’ transitions toward CE business.

4.1 Concluding Discussion 

Information plays a crucial role in the development of CE business 
models. In general, these models are dependent on information about 
the characteristics, conditions, locations, and availability of assets. Al-
though the information items are quite generic in all CE business cases, 
each company has different requirements concerning data and informa-
tion when executing business following CE principles. Different types of 
information are required depending on the business case, such as infor-
mation about condition of assets, composition of material flows, relevant 
partners and stakeholders, and the technologies relevant for processing 
information flows. Therefore, in addition to the technical and biological 
cycles, business case-specific information management could be regarded 
as a third important cycle in CE.

Digital technology is often considered an enabling technology that can 
monitor valuable smart solutions and materials much more economically 

than before. Many companies currently use several existing information 
systems. These old systems could potentially prevent moving toward CE 
business, as their rather unwieldy data item structures are not designed 
to support the execution of circular business. Investments in replacing 
old information systems could thus form a high barrier to CE business 
implementation. Ideally, new digital technology solutions should be easily 
connectable to enrich the data that old information systems contain. 

Implementation of CE business frequently requires a new kind of co-
operation in the value network or even the creation of a new business 
ecosystem. To realize the value of CE business opportunities, the entire 
network needs to be described to better understand the whole value cre-
ation logic and potential new ways of doing CE business. The description 
of the new CE value network, or ecosystem, should also support the gov-
ernance of the actors involved in the network. This is merely one impor-
tant aspect, as reaching new sustainability targets is not achieved through 
the activities of just one actor.

The D2W project had three key approaches to circular business: 1) data 
and wisdom, 2) relationships and networks, and 3) innovation and busi-
ness models (Figure 14). The first approach aimed to identify the data and 
information in company networks and convert it into wisdom and circu-
lar business opportunities. Tools 1, 3, and 4, in particular, were related to 
this approach. The second approach aimed at leveraging relationships and 
networks for circular business. Tool 5 focused on this approach. The third 
approach focused on revolutionizing circular value formation through dis-
ruptive business models and innovation. Tools 2 and 6 focused on this ap-
proach. The three approaches intersect in the method developed for mode-
ling CE solutions and the case studies presented in chapter 2. This method 
combined the information streams, networks, and relationship views with 
the business and value concepts for the actors involved in the network.
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4.2 Future Research 

The D2W research project focused on the importance of information 
management when creating and executing CE business in a multidis-
ciplinary multi-company setting. Despite this plentiful context for re-
search and learning, it is obvious that many areas that facilitate CE busi-
ness have not yet been covered adequately.

Examples of new themes for the following steps of research include:

•	 Key performance indicators of CE and sustainable development
•	 Governance of CE business ecosystems
•	 New AI (IT) technologies, opportunities, and requirements in 

CE implementation

Key performance indicators of CE and sustainable development will 
facilitate the extension of carbon footprint reduction to reducing re-
source and energy consumption. It will form a baseline for monitoring 
the resource handprint of CE solutions and support the determination 
of the overall impacts of CE solutions.

The governance of CE business ecosystems will focus on challenges 
related to the creation of symbiotic business relationships in industrial 
ecosystems. This requires new collaboration, communication, and co-
ordination approaches within complex networks of interdependent but 
independent actors/stakeholders. It will especially emphasize the move-
ment from an individual actor perspective toward the network/system/
society level aspects of CE.

New AI (IT) technologies, opportunities, and requirements in CE im-
plementation will concentrate on studying the impacts of new AI (IT) 
technologies (e.g., bargain chains/smart deals) for CE business. It will 

Figure 14 
D2W PROJECT’S KEY APPROACHES TO CIRCULAR BUSINESS.

also create special tools for the CE innovation process to support the 
implementation of CE solutions, monitoring, and concept maturity as-
sessment and will clarify issues related to the responsibilities of these 
new systems.

APPROACHES
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Data & Wisdom
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