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20.	 How digital technologies boost value potential 
creation and value realization in CE: insights 
from a multiple case study across industries1

Sami Rusthollkarhu, Valtteri Ranta and Leena 
Aarikka-Stenroos

INTRODUCTION

Digital technologies and technological innovations have been identified as important catalysts 
for business model innovations that enable value creation while adhering to circular economy 
(CE) principles (Nascimento et al. 2019; Rosa et al. 2020; Ranta et al. 2021; Bocken et al. 
2016). Although the concept of business models has often been used in the CE literature, its 
primary function has been to showcase a more holistic perspective on how CE principles can 
be implemented in business (see e.g. Lüdeke-Freund et al. 2019). Thus, the business models 
in the CE literature have mainly focused on value proposition (Manninen et al. 2018), value 
creation (Bocken et al. 2016), and value capture (Ranta et al. 2018) activities of companies 
that enable adhering to CE principles in business. The literature, however, has not given much 
attention to the models’ primary role in describing customer value creation (Teece 2010) and 
the necessary participation of the customer in value creation (Vargo and Lusch 2004, 2016). 
In this chapter, we therefore discuss how digital technologies enable and boost customer 
value creation in CE. We give special attention to not only the effects of digital technologies 
in creating value potential for customer but also the effects in the customer’s possibilities to 
realize this value.

As with business model innovations, the CE literature has approached digital technologies 
from a circularity and material efficiency perspective. Technologies have allowed companies 
to better utilize their supply chain data to track products and materials, potentially improving 
their ability to retain value (Lopes de Sousa Jabbour et al. 2019) and thus better fulfil the 
requirement for circularity (Ranta et al. 2020). However, adhering to CE principles does 
not determine a company’s ability to succeed or even exist in the market. For this, the value 
perceived by the customer is considered fundamental (Slater and Narver 1994). For a business 
model to be applicable, it must create value for the customer and be able to capture a part of 
that value (Teece 2010).

The dominant approach to customer value considers it as something determined by the 
customer (Vargo and Lusch 2004, 2016) and created through interactions between the cus-
tomer and the supplier (Lindgreen et al. 2009). The supplier is seen as a facilitator (Grönroos 
and Voima 2013), or proposer (Vargo and Lusch 2004, 2016), of value as well as an organ-
izer of the value process (Aarikka-Stenroos and Jaakkola 2012). The customer realizes the 
value as co-creator and evaluator (Grönroos 2011; Grönroos and Voima 2013; Prahalad and 
Ramaswamy 2004; Vargo and Lusch 2016) by interacting with the supplier and using the 
products and services offered to them (Grönroos and Voima 2013; Vargo and Lusch 2004). 
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The chapter adopts this dominant approach, in which the customer is seen as the necessary 
co-creator of value. Customer-perceived value is then determined by two aspects: (1) the value 
potential created and (2) the customer’s ability to realize that potential. We utilize these two 
aspects to examine the effects of digital technologies on value creation in the CE context. We 
aim to understand how digital technologies allow companies to develop and redesign their CE 
business by (1) improving the value potential of CE business and (2) improving the customer’s 
ability to realize that value. Together, these two aspects explain how providers can utilize 
digital technologies to enhance customer value creation in order to strengthen CE innovations.

We conducted a multiple case study among six companies from different industries. The 
study examined their CE solutions, in which digital technologies were utilized for both cus-
tomer value creation and adherence to CE principles. The interview data gathered were cat-
egorized according to different digital technologies as well as their effects on value potential 
and its realization.

This study aims to contribute to the literature on circular and sustainable business, CE 
innovations, and value creation by exploring the relationship between circularity, digital tech-
nologies, and customer value creation. In addition to introducing the topic of customer value 
creation in CE, this chapter provides managerial guidelines for practitioners in their innovative 
business endeavours.

VALUE CREATION IN THE CE CONTEXT

A business model’s ability to provide realizable value for the customer determines the compa-
ny’s likelihood of remaining in the market (Teece 2010). In this section, we discuss creating 
and realizing customer value potential in relation to CE principles.

Creating and Realizing Value Potential

Customers have an active role in the process of value creation. The customer realizes value by 
interacting with the value proposition of the company (Vargo and Lusch 2004) and can also 
participate in the process in a more extensive manner as a co-producer, designer, developer, 
or marketer (Aarikka-Stenroos and Jaakkola 2012). The role of the company is to offer value 
propositions (Vargo and Lusch 2004) and facilitate the value process (Grönroos and Voima 
2013). We emphasize that the creation and realization of value propositions take place in an 
ecosystem, meaning that propositions can be created by multiple actors (Vargo and Lusch 
2016).

Furthermore, the customer’s process of realizing value is guided by a broad range of inter- 
and intra-organizational interactions, not just those with value proposition. Thus, the value 
realized by the customer is not necessarily similar to the value proposition offered by the 
company (Rusthollkarhu et al. 2020). This is especially relevant in the context of CE, as the 
function of products and materials differs in different parts of the cycle. For example, recycled 
or reused goods can have functions for customers distinct from their original purposes (Ranta 
et al. 2020). To capture a more holistic view of customer-perceived value, we use the concept 
of value potential, which includes all the potential value the customer can realize while inter-
acting with the physical good or service, including the intended value communicated by the 
value proposition. Next, we discuss the connection between value potential and CE activities.
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Value Potential in CE Business

To understand CE characteristics in value creation, we use the four CE value creation logics 
described by Ranta et al. (2020): resurrect, share, optimize, and replace value. These logics are 
consistent with other CE business model categorizations (e.g. Ellen MacArthur Foundation 
2015; Bocken et al. 2016; Lüdeke-Freund et al. 2019). However, while the other models 
primarily focus on improving the circularity of business, the value creation logics explicitly 
focus on value creation but from the perspective of the company (Ranta et al. 2020). Thus, 
the crucial activities within these value creation logics provide an understanding of the 
value-potential-building activities of CE business models. An important aspect of value cre-
ation logics is that while each describes core aspects of how certain activities aim to increase 
value potential, multiple value creation logics can and often are found simultaneously in a CE 
business model (Ranta et al. 2020).

In the resurrect value logic, the company focuses on reintroducing value back into resources, 
such as products, components, and materials. To leverage this logic, companies need to be able 
to reintroduce value cost efficiently so that the revitalization of value offers competitive value 
potential for customers compared to new resources while enabling profitable value capture for 
the company (Ranta et al. 2020). Crucial CE activities for this logic include the acquisition of 
the resources with diminished value in the value resurrecting process through, for example, 
take-back systems (Lewandowski 2016) or circular supply chains (Centobelli et al. 2020); 
the actual process of resurrecting value, be it maintenance, repairing, remanufacturing, or 
recycling (Lüdeke-Freund et al. 2019); and the sale of the resources back to the market (Ranta 
et al. 2018).

In the share value logic, the company focuses on enabling customers to move from the 
ownership of products toward using shared resources, which reduces the amount of resources 
and, thus, the materials needed to fulfil the needs of the customer base. To leverage this logic, 
companies need to overcome the existing customer preference for owning their own resources 
by providing a shared resource alternative with competitive value potential (Ranta et al. 2020). 
Crucial CE activities, thus, make it convenient and economically viable for customers to dis-
cover, access, and use shared resources. Companies can, for example, improve the discovera-
bility of shared resources by implementing online marketplaces and ensuring the accessibility 
of shared resources. Companies using this logic can either own the resources themselves and 
fully manage the fleet of shared resources (Ranta et al. 2020), or they can enable resource 
sharing between customers with excess resources and customers with resource needs, follow-
ing a sharing economy approach (Belk 2014).

In the optimize value logic, the company focuses on providing specialized knowledge and 
resources for the customer’s use, enabling them to create more value with fewer resources. 
Companies can provide monitoring services that allow customers to identify waste in energy 
and material usage as well as services that allow customers to improve on identified issues. 
For example, monitoring data from an industrial machine enables the provision of predictive 
maintenance services, optimizing the uptime of the machine. To leverage this logic, companies 
need to have a sound understanding of both the resource for which value creation is to be 
optimized as well as the business of the customer in order to improve both the value potential 
of the resource and the customer’s realization of that potential (Ranta et al. 2020). Important 
activities for this logic, thus, include the ones that deepen the customer’s understanding of 
resource use in their value realization process.
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In the replace value logic, the company focuses on providing an alternative resource that 
can fulfil the same customer needs as traditionally used resources while fulfilling the emerg-
ing sustainability needs related to CE principles. This logic is especially relevant concerning 
generally unsustainable resources; an example of it is the increasingly popular plant-based 
meat replacement products that help reduce the environmentally unsustainable levels of meat 
consumption while offering customers competitive value potential compared to actual meat 
(Ranta et al. 2020). Crucial activities for this logic involve identifying certain needs of the 
customer that if left unfulfilled would deter the customer from switching from the traditional 
resource to the replacement one. Such needs can be properties of the resource itself (e.g. 
the taste of the plant-based protein product), or they can be the qualities of the resource that 
make it suitable for the customer to use without other large investments, such as using waste 
oil-based diesel in the same vehicle as fossil fuel-based diesel. As this logic usually builds 
upon a novel innovation, research and development activities are often central to it.

Digital Technologies in CE

Digital technologies have been identified as having a key role in enabling CE principles 
in business (Pagoropoulos et al. 2017) by narrowing, slowing, and closing of resource 
loops (Ranta et al. 2021). In particular, the product-service systems (PSS) model, in which 
product-oriented offerings are transformed by supporting services or even by selling the 
product as a service (Tukker 2015), benefits from the implementation of digital technologies. 
In this context, digital technologies enable remote monitoring of the product, which, in turn, 
allows optimizing the provision of maintenance services for the customer, thus lengthening 
the product’s lifecycle. Furthermore, as the product reaches the end-of-life stage, digital 
technologies enable the PSS provider to collect the product and identify whether reusing, 
remanufacturing, or recycling of the product is economically feasible through analysing the 
data collected from the product during the use phase or embedded in the product as a product 
passport (Alcayaga et al. 2019). Thus, in the PSS model, digital technologies facilitate closing 
the loop on the products and improving the ability to select the optimal revalorization route 
when products reach their end-of-life stage.

Five technology groups are identified as relevant in the context of CE: cyber-physical 
systems (CPS), Internet of Things (IoT), big data and analytics (BDA), additive manufac-
turing (AM), and simulation (Rosa et al. 2020). CPS refers to the embedded computers and 
networks used in monitoring physical processes (Lee et al. 2015). IoT technologies utilize 
modern wireless telecommunications (e.g. radio frequency identification [RFID], sensors, 
tags, actuators) to enable interaction among people, devices, and objects (Nasiri et al. 2017). 
BDA is an umbrella term for applications of advanced data analysis techniques applied to big 
data, including cloud storage and computing as well as AI analysis techniques (Soroka et al. 
2017). AM describes technologies that allow production via layering or 3D printing (Dutta et 
al. 2001). Lastly, simulation refers to a wide range of mathematical programming techniques 
(Rosa et al. 2020).
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RESEARCH DESIGN, CASES, DATA, AND ANALYSIS

To study how digital technologies enable and boost customer value creation in CE, we chose 
a qualitative multiple case study strategy. This approach enables us to develop a theoretical 
understanding of the focal phenomenon in its natural setting (Yin 1994) and to integrate 
conceptual research-based knowledge and empirical insights derived from the cases (Dubois 
and Gadde 2002). By selecting a multiple case study strategy with six cases from different 
industries with differing business models, we could uncover differences between the cases 
regarding how digitalization shapes value creation in the CE setting and identify similar 
patterns across different company cases. The case companies are headquartered in Northern 
Europe, although they conduct most of their business globally.

The case selection was purposive. First, by using maximum variation criteria (Patton 1990), 
we carefully selected cases from various CE-related businesses. These businesses used differ-
ent business models and came from different industries; they also differed in terms of their 
size and types of digital tools used. Second, by choosing cases where diverse resource flow 
strategies and CE principles are followed – including narrowing, slowing, and closing resource 
flows – we ensured that our findings captured the full spectrum of CE business models. Third, 
we selected successful cases (see Patton 1990), as we assumed that by focusing on companies 
running feasible CE-related businesses, we would be able to analyse implemented digital tech-
nologies for CE and examine how this shapes value creation for all involved actors (suppliers, 
customers, other actors). Additionally, to improve case selection, we conducted a preliminary 
analysis of more than ten cases and then focused our analysis on the six cases (see Table 20.1) 
from different industries.

We built on both the primary and secondary data sources for each case. The primary dataset 
comprised 14 semi-structured face-to-face and remote interviews, conducted between July 
2019 and January 2020 with key actors, such as business, logistics, technology, software, and 
project managers as well as experts directly involved in the use of digitalization and business 
development in the field of CE. The secondary dataset supported and extended each case; 
these data comprised internal and media-originated data, such as technical documents, articles, 
companies’ websites, and other web pages concerning the solutions, the companies, and their 
evolving market and business environments.

In our case analysis, we first conducted a within-case analysis as we generated an over-
view of digital technologies used and their effect on value potential. Next, we conducted 
a cross-case analysis and generated more synthesized patterns by identifying similarities and 
differences across the cases. To improve quality of analysis and trustworthiness of the results, 
we applied a range of tools and tactics, such as a structured coding procedure as well as 
researcher triangulation with drafted tables and figures, which encouraged discussion among 
all involved researchers (Flick 2004).

DIGITAL TECHNOLOGIES IN CUSTOMER VALUE CREATION: 
CREATING AND REALIZING VALUE POTENTIAL IN THE CE 
CONTEXT

Next, we discuss the results gained from the six company cases. In Table 20.2, we summarize 
the results. We present the identified digital technologies, short descriptions of how the tech-
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nologies enable the value potential provided by the CE company in each case, and the different 
interfaces that enable the realization of the provided value potential. The interfaces are cate-
gorized as company-provided ones that are managed by the provider and third-party ones that 
are not owned by the company but through which customers can realize the value potential.

Five different technology categories were indicated in relation to creating value potential: 
IoT technologies, cloud technologies, enterprise resource planning (ERP) systems, artificial 
intelligence (AI), and automation. IoT included sensors and systems that enabled information 
gathering concerning production or customer machine use. Both cloud technologies and ERP 
were mentioned in the context of integrating information from multiple sources and allowing 
easy access to it. Because of their learning capabilities, AI tools were utilized in the analysis 
of vast datasets concerning forecasting tasks. One case company bundled their production 
technologies under the general term ‘automation’, including both the software and hardware 
components that enable autonomous actions in manufacturing. Our findings concerning 
technology categories are in line with Rosa et al.’s (2020) categorization. CPS, BDA, and sim-
ulations present themselves in descriptions of the use of cloud and AI systems. ERP systems 
were also brought up as a tool for lighter data storage and analysis. AI’s forecasting capabil-
ities were used to simulate the material flows in supply chains. AM was the only technology 
category that was not mentioned in the interviews, as none of the case companies relied on 3D 
printing/layering technologies in their manufacturing. Furthermore, interviewees highlighted 
the importance of cloud technology. Although cloud technologies do not form a separate 
category in Rosa et al.’s (2020) categorization, data storage and computing capabilities, such 
as cloud technologies, are inherently imbedded in categories of IoT, BDA, and simulation.

DISCUSSION

The Four Roles of Digital Technologies in CE Value Creation 

All company cases analysed in this chapter utilize digital technologies for creating value 
potential, enabling value realization, and adhering to the CE principles, which supports the 
value logic of the company. Based on our results, we propose four roles for digital technolo-
gies in CE value creation: digital technology acting as an interface, digital technology provid-
ing access to value potential, digital technology improving operational efficiency, and digital 
technology helping to understand value realization. These four roles explain how companies 
with CE solutions can use digital technologies to enhance the value potential of their offerings 
and empower their customers in value realization through diverse digital tools.

Digital technology acting as an interface: Digital technology forms the communication 
interface between the customer and the company or other ecosystem actors. Convenient inter-
faces for customers are crucial for value realization in all CE value logics. API, mobile, and 
online interfaces utilized in the cases of construction tool service, forest machinery, and oil 
and pulp refinery demonstrate the technology’s role as an interface. These solutions provide an 
example of how companies can utilize different digital interfaces to enable value realization in 
resurrect, share, optimize, and replace value logics.

Digital technology providing access to value potential: Digital technologies ensure that 
value potential is accessible to the customer through the interface. Cloud, IoT, and ERP tech-
nologies utilized in resurrect logics of construction tools and forest machinery and harvesting 

Sami Rusthollkarhu, Valtteri Ranta and Leena Aarikka-Stenroos - 9781800373099
Downloaded from Elgar Online at 12/15/2021 11:30:47AM

via free access



Ta
bl

e 
20

.2
	

D
ig

ita
l t

ec
hn

ol
og

ie
s, 

va
lu

e 
po

te
nt

ia
l, 

an
d 

in
te

rf
ac

es
 fo

r v
al

ue
 re

al
iz

at
io

n 
in

 C
E 

se
tti

ng

C
as

e
D

ig
ita

l t
ec

hn
ol

og
ie

s
V

al
ue

 lo
gi

c 
an

d 
te

ch
no

lo
gi

es
’ 

ef
fe

ct
 o

n 
va

lu
e 

po
te

nt
ia

l
Li

nk
 to

 C
E 

pr
in

ci
pl

es
C

om
pa

ny
-p

ro
vi

de
d 

in
te

rf
ac

es
 fo

r v
al

ue
 

re
al

iz
at

io
n 

an
d 

cu
st

om
er

’s
 a

ct
io

ns
Th

ird
-p

ar
ty

 
pr

ov
id

ed
 in

te
rf

ac
es

 
fo

r c
us

to
m

er
’s

 
va

lu
e 

re
al

iz
at

io
n

C
on

st
ru

ct
io

n 
to

ol
 

se
rv

ic
e 

Pr
od

uc
t-s

er
vi

ce
 

sy
st

em
 o

pe
ra

to
r, 

to
ol

 
m

an
uf

ac
tu

re
r f

or
 th

e 
co

ns
tr

uc
tio

n 
in

du
st

ry

Io
T

 te
ch

no
lo

gi
es

 c
ol

le
ct

 d
at

a 
fr

om
 

m
ac

hi
ne

s, 
pr

ov
id

in
g 

m
ac

hi
ne

 h
ea

lth
 a

nd
 

lo
ca

tio
n 

in
fo

rm
at

io
n.

 
C

lo
ud

 te
ch

no
lo

gi
es

 in
te

gr
at

e 
an

d 
sh

ow
 

da
ta

 to
 th

e 
co

m
pa

ny
 a

nd
 c

us
to

m
er

, 
en

ab
lin

g 
th

e 
po

te
nt

ia
l f

or
 o

ff
er

in
g 

co
nt

ex
t-s

pe
ci

fic
 m

ai
nt

en
an

ce
 se

rv
ic

es
.

O
pt

im
iz

e:
 Io

T
 

te
ch

no
lo

gy
en

ab
le

s t
oo

l t
ra

ck
in

g 
an

d 
da

ta
 g

en
er

at
io

n.
 D

at
a 

al
lo

w
 

th
e 

co
m

pa
ny

 to
 fu

lfi
l t

he
 n

ee
ds

 
of

 c
us

to
m

er
s w

ith
 fe

w
er

 o
ve

ra
ll 

to
ol

s. 
D

at
a 

fr
om

 c
on

st
ru

ct
io

n 
m

ac
hi

ne
s a

re
 u

se
d 

to
 p

ro
vi

de
 

hi
gh

er
 q

ua
lit

y 
m

ai
nt

en
an

ce
 

se
rv

ic
e 

at
 a

 lo
w

er
 c

os
t.

N
ar

ro
w

a  r
es

ou
rc

e 
flo

w
s 

by
 se

rv
in

g 
cu

st
om

er
s w

ith
 

fe
w

er
 to

ol
s a

nd
 sl

ow
b  f

lo
w

s 
by

 in
cr

ea
si

ng
 th

e 
de

m
an

d 
fo

r 
m

ai
nt

en
an

ce
 se

rv
ic

e 
by

 m
ak

in
g 

it 
ac

ce
ss

ib
le

.

To
ol

s a
nd

 m
ac

hi
ne

s u
se

d 
in

 
co

ns
tru

ct
io

n 
si

te
s, 

m
ob

ile
 a

pp
, Q

R
 ta

gs
, 

on
lin

e 
in

te
rf

ac
e.

 
C

us
to

m
er

 u
se

s t
oo

ls
 a

nd
 in

te
ra

ct
s 

w
ith

 m
ob

ile
 a

nd
 o

nl
in

e 
in

te
rf

ac
es

 to
 

co
nv

en
ie

nt
ly

 a
cc

es
s t

o 
m

ai
nt

en
an

ce
 

se
rv

ic
es

 a
s w

el
l a

s t
oo

l l
oc

at
io

n 
an

d 
us

e 
in

fo
rm

at
io

n.

Th
ird

-p
ar

ty
 to

ol
s 

an
d 

m
ac

hi
ne

s u
se

d 
in

 c
on

st
ru

ct
io

n 
si

te
s

R
es

ur
re

ct
: C

lo
ud

 te
ch

no
lo

gi
es

 
pr

ov
id

e 
cu

st
om

er
s c

on
ve

ni
en

t, 
tim

el
y 

ac
ce

ss
 to

 m
ai

nt
en

an
ce

 
se

rv
ic

es
, i

nc
re

as
in

g 
de

m
an

d 
an

d 
us

e 
of

 se
rv

ic
es

.

How digital technologies boost potential creation and realization  243

Sami Rusthollkarhu, Valtteri Ranta and Leena Aarikka-Stenroos - 9781800373099
Downloaded from Elgar Online at 12/15/2021 11:30:47AM

via free access



C
as

e
D

ig
ita

l t
ec

hn
ol

og
ie

s
V

al
ue

 lo
gi

c 
an

d 
te

ch
no

lo
gi

es
’ 

ef
fe

ct
 o

n 
va

lu
e 

po
te

nt
ia

l
Li

nk
 to

 C
E 

pr
in

ci
pl

es
C

om
pa

ny
-p

ro
vi

de
d 

in
te

rf
ac

es
 fo

r v
al

ue
 

re
al

iz
at

io
n 

an
d 

cu
st

om
er

’s
 a

ct
io

ns
Th

ird
-p

ar
ty

 
pr

ov
id

ed
 in

te
rf

ac
es

 
fo

r c
us

to
m

er
’s

 
va

lu
e 

re
al

iz
at

io
n

Fo
re

st
 m

ac
hi

ne
ry

 
an

d 
ha

rv
es

tin
g

Pr
od

uc
t s

er
vi

ce
 sy

st
em

 
op

er
at

or
, f

or
es

tr
y 

m
ac

hi
ne

 m
an

uf
ac

tu
re

r

Io
T

 te
ch

no
lo

gi
es

 c
ol

le
ct

 m
ac

hi
ne

 h
ea

lth
 

an
d 

us
ag

e 
da

ta
. 

A
n 

E
R

P 
sy

st
em

 in
te

gr
at

es
 d

at
a 

fo
r 

m
ai

nt
en

an
ce

 a
nd

 p
ro

du
ct

 d
ev

el
op

m
en

t 
op

er
at

io
ns

. 
Th

e 
on

lin
e 

or
de

ri
ng

 sy
st

em
 a

llo
w

s 
cu

st
om

er
s t

o 
di

re
ct

ly
 o

rd
er

 sp
ar

e 
pa

rts
.

O
pt

im
iz

e:
 Io

T
 te

ch
no

lo
gi

es
 

al
lo

w
 g

at
he

rin
g 

th
e 

da
ta

 o
n 

th
e 

cu
st

om
er

’s
 u

se
 o

f t
he

 m
ac

hi
ne

. 
Th

e 
da

ta
 c

an
 b

e 
ut

ili
ze

d 
in

 
pr

od
uc

t d
ev

el
op

m
en

t t
o 

op
tim

iz
e 

a 
m

ac
hi

ne
’s

 fu
el

 c
on

su
m

pt
io

n 
an

d 
m

ak
e 

th
e 

pr
od

uc
t m

or
e 

de
si

ra
bl

e 
an

d 
co

st
 e

ff
ec

tiv
e 

fo
r 

th
e 

cu
st

om
er

. 
O

pt
im

iz
e 

an
d 

re
su

rr
ec

t:
 

Io
T

 te
ch

no
lo

gi
es

 e
na

bl
e 

da
ta

 
ga

th
er

in
g 

on
 m

ac
hi

ne
 h

ea
lth

 
an

d 
cu

st
om

er
’s

 m
ac

hi
ne

 u
sa

ge
. 

Th
e 

E
R

P 
sy

st
em

 a
llo

w
s d

at
a 

in
te

gr
at

io
n 

in
to

 m
ai

nt
en

an
ce

 a
nd

 
pr

od
uc

t d
ev

el
op

m
en

t o
pe

ra
tio

ns
, 

en
ab

lin
g 

th
e 

pr
ov

is
io

n 
of

 h
ig

h 
qu

al
ity

 a
nd

 c
os

t e
ff

ec
tiv

e 
m

ai
nt

en
an

ce
 se

rv
ic

es
 a

nd
 sp

ar
e 

pa
rt 

or
de

rin
g.

N
ar

ro
w

 re
so

ur
ce

 fl
ow

s b
y 

op
tim

iz
in

g 
fu

el
 e

co
no

m
y 

an
d 

sl
ow

 th
em

 b
y 

in
cr

ea
si

ng
 th

e 
ef

fic
ie

nc
y 

of
 m

ai
nt

en
an

ce
 a

nd
 

sp
ar

e 
pa

rt 
se

rv
ic

es
.

M
ac

hi
ne

s, 
on

lin
e 

in
te

rf
ac

e.
 

C
us

to
m

er
 u

se
s t

he
 m

ac
hi

ne
s a

nd
 

in
te

ra
ct

s w
ith

 o
nl

in
e 

in
te

rf
ac

es
 to

 
ac

ce
ss

 sp
ar

e 
pa

rt 
an

d 
m

ai
nt

en
an

ce
 

se
rv

ic
es

.

Th
ird

-p
ar

ty
 p

ar
ts

W
as

te
 m

an
ag

em
en

t 
M

at
er

ia
l p

ro
ce

ss
or

, 
m

un
ic

ip
al

ity
-o

w
ne

d 
w

as
te

 a
nd

 w
at

er
 

m
an

ag
em

en
t g

ro
up

Io
T

 te
ch

no
lo

gi
es

 p
ro

vi
de

 d
at

a 
fr

om
 

ve
hi

cl
es

 u
se

d 
in

 lo
gi

st
ic

s s
ys

te
m

s.
O

pt
im

iz
e:

 Io
T

 te
ch

no
lo

gi
es

 
en

ab
le

 tr
ac

ki
ng

 a
nd

 d
at

a 
ge

ne
ra

tio
n 

of
 th

e 
lo

gi
st

ic
s 

sy
st

em
. D

at
a 

ca
n 

be
 u

til
iz

ed
 

to
 id

en
tif

y 
op

po
rtu

ni
tie

s f
or

 
ef

fic
ie

nc
y 

an
d 

co
st

 re
du

ct
io

ns
.

N
ar

ro
w

 re
so

ur
ce

 fl
ow

s 
by

 in
cr

ea
si

ng
 o

pe
ra

tio
na

l 
ef

fic
ie

nc
y 

of
 lo

gi
st

ic
s s

ys
te

m
.

W
as

te
 c

ol
le

ct
io

n 
bi

ns
 a

nd
 st

at
io

ns
. 

C
us

to
m

er
 in

te
ra

ct
s w

ith
 w

as
te

 
co

lle
ct

io
n 

bi
ns

 a
nd

 st
at

io
ns

. E
ff

ic
ie

nt
 

lo
gi

st
ic

s e
ns

ur
e 

th
at

 b
in

s a
nd

 st
at

io
ns

 
ar

e 
us

ab
le

 a
t a

ll 
tim

es
.

N
o 

id
en

tif
ie

d 
th

ird
-p

ar
ty

 
in

te
rf

ac
es

244  Research handbook of innovation for a circular economy

Sami Rusthollkarhu, Valtteri Ranta and Leena Aarikka-Stenroos - 9781800373099
Downloaded from Elgar Online at 12/15/2021 11:30:47AM

via free access



C
as

e
D

ig
ita

l t
ec

hn
ol

og
ie

s
V

al
ue

 lo
gi

c 
an

d 
te

ch
no

lo
gi

es
’ 

ef
fe

ct
 o

n 
va

lu
e 

po
te

nt
ia

l
Li

nk
 to

 C
E 

pr
in

ci
pl

es
C

om
pa

ny
-p

ro
vi

de
d 

in
te

rf
ac

es
 fo

r v
al

ue
 

re
al

iz
at

io
n 

an
d 

cu
st

om
er

’s
 a

ct
io

ns
Th

ird
-p

ar
ty

 
pr

ov
id

ed
 in

te
rf

ac
es

 
fo

r c
us

to
m

er
’s

 
va

lu
e 

re
al

iz
at

io
n

O
il 

re
fin

er
y

M
at

er
ia

l p
ro

ce
ss

or
, 

pr
od

uc
er

 o
f r

ef
in

ed
 

pr
od

uc
ts

 fr
om

 
re

ne
w

ab
le

 fe
ed

st
oc

k 
in

 
th

e 
oi

l i
nd

us
tr

y

Io
T

 te
ch

no
lo

gi
es

 c
ol

le
ct

 d
at

a 
fr

om
 

ch
em

ic
al

 p
ro

ce
ss

es
 a

nd
 th

e 
su

pp
ly

 c
ha

in
 

C
lo

ud
 te

ch
no

lo
gi

es
 st

or
e,

 in
te

gr
at

e,
 a

nd
 

an
al

ys
e 

la
rg

e 
vo

lu
m

es
 o

f d
at

a 
A

I t
ec

hn
ol

og
ie

s p
ro

vi
de

 fo
re

ca
st

in
g 

ca
pa

bi
lit

ie
s.

R
ep

la
ce

: I
oT

 te
ch

no
lo

gi
es

 
en

ab
le

 th
e 

op
tim

iz
at

io
n 

of
 

pr
od

uc
tio

n 
an

d 
su

pp
ly

 c
ha

in
 

pr
oc

es
se

s. 
Th

is
 e

na
bl

es
 

pr
od

uc
tio

n 
w

ith
 fe

w
er

 
m

at
er

ia
ls

, r
ed

uc
in

g 
co

st
s w

hi
le

 
si

m
ul

ta
ne

ou
sl

y 
im

pr
ov

in
g 

th
e 

qu
al

ity
 o

f t
he

 p
ro

du
ct

. 
R

ep
la

ce
: C

lo
ud

 te
ch

no
lo

gi
es

 
al

lo
w

 th
e 

co
m

pa
ny

 to
 a

cc
es

s 
la

rg
er

 v
ol

um
es

 o
f d

at
a 

fr
om

 
th

e 
su

pp
ly

 c
ha

in
, i

nc
re

as
in

g 
kn

ow
le

dg
e 

ab
ou

t i
ts

 re
al

-ti
m

e 
op

er
at

io
n,

 th
us

 e
na

bl
in

g 
a 

co
st

-e
ff

ec
tiv

e,
 m

or
e 

re
lia

bl
e 

su
pp

ly
 c

ha
in

. 
R

ep
la

ce
: A

I t
ec

hn
ol

og
ie

s a
llo

w
 

th
e 

co
m

pa
ny

 to
 b

et
te

r f
or

ec
as

t 
su

pp
ly

 fo
r w

as
te

 m
at

er
ia

ls
 a

nd
 

de
m

an
d 

fo
r r

ef
in

ed
 p

ro
du

ct
s, 

de
ve

lo
pi

ng
 k

no
w

le
dg

e 
fo

r s
up

pl
y 

ch
ai

n 
m

an
ag

em
en

t a
nd

 re
du

ci
ng

 
un

ne
ce

ss
ar

y 
w

ar
eh

ou
si

ng
 a

nd
 

po
te

nt
ia

l s
ho

rta
ge

s.

N
ar

ro
w

 a
nd

 c
lo

se
c 
re

so
ur

ce
 

flo
w

s w
ith

 m
or

e 
ef

fic
ie

nt
 

pr
od

uc
tio

n 
an

d 
su

pp
ly

 c
ha

in
 

pr
oc

es
se

s.

D
is

tri
bu

tio
n 

su
bs

ta
tio

ns
, o

nl
in

e 
in

te
rf

ac
e 

fo
r o

rd
er

in
g,

 o
il 

re
fin

er
y 

lo
gi

st
ic

s s
er

vi
ce

s. 
C

us
to

m
er

 u
se

s r
ef

in
ed

 o
il 

pr
od

uc
ts

, 
in

te
ra

ct
s w

ith
 o

nl
in

e 
or

de
rin

g 
sy

st
em

, 
lo

gi
st

ic
s s

er
vi

ce
s a

nd
 w

ith
 d

is
tri

bu
tio

n 
su

bs
ta

tio
n.

Th
ird

-p
ar

ty
 

di
st

rib
ut

io
n 

su
bs

ta
tio

ns
, 

m
ac

hi
ne

s u
si

ng
 th

e 
pr

od
uc

t

How digital technologies boost potential creation and realization  245

Sami Rusthollkarhu, Valtteri Ranta and Leena Aarikka-Stenroos - 9781800373099
Downloaded from Elgar Online at 12/15/2021 11:30:47AM

via free access



C
as

e
D

ig
ita

l t
ec

hn
ol

og
ie

s
V

al
ue

 lo
gi

c 
an

d 
te

ch
no

lo
gi

es
’ 

ef
fe

ct
 o

n 
va

lu
e 

po
te

nt
ia

l
Li

nk
 to

 C
E 

pr
in

ci
pl

es
C

om
pa

ny
-p

ro
vi

de
d 

in
te

rf
ac

es
 fo

r v
al

ue
 

re
al

iz
at

io
n 

an
d 

cu
st

om
er

’s
 a

ct
io

ns
Th

ird
-p

ar
ty

 
pr

ov
id

ed
 in

te
rf

ac
es

 
fo

r c
us

to
m

er
’s

 
va

lu
e 

re
al

iz
at

io
n

Fe
rt

ili
ze

rs
 a

nd
 in

fr
a 

pr
od

uc
ts

Pr
od

uc
es

 fe
rt

ili
ze

rs
 

fo
r f

or
es

tr
y 

an
d 

ag
ri

cu
ltu

re
 a

nd
 

pr
od

uc
ts

 fo
r 

gr
ou

nd
w

or
ks

 a
nd

 
en

vi
ro

nm
en

ta
l 

co
ns

tr
uc

tio
n 

fr
om

 
in

du
st

ri
al

 si
de

 fl
ow

s

M
an

uf
ac

tu
ri

ng
 a

ut
om

at
io

n 
in

cr
ea

se
s 

op
er

at
io

na
l e

ff
ic

ie
nc

y 
in

 p
ro

du
ct

io
n 

pr
oc

es
se

s.

R
ep

la
ce

: M
an

uf
ac

tu
ri

ng
 

au
to

m
at

io
n 

en
ab

le
s o

pe
ra

tio
na

l 
ef

fic
ie

nc
y 

in
 p

ro
du

ct
io

n,
 

w
he

re
 in

du
st

ria
l s

id
e 

flo
w

s a
re

 
ut

ili
ze

d 
in

 th
e 

m
an

uf
ac

tu
rin

g 
of

 fe
rti

liz
er

 a
nd

 g
ro

un
dw

or
ks

 
pr

od
uc

ts
, c

lo
si

ng
 re

so
ur

ce
 fl

ow
s. 

O
pe

ra
tio

na
l e

ff
ic

ie
nc

y 
en

su
re

s 
th

e 
lo

w
 c

os
t o

f p
ro

du
ct

io
n 

an
d 

en
ab

le
s e

co
no

m
ic

 v
al

ue
 fo

r 
cu

st
om

er
. 

C
lo

se
 re

so
ur

ce
 w

ith
 m

or
e 

ef
fic

ie
nt

 p
ro

du
ct

io
n 

pr
oc

es
se

s. 
Fe

rti
liz

er
s, 

in
fr

a 
pr

od
uc

ts
C

us
to

m
er

 u
se

s f
er

til
iz

er
s a

nd
 in

fr
a 

pr
od

uc
ts

.

A
gr

ic
ul

tu
ra

l a
nd

 
fo

re
st

 m
ac

hi
ne

ry
/

se
rv

ic
es

, m
ac

hi
ne

s 
an

d 
to

ol
s u

se
d 

in
 

co
ns

tru
ct

io
n 

si
te

 

Pu
lp

 r
ef

in
er

y 
Pr

od
uc

er
 o

f 
pu

lp
 a

nd
 re

fin
ed

 
pr

od
uc

ts
, d

ev
el

op
in

g 
in

du
st

ry
-w

id
e 

pl
at

fo
rm

 
fo

r u
til

iz
in

g 
si

de
 

st
re

am
s 

C
lo

ud
 te

ch
no

lo
gi

es
 st

or
e,

 in
te

gr
at

e,
 a

nd
 

an
al

ys
e 

la
rg

e 
vo

lu
m

es
 o

f d
at

a.
Sh

ar
e:

 C
lo

ud
 te

ch
no

lo
gi

es
 a

llo
w

 
in

te
gr

at
in

g 
re

al
-ti

m
e 

in
fo

rm
at

io
n 

on
 th

e 
si

de
 st

re
am

s o
f i

nd
iv

id
ua

l 
co

m
pa

ni
es

 c
lo

si
ng

 re
so

ur
ce

 
flo

w
s.

C
lo

se
 re

so
ur

ce
 fl

ow
s b

y 
al

lo
w

in
g 

sh
ar

ed
 u

se
 o

f s
id

e 
st

re
am

s.

O
nl

in
e 

in
te

rf
ac

e,
 a

pp
lic

at
io

n 
pr

og
ra

m
m

in
g 

in
te

rf
ac

es
 (A

PI
s)

 w
ith

 
ER

P 
an

d 
C

R
M

 w
he

n 
co

m
pa

tib
le

. 
C

us
to

m
er

s i
nt

er
ac

t w
ith

 o
nl

in
e 

in
te

rf
ac

es
 to

 a
cc

es
s s

id
e-

st
re

am
 

in
fo

rm
at

io
n 

an
d 

to
 e

ng
ag

e 
w

ith
 

th
e 

si
de

-s
tre

am
. A

PI
s e

na
bl

e 
th

e 
au

to
m

at
io

n 
of

 th
e 

in
te

ra
ct

io
n.

ER
P 

an
d 

C
R

M
 

sy
st

em
s

N
ot

es
: a  N

ar
ro

w
in

g 
re

so
ur

ce
 fl

ow
s:

 u
si

ng
 fe

w
er

 re
so

ur
ce

s p
er

 p
ro

du
ct

 (B
oc

ke
n 

et
 a

l. 
20

16
); 

b  S
lo

w
in

g 
re

so
ur

ce
 fl

ow
s:

 e
xt

en
di

ng
 th

e 
lif

e 
of

 a
 p

ro
du

ct
 (B

oc
ke

n 
et

 a
l. 

20
16

); 
c  

C
lo

si
ng

 re
so

ur
ce

 fl
ow

s:
 th

ro
ug

h 
re

cy
cl

in
g,

 c
lo

si
ng

 th
e 

lo
op

 b
et

w
ee

n 
po

st
-u

se
 a

nd
 p

ro
du

ct
io

n 
(B

oc
ke

n 
et

 a
l. 

20
16

).

246  Research handbook of innovation for a circular economy

Sami Rusthollkarhu, Valtteri Ranta and Leena Aarikka-Stenroos - 9781800373099
Downloaded from Elgar Online at 12/15/2021 11:30:47AM

via free access



How digital technologies boost potential creation and realization  247

demonstrate this role. In these solutions, customers can realize value without interacting with 
the tools, machines, or service personnel of the company. Conveniently accessible interfaces 
combined with wide access to value potential allowed case companies to increase the demand 
for their CE services.

Digital technology improving operational efficiency: Digital technologies increase eco-
nomic value for customers by lowering production costs. Illustrative examples in our study 
were production automation in the case of fertilizers and infra products; IoT, cloud, and AI 
technologies in supply chain efficiency in the case of oil refinery; and IoT technologies in 
logistics efficiency in the case of the waste management company. The operational efficiency 
also highlights that CE innovation does not need to be radical to be successful. Improvements 
in operational efficiency can take place in company processes without radically changing the 
business model.

Digital technology helping to understand value realization: Digital technologies monitor 
customer’s use of the product or service improving the company’s understanding of the 
customer’s value realization process. The data gathered from the customer provides valuable 
information to guide further development and innovation. The final role is especially crucial 
to optimize logic, as the value potential in it is directly linked to customers’ use of the product/
service. IoT technologies in cases of construction tool service, forest machinery, and harvest-
ing, are examples of digital technologies in enabling customer understanding in optimize value 
logic.

Practical Implications

The four roles of digital technology in CE value creation generate insights for managers on 
how to implement diverse digital technologies to develop their CE business and customer 
value. Therefore, managerial takeaways for each identified role of digital technology are 
presented. We suggest the four principles of digital CE value creation: relevance of interfaces, 
accessibility of the value potential, the efficiency of the processes, and analysis of value real-
ization. Practitioners should consider these as guidelines for digital and business innovation 
in the field of CE.

1.	 Relevance of interfaces: Identify the interfaces that are most accessible for your customer 
and build service by utilizing those interfaces. For example, in the case of a construction 
tool service, the mobile application ensured that every worker on the construction site 
could interact with the service regardless of time or location.

2.	 Accessibility of the value potential: Ensure that the customer can realize the highest pos-
sible value potential through each interface. For example, in the case of the pulp refinery, 
cloud technologies ensured that the information on the side streams was accessible through 
both online and API interfaces.

3.	 Efficiency of the processes: Ensure a sufficient level of operational efficiency for a low 
production cost to provide economic value for the customer. For example, in the case of 
the oil refinery, IoT, cloud, and AI technologies were used to ensure that the supply chain 
worked efficiently.

4.	 Analysis of value realization: Build technologies and processes to understand the value 
realization processes of the customer for continuous improvement and further innovation. 
For example, in the case of the forest machinery and harvesting, IoT technologies were 
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used to monitor the customer’s usage of the machine. This information was used in R&D 
and was also provided to the customers to help them optimize their own machine usage.

Theoretical Contributions and Directions for Future Research

Our study provides theoretical contributions to the literature on business and technology inno-
vations in CE, to the literature on sustainable business, to the literature on the role of digital 
technology in CE business and to the literature on value creation. Prior circular and sustainable 
business literature covered technology and business innovation from the view of circularity 
(see e.g. Bocken et al. 2016; Lüdeke-Freund et al. 2019; Manninen et al. 2018; Ranta et al. 
2018), leaving the realm of customer value creation unexplored. By taking the customer 
value approach and revealing aspects of value potential, as well as its realization, this chapter 
provides conceptualization for future studies focusing on customer value in circular and sus-
tainable business as well as on business and technology innovations in CE.

The literature on the role of digital technologies in CE business has thus far been task and 
business model centric. These studies describe how various digital technologies enable the 
circulation of materials and products within CE business models (Pagoropoulos et al. 2017; 
Rosa et al. 2020) and analyse how the implementation of digital technologies enables incre-
mental and radical sustainability and business model innovations (Ranta et al. 2021). Our 
study explicitly links digital technologies to the customer value by identifying the four roles of 
digital technologies in CE value creation. By doing so, the chapter has initiated a discussion for 
combining the customer value creation and CE principles; it has contributed to the literature 
on circular and sustainable business as well as to the literature on value creation, which have 
previously focused on the dynamics between the customer and provider (Aarikka-Stenroos 
and Jaakkola 2012; Grönroos and Voima 2013; Vargo and Lusch 2004) without explicit focus 
on the role of digital technologies.

For future research endeavours in the field of value creation in CE, we propose the follow-
ing themes:

	● The relevance of different roles of digital technology: Are all technology roles identified in 
this study equally relevant in other business environments?

	● Customer-centric view on value realization: How is the customer’s process of value reali-
zation and the customer’s engagement with CE business models? Which technologies are 
used and how? Which actors participate in the value realization process?

	● Processes with ecosystem actors: What kinds of roles do interactions with different ecosys-
tem actors have in the creation of value potential or its realization in CE?
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