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ABSTRACT Before the implementation of a solution, it is cost-efficient and practical to be able to evaluate
and analyze the expected value of use cases. Especially, this is emphasized in blockchain (BC) use cases,
which typically have a wide business ecosystem and possibly disruptive business models. This paper
presents two BC use case value evaluations and results. The IoT use cases were selected from two different
industry segments: telecommunications-oriented 5G network slice brokering and the energy industry-related
internal electricity allocation in a housing society. The use case value was assessed by applying a resource
configuration framework and 4C — commerce, context, content, and connection — business model typology
against BC and smart contracts characteristics and capabilities. The results derived from the data collected
from the expert workshops proved the expected value of the use cases, and in general, the feasibility of BC
technology for facilitating various value-creating resource configuration processes was shown. Furthermore,
the resource configuration framework proved to be a valuable theoretical approach for analyzing and
developing also the BC-enabled novel use cases and business models. According to the findings, further
development of the framework is proposed with an introduced novel decentralized resource configuration
prototype that can replace predominant platform-based business models.

INDEX TERMS Blockchain, business models, decentralization, resource configuration, smart grid,

4C typology, 5G.

I. INTRODUCTION

Novel digital era business models have been transforming
and disrupting traditional industries at an unprecedented
speed [1]. The telecommunications and energy industries
are no exception, and are undergoing a paradigm shift [2],
[3]. New 5th generation wireless network technologies (5G)
are foreseen to transform industries through wireless ser-
vices provided at gigabit speeds, millisecond latency, support
for wide range of novel applications connecting Internet-of-
Things (IoT) devices and objects, and versatility by virtual-
ization enabling innovative business models across multiple
vertical sectors [2], [4]. The present connectivity market is
characterized by incumbent network operators whose busi-
ness is structured around service mass provisioning with high
advance investments in infrastructure and exclusive long-
term licenses granted by regulators [5]. At the same time,
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in the energy industry, the responsibility for delivering power
is being transformed from a centralized production and distri-
bution energy system into a dynamic mode of decentralized
operation due to the deployment of loT-enabled smart meters,
the diffusion of renewables and distributed generations and
the development of smart energy applications [3].

As a decentralized technology, blockchain (BC) enables
completely new technological systems and business models.
A vast amount of use case ideas exist that are inspired by the
decentralized nature and possibilities of BC. Yet, there are
quite few frameworks that are purely targeted for evaluating
BC use cases, and take into account the BC system’s specific
characteristics.

A Crypto 2.0 Lenses evaluation framework [6] is pro-
posed and developed particularly for financial applica-
tions. Another often referenced evaluation framework is
created by Greenspan [7] introducing an eightfold check-
list on what should be considered before BC implementa-
tions assessing the feasibility of the use case against the
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key characteristics of BC. Greenspan’s technology-focused
framework is more general than Crypto 2.0 and can thus
be used more widely across industries. The third evaluation
framework [8], designed by the Ministry of Economy, Trade
and Industry (METI) in Japan, is a detailed assessment
which also takes into account the comparability between
conventional and BC systems. As they point out, ISO/IEC has
created evaluation models to be used within the introduction
of a new centralized information technology (IT) system but
these cannot be applied to decentralized BC systems, which
have several unique tradeoff characteristics. However, despite
being a comprehensive comparison between centralized and
decentralized systems, METI’s framework concentrates on
the evaluation of system replacement options and leaves
BC-enabled brand new services and drastic business process
changes out of the study. In addition to these frameworks, [9]
provides valuable insight into consensus mechanism evalua-
tion in the form of a questionnaire.

To better comprehend the value creation potential of
BC-based use cases, there is a need for novel, supple-
mentary approaches. We have previously concluded, that
for evaluating, analyzing and creating value out of the
use case, systemic and business opportunity-centric per-
spectives can be suitable [10]. Therefore, in this study,
two value-creation-oriented, state-of-the-art business model
frameworks are used for assessing the value creation poten-
tial of the industrial blockchain use cases. The assessments
also comprise the surrounding ecosystems, SG and Smart
Grids in this case. These extensions are motivated by the
conception that blockchain is primarily an ecosystemic inno-
vation and for finding the whole spectrum of potential sources
of value creation the ecosystemic perspective must not be
neglected.

The frameworks selected for the study are the resource
configuration framework and the 4C typology. The resource
configuration framework provides a “‘system-based, value-
creation-centric perspective for designing and organizing a
firm’s resource configuration” [11]. The framework facili-
tates the envisioning and designing of unique combinations
of digital, multi-sourced resources and linking them with
various needs originating from the ecosystem of multiple
stakeholders. The framework is designed with particular
emphasis on the value co-creation perspective, i.e., identify-
ing all value co-creators and their diverse needs and resources
is accentuated. In turn, the coherent 4C typology — commerce,
context, content and connection — is developed to structure
different types of the Internet-era business models, and ana-
lyze how, and to what extent, they create and capture value,
and how they should be adapted [12].

To the best of authors’ knowledge, both the resource
configuration framework and the 4C typology are applied for
the first time to two selected blockchain-powered industrial
use cases: a telecommunications-oriented 5G network slice
brokering use case and an internal electricity allocation in
a housing society use case in the energy industry. The first
use case enables autonomous 5G network resource brokering,
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leasing, billing and payout in the BC [13]. Another is a
renewable energy-oriented smart grids use case, in which
entities within a housing society can balance electricity
production and consumption among themselves without the
control of an external intermediator [14].

This research extends earlier research [10], which focused
on one telecom use case. At this time, the goal is to benefit
and create value for the industry more widely by exploring
BC-enabled value creation from several aspects. Despite the
goal of generality, the aim is to preserve the level of detail
via specific use case assessments. The paper specifically
seeks to address how the blockchain technology can facilitate
value creation in the context of future telecommunication
and energy ecosystems. Furthermore, the applicability of
the business model frameworks, inherently targeted to more
conventional centralized settings, in evaluating decentralized
BC use cases is discussed, and further development of the
resource configuration framework with a novel decentralized
prototype is proposed.

The use cases analyzed in the paper were created in
workshops coordinated by the Blockchains Boosting Finnish
Industry (BOND) [15] research project in 2017. In these
future-oriented cross-disciplinary workshops, both the indus-
try and the academic communities were utilized from tech-
nology and business perspectives.

This paper is organized as follows. At first, related work is
overviewed: research methods, blockchain & smart contracts
and utilized theory frameworks. In chapter III, the use cases
are presented, and the use cases are evaluated in chapter IV.
Feasibility and applicability are analyzed, and a novel
decentralized prototype is proposed in chapter V. Finally,
conclusions are drawn.

Il. RELATED WORK

In this chapter, research methods are presented, blockchain
and smart contracts are overviewed, and utilized theoreti-
cal frameworks, resource configuration framework [11] and
4C typology [12], introduced.

A. RESEARCH METHODS

The aim of this study was to assess recent blockchain and
smart contracts use cases outside the financial technol-
ogy (FinTech) domain from both business and technology
perspectives. In the use case evaluations, special attention
was paid to the value creation potential of the use cases
and accordingly the business model frameworks that center
on value creation processes were chosen as the units of
assessment. These frameworks are the resource configuration
framework [11], [16] and the 4C typology [12] which are
described below in detail. The reason for this kind of dual
approach is the ecosystemic nature of blockchain systems
which sets new requirements also for the methods used. Thus,
to comprehensively determine the various value creation
potentials both use case-specific and also wider ecosystem-
level evaluations were conducted. The evaluations made
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during the study along with their motivations are summarized
in the following:

1) ““Resource configuration prototypes in 5G and energy”’
(IV A) presents different business models and resource
configuration prototypes in 5G and Smart Grid ecosys-
tems and identifies the prototypes for our two BC use
cases. This phase can be seen as necessary pre-work
for understanding the underlying mechanisms of value
creation in the selected domains.

2) “Resource configuration microprocesses” (IV B)
reflects how and to what extent the value-creating
microprocesses can be found in the BC use cases
and also enlightens the limitations of the centralized
approach to meet the requirements of the use cases

3) “4C Business Model Typology of Ecosystemic Value
Creation” (IV C) deepens the ecosystemic view on 5G
and Smart Grid business models and also begins the
discussion on how BC can facilitate value creation

The BC use cases analyzed in this study were devel-
oped using the qualitative anticipatory action learning
(AAL) method [17]-[19]. AAL is a future-oriented, cross-
disciplinary, practical deployment-oriented method, utilized
in particular to address the management of disruptions in
the business environment [20], organizational collaborative
learning [21], and in developing future scenarios [22], [23].
The use cases assessed in this research paper were created in
scenario workshops coordinated by the BOND project [15]
in 2017. In these cross-disciplinary future-workshops, both
the technology and business perspective were covered uti-
lizing participants from industry and academia. The adopted
AAL workflow consisted of:

1) Preparing a BC use case template based on the
Industrial Internet consortium’s [24] use case
template;

2) Preparing interview and workshop question set for
gathering information for the use cases;

3) Use case workshops and interviews in companies;

4) Defining use cases according to workshop results uti-
lizing a BC use case template;

5) TIterative workshop for focusing on the selected use
cases, and

6) Analysis of the use cases.

The reliability and validity of the foresight-oriented
research, in general, is difficult to manage [19]. The process
of developing use cases utilizing cross-disciplinary, coop-
erative and dialogical approaches, like the AAL method,
has been found to be essential in securing the quality of
the research [25]. In qualitative research, the reliability and
validity can be further addressed via enhanced transparency
of the research workflow, and its thorough documentation
from raw data to outputs in the form of use cases [26]-[28].
Furthermore, external validity of the research was improved
and subjectivity reduced by analyzing two use cases from
different industry domains, and by systematically assessing
the outcomes based on their suitability and desirability [27].
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B. BLOCKCHAIN AND SMART CONTRACTS

BC is a decentralized technology for data management and
it was first developed to support Bitcoin cryptocurrency [29].
In Bitcoin, a BC works as a distributed database gathering all
transaction data confirmed by participating nodes. Generally,
a BC is a public ledger whose content is updated in a
decentralized manner thus omitting the need for a centralized
third party and increasing the level of data transparency [30].
Because a BC network is a peer-to-peer (P2P) network and
no central server or intermediary is in place, some kind of
consensus mechanism is needed for ensuring the coherency
of data between the nodes in a BC. Currently, there are
several ways to form consensus and these mechanisms are
comprehensively discussed, e.g., in [9], [31], and [32].

Furthermore, in BCs, utilization of cryptography enables
authoritativeness behind all interactions [33]. For example,
digital signatures can be used to verify that the person trying
to spend the money actually controls the private key. Overall
permissions for different actions: read, write and validation,
strongly vary depending on the type of BC. In permissionless
BCs anyone can participate in all aforementioned actions,
but in permissionedBCs, or alternatively in DLTs (distributed
ledger technologies), the permissions are limited to a set of
known and accepted nodes. Permissioned BCs are preferred
in use cases where nodes need to be known, e.g., to comply
with regulation [34].

Being a maturing technology, several potential BC deploy-
ment considerations have been found in research and early
trials, particularly in the financial sector. These include
throughput, scalability and latency in large public BCs, legal
enforceability, transactional confidentiality particularly in
the public BCs, consensus mechanism determination and
complexity, and integration with legacy systems and work-
flows [33].

Smart contracts (SC) are self-executing scripts residing on
a BC and enabling general-purpose computations to occur on
the chain [33]. The SC concept was introduced in 1994 [35]
and defined as “‘a computerized transaction protocol that
executes the terms of a contract”. Every SC possesses a
unique address and transactions containing data can be sent
to that address to trigger the execution of the SC code.
Thereafter, every node in the network independently pro-
cesses the code [33]. This makes the SCs autonomous and
fully predictable, thus having features of software agents.
Additionally, the code and the trace of operations of SCs can
be freely inspected by all network participants and verifia-
bility of the trace is cryptographically ensured. SCs enable
automation of complex multi-step processes and proper, dis-
tributed, heavily automated workflows [33]. They have many
applications in different domains, enabling, e.g., decentral-
ized applications, like voting, auctions, lottery, escrow sys-
tems, crowd funding and micropayments, etc. [34].

Several companies and public organizations/foundations
develop BC platforms that are mostly open sourced.
The platforms enable fast prototyping, development and
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FIGURE 1. Novel resource configurations & value creation adapted from [11].

deployment of new BC applications. The platforms can
be categorized to Bitcoin-based, FinTech, consortium/
enterprise, sidechain/anchored, and SC platforms. SC plat-
forms enable building and enforcing smart contracts on top
of the BC. In these platforms, complex logic beyond simple
cryptocurrency transfers are expressed utilizing a program-
ming language [34].

C. RESOURCE CONFIGURATION FRAMEWORK

The resource configuration framework takes a systemic view
on how companies’ resources can be designed, organized and
orchestrated to create value [11]. The framework facilitates
envisioning and designing unique combinations of digital,
multi-sourced resources and linking them with various needs
originating from the ecosystem of multiple stakeholders.
The framework is designed with particular emphasis on the
value co-creation perspective, i.e. identifying all value co-
creators and their diverse needs and resources is accentuated.
Amit and Han [11] have explored various sources of value
creation in a digital world and found several configura-
tion prototypes where companies may have one or more
roles depending on their capabilities. In the value creation
process, firms may work as an integrator (prototype A),
collaborator (prototype B), transaction enabler (prototype C)
or bridge provider (prototype D), and correspondingly
take care of resource configuration microprocesses like
streamlining, sorting, resource crowdsourcing or continuous
testing [11], as shown in Fig. 1.

As an integrator (A), a focal orchestrating firm converts
resources into a new form and thus creates value for cus-
tomers. This can be regarded as a traditional type of resource
configuration, which is typical for, e.g., manufacturers [36].
When acting as a collaborator (B) the orchestrating firm
collaborates with partners generating assets to supply and
service the need of consumers. The resources to meet the con-
sumption are not solely from the disintegrated retailer but are
contributed by its partners. Thus, the prototype B company
does not transform resources like the prototype A company
does, but it creates value by collaborating and engaging other
‘complementor’ firms’ resources with its own [37].
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A transaction enabler (C) is associated with a platform
business model [38] enabled by digitalization. Broader and
easier access to resources allows the orchestrating firm to
build two or multi-sided markets to match resources and
needs. A bridge provider (D) bridges certain groups of market
participants that were not connected before based on the pro-
liferation of virtual resources, and benefiting from bridging
unconnected needs, such as Google’s advertising model [11].

The reference [11] defines also specific notation to illus-
trate prototypes of resource configurations and roles of the
focal firm (F). An example of this notation is presented
in Fig. 2, in which the conceptualization of the setting for
a typical prototype C transaction enabler is shown. The
focal firm is F, and F’s resources are accordingly Rf, and
needs, Ng. Value co-creators 1 and 2 (C-V) are notated in
the same way. The arrow denotes that certain resources are
utilized to meet certain needs. As shown in Fig. 2, a prototype
C firm contributes resources (Rg) to facilitate or enable
transactions between two groups of value co-creators whose
needs (notated as Nj and Ny) can be addressed by the other
group’s resources (here Ry and Ry). One example of this kind
of prototype C firm is LendingClub [39], an online crowd-
funding loan/credit platform. In the LendingClub, single
lenders can lend funds to single borrowers. The borrowers pay
premiums for their loans so that lenders will get their profits.
In the LendingClub case, the focal firm (F, LendingClub)
can be seen as the enabler that facilitates lending/borrowing
transactions between borrowers (C-V,) and lenders (C-V).
Efficiency and effectiveness of loan needs matching with

Ri—C-Vi— N1 «—R:—C-V2:— N

RF—F—Nr

FIGURE 2. Conceptualization of the setting for typical prototype C,
Adapted from [11].
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available resources is the source of value creation in this
case. The matching is a bidirectional process. In this case,
the availability of resources (R, capital) and profits required
(N1) by the lender (C-V) are required to match the needs
of the borrower (N;). The solvency and reputation of the
borrower (Ry) also need to match to the risk and profit
requirements of the lender (N7). The LendingClub (F) con-
tributes by providing needed information and algorithms (Rf)
for locating borrowers and lenders, i.e. enabling the match
efficiently. The LendingClub gets its revenue (Ng) from both
borrowers and lenders [11].

D. 4C TYPOLOGY
Traditional business model research has focused on a system
of inter-dependent components such as resources and compe-
tences, organizations [40], customer value proposition [41],
and cost and revenue [42]. Recently, a converging conceptual-
ization has emerged incorporating key processes for business
models that connect them to the context, opportunity pro-
cesses, value processes and advantage processes [43], [44].
In parallel, business model analysis discussion has focused
on the design of successful business models. 4C typology [12]
assess Internet-age business models from value creation and
value capture perspectives, and provides foresight on their
adaptability, particularly in business transformations. The
4C typology consists of four layered prototypical business
models where antecedent layers act as value levers for higher
business model layer prototypes [45]:
o Commerce provides transactional matching platforms
for buyers and sellers,
o Context sorts, prospects and structures information,
in order to reduce complexity and asset specificity,
o Content sources and identifies various types of content
based on user needs, and
o Connection enables users to participate and exchange
information.
In the business ecosystem, 4C prototypes can exist alone or as
a hybrid. Furthermore, synergies in providing services and
underlying resource configuration processes between stake-
holders has impacts on overall business potential [45].

Ill. USE CASES

In this study, the resource configuration framework [11]
and 4C typology [12] are applied to the selected industrial
BC use cases that represent the telecommunication-oriented
5G network slice brokering use case [13] and the internal
electricity allocation in a housing society use case [14] in the
energy industry. In this chapter, both use cases are described
in connection with their broader (telecommunications and
energy) ecosystems.

A. TELECOMMUNICATION - 5G NETWORK

RESOURCE BROKERING

The next generation 5G mobile networks will revolutionize
the way network services will be provided and consumed.
A wide variety of users, machines, industries, public services
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and organizations will each have their special demands,
and the 5G network is expected to fulfill these needs.
Furthermore, 5G could be the enabler for new innovative
business opportunities and use cases, and lower the barrier
to collaborate across domains. For example, for industrial
control and factory automation 5G can enable fully auto-
mated and flexible production and manufacturing systems
consisting of sub-processes and subassemblies from several
stakeholders. Consequently, this shift to more on-demand
and decentralized network services will require changes in
the network’s architecture, especially at the management and
orchestration level [46].

The 5G network slice brokering use case utilizes a
5G network slice broker [47] in a BC to enable man-
ufacturing equipment to autonomously and dynamically
acquire the slice needed for more efficient operations and
reduced service creation time. Manufacturing equipment
leases independently the network slice required for oper-
ations on-demand, approve service-level agreement (SLA)
and pay for the service according to actual usage. Network
slice trading will be performed in a BC. BC smart contract
orders slice orchestration according to agreed SLA from a
5G network slice broker. The SLA between a piece of man-
ufacturing equipment and a network operator will invariably
include quality of service (QoS) parameters and, e.g., priority,
packet loss and packet delay quality class identifiers (QCIs).
Furthermore, key performance indicators (KPIs) will be
defined for monitoring the performance per QCI. Time
stamping of the utilized network slice and dynamic billing
according to actual usage is handled by a BC. The whole pro-
cess is automated and requires no human intervention [13].

The use case has been introduced in our previous
paper [13]. The workflow of the use case is as follows. A piece
of manufacturing equipment requests a specific slice for lease
from the slice leasing ledger and accepts corresponding SLA.
The slice leasing ledger orders the slice orchestration accord-
ing to the agreed SLA from the 5G network slice broker.
The manufacturing equipment operates in the leased slice
and the 5G network slice broker provides information about
actual usage to the slice leasing ledger. The slice leasing
ledger performs transactions between actors’ wallets. The
possible actors are a manufacturing equipment owner, a piece
of manufacturing equipment, infrastructure providers (InP),
mobile network operators (MNQO), micro-operators (©O),
virtual mobile network operators (MVNO), over-the-top ser-
vice providers (OTT) and verticals. Fig. 3 presents the
use case diagram and workflow for the minimum viable
value ecosystem consisting of £O, MNO and manufacturing
equipment.

B. ENERGY - SMART GRIDS

The transition towards renewable energy sources is
ongoing [4]. In practice, this also leads to the fact that the
production of energy will be more weather dependent and
price variation is increasing. This kind of energy production
is more unpredictable and fragmentary and requires more
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FIGURE 3. 5G network slice brokering use case diagram.

alternatives relating to balancing consumption and supply
in both the short- and long term [48]. Due to several local
renewable energy sources, energy systems become more
decentralized. All these facts require that the energy system
should be more flexible in production and consumption. Also
new energy storing solutions are needed [49].

In the future, there will be timely variance in the avail-
ability of energy. The balance of electricity production and
consumption must be ensured somehow and flexibility in all
energy resources is essential. One possibility is that electric-
ity could be allocated autonomously by IoT entities among
themselves. This could happen without the external interme-
diator’s control [50].

The use case for the energy industry has been pre-
sented [14], where “the internal electricity allocation in a
housing society consists of various independent energy trans-
actions between individual smart devices within the housing
society”, depicted in Fig. 4. Next, the use case is summarized.

A housing society’s smart solar panel array starts to gener-
ate electricity. The solar panel array connects to a distributed
BC-based P2P marketplace. The marketplace’s order book
will be searched by the system to find out the highest bid
for electricity. The array accepts the best available bid if
it fulfills the requirements relating to its costs, investments
and other possible parameters. If the bid is not fulfilling
these predefined requirements, a new sell order would be
issued [14].
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FIGURE 4. Internal electrical allocation in a housing society, adapted
from [14].

A battery unit acts as an autonomous buffer for the energy
marketplace. The battery unit analyzes the market place’s
order book and history of market transactions for demand
and supply trends, and electricity market price. According to
these analyses, the next possible battery-related action will
be decided: Recharge (purchase electricity), sell remaining
energy or just wait for a better market situation [14].

For example, if some device needs electricity it connects
to the distributed marketplace and searches open sell orders
from the order book. The device can, e.g., issue a new pur-
chase order with a little higher bidding price than between
the solar array and the recharging battery. Then recharging of
the battery can be terminated and the solar panel could start
to feed the device at a higher price [14].

During energy consumption peak hours, energy buffers
might run low. In these situations, the energy can be pur-
chased, for example, from the electric vehicles parked in the
housing society’s charging stations. The vehicle can decide to
sell energy from its batteries for a good price, if it is estimated
that the vehicle will not be used that day anymore. The vehicle
can then buy the electricity, for example, during non-peak
hours like at night and recharge itself for a lower price [14].

In this kind of use case, some capabilities are required from
the devices in the network. The devices need to be able to run
a smart contract application client to combine the distributed
market data with measurements of the traded electricity.
In practice, basic computational functionality and networking
abilities are required from the devices. The use case would
also require a network that consists of full nodes. The smart
devices could send and receive data by utilizing the network
of full nodes. The network could be maintained, e.g., by hous-
ing societies, other buildings, and similar entities [14].

IV. 5G AND SMART GRID USE CASE EVALUATION

In this chapter, the use case evaluations and results are intro-
duced. The two presented use cases with their ecosystems
are evaluated by applying the resource configuration and
4C frameworks. The resource configuration prototypes are
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identified within the overall 5G and energy ecosystems and
for the presented use cases separately. Resource configuration
microprocesses are reflected solely to the use cases to deter-
mine the extent to which these BC-enabled use cases con-
tain different value-creating microprocesses. Furthermore,
the 4C business model typology supplements the ecosystemic
approach and has also been used for investigating BC-enabled
value creation.

A. RESOURCE CONFIGURATION PROTOTYPES

IN 5G AND ENERGY

1) INTEGRATOR

In the resource configuration framework, the integrator
prototype (A) creates value for customers utilizing resources
as a traditional vertically integrated firm [36]. In the tra-
ditional centralized business model of the energy domain,
an integrated energy production facility, e.g., a nuclear power
plant, converts fuel into electricity resources to address
consumers’ electricity consumption needs. This prototype
creates very little space for the growth of distributed energy
resources (DERs), local demand services, and gives poor sup-
port for energy efficiency [51]. In a similar way, the present
connectivity market is characterized by centralized incum-
bent network operators whose business model is structured
around mass service offering, capital-intensive long-term
investments in exclusive spectrum licenses and communica-
tion infrastructure [5].

2) COLLABORATOR

In the collaborator (B) prototype, an orchestrating firm col-
laborates to gain access to complementary value-creating
resources. Prototype relates to strategic alliance [52] and
ecosystem [37] studies. Reference [51] defined this disinte-
grated electricity retailer business model, common in liberal-
ized markets, as a firm that does not own generation assets,
but instead partners with one or more generators while using
its own brand. In the disintegrated telecom virtual operator
(MVNO) or network sharing (e.g., MOCN) business model,
common in liberalized markets, a firm does not own network
assets, but instead partners with one or more MNOs while
using its own brand.

3) TRANSACTION ENABLER

The transaction enabler (C) associates with the platform
business model [38], in which a focal firm builds two or
multi-sided markets to match resources and needs. A platform
operator connects groups of users and providers of products
and services, mediating their interaction and matching needs.
A key characteristic of any platform market is the existence
of network effect [53]. In the electricity market, the platform
operator facilitates the energy trading between consumers and
prosumers as well as among several prosumer groups through
contributing resources to enable interactions and matchmak-
ing between two groups of value co-creators (consumer and
prosumer) whose needs can be matched by each other’s
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resources [53]. Similarly, 5G enables novel business mod-
els to build on network assets and data. Network function
virtualization (NFV) and network slicing are emphasized
as key enablers for a variety of novel private network and
micro-service business models [54]. For example, in multi-
tenancy, mobile network tenants could share the same net-
work infrastructure with vertical industry tenants, and each
tenant could operate and manage their corresponding network
slice by exploiting built-in network slice customization and
optimization capabilities. With this approach, the network
could be sliced per customer service, when an operator wants
to optimize dedicated services for end users (e.g., tactile
internet or ultra HD video) or wants to address industry-
specific customer needs (e.g., e-health, sensor network, high-
speed train), and/or per tenant, when an operator wants to
share network costs on an infrastructure or a platform level.

Several new value propositions and/or supporting
process-based multi-service, multi-tenant business models,
and stakeholder roles and relationships are enabled in this
kind of environment including, e.g., provision and brokerage
of network assets, connectivity or managed services, data
collection or its pre-processing as-a-service for factory ten-
ants [13]. Furthermore, 5G enablers, cloud, virtualization and
service integration will lead to an overall shift from hierar-
chies towards more use of markets to coordinate economic
activity related to network assets. This transition is triggered
by platform economy antecedents that reduce asset speci-
ficity and complexity of product description. The transaction
enabler resource configuration prototype associates with the
platform business model that creates value via facilitating
exchange of information and service interactions between
sellers and buyers. At the resource level, a clear transition
was seen from controlling all the resources toward sharing of
infrastructure and contextual data assets. From the business
model perspective, it could be expected that the transparency
and openness in business models would gain importance,
and the sharing appears to conform more to the “value from
service” approach than what traditionally has been the case
in the industry. A shift from the purely competitive model
of today towards one where more emphasis is placed on
converged cooperation and collaboration within ecosystem
and across domains was found. Both of the use cases, the net-
work slice broker and the internal electrical allocation in a
housing society, represent the transaction enabler prototype
C, as shown in Fig. 5 and Fig. 6.

4) BRIDGE PROVIDER

The bridge provider (D) bridges certain groups of market
participants that were not previously connected based on the
proliferation of virtual resources, and benefiting from bridg-
ing un-connected needs [11]. In the unbundled electricity
market [55], the balance management service operator can be
alocal balancing unit [51] or a virtual power plant (VPP) [56]
using its resources such as energy efficiency services for
the needs of consumers utilizing consumption data collected
from the consumers to address the needs of another group,
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FIGURE 5. The conceptualization of the setting for 5G network slice
broker resource configuration [10].
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FIGURE 6. The conceptualization of the setting for internal electricity
allocation in a housing society resource configuration.

such as the distribution network system operators (DSOs).
This enables DSOs to balance the electricity network through
utilizing the consumption data and behaviors controlled by
the consumers. Similarly in 5G, new roles of aggregators and
brokers [57] building on prototypes C and D will emerge.

As mentioned above, article [11] defined specific notation
to illustrate prototypes of resource configurations and roles
of the focal firm. In this paper, the notation is used for illus-
trating the selected use cases. Fig. 5 presents the conceptual-
ization of the setting for 5G network slice brokering resource
configuration [10]. The focal firm F is the decentralized net-
work slice broker/ledger; F’s resources are accordingly Rp,
and needs, Ng. Value co-creators (C-V) are notated in the
same way: MNO, ©O and manufacturing equipment/owner
(Man). Fig. 6 presents the conceptualization of the setting for
internal electricity allocation in a housing society resource
configuration. The focal firm F is the decentralized energy
marketplace in BC and F’s resources are accordingly R, and
needs, Ng. Value co-creators (C-V) again are notated like-
wise: SCD (Smart energy consuming device) the buyer, SPD
(Smart energy producing device) the seller and EI (Energy
industry), i.e., energy company mainly selling but also buying
energy. The arrow denotes that certain resources are utilized
to meet certain needs.

B. RESOURCE CONFIGURATION MICROPROCESSES

In addition to the resource configuration prototypes, Amit’s
value creation framework [11] also comprises various
resource configuration microprocesses, which are action-
able, value-creating processes undergirding the prototypes.
The microprocesses of continuous testing and resource
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crowdsourcing have means for identifying new needs or
under-utilized resources and possibly gathering them together
to reach a scale for a new business. Sorting and prospecting,
in turn, by having algorithms for, e.g., categorizing or pre-
dicting needs now or in future, aim at matching the needs and
resources in a more efficient manner. The most creativity-
demanding resource configuration microprocesses, grafting
and streamlining, contain the procedures for making com-
pletely novel resource combinations and this way bridge the
needs and resources within a digital business ecosystem.

To further investigate the value creation potential of the
two BC-enabled use cases, the cases have been reflected
against the resource configuration microprocesses, and the
applicability of each microprocess to the use cases have
been estimated. As a basis for estimations, both the use case
descriptions and the research interviews made during the
BOND project [15] have been used. Next, the results are
discussed and summarized in Table 1.

Continuous testing is quite important in both use cases as
it increases the understanding of resource demand and thus
helps in fine-tuning the resource offering. Resource crowd-
sourcing, instead, clearly has high applicability solely to the
internal electricity allocation in a housing society use case.
In fact, the whole concept of smart grids, as well as demand-
response more generally, is all about constant crowdsourcing
energy supplies and demands. The faster the crowdsourcing
can be carried out, the greater is the value creation potential.

Sorting and prospecting are the key resource configuration
microprocesses for the use cases because the capability of
categorizing needs and resources makes both network slice
brokering and energy brokering more efficient and prospect-
ing enhances this effect even further. In internal electricity
allocation in a housing society, for instance, sorting and
prospecting are the key functions in the business models of
smart grids and peak control.

Grafting and streamlining are the microprocesses that
seemed to be slightly less applicable to the use cases. That
presumably is because Amit’s framework [11] is strongly
targeted to digitalization-enabled value creation and the
resources configured are mainly inherently digital as opposed
to the use cases, in which resources are digitized but inher-
ently physical. Thus, originally, digital resources can be
grafted quite easily, but the underlying physical infras-
tructure sets limits on reconfigurability of digitized assets.
Anyhow, resource configuration microprocesses generally
showed strong signs of applicability for the use cases studied.
It was also identified several strengthening effects that the
utilization of BC has on the value creation potential of many
resource configuration microprocesses.

The decentralized BC-based approach in the development
of both use cases presented were originally strongly inspired
by the limitations of more centralized set-ups to efficiently
meet the requirements. For example, transaction and over-
all costs were seen to increase remarkably if trusted third
parties or other intermediaries were needed between stake-
holders. This would quickly have ruined the business models
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TABLE 1. Value creation microprocesses’ applicability to the 5G network slice brokering and internal electricity allocation in a housing society

BC use cases.

Resource configuration microprocesses

Source
of value
creation

Applicability to the 5G network slice
brokering

Applicability to the internal electricity allocation in
a housing society

Continuous testing

Firms test and modify their offerings
continuously using a fast feedback loop
with their value co-creators.

++ In 5G era, pOs try to differentiate by
providing tailored services

++ Near-real-time operation of BCs is
sufficient

+++ Real-time energy usage data is available, e.g.,
demand-response control

++ Reliability of IoT data increases by using crypto
mechanisms for verification; metering can even be
performed at the device level

Resource crowdsourcing

Firms gather (often a small amount of)
under-utilized resources from a large
(and preferably widely distributed)
group of value co-creators to reach a
scale.

Identifying new needs and resources

- Not so relevant in the Business-to-
Business use case, because 5G
resources are provided by limited
number of InPs/MNOs

+++ The huge increase in the number of small-scale
renewable energy sources and people’s willingness
to receive compensation for their surplus energy =>
local optimization and productization of local
energy solutions

+++ Smart contracts may automate aggregator
operations and radically cut transaction costs

+++ BC-based distributed data management may be
more optimal for smart grids which can be regarded
as network of systems

Sorting

Firms build up methods for
categorizing both needs and resources
to be able to match them more
efficiently and effectively.

+++ In 5G, various needs from vertical
industries and applications need to be
sorted

+++ After sorting, tuned smart
contracts automate negotiation which
greatly reduces transaction costs

+++ Regulatory obligations may be
filled with smart contracts and allowing
regulators access to BC data

+++ In energy sector, successful sorting is
prerequisite for, e.g., peak control and demand
response

+++ Categorization efficiency is improved with data
analysis tools connected to smart contracts

+++ Smart contracts can also automate and make
incentivizing mechanisms (e.g., energy saving in
peak hours) more real-time

++ Sorting mechanisms must preserve privacy and
business confidentiality

Prospecting

A firm predicts resource needs and
resource controllers’ expectations
based on data analyses and mediates
the most useful pieces of information to
value co-creators.

Matching needs and resources

+ Co-opetition of pOs sets strict
security and privacy requirements on
BCs

+++ Various needs from vertical
industries and applications can be
prospected with help of Artificial
Intelligence (AI) and data analysis to
support critical QoS services

+++ Prospecting of energy consumption and supply
is a strategic energy business process

+++ The more accurate and real-time, the more
valuable

Grafting

A firm experiments with new
combinations of hereto unconnected (or
less connected) resources and needs to
enhance the value creation of the
resource configuration.

-/+++ In telco-specific BC broker
grafting’s role is limited. In the future,
microservices and virtualized resources
like storage, computing (edge cloud),
data or energy may be grafted to 5G
services centrally and locally at the
edge

- underlying network resources not
easily virtualized

++ Companies’ co-creation activities and shared
ecosystem database create a fertile ground for
grafting process

++ Service provisioning will be dominant business
model also in energy sector => comprehensive
service offering requires innovative service
combinations with, e.g., transportation, facility
management, healthcare or public sector

Streamlining

A firm reduces the incompatibilities
and uncertainties that, e.g., the grafting
process creates. This is realized by
connecting additional resources, which
further streamline the novel process.

Bridging needs and resources

+ 5G broker’s data can continuously be
used as a basis for streamlining the
services created in grafting process

+ Innovative service combinations often need post-
adjustment and in BC-based smart grids system this
kind of streamlining process can be a part of a smart
contract feedback loop

which were based on the transacting and crowdsourcing of
assets of little value. Further, in both use cases, implementing
effective sorting and prospecting microprocesses requires the
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transparency of ecosystem data which is difficult to achieve if
each stakeholder had its own repository with separate access
control. Creating adequate trust mechanisms and the means
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for interoperability in broad business ecosystems was seen to
require major investments in a centralized approach.

C. 4C BUSINESS MODEL TYPOLOGY OF ECOSYSTEMIC
VALUE CREATION

Value creation has holistic and dynamic nature, which can
only be captured by using an institutional and systemic per-
spective [58], and emphasizing the systemic participation of
actors in resource configuration and exchange [59].

To further crystallize the idea of ecosystem-based value
creation and especially the role of BC in enabling these
ecosystemic value creation mechanisms, the scope of the
research is expanded into more general concepts of 5G and
smart grids. These two sectors have interesting similarities
in their transformation towards servitization and decentral-
ization as well as an extensive ecosystemic business envi-
ronment with emerging innovative business models. Further,
both 5G and the smart grids can be regarded as industrial
business ecosystems, which have an enormous potential to
create value not only for their ecosystems but also for the soci-
ety at large. Different categories (economic, environmental,
reliability, energy security) of this kind of ecosystemic value
in energy systems have been classified [60]. Within these
categories, value is created, e.g., by avoiding unnecessary

investments in backup systems, facilitating integration of
renewable energy sources or encouraging consumers toward
more active market participation. As the analysis framework
for novel 5G and smart grid business models and applica-
bility of BC to facilitate the related business mechanisms,
an ecosystemic 4C business model typology approach is
used. The framework has previously been comprehensively
researched within energy [60] and within 5G [61], and the
results are abstracted in Table 2. In addition to ecosystemic
business model examples from both sectors, the propositions
of how a BC-enabled business platform could improve the
implementation of the ecosystemic business models even
further, is gathered. Next, these will be briefly described in
each of the 4C layers separately.

1) CONNECTIVITY LAYER

On the connectivity layer, using 5G to provide fixed wireless
access and extreme mobile broadband to meet the fast-
growing traffic demand can be seen as the early use cases
with ““as is”” connectivity business models. Key longer-term
themes are the triggering role of the enterprises and verticals,
enabling the role of the platforms, and need for openness
and collaboration in resource orchestration and services.
Basic connectivity layer services are retained in consumer/

TABLE 2. Typical value propositions and facilitating BC features related to 5G and smart grids in 4C framework.

BC features facilitating
ecosystemic value creation

Typical value propositions and
business models in 5G

Typical value propositions and
business models in smart grids

Commerce

Context

Content

Connection

Automated billing processes

Multi-sided auctions

Data availability can be
accurately controlled

Privacy preserving encryption
methods enable data analysis
without compromising privacy

Smart contracts in automating
aggregation functions

Verifiable tracing of QoS and
consumption parameters

BC-enabled trust mechanisms
enable P2P energy integration
and balancing, e.g., using smart
contracts to automate balancing
functions

Distributed BC-based systems are
very resilient against network
failures and attacks

Integration of BC-enabled IoT
makes control and monitoring
functions more reliable

Tracking QoS parameters

Brokering services

Network slicing, virtual network
functions

Data-as-a-service

Data and analytics tools harnessed
for deriving useful insights for third
parties or for bridging value-co-
creators

Network resource aggregator

Data availability important in the
context level!

Enriched service quality

Integration of, e.g., OTT content
and edge computing with operator
services

Balancing supply and demand (e.g.,
spectrum, slices, computing,
storage, microservices)

Chargeable QoS and SLAs for e.g.,
mission-critical systems and
extreme mobile broadband services

Open energy platforms

Energy marketplaces

Flexibility forecasting and
network load feedback

Energy aggregator services,
monitoring, peak control,
demand response

Data availability important in
the context level!

Power quality
Renewable energy integration
Consumption feedback

Balancing energy supply

Cheap electricity delivery

Power reliability
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enterprise retail and wholesale. New business opportunities
mainly stem from differentiation in quality and performance
opportunities, e.g., through chargeable QoS and SLA, mis-
sions critical IoT applications for industrial, vehicle connec-
tivity, and health domains, and extreme mobile broadband
enhancements for capacity-hungry special events services
with augmented reality (AR) and virtual reality (VR). In the
smart grids, the business in the connection layer mainly
concerns delivering electricity at a competitive price and ade-
quate reliability by building and managing network facilities,
e.g., with grid-scale storages or maintenance services [60].
BC as a control and monitoring software platform, inher-
ently organized as a decentralized network, enables better
resiliency against network failures and attacks. Further-
more, integration of cryptographically secured BC-enabled
Internet-of-Things (IoT) devices can make system operations
more reliable. As far as critical infrastructure like energy
or information and communication technology (ICT) sys-
tems are concerned, system resiliency and security are key
attributes.

2) CONTENT LAYER

On the contentlayer, 5G operators can enrich their capabil-
ities and offerings to end customers by partner capabilities
like OTT content and applications. Edge computing brings
intelligent functionality closer to the network allowing soft-
ware applications and micro services to access local content
and real-time context information, e.g., on the radio channel
conditions and IoT data. Edge computing capabilities address
specific service demands including bandwidth management,
latency, sensitivity, security and privacy, local control and ser-
vice continuity, analytics and digital automation, and support
for constrained environments. Cloud and network providers’
edge computing can become natural central points, repre-
senting the source and destination of much of the demand
combined with context-analytic-enabled optimization capa-
bilities. This can create a new competitive advantage
over OTT services through content caching, optimized
local content distribution, location services, video analytics,
AR and IoT application for existing customer segments as
well as for new vertical business segments. Furthermore,
security functions will be increasingly applied at the network
edge to protect the network by reacting to threats locally.
Security and safety service can allow the networks to monitor
and adjust network slices and virtualized elements accord-
ing to detected security threats without human intervention.
In energy systems, respectively, quality of delivered power is
in focus in the 4C content layer and this target is achieved,
e.g., by balancing energy supply and network constrains.
Additionally, the integration of renewable energy sources as
well as consumption feedback takes place in this layer [60].
How could BC enhance the implementation of these dif-
ferent quality and balancing-related operations? Firstly, BC
works as a verifiable transaction log that can automatically
trace, e.g., QoS and consumption parameters formulating
the reliable foundation for balancing algorithms, automatic
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balancing negotiations as well as dynamic or SLA-based
billing. These functions may be implemented as smart con-
tracts having feedback loops with consumption and other
relevant network parameters.

3) CONTEXT LAYER
5G extends current connectivity-driven business models
towards context- and commerce-based business models built
on network assets and data. Networks produce millions
of transactional data every second that can be utilized
as-a-Service (DaaS) in traffic, logistical and manufacturing
systems to increase the accuracy and speed of these pro-
cesses. In the data brokering model, operators can bridge
the right partners with each other at the right point in time
exploiting their assets such as customer knowledge, trust,
customer relationship and channels. For example, augmented
retail applications that can benefit from information about the
user’s location, device and current movement pattern, all of
which the operator can provide anonymously through a DaaS
platform. Similarly, smart city systems, logistics and manu-
facturing need to be fed with data about the accurate location
of vehicles and goods but also with data about movement
pattern to, e.g., provide better directing of traffic on the roads.
In smart grids, in turn, the 4C context layer incorporates a
flexibility-related value creation having a prominent business
model of an energy aggregator and use cases like flexibility
forecast and network load feedback. The energy aggregators,
by providing energy management tools (energy monitoring,
peak control, demand response) for their customers, try to
optimize energy consumption at a customer site [60].
Likewise, in 5G the availability of IoT data is prerequi-
site for context layer services in smart grids. Key energy
balancing functions, being highly coordinated multiparty pro-
cesses, are completely dependent on transparent system and
market data. Therefore, the introduction of BC may be the
game changer especially in the context layer. In the BC
platform, relevant and verifiable business data is available
for stakeholders and privacy preserving encryption methods
can be used for enabling more accurate data analyses without
compromising privacy. Various trading processes may be
automated with SCs that facilitate node-level transactions,
billing and dynamic pricing mechanisms in which, e.g., the
price of consumed or produced energy dynamically varies
depending on the spatial and network status data. Not only
trading processes but also the coordination of aggregation
process more widely could benefit from an underlying BC
platform and SCs as the data for predictive analytics and
thus more precise forecasts are available together with almost
instant possibilities to automatically react to the changing
network load and utilization rate.

4) COMMERCE LAYER

In the uppermost 4C commerce layer, different market-
place and brokering services will emerge. However, in firm-
controlled electronic marketplaces and platforms, there can
be several limitations, which prevent the business ecosystem
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from operating in the most optimal way. Maximization of
profits for shareholders pushes e-commerce platforms to use,
e.g., pricing algorithms that may not account for individ-
ual platform participants. Reputation systems of centralized
marketplaces are vulnerable to spam, tampered ratings and
paid reviews and also private customer data may be exposed
to personalization algorithms. Further, contracts between the
platform and its participants often involve significant transac-
tion costs [62]. These limitations result from a monopolistic
business environment, which typically is formed over time as
a single centralized company ends up managing the whole
marketplace due to the network effects [63].

Decentralized BC platforms may speed up the evolution
of efficient marketplaces by providing means for trust-
establishing mechanisms such as identification, authentica-
tion of origin, transaction history, reputation, and in this
way lowering the barriers to market-entry also for small-
scale participants. SCs can remarkably automate negotiation
processes, e.g., even complex multi-sided auctions between
marketplace parties and hence alleviate market coordina-
tion tasks. In addition, facilitated negotiation and contracting
processes can improve customer experience through easier
transactions. Customers are able to set the limits for their
market participation, e.g., in which ways they want their
electric devices to engage in carrying out demand-response
(DR) operations or what their preferences are for their mobile
broadband services.

It is noteworthy, that both in 5G and the smart grids, the
emerging roles of aggregators (content, context) and brokers
(commerce) will move from long-term static contracts to
a transaction-driven on-demand platform model. The con-
nectivity and underlying network and IT resources, e.g.,
spectrum, slices, computing, storage, microservices or, €.g.,
renewables or storage clusters in smart grids, can better match
supply and demand, improve utilization of infrastructure
assets and ultimately maximize economic value within the
industry. This will enable service and application providers
to match their utilization of network assets to customer needs
in a flexible and scalable manner.

V. DISCUSSION

In this chapter, use case evaluation results and research con-
straints are discussed, and the applicability of the resource
configuration framework and BC capabilities to implement
microprocesses are discussed. Furthermore, the novel theo-
retical framework is proposed according to the findings in the
form of a BC-enabled decentralized prototype.

A. RESOURCE CONFIGURATION PROTOTYPES

IN BC SYSTEMS

The research revealed high similarity of resource con-
figuration patterns of both the BC use cases depicted
in Fig. 5 and Fig. 6. Despite being ultimately different indus-
tries with disparate commodities brokered, the use cases
seemed to have many analogies in their business structures:
not only resource configurations between stakeholders but
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also brokering models as well as the changing position of
incumbents and general evolution of the ecosystem towards
marketplace setup. Additionally, in both use cases, the role
of BC is a kind of resource orchestrator, which technically is
a shared, chronological, immutable and trusted data storage
executing SCs that can automate and self-adjust various
business transactions like negotiating, contracting and billing.
In particular, the BC and SCs allow any energy market par-
ticipant, such as participant 1, to match its Ny with the Rp
of participant 2 (such as the case of energy and flexibility
trading), while the Ry (e.g., financial payment) is directed
to N, without an orchestrator between the direct value co-
creation and value co-capture. This is the opposite of the
traditional platform models (prototypes C and D) where a
portion of the value flows out of the direct value co-creation
and is captured by the platform orchestrator. In decentralized
BC brokers, there is theoretically minimal value flowing out
of the direct value co-creation and more value is accrued and
shared between market participants.

In reflecting the notation of a focal firm [11] to the BC
use cases, it was observed that there is no focal firm in
place. Rather, the BC platform itself can be seen as a focal
firm F. This kind of illustration does not quite describe reality,
because a BC system is decentralized, whereas Amit’s repre-
sentations of resource configurations actually describe a cen-
tralized system or ecosystem. If the use cases illustrated are
truly decentralized, focal firm thinking must be dropped and
instead draw the matching of resources and needs between
the participants of the ecosystem in a decentralized way.
Fig. 7 and Fig. 8 illustrate the decentralized prototypes of the
5G network slice brokering and internal electricity allocation
in housing society use cases. As shown, there is high similar-
ity between these two use cases and this pattern is typical in
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FIGURE 7. 5G network slice brokering; decentralized prototype.
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FIGURE 8. Internal electricity allocation in a housing society;
decentralized prototype.
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BC-enabled end-to-end ecosystem use cases. Together with
the identification of BC as the enabler for a fully decentral-
ized system [64], the need for a new decentralized approach to
resource configurations in BC use cases is recognized. There-
fore, as a generalization of the research results, a novel decen-
tralized resource configuration prototype E is proposed to the
resource configuration framework. This prototype describes
decentralized BC-based ecosystems without any particular
focal firm as an orchestrator. Fig. 9 describes the proposed
BC-enabled decentralized prototype E that offers the full
autonomy for the market participants.

Ri—C-Vi—Ni +——R:—C-V:— N

Bs — C-V5:—Ns

FIGURE 9. Proposed general BC-enabled decentralized prototype.

B. RESOURCE CONFIGURATION MICROPROCESSES

IN BC SYSTEMS

As shown in Table 1, both of the studied BC use cases were
highly applicable with many of the resource configuration
microprocesses, which in turn can be regarded as the under-
lying mechanisms for value creation.

It can also be discovered that the internal electricity alloca-
tion in a housing society use case has slightly more resonating
factors with resource configuration microprocesses than the
5G network slice brokering use case. One reason for this
is that the number of participants in the 5G network slice
brokering use case is quite limited and many resource con-
figuration microprocesses require a large number of resource
providers as well as customer needs in order to maximize the
value creation potential. Another finding in the study was
that neither use case is very applicable with grafting and
streamlining microprocesses largely because the underlying
physical infrastructure has limited configurability. Moreover,
to get the greatest benefits from the grafting process, very
creative combinations of resources need to be found and
obviously, the more extensive and versatile the ecosystem,
the better chance to make numerous combinations and lastly
find the possibly successful ones. Therefore, in the future,
for widening the business ecosystem, various BC-based busi-
nesses need to be connected. However, as [65] points out,
now there is a diversity of incompatible BC platforms, tech-
nologies and software. In order to get over this fragmentation,
standards for inter-BC communication need to be developed.

Moreover, it is distinguished that both use cases encom-
pass several BC-enabled operations, which further promote
the value creation potential of a particular resource config-
uration microprocess. We have previously [10] studied the
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relationship between the characteristics of BCs and the
requirements for efficient implementation of the resource
configuration microprocesses. These results are summarized
in Table 3, and eminently, BCs possess a considerable num-
ber of specific features, which not only boost the identified
microprocesses but also may generate quite novel ones.

In addition, some considerations have been aggregated
in Table 3 to indicate the aspects that may hamper the success-
ful implementation of resource configuration microprocesses
if the use cases were implemented using the more traditional
centralized approach. For example, in platforms with a priv-
ileged central operator or authority, transaction and overall
costs may increase remarkably, which is destructive to the
business models with low-value assets. Further, stakeholders
need to trust that a centralized service provider preserves pri-
vacy and business confidentiality as well as operates reliably
and impartially and retains reasonable service fees. Some-
times it may be difficult to find a neutral single party that
would set-up and manage the services.

Reputation systems of centralized marketplaces can be
vulnerable to spam, tampered ratings and paid reviews.
In addition, transparency, integrity and immutability of
ecosystem data is difficult to achieve if each service provider
and stakeholder has its own repository with separate access
control. Worse still, the business models of existing play-
ers may not encourage data sharing and building incentives
with mechanisms of controlling, tracking and getting possible
compensation of the data/assets is hard to make worthwhile.

In addition, in centralized settings, efficient, reliable and
secure machine-to-machine contracting and unique identi-
fication of IoT devices is challenging to set-up and man-
age. Consequently, lack of trust prevents relying on physical
IoT assets in large extent. Moreover, reliable provenance
of assets, which is central to many contemporary business
models, can be laborious and expensive to implement.

C. ECOSYSTEMIC VALUE CREATION IN BC SYSTEMS

When further contemplating the characteristics of BC, it was
found that they do not only boost the resource configuration
microprocesses. By using the 4C framework, the indications
were discovered that the features of BC may also more widely
facilitate the implementation of manifold ecosystemic busi-
ness models and this way have positive impacts on the value
creation and value capture in the business ecosystem as a
whole. Decentralized BC marketplaces can provide unmod-
ified ‘‘access” to information, which enables unchanged
search results because different distorting algorithms can be
disabled. Also, transactional anonymity and privacy improve
security and SCs and microtransactions can lower trans-
action fees [62]. Likewise, [66] found that BCs facilitate
value co-creation by ensuring the transparency and access
to information, and providing means for coordination. The
reference [67] emphasizes that BCs can provide more neu-
tral ground between organizations and thus reduce counter-
party and operational risks. Generally, it can be deduced, that
features of BC lower the uncertainty between co-operating
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TABLE 3. BC characteristics and capabilities that most facilitate the implementation of a microprocess and aspects that may hamper the effective

implementation of a microprocess in a more centralized set-up.

Resource What is needed for an effective
Configuration microprocess?
Microprocess

BC characteristics and capabilities that
MOST facilitate the implementation of a
microprocess

Aspects that may hamper the effective
implementation of a microprocess in a
more CENTRALIZED set-up

Continuous Testing

Resource
Crowdsourcing

Sorting

Prospecting

Grafting

Streamlining

Comprehensive test data from
multiple digital channels. Means for
collecting, analyzing and interpreting
the test data

Mechanisms for efficient provision,
discovery, access and accumulation
of resources

Enhanced information transparency
and efficient information collection
methods. Categorizing algorithms
and mechanisms for effective match
making and balancing resource
supply and demand (unmet needs
with their value propositions and
under-utilized resources with their
characteristics)

In addition to above, sophisticated
data analysis methods and artificial
intelligence capabilities may be
needed for finding latent needs and
the most relevant matching
information and assumptions

Mechanisms for efficient
recommendation and provision

Easy access to resources at a large
scale and inexpensive
experimentation costs

A way to find the unique
complementarity between resources
and needs. This often calls for great
creativity

Wide collection of digital resources,
e.g., data in various formats, which
enable the enrichment of previous
bridging process

Timestamped, persistent and trusted data
storage for, e.g., performance data

Cryptographic verifiability combined
with BC-based smart contracts for
automated provision and accumulation
of resources => The reduction of
transaction costs

Trusted BC-based process data storage
provides the data basis for analysis and
sorting algorithms. New homomorphic
BC encryption methods enable secure
privacy-preserving data collection

The possibility to combine more
enhanced data analysis and artificial
intelligence (Al) -based prediction
making with BC. The results of analyses
can be used as parameters for smart
contract-based automated provisions

The development of interoperating
parallel BCs using inter-BC
communication protocol paves the road
for larger ecosystems with novel
resource combinations

BC as a decentralized P2P platform
facilitates rapid experiments, tuning of
business processes as well as automation
of processes across traditional business
borders

Access to data can be intricate in a multi-
stakeholder environment with data silos

Lack of trust prevents relying on
physical IoT assets in large extent

Transaction and overall costs increase
remarkably if trusted third parties or
other intermediaries are needed between
stakeholders

Efficient, reliable and secure machine-to-
machine contracting and unique
identification of IoT devices is
challenging to set-up and manage

Transparency, integrity and immutability
of ecosystem data is difficult to achieve
if each stakeholder has its own
repository with separate access control

Stakeholders need to trust that a
centralized service provider preserves
privacy and business confidentiality as
well as operates reliably and impartially
and retains reasonable service fees

Complying with reporting obligations
may require extra effort from
stakeholders

Reliable provenance of assets can be
laborious and expensive to implement

Reputation systems of centralized
marketplaces are vulnerable to spam,
tampered ratings and paid reviews

Controlling, tracking and getting
possible compensation for the data/assets
that are used in grafting and streamlining
microprocesses can be difficult to
implement in a worthwhile manner,
especially in cross-domain services

The business models of existing players
may not encourage data sharing and
incentives for it are hard to build

It may be difficult to find a neutral single
party that would set-up and manage the
services

parties making the operation of many economic processes
more efficient.

Correspondingly, the introduction of BC may also have
beneficial effects on the implementation of the mecha-
nisms, which are prerequisites for the full deployment of the
servitization concept. Being one of the key elements in
the emerging decentralized ecosystems of 5G and smart
grids, the well-functioning service provision and delivery
necessitate establishment of various technical system capa-
bilities. For example, virtualization of hardware, granularity
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of accounting as well as enabling different cost allocation
models are all important issues to address and BC may
facilitate these significantly. In a BC platform, virtualization
of underlying hardware benefits from reliable identification
of devices and their permissions enabled via BC-based dig-
ital keys and identities. Reducing granularity of account-
ing is imperative to be able to fully exploit 5G microser-
vices or small-scale renewable energy sources. Many BC
platforms inherently entail tokens, which can be used for
making microtransactions worthwhile. Further, combined
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with SCs, tokens enable implementation of flexible pricing
mechanisms and cost-effective micropayments. The service
ecosystem studies [59] also emphasize the importance of
adopting broader and longitudinal views requiring continual
and entrepreneurial processes when developing institutional
business models. In addition, the long-term success of a firm
is seen to be dependent on the ability and agility of facilitating
institutional change processes. Incorporating BC with these
statements [59] reinforces the view that BC-enabled SCs
could improve the formation of a more longitudinal ser-
vice business perspective along with enabling more reactive
service business processes because the operation of SCs
cumulates relevant business data in BC as well as provides the
possibility to fine-tune processes in an artificial intelligence
(AI) -enabled feedback loop.

D. LIMITATIONS OF BC SYSTEMS

Based on the research, BC retains many features that may
facilitate value creation in wide business ecosystems, espe-
cially in the context of the resource configuration framework.
Despite the quite positive general outcome of possibilities
of BC in the two selected IoT use cases, it should be noted
that BC is far away from being an all-embracing technology
that automatically creates value for any use case. On the
contrary, the collection of truly potential BC use cases is
relatively limited and therefore it is extremely important to
evaluate every new BC use case thoroughly before proceeding
to implementation phases.

There are already comprehensive BC evaluation frame-
works available, although many of them are targeted for
financial applications. Secondly, it is noteworthy that the
value creation potential of BC use case is highly conditional
on the deployment of the BC system and particularly on
the chosen BC platform. Currently, there are dozens of dif-
ferent BC platforms available, each having special features,
operation principles, performance parameters and restric-
tions on participant access. General technological challenges
often associated with BCs are, e.g., scalability, throughput,
transaction verification time, power consumption as well as
issues concerning privacy and security [30]. Anyhow, these
all are addressed to a certain extent in the different BC
platforms, each having distinct emphasis and preferences.
Equally important as the selection of a BC platform are also
considerations on how the BC platform can be smoothly inte-
grated with legacy enterprise IT systems and IoT platforms.
For instance, how will previous transactions be imported into
the BC or in the case of a complete system substitution, how
can the existing system be progressively replaced retaining
the possibility to return to the previous system combination
if problems occur [68].

Besides the technical challenges of BCs, there are also
other questions to be answered when considering the value
creation potential of a BC use case. The role of regulation
in the use cases is particularly noteworthy and completely
pivotal. Because the introduction of BC will restructure
business roles and hierarchies as well as responsibilities of
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stakeholders, e.g., in the electricity sector profound revision
of the regulatory framework is needed for enabling efficient
renewable energy integration. According to [69], even the
basic definitions of actors, such as consumers or suppliers,
will not be legally valid in BC-based establishment because
of their centralized origins. Instead of trying to define the
clear-cutroles for actors, [69] argues that regulating dispersed
responsibilities in a decentralized BC environment should
solely focus on the quantity and the quality functions of
energy supply and especially on finding mechanisms for
pooling responsibilities. Currently, in the case of supplier fail-
ure, consumers are legally protected, but in the decentralized
scenario with variable prosumers, measuring and enforcing
accountability may be extremely complicated. The situation
is further compounded by the ambiguous legal status of SCs.
The extent to which traditional contract law doctrines can
be applied to SCs is still unclear and in the future factual
solutions will probably only be found through practice [70].

The discussion of accountability can also be considered
as a part of the wider concept of distributed governance.
Within the introduction of decentralized BCs, the traditional
governance models will also transform towards more decen-
tralized ones, which naturally has far-reaching effects also on
business models and value creation opportunities. It has to be
noted that the governance has a kind of dual nature, involv-
ing the governance of a platform and governance of appli-
cations. The governance of a platform is widely discussed
in [71] and [72]. Based on these, it can be concluded that
especially in public BCs with open-source platform develop-
ment, the governance of a platform is a quite complex, even
anarchistic process, as there is no single platform owner or
formal mechanism of multi-party decision-making in place.
On the other hand, some BC platforms are developed by
individual companies without any open-source code base.
Then the ultimate control of the BC platform and hence of
the whole BC system is strongly centralized even though
the applications on top of the BC platform are executed
in a decentralized manner and a platform developer cannot
directly modify the state of the system in the BC database.
This will lead us to the governance of BC applications,
which can also be arranged in multiple ways. At the other
extreme, a BC platform may automatically execute smart
contracts to which no possibility for later intervention has
been left. However, the control of BC applications can also
be widely decentralized and democratized, as, e.g., by using
different voting mechanisms, even large user crowds can have
decision-making power. Usually, in industrial BC use cases,
there is a kind of business consortium or ecosystem wanting
to govern the BC applications itself and also various platform-
related aspects like access of different stakeholders. In this
case, the issue significant to business modeling and value
creation is, e.g., how this kind of consortium governance
can guarantee the integration of the most relevant business
partners in the most efficient way, at the same time distribut-
ing evenly the benefits but also the costs and responsibilities
among the alliance members. While it is necessary to find
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win-win-situations for all stakeholders, the forming of the
ecosystem and the BC governance model may suffer from the
incumbents being unwilling to accept new players. Regarding
the facilitation of resource configuration microprocesses,
the considerations of the governance model are salient, as the
model needs to incorporate sufficient flexibility because the
form of the business ecosystem constantly changes and incen-
tives for participation as well as resource sharing must be
preserved.

In addition to other prerequisites, it is equally important
to remember the networking effects because as a networking
technology, BC complies with Metcalfe’s law [73]. Thus,
the value of the BC-based system is greatly dependent on the
count of connected users. In the use cases, this means that
both the amount of resource providers and consumers must
first be sufficient to achieve a critical mass. Nevertheless,
for proliferation of value creation possibilities, the count of
participants should be maximized. This again emphasizes the
importance of inter-BC communication in enabling as many
resources as possible to be effortlessly integrated into the
business ecosystem.

Altogether, the results of the analyses conducted state
that BC-powered solutions have many special features to
boost the value creation in these two use cases. Compared to
traditional centralized solutions, permanent, immutable and
transparent records can be created without any trusted party
in between. The records can describe transactions or interac-
tions between stakeholders and BC-enabled smart contracts
can further automate business functions facilitating cost-
effective and low-latency processes across conventional orga-
nizational boundaries. Decentralization and cryptographic
verifiability of transactions improve overall system security
which can be regarded as paramount in many industrial appli-
cations. Additionally, sharing business-critical data between
companies in multilateral ecosystems can be facilitated with
the use of BC which places companies in control of their
own data and provides information traceability. However,
to release the full value creation potential of these technologi-
cal promises of BC, supportive standards, laws and regulation
need to be developed for, e.g., decentralized identity and
governance, increased system independency as well as data
sovereignty in extensive global business ecosystems.

VI. CONCLUSIONS

In this paper, the evaluation of two blockchain IoT use cases
from two different industries was presented. The resource
configuration framework and 4C business model typology
were utilized in the evaluation of a telecommunications-
oriented 5G network slice brokering use case and inter-
nal electricity allocation in a housing society in the energy
industry. The practical implications of the study state
that blockchain characteristics match well to the value-
creating resource configuration microprocesses which can
be implemented using modern microservice technologies.
Furthermore, both use cases present a transformation
from traditional value chains towards ecosystems and
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decentralized platforms having clear value propositions to the
whole end-to-end ecosystem. The theoretical contribution of
the study is a new decentralized prototype E to the resource
configuration framework. This prototype describes novel
blockchain-based ecosystems without any particular focal
firm as a transaction enabler. That can have a radical impact
on predominant business models in energy and telco domains
utilizing 10T technologies. The resource configuration frame-
work proved to be a valuable theoretical approach for analyz-
ing and developing also novel blockchain-enabled use cases
and business models. In the future, blockchain-based business
model value creation studies need to be expanded to cover
novel roles and governance models in decentralized ecosys-
tems. Additionally, practical implementations of blockchain
use cases using different blockchain platforms and design
parameters will be needed to supplement the overall picture
of blockchain value creation potential.
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