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Abstract—The energy sector is a complex ecosystem in which
many actors participate. In the EU, the energy sector is changing
significantly as part of the energy transition. One important
change is decentralization of energy, for example the bilateral
trade of energy between households generating energy by solar
panels and consuming energy. A key question is how to design
the decentralized governance structure of such an ecosystem.
We propose the DECENT (decentralized) ontology, which results
from an extensive literature study in the field of decentralized
governance in the energy sector, which allows to describe
governance in ecosystems in a structured way. Its intended
user-base are business developers and ecosystem designers. The
DECENT ontology provides the terminology to represent and
analyze important governance constructs for these stakeholders.
We demonstrate the practical use of the ontology by means of a
case study about peer-to-peer energy trading.
Index Terms—Ontology, Decentralization, Renewable Energy,
Governance, Ecosystem

I. I NTRODUCTION
Decentralized governance is a concept that is emerging
as a result of increasing popularity of peer-to-peer (P2P)
and blockchain technology. Take for example the Bitcoin
ecosystem, in which the trusted third party (TTP) is completely
eliminated and instead actors exchange money with each other
by means of computational trust. We define an ecosystem
as “a collection of companies that work cooperatively and
competitively to satisfy customer needs” [1]. Here the need is
to transfer money from one actor to another actor. Although
Bitcoin (and related platforms such as Ethereum) are completely decentralized in their operations, their governance is
clearly not [2]. In practice only a limited number of actors
influence how Bitcoin and Ethereum protocols evolve. There is
some governance process, called Bitcoin / Ethereum Improvement Proposals (B/EIPs) but this is very informal and open
for interpretation. The central claim of blockchain technology,
namely reduction, or even removal, of the middleman and/or
centralized decision taking authority, also implies that its
corresponding governance model should be decentralized, e.g.
not done anymore by a centralized party (or a small group),
but by a representative governing ecosystem of parties in
a collaborative role. We define governance in decentralized
ecosystems as . . . “the set of rules a system has to obey, and
which are set by another system” [3].

Bitcoin and Ethereum are both examples of nonpermissioned eco-systems, and are fully decentralized, implying that everyone can join and exit the ecosystem. In such an
ecosystem, to be truly decentralized, it would be reasonable
to expect that each participant has a role in the governing
ecosystem, which is currently not the case. Another class of
blockchain systems is the permissioned system, which requires
an entity (e.g. a committee) that decides which actors may
join and leave the ecosystem. Clearly, such a decision process
for entering and leaving the ecosystem is strongly related
to governance, which again should be decentralized to be
compatible with the most important promise of blockchain,
namely decentralisation.
The definition of governance that we have provided illustrates the concept on a fairly high abstraction level. It is
useful to explain to others what we mean by governance, but
is not very convenient in computational terms, or as an aid
in designing a governance system for a particular ecosystem.
Therefore, in this paper, we propose the DECENT ontology
for the notion of decentralized governance, solid grounded
in literature. DECENT stems from the word decentralized.
In this paper, we focus on governance in the energy sector,
demonstrating that our ontology is also useful in other sectors
will be topic of further research.
For our DECENT ontology, we foresee two uses. First,
the ontology can be used as a vocabulary to express governance decisions regarding ecosystem design. Second, the
ontology can be the foundation for computational governance.
Blockchain platforms, such as Tezos [2], [4], recognize the
importance of decentralized governance, and try to support
it by using blockchain technology. Our emphasises with this
research is developing an ontology as an aid in decentralized
governance design. This paper is structured as follows. Section
II discusses related work regarding decentralized ontologies.
Section III elaborates the research methodology. Section IV
presents DECENT ontology, its requirements, knowledge elicitation, and conceptualization of the governance concepts.
Section V, the case of decentralized energy trading is presented
and DECENT Ontology is applied to the case. Section VI reflects and discusses DECENT ontology. Section VII concludes
the paper.

II. R ELATED WORK

regarding the revenue model can be represented, which are
related to governance, similar to investments and cost-sharing.
Roles and responsibilities can be partly represented by value
activities; risk and expectations by assessing what-if scenarios.
Decision making itself can not easily be seen; however the
distribution of power can be seen by quantifying and analyzing
the e3 value model.

In [5], various ontologies are discussed related to
blockchain, and hence decentralized systems. Two approaches
are presented. First, the notion of Decentralized Autonomous
Organization (DAO) is of relevance for governance ontologies,
and is further discussed in [6]. DAO “is an organization that is
run through rules encoded as computer programs called “smart
III. R ESEARCH APPROACH
contracts” [7]. The relation with the DECENT ontology is
For
this
paper,
we identify the following research questions:
that rules in DECENT can be implemented as DAO smart
contracts. The (ontological) notion of smart contract (eSourc- RQ 1 What is an ontological well founded conceptualization of
ing/eSML) is discussed in [8]. It distinguishes the concept of
the notion of “decentralized governance”?
party, which we also have in DECENT, the business context RQ 2 Is the resulting ontology instrumental in structuring and
and legal context, the latter in DECENT called legislation,
presenting governance decisions in the realm of decenconsisting of rules, the exchanged value and provisions which
tralization of the energy ecoystem?
are not present in DECENT but can be considered as part of
To construct the DECENT ontology (RQ 1), we use the
the rule, process which is called mechanism in DECENT, and following approach, amongst other inspired by [12]. We first
monitorability, which in DECENT is captured by the relation state the requirements for the DECENT ontology (the specifibetween mechanism and objective. However, the notion of cation phase), then we elicit the well-accepted knowledge condecentralized decision making in DECENT is not considered cerning decentralized governance by carrying out a Systematic
in this work, and also not the notion of group which we Literature Study which is the knowledge acquisition phase,
consider important for decentralized constellations. Also, the followed by conceptualization using UML class modelling.
concept of incentive is lacking, [9] adds the notion of conflicts Regarding RQ 2, we use the DECENT ontology to discuss
and resolution of these. Conflicts are not part of DECENT yet, governance choices made for a case in decentralized renewable
but the potential outcome, a penalty is.
energy trading. We recognize that evaluation of the DECENT
Second, the Toronto TOVE Organization Ontology is intro- ontology requires future research, including application in
duced [10]. TOVE has some concepts we also distinguish in other domains, and use of the ontology by domain experts.
DECENT. The role concept in conjunction with the authority The latter will be topic of further research.
and empowerment concepts come close to our interpretation of
IV. T HE DECENT ONTOLOGY
role, although TOVE’s notion of role has a more operational
interpretation than ours. TOVE has the idea of goal which is A. Requirements
defined as a state (satisfying the goal) by means of an activity.
Requirements regarding an ontology can be expressed in
In DECENT, we also have the notion of goal, but with a terms of the subject area, purpose, scope, and the intended
stronger focus of actors to commit resources to achieving the user base [12]. Regarding the subject area, DECENT ongoal. This allows a better differentiation of the goal and ac- tology is about decentralized governance. We have defined
tivity constructs, which leads often to confusion. Furthermore, governance as “the set of rules a system has to obey, and
TOVE has various flavours of organization (including profit, which are set by another system” [3]. As governance is a
non-for profit, and commercial) that closely resemble our very broad topic, we narrow the subject area down to (1)
notion of actor. TOVE’s classification of organization is useful decentralized governance in (2) ecosystems. An ecosystem
as detailing taxonomy for our actor concept. In TOVE, there is “a collection of companies that work cooperatively and
is the concept of policy, which is defined as constraints on a competitively to satisfy customer needs” [1]. The notion of
process performed. IN DECENT, a policy is defined as ‘a plan “decentralized” implies that governance is exercised by more
of action’, thereby taking a more declarative point-of-view on than one party, e.g. a subset of the parties in the ecosystem
what should be done to implement legislation and regulation. under consideration, and often results in a multi-party process
This allows to abstract away from how policies are actually (e.g. voting) to take governance decisions. This leads to our
implemented. Finally, TOVE has a focus on processes (action, definition of decentralized ecosystem governance: set of rules
activity and process), which in DECENT is called mechanism. an ecosystem has to obey, and which are set by (a subset of)
We have not further detailed the notion of mechanism as there parties in that ecosystem.
sufficient process-oriented approaches available for doing so.
The purpose of the DECENT ontology is twofold. For
TOVE is missing DECENT concepts such as legislation and now, it should serve as an instrument to guide and express
(self)regulation, and their decomposition into a set of rules, governance decisions regarding an ecosystem. In a later stage
which are essential constructs for decentralized governance.
of the research, it should also provide the foundation for
Finally, we have also evaluated whether the e3 value on- computational decentralized governance; which e.g. can be
tology [11] is suitable to represent the governance construct used on-chain governance of blockchain platforms such as
[3], specifically for the peer-to-peer energy case in this paper Tezos [2], [4]. Currently, DECENT ontology can be best
(see Sec. V). To summarize, in an e3 value model decisions characterized as a reference ontology, which is an ontology

designed to describe a certain domain [13], [14], in our case
decentralized governance.
We restrict the scope of DECENT ontology to the application domain of renewable energy ecosystems for now.
Renewable energy ecosystems refer to ecosystems that produce, distribute and consume energy such as photo-voltaic
cells, hydro power, and wind power, e.g. energy without the
use of fossil fuel, and often with the goal of CO2 emission
reduction. Although the focus is on decentralized renewable
energy ecosystems, we keep, while constructing the ontology,
in mind that the ontology should also applicable to other
industries. Future research will also include other sectors, such
as the FinTech, entertainment sector, and ICT for development
(ICT4D).
Regarding the intended user base, we concentrate on the
first purpose of the DECENT ontology, namely representing
governance decisions by stakeholders who have to design
governance for a particular ecosystem. These stakeholders
can be persons representing the parties in the ecosystem
and their consultants. We assume however knowledge about
conceptualization (e.g. obtained by a suitable training). The
second purpose, supporting decentralized computational governance, has as its ‘users’ blockchain platforms that can use the
ontology as a basis for computational support. We recognize
that the proposed DECENT ontology needs to be extended
to offer computation support. However, for now, we restrict
ourselves to support governance design decisions.
B. Knowledge elicitation
To ensure ontological commitment, e.g. a shared understanding, we execute an extensive literature search on the concept of decentralized governance in ecosystems, as defined by
our purpose requirement. Moreover, we restrict our literature
search to the energy domain only. In subsequent research, we
extend to other domains (see the scope requirement).
For the extensive systematic literature review, we use
the following topic descriptors: “Renewable Energy Governance”, “Meta-Governance Ecosystem”, “Governance Ecosystem”, “Governed Eco-system”, “Governance Definition”, “Decentralized Energy Ecosystem,” and “Peer-to-Peer Energy
Trading”. These topics are partly domain specific (e.g. renewable energy), and partly based on earlier work about
the governance paradigm [15]. We analyzed over 150 peer
reviewed papers and over 80 papers were selected based on
specific topics they discuss.
C. Conceptualization
We only include papers, obtained during the knowledge
elicitation phase, that discuss (1) governance (due to the
topic of interest), and (2) the energy domain (to restrict the
scope since the notion of governance is overwhelming). Then,
the selected papers, are summarized based on the abstract,
keywords, definitions of governance and decentralization (and
motivation), and governance-related concepts distinguished.
Subsequently, we classify governance concepts in the papers
using the governance paradigm. In earlier work [15] we

developed this paradigm to distinguish the various levels of
abstraction where governance can occur. To summarize, we
distinguish the (being) governed system, the (exercising) governance system, and the meta-governance system (governing
the governance system). All these systems provide monitoring
data (e.g. about being compliant) to the hierarchical higher
system (doing the governance), which in turn provides rules
to lower (governed) system. We have found that the same
terminology in governance-related papers re-occurs at these
different abstraction levels; hence we use the three abstractions
to reduce and unify terminology found in the publications.
This results in a shortlist of governance concepts.
As our goal is to design a tractable, lightweight ontology
with a minimum number of concepts, we reduce the shortlist
even further by focusing on nouns only (or concepts that
can easily be formulated as nouns), and by clustering closely
related concepts. By doing so, we are able to minimize the
number of ontology concepts significantly. To understand the
relations between the concepts a cross reference analysis between the concepts is performed. As a final step, the ontology
is created (using informal UML).
We consider the DECENT ontology as a semi-formal, explicit specification of a shared conceptualization of a domain,
namely decentralized governance in ecosystems (see e.g. [16]–
[18]). The idea of explicit specification goes via a semiformal specification, in our case a UML class diagram. More
formal approaches such as the Unified Foundational Ontology
(UFO) [19] can also be used, but for our purpose, UML
class diagrams are sufficient. We use a more tractable form
of the UML class diagram notation, consisting of classes,
properties, associations, generalizations (is-a), and cardinality
constraints. The level of conceptualization of the DECENT
ontology should correspond to our purpose requirement (assisting governance decisions in ecosystems), as well as to the
intended user base: stakeholders of the parties in ecosystems
as well as their consultants. This calls for a lightweight,
and tractable ontology. In contrast to the many machine
processable ontologies, the DECENT ontology has a limited
number of concepts and relations, such that it can easily be
explained to practitioners. A minimized ontology, cf. Occam’s
razor, is an important feature of the the DECENT ontology
(see Fig. 1). We discuss the ontology below.
Concept: Governance construct
Definition: All DECENT ontology concepts, except party,
group, actor and role are generalized into the notion of
governance construct.
Explanation: The abstraction governance constructs is needed
because a party, via its role can be related, in different ways,
to each of the various governance constructs.
Properties: n.a.
Relations: A governance construct is the generalization of
decision making, rule, rule set, mechanism, policy, goal,
objective, and incentive. To avoid cluttering of the diagram,
these generalization relations are not presented graphically.
Example: n.a.
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Fig. 1. The DECENT ontology

References: n.a.
Concept: Party
Definition: An party is any entity that can play a role regarding
a governance construct.
Explanation: A party is the abstraction of an actor or a group.
Both can play several roles as one unit of control regarding
decision making in relation to a governance construct.
Properties: A party has a name that uniquely identifies the
party. This can be a company name, the name of a private
person, but can also refer to a particular kind of actor, e.g.
government.
Relations: A party plays one or more governance roles. An
party is part-of a group.
Example: See actor and group.
References: n.a.
Concept: Role
Definition: A role is the position that a party has to a
governance construct.
Explanation: Sowa [20] defines roles as accidental or temporal
relations to individuals (called ‘actors’ by us). According to
[21], roles depend on relationships. We focus on the notion of
the position of the party in relation to the governance construct.
Properties: A role has a position, which is a selection of set
(e.g. determine a rule), execute (e.g. be compliant to a rule),

and monitor (collect information to check compliance to a
rule).
Relations: A role is played-by a party. A governance construct
is affected-by one or more roles. A role uses decision making
to reach agreement. The choice for a particular decision
making method depends on the role a particular party has
in relation to the governance construct at hand.
Example: The EU sets the objective of CO2 emission reduction with x Mton/year, The Netherlands executes (being
compliant with) CO2 emission reduction with y Mton/year,
the EU monitors compliance of The Netherlands with the set
CO2 emission reduction goal.
References: [20], [21]
Concept: Actor
Definition: An actor is an entity that is responsible for its
survival and well-being.
Explanation: The actor is perceived by itself and its environment as independent. This definition is imported from the
e3 value ontology [11] and focuses on the capacity of the
actor to take its own legal and economic decisions. We argue
this capacity is the basis underlying any governance activity.
A taxonomy of actors may be useful, e.g. the government,
companies, branch organisations, non-for-profit organisations,
persons, in general actors who determine the kind of gover-

nance, actors who have to comply to the stated governance,
and actors who monitor compliance with governance (see the
role concept below).
Properties: n.a.
Relations: An actor is-a party.
Example: The Netherlands (government), The EU (metagovernment), PV cell owner (household).
References: [11]
Concept: Group
Definition: A group is a collection of parties that share one
or more characteristics.
Explanation: Sometimes, a group rather than a single party
plays a governance role. Examples include a branch organization, or even a society. Grouping can be based on characteristics, e.g. the same goal.
Properties: n.a.
Relations: A group is-a party. A group plays one or more
governance roles. A group consists-of one or more parties.
Example: The EU citizens.
References: n.a.
Concept: Decision making
Definition: Decision making refers to a collection of different
methods used by a party to take a decision, or to reach
agreement in case of a group.
Explanation: In decentralized governance, understanding the
path how decisions are made is important. In case of a single
actor, decision making can be rationalized using a set of
prioritized criteria, in case of a group, the actors in the group
should come to an agreement regarding a particular topic.
This can be done in various ways, e.g. hierarchical (one actor
is appointed as the decision maker), various ways of voting
(delegation, referendum), etc. Note: since ‘decision making’
is-a governance construct, a party can have a particular role
in relation to the particular decision making instance. If for
example the role is ‘set’, this states that the party decides about
the decision making method to be used, but not necessarily that
the actor makes the decision.
Properties: Decision making has a representation, e.g. by
using an ontology on decision making, such as [22]–[24].
Relations: Decision making is used-by a role.
Example: Hierarchical decision making, direct voting, and
delegated voting are decision-making examples.
References: [22]–[26].
Concept: Rule
Definition: A rule is a proceeding that is required, permitted
or prohibited.
Explanation: Holistic view of rules execution that is required
to achieve a desired outcome.
Properties: An rule has an representation, formal or informal
that captures the rule. Rules can expressed by means of
already existing techniques such as LegalRuleML [27], or
more recently, Symboleo [28].

Relations: A rule can be part-of (multiple) ruleset(s). Rules
can be implemented-by means of mechanisms.
Example: Maximum kWh that can be traded per day in order
to prevent overload of the energy infrastructure
References: [29], [29]–[37]
Concept: Rule Set
Definition: A rule set is a coherent set of rules.
Explanation: Goals and Policy have a cohesive, related, set
of rules that contribute to satisfying the goal and/or have an
implementation in terms of a policy. Usually, a number of
related rules are needed to reach a goal.
Properties: n.a.
Relations: A rule set contributes-to satisfying a goal. A rule
set is implemented-by a policy.
Example: See legislation and regulation.
References: n.a.
Concept: Legislation
Definition: Legislation is-a rule set and set (role) by a government.
Explanation: Legislation (a.k.a. as the law) has a formal character. Note that here are a few roles relevant; the government
sets legislation and compliance to regulation is monitored
by the government too. Actors in a society have to comply
(execute) with the legislation. In terms of meta-governance,
in a democracy individuals monitor the government, e.g. in
terms of reaching set objectives.
Properties: n.a.
Relations: Legislation may lead-to regulation.
Example: Laws that determine which renewable energy
sources can be utilized
References: [30], [38]–[41]
Concept: Regulation
Definition: Regulation is-a rule set and can be set (role) by
any (group of) actor(s).
Explanation: Regulation is similar to legislation but where the
government has the monopoly to set legislation, regulation can
be set by one. As such, it has not a formal legal character in
the sense of laws. Regulation can be set by a society of actors,
a branch organization, or even can be self-imposed by one or
more actors (‘self-regulation’).
Properties: n.a.
Relations: Regulation may be the result-of (often a further
detailing) regulation but this is not required.
Example: Regulation that allows and enables peer-to-peer
energy trading
References: [33], [36]–[38], [42], [43]
Concept: Goal
Definition: A goal is desire to fulfill, for which an actor has
committed resources for.
Explanation: The idea that an actor has to commit resources in
order to achieve a goal is important; there is no free ride. Goals
can be set by a single actor, by a group (e.g. a community),

or even a society (e.g. the Sustainable Development Goals
(SDGs) of the United Nations.
Properties: A goal name that uniquely identifies the goal, and
a representation.
Relations: Goals can be part of a goal hierarchy using the
consists-of relationship. Goals lower in the hierarchy (partly)
contribute to satisfaction of the goal higher in the hierarchy.
Goals may be have constraints (not represented in the ontology), indicating that multiple goals must be satisfied (AND),
a selection of goals must be satisfied (OR), or are exclusive
(XOR), see [44] for an example). Satisfaction of a goal is
realized-by one or more objectives.
Example: Achieve reduced CO2 emissions.
References: [34], [38], [45], [46], [46], [47]
Concept: Objective
Definition: Objectives measures (party) satisfaction of a goal.
Explanation: Goals are stated qualitatively (CO2 reduction),
objectives allow to measure achievement of the goal (100 Mton
CO2 reduction in 2030). In some cases, multiple objectives
need to be achieved for goal satisfaction. We do not include an
ontology to represents the actual measure, but instead rely on
existing ontologies, e.g. the ontology units of measure (OM)
[48], or [49] for a survey.
Properties: A goal name that uniquely identifies the objective,
and a representation of the measurement of the objective, e.g.
using OM.
Relations: An objective(s) realizes a goal. Reaching an objective can be stimulated-by incentives or penaltys.
Example: Enhancing the energy efficiency of 1,5 million
homes and a reduction of 1 Megaton CO2 for utility buildings.
References: [34], [46], [50]–[52]
Concept: Policy
Definition: A policy is a plan for action, consisting of coherent
set of mechanisms, to implement a particular rule set, being
either a legislation or a regulation.
Explanation: To achieve a goal through a (complex) set of
rules, often a set of mechanisms are needed, that potentially
reinforce each other to comply to the rule set and ultimately
goal satisfaction.
Properties: An policy has a name that uniquely identifies the
policy.
Relations: A policy implements a rule set. A policy consistsof mechanisms, which applied in combination, comply to the
rule set.
Example: Collective set and describes how to reduce CO2
emissions goal and which actions are required.
References: [30], [42], [43], [50], [53]–[56]
Concept: Mechanism
Definition: A mechanism contributes to (partial) satisfaction
of a goal (via its associated rule, part of a rule set in terms
of reaching an objective.
Explanation: Typically, a mechanism is process-oriented.
Hence, process modelling techniques such as the Business

Process Modelling Notation (BPMN) [57] can be used to
represent a mechanism. Note that BPMN has also a notion
of actor by means of resource pools.
Properties: A mechanism has a name that uniquely identifies
the mechanism. A mechanism has an representation, e.g. a
BMPN model
Relations: A mechanism implements a rule. A mechanism
is part-of a policy. A mechanism contributes-to reaching an
objective. A mechanism is the generalization of incentive.
Example: Clean development mechanism to reduce emissions
by buying greenhouse gas reduction units from mainly developing countries.
References: [35], [58], [59]
Concept: Incentive
Definition: An incentive is a stimulation to achieve objectives
and indirectly adhere to rules.
Explanation: Actors can be motivated to strive for reaching
an objective and hence goal satisfaction. This motivation be
positively by a reward or negatively by a penalty.
Properties: An incentive has an expression stating the reward
of penalty.
Relations: An incentive is a mechanism, and as such can
implementing a rule. An incentive is the generalization of
penalty and reward. An incentive stimulates to reach an
objective.
Example: See reward and penalty.
References: n.a.
Concept: Reward
Definition: A reward is a motivation to achieve objectives and
indirectly adhere to rules.
Explanation: A reward is an example of the carrot and stick;
desired behaviour results in a reward.
Properties: n.a.
Relations: A reward is-a incentive.
Example: Energy tax system with incentives for energy efficiency and CO2 reduction.
References: [38], [42], [51], [60]–[63]
Concept: Penalty
Definition: A penalty is a punishment if objectives are not met
and rules are not adhered to.
Explanation: A penalty is an example of the carrot and stick;
unwanted behaviour results in a penalty.
Properties: n.a.
Relations: A penalty is-a incentive.
Example: EU members who fail to meet their targets face a
penalty in the form of a periodic penalty payments.
References: [31], [51], [58], [62], [64], [65]
V. C ASE : D ECENTRALIZED ENERGY TRADING
We have been involved in the design of a disruptive decentralized ecosystem regarding the trade of energy. This ecosystem enables peer-to-peer trading. In Sec. V-A, we summarize
the case. Note that this description was written after closure of

the project; at the beginning of the project we were not able
to express the case this way. To test the descriptive validity
of the DECENT ontology, we describe in Sec. V-B the same
case by using the DECENT ontology (see Sec. IV).
A. Case description
The global climate agreement states that by 2030, 70%
of global energy consumption should come from renewable
energy sources. This is often referred to as the ‘global energy
transition’. Part of this transition is that households contribute
to renewable energy generation, often by employing PhotoVoltaic (PV) cells on their roof. In The Netherlands, the current
regulation is beneficial for households, as they are allowed
to subtract the generated energy by their PV cells from the
energy they consumed on a yearly basis. This regulation is
called ‘the netting agreement’, and ensures that households
receive the same amount of money for the energy generated
as they have to pay for energy consumed, provided that the
total amount of energy generated is equal or smaller than the
total amount of energy consumed. The caveat is in the fact
that during summer households generate more energy than
they can consume, and during winter they consume more than
they produce. The netting agreement ignores this timing effect
and assumes that the surplus of energy generated during the
summer can be ‘stored’ somehow for consumption during
the winter. Storing electrical energy is very expensive and
not efficient. Therefore, during summer, large scale generators
are switched off (so that the surplus of PV cell energy can
be consumed) and during winter the same generators are
switched on again (so that shortage of PV cell energy can
be compensated for). Switching off large scale generators is
costly, because when switched off, these generators do not
produce an income. As the netting agreement does not have a
fee for switching off these generators, large energy suppliers
are rightfully complaining that they pay the bill for the ‘netting
agreement’.
Consequently, the Dutch government plans to discontinue
the netting agreement, and instead installs a regulation that
allows for different tariffs for electricity consumption and
production, and moreover do not allow netting anymore; e.g.
a fee is paid for generated energy and charged for consumed
energy directly, without yearly netting. Obviously, the selling
price for generated energy by larger suppliers is (much higher)
that the price these same suppliers pay to buy household-PV
cell generated electricity.
Due to other upcoming regulation, it will be possible for
prosuming household to sell electricity directly, e.g. with other
households, for a substantial higher price (e,g 0.10 Euro/KWh)
than households would receive from traditional large suppliers
(e.g. 0.06 Euro/KWh). However, prosumers and/or consumers
who buy electricity from peer prosumers for a lower price
(e.g. 0.10 Euro/KWh) than from the large suppliers (e.g. 0.20
Euro/KWh). Hence the ecosystem is beneficial for both the
prosumers and consumers. This is often referred to as peer-topeer trading. We have been involved in the ecosystem design
of such a peer-to-peer trading system, which is facilitated by

blockchain technology. Note that many peer-to-peer trading
systems still use a centralized model, namely an entity that
buys energy from households, and sells energy to households.
The decentralized ecosystem for energy trading, in terms of an
e3 value model, is described in Fig. 2. There are two types of
households: (1) prosumers who produce and consume energy,
and (2) consumers who only consume energy. A prosumer first
‘sells’ generated energy to itself, and once it has a surplus, it
sells it to peer(s), being either another prosumer or consumer.
If then still energy is left, the remaining energy is sold to
the Local Energy Community (LEC), which is a cooperation
of all prosumers and consumers in a particular region. The
LEC sells a surplus of energy to traditonal (large) energy
suppliers. When all prosumers and consumers are united in
the LEC, it can negotiate a higher price for the energy than an
individual prosumer would be able to do. What happens with
the energy once it is sold the supplier is not modelled, since
this cf. the old ecosystem. If there is a shortage of energy,
e.g. a prosumer does not generate enough energy for its own
or peers needs, the opposite happens: energy is bought by the
LEC from an electricity supplier and re-sold to the prosumer
and/or consumer. Note that the LEC comes only into play for
trading if peers have a surplus or shortage of energy. A special
characteristic of the physical electricity network is that at any
moment the total amount of electricity consumed should be
the same as the total amount of electricity produced. This
balance is managed by the Transmission System Operator
(TSO), usually one per country, To ensure balance, there
are Balance Responsible Parties (BRPs) who forecast their
energy consumption/production every 15 minutes. The TSO
uses these forecasts to calculate if balance is maintained the
next 15 minutes. In case of imbalance, generators and/or loads
will be directed to switch on or off. Obviously, forecasts may
differ from actual realization. If a party causes imbalance in
the electricity network by a wrong forecast, a penalty has to
be paid to the TSO. In Fig. 2, the prosumer is considered as a
BRP, who needs to forecast the planned energy to be generated
to the LEC. The LEC aggregates these forecasts, and reports
the result to the TSO. In case a prosumer causes imbalance
(e.g. not complies to its own forecast), a penalty has to be paid
to the LEC. The LEC aggregates the received penalties, and
pays the penalty to the Transmission System Operator (TSO),
who uses the penalty to buy/sell emergency energy to ensure
that the electricity grid is in balance all times (not modelled).
B. Case expressed using the DECENT ontology
We demonstrate the descriptive capacity of the DECENT
ontology by describing the governance concepts in Sec. V-A.
Use of DECENT ontology concepts and relationship are in
italic. The European Union (EU) (an instance of actor), who
plays a defining role, affects the goal in becoming the first
climate-resilient and neutral society by 2050. Satisfaction of
this goal, is realized-by the objective to reduce the carbon
emissions with 50% in 2030 (measure), and to be climate
neutral in 2050 (measure). The arrangement that should
accomplish the goal is the ‘Green Deal’, which leads-to
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legislation referred to as the EU climate law. This legislation
consists-of a series of rules. One example of a rule is that
“Union-wide emissions and removals of greenhouse gases
regulated in Union law shall be balanced at its latest by 2050,
thus reducing emissions to net zero by that date” [66]. The
formulation of the rule comes very close to the formulation of
the stated objective. Apparently, the EU has chosen to state the
objective as a rule of law too. The EU climate legislation is
implemented-by various policies, e.g. the “creation of markets
for climate-neutral, circular economy products” [67]. The
policy consists-of several mechanisms including “supporting
cost competitiveness of climate neutral and circular economy
solutions”, “public procurement and standards supporting market creation”, and “empowering customers and consumers”
[67]. The EU climate law also comes with various penalties:
for example car manufacturers have to comply with a specific
emission target objective, which is stimulated-by a penalty of
“95 Euro per g/km of target exceedance” [68]. This penalty
also is-a mechanism and hence partly implements a rule.
The member states of the EU have implemented the Green
Deal, first by ratifying the EU climate agreement in national
laws. Representation in terms of the DECENT ontology follows the schema of the EU, with specific local arrangements.
Due to lack of space, we do not elaborate on national legislation further. However, we point out that EU member states
are democracies and hence there is a group that consists-of
parties, being people eligible to vote. This group elects on
a periodical basis the government using a decision making
procedure called ’voting’. For the peer-to-peer trade of energy

there is a group consisting-of actors, both prosumers and
consumers, who together form the LEC. This group plays a
defining and monitoring role in terms of (self)regulation, rules,
etc. The group uses a decision making procedure, e.g. based
on voting. Consequently, the LEC should not be considered
as a centralized party, but as a cooperation of actors partof a group. The goal setting of CO2 emission reduction
as defined-by the EU, reaches through national legislation
prosumers and consumers. Prosumers have executing roles,
namely “produce” and “consume”, the latter is also the role
executed-by the consumer. A goal is also to maintain balance
in the electricity network, which is defined and monitored
by the TSO. Satisfaction of the balance goal is measuredby the objective to have only 1% deviation between forecast
and realization. The TSO has a monitoring role with respect
to this objective. The penalty, and therefore also the incentive
and mechanism is a fee to be paid, which depends on the
difference between forecast and realization.
VI. D ISCUSSION
Does the description with support of the DECENT ontology represents governance in the case at hand adequately
(descriptive validity)? We argue that a certain abstraction
level, the ontology can represent the EU Green Deal, but
also a concrete case such as peer-to-peer trading in conjunction with an e3 value model. The e3 value model describes the
governed ecosystem, the DECENT ontology represents how
this ecosystem can be governed. Furthermore, there is another
relationship between the e3 value model and the representation of the case using the DECENT ontology. Incentives, a

construct of the DECENT ontology, are also visible in the
e3 value model, because incentives, either positively (rewards)
or negatively negatively reflect economic value. We expect that
the representation is useful as a structuring mechanism for
skilled consultants to design governance systems as the DECENT ontology is lightweight, but validating this expectation
requires further research. Also, the ontology provides hooks
for extending/detailing the ontology to increase its usability
for a more detailed representation of the governance construct.
Specifically decision making, goal (goal hierarchies, i*, rule
set (LegalRuleML, Symboleo) and mechanism (BPMN) can
benefit from more detailed existing modeling approaches and
ontologies.
Since decentralized governance is a difficult construct to
understand, we have deliberately chosen to focus on governance within a specific domain, namely renewable energy
ecosystems. This affects external validity of the ontology (e.g.
usability of the ontology in other domains), but is a required
step to arrive at a meaningful ontology. A topic of further research is to use the DECENT ontology in other domains to test
its re-usability. We are optimistic about the useful application
of the DECENT ontology since the ontology does not contain
specific concepts for the energy domain at all. However, it
might be possible that other domains have different (general)
interpretations of the notions of ‘governance’.
Revisiting the research questions, with respect to RQ 1,
“What is an ontological well founded conceptualization of the
notion of “decentralized governance?”, we have presented the
DECENT ontology, which is firmly grounded in the literature
by means of a SLR. Since the SLR was limited to the
meaning of ‘governance’ in the energy domain, it should
be extended to the other domains. Regarding RQ 2 “Is the
resulting ontology instrumental in structuring and presenting
governance decisions in the realm of decentralization of the
energy ecosystem”, the ontology seems to capture the essentials of the peer-to-peer energy trading case, but this needs to
more extensively validated, both with business consultants and
in other domains.
VII. C ONCLUSION
With this paper we presented DECENT, an ontological
well founded conceptualization of the notion of decentralized
governance. The resulting ontology proved to be instrumental
in structuring and presenting governance in the realm of
decentralization of the energy ecosystem. The ontology can
be of use for consultants. With respect to our second goal,
an ontology for computational governance, e.g. for use on a
on-chain governance platform such as Tezos [4] the ontology
needs to be more detailed, e.g. by including LegalRuleML or
Symboleo, an ontology for measures, and facilities for process
modelling, e.g. BPMN.
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