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Abstract

This article explores the potential of leveraging blockchain technology to facilitate energy transition within urban set-
tings. It explores three innovative market models—peer-to-peer, community self-consumption, and transactive energy
—which hold promise for a shift in (local) electricity trading due to decentralized and digital transactional character-
istics. Utilizing a scenario building framework, this research scrutinizes these market models, their corresponding trad-
ing mechanisms, and the advantages and disadvantages of implementing blockchain technology. The results provide
valuable insights into investment necessities, market democratization, service quality and reliability, urban governance,
civic engagement and citizenry welfare. Consequently, this study offers a novel conceptualization of market models,
laying the groundwork for a systematic understanding of blockchain’s potentiality in ecosystem governance in the con-
text of energy transition.
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and legal requirements (de Almeida et al., 2021) have been
extensively studied, generating important insights into
understanding decentralized electricity or flexibility trading.

Recently, blockchain is considered as a promising tech-
nology to foster this energy and digital transition in cities
(Andoni et al., 2019) as it can provide integrity, transparency

Introduction

The energy market is in transition from a centralized model
with an oligopolistic market structure to a decentralized
one. This transition is a response to the urgent need to accel-
erate ceasing dependence on solid fuels. Alongside this
move towards more sustainable energy, the energy market
has become increasingly “digitalized” which is associated
with advances in information and communication technolo-
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gies, and the proliferation of distributed energy resources,
batteries, and home energy management systems (Pratt
et al., 2016). This digital transition is arguably useful and
beneficial in fighting against climate change through emer-
ging market models (Georgarakis et al., 2021), which are
said to have a capacity in generating a wide range of eco-
nomic, social, and environmental values (Adams et al.,
2021). Technical challenges of these models, such as their
impact on power grid (Tushar et al., 2020), different market
and pricing mechanisms (Capper et al., 2022), security,
privacy and data protection aspects (Mustafa et al., 2016),
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and accountability without the presence of a central author-
ity (Montakhabi et al., 2021). Instead, decisions can be
made collectively by users via the use of consensus
mechanisms (Bano et al.,, 2017). Blockchain technology
has also been explored as the new backbone for civic and
urban projects (Rozas et al., 2021), expecting new civic
affordances and underpinning inclusive and sustainable
urban societies (Gloerich et al., 2020). Furthermore,
digital transformation in the energy sector, through the
wider deployment of smart meters and the like, has given
rise to emerging market models indicative of citizen partici-
pation as a promising means to foster energy transition
(Montakhabiet al., 2023).

Although some work (Cila et al., 2020; Jabbar and
Bjgrn, 2019; Mahesh et al., 2019; Wilkins et al., 2020)
has already explored blockchain in relation to digital trans-
formation in future energy systems, the usefulness of apply-
ing blockchain in emerging new energy market models is
unclear. In fact, not much attention has been given to the
intersection of new market and business models, blockchain
and new civic affordances in the energy realm. With likely
disruptive implications and alignment of future market-
orientations and public policies with the common interest,
this paper sets out to systematically investigate three dis-
tinct emerging energy market models, namely, peer-to-peer
(P2P), community self-consumption (CSC), and transactive
energy (TE) models, which are said to enable citizens to
actively participate in electricity or flexibility trading. To
accomplish this, a scenario approach was developed using
interviews and expert panel discussions to explore these
emerging market models, their corresponding trading
mechanisms, and dis/advantages of applying blockchain
in the future. The findings provide an understanding of
novel market designs, business models, value creation and
distribution opportunities, requirements, constraints, and
their overall feasibility, thereby highlighting new civic cap-
abilities and urban governance possibilities arising from
their implementation.

Blockchain and the city: Electricity trading

What do the smart city and blockchain premise have in
common? They share a common goal of leveraging technol-
ogy to create more efficient and sustainable systems, rely on
the collection and analysis of data, and require collaboration
and partnerships between various stakeholders, thereby
giving an important role for citizens, who are not just
passive recipients of the benefits of such initiatives, but
active participants in shaping them. Citizen participation
is often encouraged through citizen engagement and
reward platforms, participatory budgeting, and co-creation
processes (van der Graaf et al., 2021). Moreover, citizens
can be drivers of innovation in both smart cities and block-
chain. Citizen-led initiatives can help to identify new use
cases and provide valuable feedback on the usability and

effectiveness of these technologies. These developments
are indicative of “the unique affordances of platforms
[...] signal[ling] an evolution of the socio-technical rela-
tionship between citizens and cities” (Lee et al., 2020),
associated with ‘‘platform urbanism’” (Barns, 2019), and
thereby putting forward a multistakeholder approach (van
der Graaf, 2018). Specifically, several multi-actor models
have been identified which foster and promote citizen
engagement in capacity building initiatives within the
energy domain (Deakin, 2013). A common element
across the various emerging models is the encouragement
and incentivization of citizens (‘‘consumers’’ and ‘‘prosu-
mers’’) to have a (more) active role in energy and electricity
markets (Montakhabi et al., 2021)—often associated with the
notion of value co-creation (van der Graaf et al., 2021),
such as exchanging electricity and flexibility with other
market participants like fellow prosumers and grid opera-
tors, in exchange for financial incentives. Urban centers
are encouraged to adopt or facilitate “smart” strategies to
capitalize on such opportunities. However, often a critical
oversight of social dimensions (Homrich et al., 2018;
Merli et al., 2018), particularly with respect to inclusivity,
compassion, and overall well-being, perpetuates. There is,
however, a growing gap between technological potential
and actual implementation in new (decentralized) forms
of electricity trading. Digital transformation is said to
often start with small adjustments like automation by one
or several actors in a given ecosystem and then triggering
business model changes (Matt et al., 2015). Such an ecosys-
tem perspective (Adner, 2017; Jacobides et al., 2018) is
inherent to digital transformation because of the need for
complex stakeholder interactions. This is not new, yet for
blockchain, this facilitation is novel. Acknowledging this,
blockchain technology can expedite the integration of
resources across the entire electricity trading ecosystem.
In essence, its dynamic capabilities enable the assimilation
of individual actor capacities, as well as the activation of
ecosystem level capabilities, in a manner that generates
value for the customer. Furthermore, blockchain may also
have the potential to revolutionize the governance of the
ecosystem. If we consider the electricity market in terms
of new market models as ecosystems, employing block-
chain technology can assist in orchestrating the ecosystem
to deliver value for consumers and/or prosumers.

Method

In order to carry out this exploratory study, a scenario-
building approach was developed deploying interviews
and an expert panel, supported by desk research (cf.
Kvale (1994)), secondary sources helped to detect P2P,
CSC, and TE models for electricity or flexibility trading
as likely applications of blockchain in cities supporting
the energy transition. A set of interviews were conducted
with several stakeholders (e.g. distribution system operators,
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transmission system operators, retailers, aggregators, and
regulators) as well as emerging roles (Montakhabi et al.,
2020) and potential disruptors (e.g. energy community
managers and platform providers). To identify and select
the interviewees, a snowball technique was deployed
(Noy, 2008; Montakhabi et al., 2021). This helped to
approach relevant players that otherwise tend to remain
“under the radar” from fulfilling each role in the ecosystem;
this continued till data saturation was reached. Thirty five
semi-structured interviews were conducted between May
2020 and August 2021. Interviews were conducted
face-to-face in-person or online through Skype and lasted
about 45 min (see Appendix I). Interviews were recorded
and transcribed. Currently, most P2P, CSC, and TE initia-
tives are pilots, with various factors, including legal require-
ments, being perceived as potential impediments to their
widespread implementation. In exploring the three market
models and their possible fit deploying or incorporating a
future-orientation towards blockchain, the overarching
goal was to identify the conceptual boundaries of each
model, and which guided the exploration of different block-
chain types and their applicability for each model (in case;
cf. Yin (2016)). Using previous insights, scenarios could be
proposed and which were validated by an expert panel (cf.
Durance and Godet (2010)). The expert panel consisted of
four expert members of Global Observatory on P2P,
CSC, and TE models—recruited from different subtasks:
(a) power systems integration, (b) hardware, software and
data, (c) transactions and markets, (d) economic and
social value, and (e) policy and regulation. Even though
the purpose of the panel was not to identify the application
of blockchain and most experts were not acquainted with
blockchain as such, hence, a “maieutic” questioning tech-
nique (Scraper, 2000) was used to elicit ideas about the pos-
sible applications of blockchain in P2P, CSC, and TE
models. As a result, we ended up with a mixture of rich
and in-depth information about viewpoints and ideas (see
Appendix II for more detail about the expert panel).

Next, the three market models are introduced, which
offers an exploration of blockchain applications in future
electricity trading. These models are said to serve as alterna-
tives for traditional electricity trading, based on decentralized
energy production which means they have a diverse range of
capacities in value generation (Montakhabi et al., 2022)
affecting electricity trading in similar ways, but at different
capacities. As outlined, the purpose is to identify the concep-
tual boundaries of each model, and hence, are not required to
be limited to a specific project, pilot test, geographic region,
or study (Kenyon and Marjoribanks, 2007), arguably making
the conclusions by extension, comparable.

Energy transition and the city: Three cases

As a result of the increased adoption of renewable energy
sources, energy storage systems, and advanced devices, in

conjunction with the liberalization of electricity markets
(Montakhabi et al., 2021), power systems management
has experienced a transition from centralization towards
decentralization. Prosumers, who seek a return on their
investments, have become an integral component of this
evolution of the energy sector. They first started providing
demand response (Albadi and El-Saadany, 2007) services
to grid operators via aggregators, essentially participating
in the balancing market, and then slowly eliminating the
aggregators by providing services directly to the grid opera-
tors, thus forming the backbone of TE market models (Zia
et al., 2020) (i.e. consumers and prosumers competing to
provide balancing services to the grid). Inspired by this
transition, consumers and prosumers aspired to provide ser-
vices (i.e. trading electricity) to each other too, creating the
P2P market models (Zhang et al., 2018) (where consumers/
prosumers compete to provide services to each other).
Providing services to each other has also unlocked the
idea of cooperating with each other to increase their auton-
omy as well as to provide services to the grid operators as a
group, thus creating the CSC market model (Frieden et al.,
2020). Subsequently, we focus on P2P, CSC, and TE as
emerging energy market models, which are anticipated to
serve as significant catalysts for the transformation of the
energy sector. As mentioned above, numerous pilots can
be detected (see Gunarathna et al. (2022) for a comprehen-
sive list), examining the viability of the three local energy
trading models in future real world settings. Skepticism
can be detected such as about data privacy and scalability
as well, generally, firms that incorporate blockchain tech-
nology within their business models for local electricity
trading tend to disclose limited information regarding the
actual utilization of this technology, potentially raising
skepticism about the tangible benefits it may offer. This
sentiment was corroborated by our panel of experts.

many companies say they use DLT or blockchain technolo-
gies, but then if you actually look at the use case, they don’t
use it to perform transactions or as a currency. They use it
purely as a recording mechanism.

(Expert in Blockchain and Local Energy Markets)

We cover a few examples of real-world trial projects on
these three market models, which are also listed in Table 1.

Scenario |: Peer-to-peer models

P2P market models support trading of electricity between
prosumers (and consumers) directly or through an inter-
mediary (Montakhabi et al., 2020). Apart from prosumers,
the scenario also envisions the presence of representatives
who can trade electricity on behalf of citizens and a
broker (a.k.a. trading platform or market operator) who
facilitates and clears the market (Montakhabi et al., 2020).
The main objective of these models is to incentivise
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Table |. Example real-world trial projects that deploy P2P, C2C, and TE models.

Name Type Commodity Buyers Sellers Market operator Blockchain use
Vandenbron,* NED P2P Electricity Households Local green energy  Private company No
producers
UrbanChain,” UK P2P Electricity Households, SMEs  Local green energy  Private company Private blockchain
producers
Brooklyn Microgrid,  P2P, CSC Electricity Prosumers Prosumers Private company Permissioned
USA blockchain
Cornwall LEM TE Flexibility TSO, DSO Households, SMEs ~ Private company No
project,d UK

NED: Netherlands; UK: United Kingdom; USA: United States of America; P2P: peer-to-peer; CSC: community selfconsumption; TE: transactive energy;
TSO: transmission system operator; DSO: distribution system operator; SME: small and medium-sized enterprise.

https:/vandebron.nl/

®https:#www.urbanchain.co.uk/

“https:/www.brooklyn.energy/
dhttps:/www.centrica.com/innovation/cornwall-local-energy-market

market transactions that maximize individual prosumers’
benefits (Chakraborty et al., 2020). Successful examples
of companies that deploy the P2P market model to a
certain degree are Vandebron (the Netherlands) and
UrbanChain (the UK). As blockchain is a P2P technology,
it is a natural fit for use in P2P market models. As all citi-
zens/prosumers should be able to take part of these
markets without any restrictions, permissionless block-
chains (which impose no restrictions on participants) are
well suited for these market models. Permissionless block-
chains could play an important role in two trading phases:
market clearance (typically done through auctions) and
billing (which facilitates the financial settlements between
peers).

Scenario 2: Community self-consumption

CSC market models support communities in reducing their
dependence from the electricity grid (Heinisch et al., 2019)
through collectively utilizing their members’ available
resources (Montakhabiet al., 2023). Apart from aiming at
grid independence, they could also provide flexibility ser-
vices to other communities or to grid operators. Typically,
there is a community manager who orchestrates the
market and assists members to collectively decide how to
utilize their resources (Moret and Pinson, 2018). As the
CSC market models also would need to support and
manage transactions between various peers, blockchain is
a good fit to be deployed. Nevertheless, in contrast to P2P
market models, in CSC markets a permissioned blockchain
(which can restrict who can participate) is the suitable tech-
nology. This is the case for the following two reasons.
Firstly, as communities have restrictions/rules on who can
join/leave the community, the number of community
members is typically static and not every peer can be part
of the community. Secondly, as the main aim of the
CSC market models is the community to be energy inde-
pendent from the grid, the efficiency in reaching consensus

and executing transactions is of paramount importance.
Permissioned blockchains enable multiple parties to form
a fixed consortium, providing transparency of operations
and transactions to every involved peer; most importantly,
no trust between these parties is required. Applications
such as we.trade and Diem already utilize permissioned
blockchains for their use-cases. Brooklyn Microgrid is
also an example of a successful project that deploys CSC
model (in addition to the P2P model) to share electricity
generated by jointly-owned generation assets amongst the
members of the community. If blockchain technology is
deployed, prosumers might be more likely to trust and
use the services. This was also confirmed by the expert
panel.

Perhaps prosumers will find it more attractive to participate
in a market platform powered by DLT. I tend to think
[DLTs] build trust for participants.

(Expert in Cryptography)

Scenario 3: Transactive energy models

TE market models support grid operators in balancing the
grid at all times (Nizami et al., 2020). They achieve this
by facilitating demand response services provided by prosu-
mers based on market-based incentives (Lian et al., 2019).
The key difference between the TE and P2P/CSC market
models is that in TE models there is typically a single
buyer—grid operator or aggregator—who demands a
certain amount of flexibility, thus offering financial incen-
tives to prosumers to engage and provide flexibility.
Prosumers are competing with each other on who would
be selected for the service provision. Typically, the flexibil-
ity demanded is substantially larger than the flexibility an
individual prosumer could provide (Nguyen et al., 2019).
Hence, typically, a number of prosumers is selected such
that their aggregated flexibility satisfies the needs of the
aggregator/grid operator. Similarly to CSC market


https://vandebron.nl/
https://vandebron.nl/
https://www.urbanchain.co.uk/
https://www.urbanchain.co.uk/
https://www.brooklyn.energy/
https://www.brooklyn.energy/
https://www.centrica.com/innovation/cornwall-local-energy-market
https://www.centrica.com/innovation/cornwall-local-energy-market

Montakhabi et al.

models, all selected prosumers are rewarded in proportion
to their contributed flexibility.

In a typical TE model setting, the single buyer (e.g. a
grid operator) who manages the market is trusted by the
other participants. In such a situation, the use of blockchain
is actually not needed, as there is a trusted central entity
who manages the entire market. In sum, using blockchain
would bring limited advantages to the operation/manage-
ment of TE market models. The Cornwall local energy
market project is an example of a successful trial of the
TE model, where two types of grid operators, distribution
system operator (DSO) and transmission system operator
(TSO), have used the services of the developed marketplace
to purchase flexibility provided collectively by a number of
residential households and small and medium-sized enter-
prises (SMEs).

Table 2 summarizes the properties of these three market
models. All models support multiple sellers (small-/
medium-size prosumers, consumers, etc.), while only P2P
and CSC support multiple buyers as in the case of the TE
model, the buyer of the market is usually only the local
DSO (with some exception when the national TSO is also
allowed to buy flexibility at these types of market
models). In terms of the knowledge of the market partici-
pant’s identities, there are also differences between the
market models. In CSC and TE models, sellers and
buyers usually know the identities of each other. As CSC
model supports trades within a community, the community
members often know each other. In the TE models, as the
flexibility service provided to the grid operator is of para-
mount importance to keep the grid in balance, the buyer
(DSO) will know whom it is relying to provide the neces-
sary flexibility. Only in the P2P market models, as they
allow trades between peers who are unknown to each
other, peers usually do not know the identity of the peers
they are trading with. Similarly, in P2P market models, as
each peer can trade with different types of peers, hence it
can participate in different P2P market models tailored for
different purposes. Hence, there could be many P2P
markets, which are run by different market operators, in
which peers can partake. In contrast, in CSC models, as
prosumers are linked to each by all being a member of a
community, there is only one market operator. In the TE

Table 2. Comparison of different market models.

Properties P2P CsC TE
Multiple sellers v v v
Multiple buyers v v -

Known identity - v v
Single market operator - 4 4
Trusted market operator - - v

P2P: peer-to-peer; CSC: community selfconsumption; TE: transactive
energy.

models, as there is a single buyer of flexibility, there is
also a single market place which is run by the grid operator
itself. In terms of the level of trust between prosumers and
the market operator, in TE models, there is a well estab-
lished trust in DSOs, which also translates to a trust in the
market operator. In the CSC and P2P models, this level
of trust is much lower, especially in P2P market models
as they facilitate trades between completely unknown to
each other peers. The arguments above have also been con-
firmed by the expert panel.

Communities [are a better fit for DLTs compared to TE
models], for the mere fact that we’re talking about the com-
munity of participants, as opposed to the TE models with a
single central authority.

(Expert in Local Energy Markets)

Note that fully decentralized technologies like permis-
sionless blockchain come with privacy concerns, while
more centralized systems might actually not benefit at all
from DLTs, as it is the case with TE models. This trade-
off/friction has also been confirmed by the expert panel.

If it’s a [fully] decentralised ledger, then you can’t store on
chain private data or load data, because this is a personal
data so it’s protected by GDPR. So you can’t have it pub-
licly available. But if it’s then a very centralised distributed
ledger technology, then what is the purpose of even using
one? So there’s these trade-offs.

(Expert in Local Energy Markets)

Framing P2P, C2C, and TE market models

To facilitate the classification of potential transactions
among distinct market actors and to categorize these trans-
actions within the respective market models, a conceptual
framework has been developed for the P2P, CSC, and TE
models, grounded in the underlying scenarios. This frame-
work emphasizes the distinctions between the models and
identifies the circumstances under which they are likely to
converge or diverge. The framework is informed by two
key parameters: the categories of participating trading
parties and the nature of the commodities being exchanged.
These two parameters enable us to encompass the possible
transaction scenarios among various market actors.
Typically, there are four main parties affecting/being
affected in the trading practice: peers, communities, grid
operators, and retailers (Capper et al., 2022). The peers
and communities are the main two emerging actors due to
the decentralized nature of the emerging market models.
Grid operators and retailers are the currently dominant
actors in both electricity and flexibility trading markets
whose roles are expected to be challenged by active participa-
tion of the emerging actors. “Electricity” and “flexibility” are
possible commodities to be traded between the participants
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(Capper et al., 2022). When market participants have elec-
tricity surplus (or, need electricity to satisfy their demand),
they can participate in markets to trade electricity. When
market participants are able to decrease or increase their
supply/demand based on external signals (e.g. price), then
they can trade flexibility. Next we provide an overview of
the transaction types possible under traditional (retail and
balancing), P2P, CSC, and TE market models.

The retail market is the market for sales and purchases of
electricity between distributed consumers/producers of
electricity and retailers of electricity. Under the retail
trading models, the traded commodity is always electricity.
Depending on who the seller and buyer of electricity is,
retail trading models accommodate the following types
of transactions: between prosumers and retailers, and
between communities and retailers.

Under the P2P market models, the traded commodity is
always the surplus electricity. Depending on who the peers
are, P2P market model can accommodate transactions
between two prosumers, two communities, and a prosumer
and a community. A market model that supports all of these
types of transactions is also known as a hybrid P2P market
(Sousa et al., 2019). In contrast to the CSC market models
where the community (manager) decides (see below), it is
the prosumer who decides what to do with the electricity
and the community does not exert any influence over pro-
sumer resources. Hence, while a prosumer can be a
member of a community, prosumer behavior may differ
depending on the type of the model their trade falls into.

Under the CSC market models, the trading commodity
can be the electricity surplus or flexibility. There is only
one type of transaction that can be accommodated by these
models: a transaction between a prosumer and a community.
This is a situation where prosumers share their surplus elec-
tricity or flexibility with the community. It is necessary that
community members pass the control over their surplus elec-
tricity or flexibility to the community (manager). It is the
community (manager) who decides what to do with the pro-
vided electricity/flexibility. In this case, the community has
considerable control over prosumers’ resources.

Under the TE market models, flexibility is the traded com-
modity. This type of model can accommodate transactions

Table 3. Trading opportunities and domain of each model.

between a prosumer and grid operators, and a community
and grid operators. When a prosumer provides flexibility
directly to the grid operators, then a transaction between a
prosumer and grid operator occurs. In this case, prosumers
prioritize the grid stability to decide when and how much to
use what appliances. If a prosumer provides flexibility to
the operators via a community, then a transaction between
a community and grid operators occurs.

Table 3 presents an overview of the proposed scenarios
for the traditional (i.e. retail and balancing), P2P, CSC, and
TE market models. From a prosumers’ perspective, it draws
out different choices based on which they can decide to par-
ticipate in electricity or flexibility trading as it maps the
options described, under P2P, CSC, and TE models,
which are likely to widen citizens’ inclusion in value
cocreation in electricity markets. In addition, it shows
three scenarios associated with traditional electricity
trading which entails prosumers or communities’ purchase
of electricity from retailers, or prosumers or communities
selling their surplus electricity to the retailers as well as
grid operators purchase flexibility from retailers.

Discussion

The implications of the three models we analyzed go far
beyond their technical aspects. In fact, as we will discuss,
how they apply to different market designs with diverse
requirements, presenting a variety of limitations that
include but also go beyond the technological ones.
However, what is probably more relevant for our analysis
are their consequences both in the provision of the
service, in a commodity as fundamental as energy, both
for cities and their citizens. Likewise, these models enable
new ways of understanding how energy should be produced
and distributed. They offer new civic affordances allowing
the generation of new social meanings around the responsi-
bility for energy production and the control of many aspects
of its distribution, not only in basic questions such as price
or energy sources, but also in terms of to whom and under
what conditions the new prosumer accepts its provision.
Energy is an essential good but also homogeneous, there
is no difference between a unit of energy once it has been

Prosumer (+)

Community (+)

Grid operators (+) Retailers (+)

Prosumer ( —) P2P (e) P2P (e) or CSC (g, f) - Retail (e)
Community (—) P2P (e) or CSC (e, f) P2P (e) — Retail (e)
Grid operators ( —) TE (f) TE (f) — Balancing (f)
Retailers ( —) Retail (e) Retail (e) - -

P2P: peer-to-peer; CSC: community selfconsumption; TE: transactive energy.

(+) stands for supply of electricity or flexibility and ( — ) stands for demand for electricity or flexibility. The letter in the parentheses indicates the

“w

commodity traded. “e” indicates the electricity and “f” indicates the flexibility. In CSC models, prosumers pass their control over their surplus electricity

or flexibility to the community (manager).
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converted into electricity. Therefore, the use of blockchain
endowing it with traceability creates these new civic affor-
dances. Ultimately, all of these implications coalesce into
potentially different urban governance models that should
ensure the provision of electricity.

Markets, business models, and opportunities for
value creation and sharing

The three scenarios represent different approaches to the
problem of energy generation and distribution and with
them, different affordances for their participants. For TE
models, we can observe an evolution of existing business
models, while P2P and CSC represent entirely new
market models (Montakhabi et al., 2022).

In fact, TE models maintain the existing market structure
where energy companies control governance, introducing a
platform approach where consumers become prosumers,
providing flexibility that is sold to the grid operators for a
fee, who act as platform orchestrators. In addition, the
energy company often provides incentives to participants
to adjust their energy consumption to capacity. This is nor-
mally mediated by technology, the first case was Google
Nest introducing a partner program for rush hour rewards,
now well attended by many participant companies. Also,
on many occasions these companies complement their
offer providing the installation of solar panels and their
repair as a complementary service. Therefore, we observe
a business model extension, introducing both a platform
structure, opportunities for shared value (controlling your
thermostat in exchange of a discount) and complementary
services but with the same market structure.

In contrast, for P2P and CSC, new market models could
be observed, redefining existing energy markets. In the case
of CSC normally with non-market mechanisms while in
P2P can be either non-market or market-based mechanisms.
In both cases governance is distributed and in the hands of
participants. Undoubtedly, distributed energy generation
models offer many opportunities for value creation. As
great, in fact, as the amount of energy its participants can
produce. However, business models extensions present
limited opportunities for value sharing, constrained by the
platform creator’s willingness to share some of the value
among platform participants (Montakhabi et al., 2020).
On the other hand, new market structures offer a lot of
room to share value only limited by their governance
models. More specifically, they hold different potentials
for value generation, and may, therefore, be taken up differ-
ently according to prosumers’ preferences (Adams et al.,
2021). In this view, participation in a market model is a
means for value generation and capturing by and for parti-
cipants. Prosumers, who may have different preferences at
different times, utilize different market models, which
have relatively limited, and to some extent, clear affor-
dances in value generation and capturing. As this field is
still very much under development, only limited real-world
trials have thus far been conducted (Gunarathna et al.,
2022). These are complemented by studies based on
surveys and interviews which have set out to explore expec-
tations rather than experiences or practices with P2P, CSC,
and TE models (Schwidtal et al., 2022).

To provide a better understanding of the potential of the
three models in generating value, Table 4 conducts a com-
parison of the new models as well as traditional models in

Table 4. Potential value shared in different market models and business model extensions.

New market models
Business model extensions

Value type Shared value P2P CSC TE
Costs Lower energy costs High High Low
Community identity Medium High Low
Community Importance of shared generation Medium High Low
Positive attitude to regionality Medium High Low
Social comparison Medium High Low
Information transparency Investment transparency Low High Low
Cost transparency Medium High Low
Autonomy Medium Low High
Autonomy Autarky Low High Low
Switching costs Low Medium Low
Green energy High High Medium
Attitudes Sustainable common lifestyle Medium High Low
Alternative market models High Medium Low
Agency in energy transition High High Low
Governance affordances Control on energy sources Medium High Low
Control on energy uses Medium High Low
Differential pricing Medium High Low

P2P: peer-to-peer; CSC: community selfconsumption; TE: transactive energy.
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terms of the capacity of each model to generate different
types of values. The first column shows the prosumers’
intended values. Each column ranks different scenarios
under each market model, as explained above,—low,
medium, or high—based on their capacities in generating
that specific type of value. The ranking of the models was
based on the potential of each of the market models to
provide the prosumers’ values.

Consequently, prosumers’ active participation also
increases the aggregate supply and demand for prosumers’
electricity, or flexibility. Moreover, by framing market
models in this way, prosumers can choose their preferred
market model based on what they value most. Thus, for
example, more “profit-driven” prosumers may choose to
participate in a specific market model which focuses on
maximizing individual benefits. While, more “environment-
conscious” prosumers may choose to have a more active
participation in a model which prioritizes grid stability,
while more “community-oriented” prosumers may choose
a model which is ranked higher on community-related cap-
acities. Coexistence of several market models, however,
may not be necessarily beneficial from the grid, or commu-
nity perspective as some of the P2P models may cause add-
itional grid congestion (Hackbarth and Lobbe, 2020) or
may result in a concentration of value transfer to only a
few prosumers while increasing the costs for less active
electricity grid users, such as consumers (Wilkinson et al.,
2020). It remains to be seen whether these market models
can converge into one that can satisfy the objectives of pro-
sumers corresponding to various kinds of priorities and
values (Adams et al., 2021). An ideal market mechanism
would be to use an algorithm that deploys a multi-objective
optimization to prioritize and select transactions that do not
downplay or contradict each of the market participants’
objectives. In other words, ideal market transactions would
simultaneously (i) support the grid stability, (i) maximize
the community benefits, and (iii) provide the best returns
for the participants.

We propose P2P, CSC, and TE models as the new
dimensions for the electricity market (re)structure in the
energy transition. In other words, prosumers can be simul-
taneously active in these markets, in addition to their pres-
ence (as mere consumers) in the traditional electricity retail
market. Consequently, P2P, CSC, and TE market models
complement and alternate the traditional trading models
as well as each other. The main difference between prosu-
mers’ presence in traditional electricity markets and their
extended options associated with new market models is
that traditional models do not have the capacity to accom-
modate prosumers’ active participation in trading.

Requirements, limitations, and level of feasibility

The three market models under consideration encompass a
broad array of alternatives, ranging from modest expansions

of extant models to the introduction of entirely novel market
structures. Consequently, we will encounter a multitude of
requisites and constraints, which will determine the extent
of transformation necessary for successful implementation,
or in other words, the degree of deviation from the prevail-
ing status quo to the proposed model, and subsequently, its
feasibility. Nevertheless, prior to evaluating the complex-
ities of the transformation and the degree of disruption it
may engender, our attention will be directed towards exam-
ining the requirements and limitations at three levels: tech-
nical aspects, the need for novel infrastructure, and market
design considerations.

Technical requirements in TE models are typically
small. Since blockchain is not needed, a database being
controlled by a grid operator suffices. Instead of the data
being replicated at multiple locations, only the grid operator
needs to extend its existing infrastructure to cover the new
functionalities. In fact, many operators have already done
that at different levels, evolving and extending their existing
business models (Montakhabi and Van Der Graaf, 2021).

Depending on the market model, and consequently the
type of blockchain being implemented, the investment
required by peers (prosumers) may differ. In P2P market
models, where a permissionless blockchain fits well in
theory, the roles of these peers could be split into two dis-
tinct categories: market participants and maintainers/
miners. Based on their role, the required investment may
differ. In the case of market participants, the investment
would be small as no special hardware is necessary.
However, this is not the case of prosumers who play the
role of miners. These prosumers would need to invest con-
siderable resources to be able to validate transactions and
publish their blocks to extend the blockchain. Depending
on the type of consensus protocol being used, the level of
investment may differ. For Proof of Work (PoW), the
investment required typically entails computational
power. As a higher investment in computational power
translates into better chances of being the leader, miners
usually invest in high-end and application specific hard-
ware. This increases miners’ chances of publishing a
block and earning rewards (de Vries, 2019).

Note that, although permissionless blockchains offer full
decentralization, hence one might argue that they are most
suited for P2P market models, in practice, it seems that they
are not seen as a viable technology due to efficiency,
privacy, and scalability issues. Our expert panel was unani-
mous in the opinion that permissionless blockchains were
not a good solution for P2P market models (or any local
energy trading models).

it’s the permissioned Blockchain, which is most suitable
[for P2P markets].
(Expert in Blockchain and Local Energy Markets)
Permissionless is not a good fit [for P2P markets], of
course, because permissionless it’s a public blockchain, it
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has very high energy-intense consensus [mechanism]. And
you don’t need to make [everything] public.
(Expert in Blockchain and Local Energy Markets)
Only permissioned [for P2P markets].
(Expert in Cryptography)

The main argument being here is that any local electri-
city market models (P2P, TE, and CSC) would need to
have a central entity involved to some degree and in
some capacity to handle unexpected disputes amongst
peers. Therefore, fully decentralized solutions, at least in
their current form, were not seen by our expert panel as a
viable solution.

There’s always going to be central unit who has some sort
of responsibility in the peer to peer market. You can’t put all
the responsibility [on] users, so someone needs to carry the
risk. [So], there needs to be some sort of a central party.

(Expert in Cryptography)

So there is no need for a fully decentralised peer to peer
market right now for end users, not in the current environ-
ment.

(Expert in Blockchain and Local Energy Markets)

Note that smart contracts are seen as the technology that
complements DLTs and unlock their full potential by allow-
ing users to deploy any logic on top of the technology. This
was indeed supported by one expert panel member.

It’s a good technology that can unlock some potential [solu-
tions for] problems, especially if we take into account the
smart contract, because the smart contract could play a
really good role in the market clearing [phase], for instance,
even in [a] community based market, assuming [there is] a
community manager, and end users don’t want to share all
their data.
(Expert in Local energy Markets)

However, not all panelists were so optimistic of the use
of smart contracts.

I think even if you can eliminate the intermediary role with
a smart contract, we still need such an intermediary as a
backup.

(Expert in Blockchain and Local Energy Markets)

We still need the intermediaries for what-if scenarios.
What if, due to some unforeseen circumstances, the
[market] fails to work due to some [unanticipated circum-
stances]. The smart contract would fail to execute.

(Expert in Blockchain and Local Energy Markets)

In contrast to PoW, the investment required in PoS refers
to stake; a miner with the largest stake (money) in the
system has a higher probability of being the leader and pub-
lishing their block to extend the blockchain. Additionally,

regardless of the consensus protocol used, each miner
also has to invest in storage space.

In CSC models, since a permissioned blockchain suf-
fices, the investments required reduce substantially. This
is due to the simple consensus mechanism employed and
the leader (community manager) usually being pre-elected.
However, the needs go far beyond the technical require-
ments, both in the P2P and CSC models, a digital infrastruc-
ture must be created. This could also involve creating an
organization to host it or using an existing organization.
The simplest case is that of TE models where an existing
provider extends its business model to support a prosumer
platform structure. In the case of community service
models, their digital infrastructure is often hosted by a
local or regional public authority. This saves the need to
create a new institution, facilitates its governance by
becoming a natural host of the infrastructure, thus extending
the services provided by this local or regional authority.
Likewise, its government status facilitates interconnection
with the smart grid and agreements with the companies
that manage it.

The case of the P2P model is undoubtedly the most
complex due to the need to create not only an ecosystem
around it, but also an intermediary that interconnects the par-
ticipants through commercial or ad-hoc intelligent networks.
One of the simplest implementations is to establish a broker
that is also a market participant. However, this poses some
limitations as to what type and to whom energy can be
sold due to limited traceability and the fact that energy
once transformed into electricity is a commaodity.

Finally, market design also presents many challenges,
although not in the case of TE models where new function-
ality will be easily accommodated by extending the existing
business model. However, in the other two cases, the incen-
tives must be designed in such a way that they encourage
energy production by the participants together with the
design of the rules of engagement. For example, in a com-
munity service, it is sometimes common to provide free
energy to the community in the event of a surplus, on the
understanding of reciprocity. However, this design clearly
promotes free riders, signaling a potential threat to the
entire service by not encouraging investment in new infra-
structure. This simple example shows the difficulties of
designing a set of incentives that promote investment
while stimulating fair distribution and tend to balance shift-
ing the delivery of energy to more convenient hours when
necessary (e.g. with the use of batteries that require a
higher investment) (Montakhabi, 2023).

There is also an additional problem in terms of market
design. The common infrastructure that distributes electri-
city to participants, hosts and maintains the market suffers
from the tragedy of commons. There are no incentives for
participants to properly fund and maintain host organiza-
tions. This problem is avoided to some extent in community
models when the market and brokerage services are
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managed by local or regional authorities. However, even in
this case, the expected lower level of efficiency of the public
sector also poses difficulties when it comes to competing
with other models such as the TE, hosted by commercial
energy operators.

Having explored the requirements and limitations of all
three models, we can now address the market entry and sur-
vival challenges of each one. The clear winner in terms of
feasibility is the extension of existing energy providers’
business models by incorporating a platform with prosu-
mers. The technical, infrastructure and market design
requirements are minimal, at the expense of severe limita-
tions for prosumers who will be allowed a voice only to
the extent permitted by the platform administrator. The
community model, particularly when hosted by a local
authority, is the second most feasible. Due to its confine-
ment in local geographical areas, many times in small vil-
lages and rural areas and, because it is backed by a
government authority, the interconnection with the smart
energy grid and its operation is assured. Governance in
this case will be managed by the authority, allowing the
inclusion of the nuances, fairness and values that the com-
munity supports. The drawback is the traditional lack of
efficiency of the public sector, however if the type of tech-
nology has a low intensity of innovation, it generally works
well enough. Finally, the one that undoubtedly has the
greatest difficulties, and a lower level of feasibility is
P2P, due to the many obstacles that it must overcome.
However, in terms of disruption, both the community
model and the P2P models have the potential to break up
a sector that, due to the type of technology, has been
mostly oligopolistic, introducing other elements beyond
price in the production and distribution of energy. The
potential competition of these models with the TE also pro-
mises to inject a certain level of change in the market
through the adoption of practices born in community
models in the existing energy suppliers through platform
extensions.

Implications for markets, services, and citizens

The implications of these new models could be noteworthy,
opening the space of solutions far beyond the oligopolistic
energy markets that have been dominant until now and
promising to end the customer-supplier dichotomy. We
will address these implications at three levels—the
market, the service itself and citizens. With respect to
market dynamics, a transition from centralized to decentra-
lized energy markets utilizing DLTs inherently fosters dem-
ocratization. Blockchain technology underpins this
decentralization by promoting the notion of equitable,
rights-based, and value-oriented urban environments, char-
acterized by agency and empowerment (Gloerich et al.,
2020). In the context of P2P and CSC models, the capacity
for all participants (prosumers) to actively engage in the

validation of state updates and its dissemination materia-
lizes novel forms of relationships and deconstructing the
customer—supplier dichotomy. A comprehensive market
metamorphosis may not be anticipated; however, these
nascent paradigms will not only augment the heterogeneity
of alternatives but also possess the potential to profoundly
reshape extant ones. Beyond market transformation and
democratization, service quality also stands to gain from
the employment of blockchain technology, owing to the
heightened transparency throughout the intelligent grid.
This assertion has been corroborated by the expert panel
as well.

Energy suppliers instead of selling energy, they can sell ser-
vices. And then these services could [help] increasing the
economic profit for the end user, reducing electricity bill,
having more sustainable energy consumed; if they cannot
install solar panels, they can get it from the neighbour, if
they care about solar energy. If they have a common roof,
then you can make some fair distribution of energy
between [users] using the blockchain to verify that these
outcomes are fair and transparent.
(Expert in Local energy Markets)

In P2P/CSC models, the transparency offered by
blockchain helps in improving the quality and reliability
of services offered. Since the data stored on both permis-
sionless and permissioned blockchains can be public
(depending on the use case), demand and supply become
easily predictable. This predictability could essentially
enable better load balancing of the grid, providing a more
robust infrastructure by design. A possible advantage to
the need of storage space for blockchains is the increased
data availability. Even if part of the network crashes, data
still remains available, hence removing the problem of
single point of failures. In TE models, the grid operator
remains a single point of failure, hence the robustness of
the system remains similar to that of existing central
variants. Although increased transparency enhances the
reliability of the service, it poses privacy risks as
participating peers’ data would be made easily accessible
by everyone (Mustafa et al., 2016). In the EU, this data
availability may infringe the GDPR regulations. This was
also highlighted by our expert panel.

Where is the value [of using DLTs] coming from? [From]
transparency [and] immutability, [but] then these are also
sometimes the disadvantages. Some data needs to be
immutable. We want to potentially change it or we want
to cover it up after we’ve exposed it.

(Expert in Blockchain and Local Energy Market)

Finally, these three new models have large implications
for citizens and cities in terms of new civic affordances that
may transform energy governance.
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New civic affordances

Blockchain as a technological innovation introduces trace-
ability to a market characterized by electricity being a com-
modity and endowed with an oligopolistic structure. In
doing so, it also enables new civic affordances on three
dimensions: social, individual, and in governance. From a
social perspective, the most prominent attribute is the emer-
gence of novel actors that disrupt, albeit partially, the oli-
gopolistic  structure. This undeniably alters market
dynamics by presenting an array of options, not solely in
terms of quantity but also with respect to diversity. The
ascendance of community-based actors, P2P, and to some
degree, TE, introduces a variety of qualitatively distinct
propositions to the public, each encompassing unprece-
dented possibilities. For instance, the community model
may facilitate balancing energy production and consump-
tion at minimal expense among its constituents, occasion-
ally incorporating the collective utilization of batteries to
harmonize energy supply and demand.

In addition, from a social perspective we can observe how
social values such as green energy, social responsibility or a
reinforcement of community identity, develop from these
new models. However, we can also observe a change of
user’s perspective due to this transition from consumers to
prosumers. The most obvious ones are a certain level of
autonomy and the increase in the variety of options to
choose from. Additionally, in some cases such as the com-
munity model, there is a certain redefinition of citizenship,
including the own responsibility for energy production, con-
sumption and investment in infrastructure. Furthermore,
there are also changes with respect to governance, particu-
larly in the context of community models, and to a certain
degree, the other two frameworks as well. Within these
models, the capacity for end consumers to decide upon and
influence the selection of energy sources and even establish
pricing, occasionally without cost, constitutes a radical
departure from a paradigm in which governance was exclu-
sively determined by the supplier.

Urban governance

Considering the aforementioned emerging market para-
digms, significant transformations in the discourse begin
to surface, advocating for a human-centric and
rights-oriented approach that endeavors to actualize a just
urban environment and an inclusive civil society, concur-
rently addressing the pressing issue of climate change
(Breuer and Pierson, 2021). This perspective deviates
from the conventional conceptualization of the city as an
entity primarily serving the interests of corporations and
nation-states, as exemplified by the notion of “platform
urbanism” (Barns, 2019). The premise of the emerging
models—to various extents and in different degrees—is
that structuring and formalizing, particularly, prosumption

processes (associated with co-production) can bring an eco-
system approach fostering a more responsible innovation
and a systemic, value-based approach to sustainable urban
development. In fact, at macro, meso and micro level
“opportunity structures” are on the rise (van der Graaf
et al., 2021). In particular, new ways of working that were
made possible by blockchain have enabled actors operating
in the public and third sector to promote accountability and
transparency (D’Hauwers, van der Bank and Montakhabi,
2020), all while improving on the efficiency and effective-
ness of P2P cooperation and algorithmic governance. For
example, DLTs can facilitate the roll out of token-based
models that support building and (self)governing communi-
ties and take up “value” that is broader than merely an eco-
nomic term (social contracts) (Gloerich et al., 2020; Ostrom,
2010). More precisely, these tokens could portray electricity
itself as value (Brunner et al., 2021), or generalize it more to
represent fiat money. DLTs are also means for a more fair
“energy governance,” and fitting the P2P ideals (Lei et al.,
2021). Therefore, applying DLTs can enhance engagement
of citizens and support the P2P electricity trading within a
community, thereby also alluding to the facilitation of
urban commons projects.

Conclusion

In our analysis, we have examined the ongoing metamor-
phosis within the energy market, characterized by the emer-
gence of novel market structures, participants, and business
models. The incorporation of blockchain offers the poten-
tial to introduce an additional informational stratum to
energy distribution processes, a development of particular
significance in light of the shift from centralized to decen-
tralized energy production. By integrating this informa-
tional layer and acknowledging the transformation of
consumers into prosumers, new opportunities arise at
various levels, including market, communal, citizenry,
and societal spheres. We have examined three different
models assuming that discussing extremes will bring
more clarity to the real opportunities that will result from
combining these emerging models with today’s centralized
models. However, in any of their forms and combinations
they hold the potential of disrupting the status quo.
Blockchains as an information layer, could bring transpar-
ency and traceability to a commodity market that, due to
its structure, is a prime example of a natural monopoly.
However, because these new opportunities and added ben-
efits come with a cost and multiple barriers, they also imply
substantial market transformations. As with any innovation,
the perception of the adoption of potential opportunities by
established companies and new entrepreneurs, will make
these openings real. And the actual adoption by citizens
will validate this perception, transforming novel proposals
into real innovations. This study presented these emergent
opportunities that have arisen in the first projects that use
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blockchains in the energy sector. As it happens with innov-
ation opportunities, it is reasonable to anticipate that at least
a subset of these opportunities will undergo experimenta-
tion and subsequent scaling. To what extent an industry
wide adoption will follow is uncertain but the potential
for disruption and new value creation is undeniably present.
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Appendix I: Interview protocol for
identifying the three market models

Interview protocol for the conducting the semi-structured
interviews:

e Would you please introduce yourself and your organization?

e What are your organization’s roles in the electricity
market

e How do you describe the current electricity market (Who
are actors and what are their roles)?

e What are the main influencers on the future of electricity
market?

e How do you describe the future electricity market (Who
are actors and what are their roles in next 5 to 10 years)?

e What are the constraints for P2P electricity trading?

e What are the best and worst scenarios for P2P electricity
market?

e Who are the main actors and their roles in the P2P energy
trading?

e Do existing trading mechanisms in electricity market
need to be changed for P2P electricity trading (How
should they be in order to allow for P2P trading)?

e Which non-energy-related market mechanism is applic-
able for P2P electricity trading?

e What roles would your company have in the future elec-
tricity market?

e What are your organization’s objectives and business
model in P2P electricity market?

e What problem is P2P is trying to solve?

e Which type of actors are trustworthy to have the critical
roles in P2P, CSC, and TE models for electricity/flexibil-
ity trading?

Appendix lI: Expert panel information for
validating the findings

The results of the study are validated by an expert panel con-
sisting of five expert members of the Global Observatory on
P2P, CSC, and TE Models, who are researchers on P2P elec-
tricity trading. We recruited them from the five different sub-
tasks of the global observatory: (a) power systems integration,
(b) hardware, software & data, (c) transactions and markets,
(d) economic and social value, and (f) policy and regulation.
The expert panel was organized on 16 October 2022. The
panel lasted for one and a half hours. Three of the authors
were present in the panel to provide complementary informa-
tion and answer probable questions to clarify the questions for
the members of the panel. The following nine questions were
the initial questions from the panel but we did not limit the
discussions and let the unexpected relevant discussions go on.

e Do you know any cases of actual use of DLTs in the
energy sector?

e Could you discuss the feasibility & likelihood of success
of the application of DLTs in three market models (P2P,
community, and transactive). Services? Fare? Transparent?
Secure?

e In your opinion will the added affordances that DLTs
provide (e.g. transparency, traceability, differential
pricing, accountability, etc.) be valued by the market?

o Isthe use of DLTs in the energy sector the future or just a
bad idea?

e Do you think that blockchains (specifically permission-
less blockchains) are a good fit for P2P markets?

e Do you think an auction market (for matching bids with
offers for P2P electricity trading) can be deployed on a
public blockchain that utilizes smart contracts?

e In your opinion, which type of DLT is a good fit for CSC
market? Or do you think we do not need DLTs in this
model at all?

e Since TE models are usually centralized, do you agree
with our assumption that DLTs only provide limited
advantages here?

e Who do you think should be the “market manager” in TE
model? Should they be trusted? If not, how do you think
we can make this trustless?

We got the panel member’ consent to record the panel.
Subsequently, we transcribed the recording. The transcription
was processed by all authors, important quotes from the panel
are added to the manuscript, and the insights from the panel
are used to improve the discussion. Interestingly, panels’ con-
sensus on some questions which were opposing our initial
analysis struck us. We used the insights to take a more critical
tune in presenting our findings and discussions.


http://dx.doi.org/10.1109/TSG.2020.2969657
http://dx.doi.org/10.1109/TSG.2020.2969657
http://dx.doi.org/10.1108/9781800436022
http://dx.doi.org/10.1016/j.erss.2020.101500
http://dx.doi.org/10.1016/j.erss.2020.101500
https://www.sciencedirect.com/science/article/pii/S2214629620300773
https://www.sciencedirect.com/science/article/pii/S2214629620300773
https://www.sciencedirect.com/science/article/pii/S2214629620300773
http://dx.doi.org/10.1016/j.apenergy.2018.03.010
http://dx.doi.org/10.1016/j.apenergy.2018.03.010
https://www.sciencedirect.com/science/article/pii/S0306261918303398
https://www.sciencedirect.com/science/article/pii/S0306261918303398
https://www.sciencedirect.com/science/article/pii/S0306261918303398

	 Introduction
	 Blockchain and the city: Electricity trading

	 Method
	 Energy transition and the city: Three cases
	 Scenario 1: Peer-to-peer models
	 Scenario 2: Community self-consumption
	 Scenario 3: Transactive energy models

	 Framing P2P, C2C, and TE market models
	 Discussion
	 Markets, business models, and opportunities for value creation and sharing
	 Requirements, limitations, and level of feasibility
	 Implications for markets, services, and citizens
	 New civic affordances
	 Urban governance

	 Conclusion
	 Acknowledgements
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


