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Abstract

This work focuses on applying distributed ledger technology (DLT) to microgrids
and their diffusion in society. The thesis’ purpose is twofold: first, trying to
identify the reasons for the slow adoption of microgrid, and second, how DLT
can facilitate their adoption.

The thesis describes the essential components of microgrids and DLT, their
implementation in previous projects, and the Diffusion of Innovations model.
The work includes empirical findings that emerged from interviews with
academics, companies’ representatives and households who have had direct
experience with either microgrids or DLT or (ideally) both. The last part tries to
connect the concepts found in the literature and interviews.

Key findings are that in the case of DLT-based microgrids, the classical top-
down, centralized diffusion system, where companies “push” an innovation is
likely to be ineffective. Microgrid projects should be community-driven,
meaning groups of people take the initiative to organize local energy
communities where owners of distributed energy resources (DERs), also known
as prosumers, exchange the surplus of energy directly with other members of
the microgrid. The initial challenge is that to have adoption, groups of people
need to be aware of the innovation, and (at least) some participants need to have
a basic knowledge of the system to become prosumers. Municipalities could be
crucial facilitators of communication and adoption.

Regarding DLT, the research found that previous projects which implemented
blockchains based on proof-of-work (PoW) had unsatisfactory results. In
particular, the market mechanism implemented was inefficient in terms of costs
and time compared to standard solutions. More recent DLTs address blockchain
limitations however their application on microgrids is not well-established yet.

Therefore, there is a substantial need for further development in this field.

Keywords: Blockchain - Diffusion of Innovations - Distributed energy
resources - Distributed ledger technology - Microgrid - Peer-to-peer energy

exchange
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1 Introduction

According to Our World in Data, the energy consumption in buildings causes 17.5
percent of greenhouse gas (GHG) emissions [1]. A way to decrease GHG
emissions is to upgrade the electrical grid to foster the transition from fossil fuels
to cleaner energy sources. The share of primary energy from low-carbon
sources — renewables and nuclear — was about 15.7 percent globally and 26.4
percent in Europe in 2019 [2]. Despite the energy transition toward low-carbon
sources having an upward trend, it has to accelerate to reach the EU targets in
2030 [3].

The current electrical grid design is unsuited to deal with the increasing number
of distributed energy generators (see Section 2.1.3). The electrical grid is
predominantly centralized, top-down, and unidirectional. Electricity flows from
big power plants to end users (see Figure 1). This centralized system has not
changed since the alternate current (AC) system by Westinghouse and Tesla won
over the direct current (DC) system by Edison in the war of currents. To deal
with the high energy losses along the transmission lines, which made centralized
DC power plants unsustainable, Edison envisioned smaller DC generators
installed nearer the end users. The main problem was that the technology
available at the end of the nineteenth century could not achieve that vision, so
the centralized AC system prevailed. Now microgrids can decentralize energy
generation and manage bidirectional distribution [4].

The literature describes microgrids as electrical systems that provide several
benefits, the five main ones are: (a) improving energy efficiency since the closer
the energy generation and consumption are, the fewer losses occur on the
transmission and distribution lines [5, 6]; (b) organizing clusters of distributed
energy resources (DERs) into controllable bidirectional local energy
communities, microgrids incentivizes and coordinates end users to install
renewable energy sources (RES) such as solar, wind, hydrogen, hydro, and
thermal energy and integrating them into the grid [7]; (c) helping the distribution
system operators (DSOs) to manage voltage, frequency fluctuations, and

decrease the risk of line congestion [8]; (d) lowering the energy cost for microgrid
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members since the more energy is locally produced, the more they are
independent from the rising energy prices [9]; (e) strengthening the energy
security of an area in terms of reliability [10] and resilience in the event of power
outages or cyberattacks [11, 12].

Market data [13] shows that the overall price of RES has decreased over the
years, particularly photovoltaic (PV) systems, commonly called solar panels, and
wind turbines. At the same time, RESs are generating an increasing percentage
of energy [14].

Moreover, the implementation of microgrids addresses four Sustainable
Developmental Goals (SDGs) [15]: Affordable and clean energy (Goal 7), Industry,
Innovation and Infrastructure (Goal 9), Sustainable cities and communities (Goal
11), and Partnerships with stakeholders to reach the objectives (Goal 17).
Despite the several benefits, microgrids are the exception rather than the norm
in the European electrical grid [16]. The thought that triggered the idea of this
work was: Why are they not broadly adopted?

In preliminary readings about past projects, one problem stood out: how to
manage data, and monetary and energy transactions. DLT can enable peer-to-
peer (P2P) data exchanges, validate, trace transactions. This thesis identifies the
challenges to adopt DL'T-based microgrids and uses the Diffusion of Innovations

theory as a model to address the issue of slow diffusion.



1.1 Purpose and research questions

The purpose of the thesis is twofold: understanding why microgrids are not
widely adopted and exploring possible ways in which DLT can facilitate their
adoption. For the first point, the main components of microgrids and DLT are
overviewed, and their adoption is explored through the lenses of the Diffusion
of Innovations model. For the second point, the focus is on the application of
DLT on microgrids and its effect on microgrid adoption.
The research questions guiding this thesis are:

What are the reasons behind the slow adoption of microgrids?
Followed by:

7o what extent can DL T facilitate the adoption?

To answer these questions, a qualitative study was conducted which relies on an
extensive literature review and interviews with ten people who have had first-

hand experience on the thesis’ topics.

1.2 Delimitations

A more holistic work on DL T-based microgrids should include social, technical,
and economic aspects. In particular, feasibility studies, break-even analysis, and
business models that evaluate different configurations and scenarios, such as
worst-case, intermediate, and best-case ([17] is a good example), and how those
aspects affect each other. For time and page limits reasons, the work focuses
mostly on social factors since the Diffusion of Innovations is about people’s
perceptions of innovation. The author introduces essential technical
components of microgrids, blockchain, and its possible theoretical application
but more in-depth technical and economic analysis, such as the tokenization of
energy, though critical for the implementation of a real-world project, is outside

the scope of this work.



1.3 Thesis outline

The thesis structure is the following:

Chapter 2 provides the theoretical foundation of the topics the thesis covers.
Chapter 3 outlines the research strategy and method choices.

Chapter 4 summarizes the findings of the interviews.

Chapter 5 puts together concepts of the literary review with the findings.
Chapter 6 concludes the thesis.



2 Literature Review

This chapter provides an overview of the thesis’ topics: microgrid, DLT, and
their main components, local energy markets with a brief description of three

projects, and diffusion of innovations.

21 Microgrid

The International Electrotechnical Commission (IEC) defines a microgrid as a
“group of interconnected distributed energy resources (DERs) and loads with
defined electrical boundaries forming a local electric power system at
distribution voltage levels, that acts as a single controllable entity and can
operate in either grid-connected or island mode” [18]. The keywords of this
definition are DERs, loads, defined boundaries, controllable, and island mode.
The IEC defines DERs as “energy resources comprised of generation or storage
which connect to the low or medium voltage distribution level” [19].

Reading the literature, readers could confuse microgrid with terms like smart
grid, minigrid, and virtual power plant (VPP). A smart grid is a broad concept that
encompasses a systemic upgrade of the whole electrical grid — from generation,
transmission, and distribution to consumption. It integrates complex information
and communications technology (ICT) and systemwide smart metering [20].
Minigrid is a larger microgrid that connects bigger DERs and more buildings [21].
VPP is a group of DERs that can be switched on or off remotely and
automatically by software according to the energy demand of the network [22].
The main difference between microgrids and VPPs is that the latter is always
connected to the grid. Therefore, VPPs offer lower protection against power

interruptions than microgrids.

21.1 Upgrade of the electrical grid

Figure 1 shows an overview of the electrical grid from energy generation,

transmission, and distribution, to end users and the proposed upgrade with the



main components. The system within the dashed square is the focus of this
thesis. The microgrid works as a single controllable system, and it will become a
building block of the smart grid [23].

Long-distance
Transmission Distribution

HVIMV MWLV

Generator (e.g. nuclear or
hydroelectric power plant)

@ Substation (primary/secondary voltage) DLT-based token and power exchange
e : . H Distributed generator (e.g. solar arrays, wind
= Point of common coupling 22 N\ turbines)
_ﬁ_ Smart energy meter [5] Energy storage system

Figure 1. Electrical grid schematic

Typically, a microgrid connects to the electrical grid, but it can operate in island
mode. The point of common coupling decouples the microgrid from the grid to
protect the microgrid if power outages, cyberattacks, or other malfunctions

OCCuUr.

2.1.2 Distributed generators

Generation resources transform different forms of energy, such as solar, kinetic,
and chemical, into thermal or electrical energy, commonly measured in
kilowatt-hour (kWh) in electrical engineering [24]. Sometimes terms like
electricity, energy, and power are used interchangeably. Without going too
much into physics, current electricity is simply the medium that allows
transferring energy from one point to another. Energy is the total amount of
work done within a certain period. Power represents how fast something can
produce or consume energy. As a simplification, this text uses the general term

energy.



Microgrids generate energy from small-scale distributed generators (DG).
Generally, the more DGs a microgrid has, the more resilient (though more
complex) it is. The most common DGs are PV systems, solar thermal, wind
turbines, fuel cells, hydroelectric generators, micro combined heat and power
(micro-CHP), and diesel generators. The diesel generators should be used only
as a backup if the DERs cannot supply enough energy to minimize fossil fuel
usage and GHG emissions.

Micro-CHPs generate both heat and electricity. In projects that have installed
them, the overall energy efficiency and cost savings have increased (though the
total expenditure was higher) [17].

The choice of DGs depends on several factors such as capital and space
available, topography, what type of and the degree of availability of renewable
sources that characterize a geographical area. For instance, solar radiation, thus
the PV solar energy generation decreases the closer the location is to the poles
[25]. Therefore, considering northern Europe, if the budget and the space
available are small, the investment for DGs should be more on wind turbines,
hydrogen fuel cells, and CHP rather than PV systems. While in southern Europe,
the investment should be more on PV systems. Nonetheless, the choice of DGs
should be based on accurate data during the year and software simulations.
The price of DGs, particularly PV systems and wind turbines, has decreased in
the past years [13]. Moreover, DGs are experiencing a high rate of innovation,
such as Vortex bladeless technology [26], and recent PV technologies that
generate energy also when the sky is cloudy [27] and during the night [28].

2.1.3 Electrical grid issues

In technical jargon, a load is a device that consumes energy. If energy demand is
too high, the distribution lines can become congested, substation transformers
could overheat, the efficiency of the system decreases, cost increases, and in the
worst-case scenario like in hot summers, the power supply is interrupted.

Smart load usage minimizes the risk of line congestion and decreases energy

cost. Domotics or home automation systems are an optimal integration with the
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microgrid because they enable the control of residential loads. Controllable
loads can be turned on or off according to household preferences. The system
could provide different setting modes such as unrestricted energy usage
regardless of the price and energy peak (i.e. the status quo) and the "optimal

mode" that switches on selected appliances when energy demand is off-peak.

kW off-peak shoulder peak shoulder off-peak

load shifting

- original
« optimized

Time

Figure 2. Load shifting and peak shaving [29]

The rule of thumb is the flatter the peaks of energy demand are, the lower the
risk of line congestion and the energy cost are. In a day, energy demand usually
has two peaks in the morning and the evening [30]. DSOs or utility companies
incentivize consumers to adhere to demand response (DR) programs to reduce
peaks.

For instance, they set cheaper energy rates when demand is not at its peak to
nudge end users into changing their energy consumption. The issue is that DR
programs require that households pay attention and adapt their energy use
according to the energy peaks during the day. Previous studies on the matter
show that DR programs are likely to be ineffective [31].

Another challenge to the grid is the increasing penetration of electric vehicles
(EVs). EVs are typically charged at home after work in the evening hence
worsening the risk of congestion during the last peak of the day [32].
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Furthermore, the fluctuating RES generation and supply-demand mismatching
could worsen the demand peak problem. For instance, solar panels generate
most of the energy at noon when the solar radiation is higher, but the demand is
typically lower than in the morning or evening. The mismatch in energy supply
and demand has to be dealt with by the DSO or the utility company.

Controllable loads and distributed energy storage systems (ESS) can address

these problems.

2.1.4 Energy storage systems

The most common ESSs are lithium-ion (Li-ion) batteries (the type used by EVs).
However, comparisons of different typologies of ESSs show that hybrid ESSs are
a better solution [33].

Hybrid ESSs include more than one type of ESS. Such configuration ensures that
the advantages of one ESS balance the disadvantages of the other ESS. For
instance, the fast response of hydrogen fuel cells overcomes the slow response
of Li-ion batteries. Furthermore, this hybrid ESS configuration extends the
battery life cycle up to 9 years (see [33] for more details).

An important microgrid design decision is whether centralize the energy storage
or decentralize it. The former design requires the installation of a big ESS that is
common to all members of the microgrid. The latter solution requires that each
end user or a majority installs a smaller residential ESS. Centralization tends to
be the more economical solution, but it could create a tragedy of the commons
[34]. For instance, households that do not have insulated walls or smart home
automation devices or simply follow a lifestyle that consumes a lot of energy
decrease the availability of locally produced energy, especially when the
microgrid is in island mode. A decentralized ESS does not have this problem.

A recent development that can improve microgrid resilience is the vehicle-to-
grid (V2G) technology, either vehicle-to-home or vehicle-to-building. V2G
allows EVs to have a bidirectional exchange of electricity between EV and their
home [35]. Thanks to V2G, EVs act as portable ESS.



2.1.5 Smart energy meters

Smart energy meters allow the DLT to work. In general, every device or system
advertised as "smart" without a proper description should make people skeptical.
Smart energy meters distinguish from standard energy meters because they
connect to a wireless network and receive and send data. For this feature, smart
meters are an application of the Internet of things (IoT).

The meters generate and send (almost) real-time data to the microgrid
controller. Thus, they do not require periodic manual meter readings of utility
operators as it occurs with the old generation energy meters. The data is critical
for both microgrid operators and users. Users can check their energy
consumption and eventually make changes to lower the energy cost. Microgrid
operators can remotely control the performance of the microgrid and determine
the energy exchanges between end users. For instance, if a smart meter detects
that a DER has a surplus of energy, the microgrid software will process the data
and ultimately determine whether to transfer that surplus to the closer load.
Among the data smart meters provide, the three most crucial data fields are the
state of the ESS charge, the amount of energy consumed, and the energy

produced in a certain period. Those fields are the inputs of the DL'T network.
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2.2 Distributed Ledger Technology

In the public discourse, blockchain has often been portrayed as a disruptive
technology that will solve some of the world’s problems and disrupt several
industries, especially the banking and financial industry. Fortunately, publicity is
falling from the peak of inflated expectations to more pragmatic levels, as the
Gartner hype cycle graph shows [36].

Often people refer to blockchain and distributed ledger technology
interchangeably, probably because blockchain was the first implementation of a
DLT [37] and has been the subject of hype and speculation on the Web, in the
media, and financial markets.

Over the years, different DLT architectures have been developed. Figure 3
shows the three main ones: sidechain, tangle, and hashgraph. Newer DLTs aim
to address one or more limitations of blockchain, such as low block validation
speed, scalability, interoperability between different blockchains, high

transaction fees, and energy consumption.

Blockchain Tangle Hashgraph Sidechain

Private blockchains
Time

{5

0 & 3 |2
FEP I
: W

A B c D

P

Consortium blockehain

Linked list Directed acyclic Directed acyclic List of Linked
graph graph lists

Figure 3. Existing DLT's [38]
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Table 1 shows the comparison of the four main DLTs. The pros and cons are

relative to a microgrid application. Therefore, the pros and cons might differ for

applications in different fields.

Table 1. DLTs comparison (based on [38])

DLTs Pros Cons
Blockchain - Most known and established - Transparent transactions
technology may be a privacy issue
- Many commercial - Longer block validation
applications time
- Smart contract feature - High energy consumption
- Traceability - Transaction fees
- High decentralization - Low scalability
- Open source - Low interoperability
- High hype and speculation
Sidechain - Smart contract feature - Lower decentralization
- Permissioned and private than blockchain
network
- Faster than blockchain
Tangle - No mining is required - Less established and
- No transaction fees (ideal for ~Proven technology
frequent IoT transactions) - Few commercial
- Theoretically more secure ~ applications
- Currently centralized
Hashgraph - Highest processing speed - Patented by Hedera (may
- High scalability hinder R&D)

- Currently permissioned
network

- Low decentralization
- Less established

The comparison of DLTs shows that tangle and hashgraph seem to have more
potential for future applications. Tangle eliminates transactions fee hence
lowering the cost to run the system. Hashgraph has the highest performance in

terms of speed and energy consumption [39].
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However, this work focuses on blockchain since the technology is more
established than the others, and the DL'T-based microgrid projects found in the
literature have implemented blockchain.

Though DLTs have different features and data structures, in essence, they
combine three main components: public-key cryptography (also known as
asymmetric encryption), distributed peer-to-peer (P2P) networks, and
consensus mechanisms [38]. These components allow the participants of the
P2P network to transact assets directly without the need for trusted
intermediaries to ensure the validity of transactions. P2P networks enable nodes
to communicate directly. In technical jargon, a node is any computer or

computational process that connects to a network and run tasks.

2.2.1 Public-key cryptography

Public-key cryptography is a mechanism based on a pair of two cryptographic
keys — one public to all the users of the network and one private that must be
kept secret from everyone except the owner. This mechanism often combines
digital signatures, which use public and private keys to verify the authenticity of
the origin of the data [40].

To show a basic cryptographic process, let's suppose user A uses public-key
cryptography to send data to user B. A signs the data using their private key and
a signature function and encrypts the data with the public key of B. As long as B
does not share their private key, B is the only one that can decrypt the data.
Once B decrypts the data, B uses A's public key to verify the digital signature to
confirm that A is the actual sender of that data. Essentially, the public-key
cryptography and digital signatures ensure a higher degree of privacy and

security in data exchange.

2.2.2 Consensus mechanism

The consensus mechanism is an algorithm or protocol that enables the validation

of transactions and ensures that everyone or at least 51 percent of the
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participants agree on the next state of the ledger. There are different types of
consensus mechanisms and subvariants [41]. The two main ones are proof-of-
work and proof-of-stake.

Proof-of-work (PoW) requires that a set of nodes — called “miners” — resolve
a computation to validate a block [42]. PoW has two main problems. One is about
the slow validation process. The time to validate new blocks in the Bitcoin
blockchain is ten minutes on average.

The second problem of PoW is that the difficulty of the computation increases
over time, and mining nodes are already consuming a lot of energy to validate
new blocks. Cambridge University estimates that the PoW-based Bitcoin
blockchain consumes about 139 Terawatt-hour annually [43]. To put that
number into perspective, Sweden consumes approximately 132 TWh/year of
electrical energy [44]. Since proof-of-work is antithetic to the microgrid goal of
energy efficiency, the DLT should implement a more energy-efficient and faster
consensus mechanism.

Proof of stake (PoS) is a consensus mechanism that selects the nodes with the
most tokens to be the validators of transactions. One of the reasons for this
selection is that the nodes with more tokens have a higher stake (or
responsibility) that the DL'T network works properly. If the DLT has issues, its
tokens loss value. Although PoS is more efficient than PoW, it still presents some
issues, such as the high likelihood that validation becomes centralized where
only a handful of nodes validate new blocks.

For these limitations, DL'T developers designed several variants of PoW and
PoS. Though having an overview of them is a crucial factor to consider in

microgrid projects, their description is beyond the scope of this work.

2.2.3 Categories of DLT

A distinction between DLT is their degree of openness and transparency.
Distributed ledgers can be permissioned or permissionless, public or private [45].
A permissionless ledger allows everyone to connect to the DLT network, while

a permissioned ledger allows only approved nodes to connect to the DLT
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network. A public ledger allows everyone to use it, while a private ledger allows
only specific people to access it. In other words, permissioned and
permissionless are about who is making up the ledger, and who is part of the
network. Private or public configuration is about who can query data on the
ledger. Currently, the two most well-known and valued blockchains — Bitcoin
and Ethereum — are permissionless and public (the tool [46] shows past
transactions on the Ethereum blockchain).

The choice of which configuration to use depends on the system requirements.
Permissionless and public DLTs can increase the number of users faster. But
they require a more complex consensus mechanism to ensure the network is
secure, which us likely to slow down the processing speed and consumes more
energy to function.

In the case of microgrid, weighing the pros and cons of each configuration, the
combination of permissioned and private seems to be more suitable because it
ensures a higher degree of privacy, security, and speed (note that sidechains
implement a configuration similar to this). The permissioned setup allows only
the members, namely the end users who are connected to the physical
microgrid, to transact over the DLT network. Thus, the DLT does not need to
implement sophisticated consensus mechanisms to validate transactions. The
DLT can implement a private configuration that ensures each member cannot
see the data of another member, only the administrator of the system and the

audit or regulatory agency can access specific data fields.

2.3 Blockchain

A blockchain is a database or ledger that differs from common databases for the
following three main characteristics: distributed, append-only, and immutable
[38]. Distributed means that all the members (or nodes) of the network have a
copy of the ledger. Append-only means that data blocks can only be added to
the ledger. Immutability ensures that once a block has been validated and added

to the ledger, no one can modify it or delete it. The ledger is a list of blocks where
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each new block has a link to the previous block, all except the first “genesis”
block.
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Figure 4. Common structure of a block [47]

Figure 4 shows the data fields of a block. Each block contains data fields in the
header (the block metadata) and body. The data fields are the following: version
of the protocol; a cryptographic hash of the previous block, which is a fixed-
length string of alphanumeric characters that uniquely identifies and
permanently links the two blocks; a timestamp that records the time when the
block is added to the blockchain; the nonce and bits are used for validating the
block; and the Merkle root is the hash of all the hashes that uniquely identifies
the transactions contained in the body of the block.

Blocks in blockchains with different designs and consensus algorithms might
have different features, such as the size and order of blocks. For instance, if a

blockchain does not use PoW as a consensus algorithm, its blocks might not
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contain the nonce and bits data fields. Blockchain can implement processes that

automatize energy transactions or relatively simpler market mechanisms.
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2.4 Local energy market

Most of the microgrid projects found in the literature implemented a market
mechanism, also called the local energy market (LEM), to manage the energy
exchange between households. Figure 5 shows an overview of a LEM with its
data exchanges which determines the destination to send energy and the

quantity (the number of kWh) needed.
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Figure 5. Energy market between households (edited from [48])

In literature, there are several case studies of LEM. The following sections

briefly describe three of them.

241 Brooklyn Microgrid

Brooklyn Microgrid is the first blockchain-based microgrid project. One of the
project goals is to “assist in the proliferation of solar production and
consumption throughout New York City” [49]. The project, launched in 2016,
was driven by the desire of a group of residents in Brooklyn, New York, to buy
and sell locally generated energy from solar. It is run by the company, LO3
Energy, and consists of two main components: the physical microgrid and the

virtual community energy marketplace [6].
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The physical microgrid has been installed beside the existing distribution grid
and acts as a backup when power interruptions occur. The microgrid connects
10-by-10 housing blocks and includes critical facilities such as hospitals. The
critical facilities receive energy at fixed rates. Households and businesses bid on
the remaining locally generated energy. Besides the energy meter used by the
distribution grid, microgrid members have installed TransActive Grid smart
meters that communicate with the blockchain network.

The market platform works on top of the physical microgrid. It allows
prosumers, namely residential and commercial solar panel owners, to sell their
solar energy surplus to microgrid members who want to consume local
renewable energy through a mobile and web application. The DLT behind the
platform is a private blockchain that uses the Tendermint protocol [6].

By integrating the local DERs, the project has increased the power supply
security of the microgrid’s members.

A plan for the future is to expand the project by increasing the number of

participants and including heat generation and exchange.

24.2 Landau Microgrid Project

Landau Microgrid Project is a pilot and research project launched in 2017 by
Karlsruhe Institute of Technology (KIT) in cooperation with the utility company,
EnergieSiidwest AG, and the software company, Selfbits GmbH [50]. The main
project goal is to test different technologies, configurations, and market
mechanisms to implement an efficient LEM in Germany.

The microgrid comprises twenty households, a local CHP plant with a nominal
capacity of 50 kW electrical and 85 kW thermal, and a PV system of 23.5 kWp
(kilowatts generated at peak performance). The CHP provides both electricity
and heat. The local utility owns and operates both DERs.

The microgrid connects to the distribution grid. Thus electricity flows in or out
of the system if there is an energy deficit or surplus.

Households have installed LoRaWAN smart meters that record and transfer

residential load data. LoRaWAN meters use the protocol LoRaWAN (or “Long
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Range Wide Area Network”) and are designed for loT applications. This type of
meter requires low power and can send data up to 5 km in urban areas and 10-
15 km in rural areas. Data are sent every 15 minutes to a LoORaWAN gateway on
the frequency band of 868 MHz. The gateway forwards the data to a server
which cleans and formats them. For instance, the gateway might receive
duplicate data and LoRa signals transmitted by other devices. Thus, a server
removes the data noise before storing the data in the database.

Once the data is stored in the database, participants can access their data through
a mobile or web application. The application’s user interface enables
participants to set their preferences, such as electricity mix, the price range to

buy or sell energy (energy prices are expressed in cents €/kWh) and submit bids.

2.4.3 Powerledger

Powerledger is a company based in Australia that develops software to enable
“consumers and producers to track, trace, and trade every kilowatt of energy”
[51]. The company’s main product is the Power Ledger Platform, a transparent
and interoperable energy trading platform. The platform enables users to trade
energy using the token, Sparkz on the Ethereum blockchain. Such tokens are
purchased and redeemed using fiat currencies. The platform provides several
features, such as an estimate of the return on investment for prosumers, detailed

information about the energy mix, and energy flows.

These and further projects demonstrated that microgrid and energy transactions

are technically feasible. Now the central issue is their adoption.
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2.5 Diffusion of Innovations

Since the adoption of microgrids is slow, the diffusion model can be a useful tool
to analyze and contribute to accelerating their adoption.

Rogers defines diffusion as “a process by which an innovation is communicated
through certain channels over time among the members of a social system” [52].
This definition has four keywords: innovation, communication channels, time,
and social system.

Innovation refers to ideas, practices, and technologies that people perceive as
new. Therefore, it does not matter if a technology was developed decades ago
to be deemed an innovation. What matters is how people perceive that
technology now.

Rogers identifies three communication channels: mass media, interpersonal, and
interactive. Mass media channels broadcast content to a general audience
through mass mediums, such as magazines, newspapers, podcasts, radio, and
television. Mass media broadcast a message faster and to a broader group of
people, but their call to action is too untargeted and superficial. This is one of
the reasons mass media are mostly used to make people aware of innovation.
Interpersonal face-to-face communication is more effective in establishing a
relationship with potential customers, educating them, and increasing the
number of adopters.

Interactive channels are blogs, organizations’ websites, social media, and virtual
community platforms where users share content on the internet. Since Rogers
published his work in the sixties, interactive channels have increasingly acquired
importance in the diffusion process.

Communication channels are more effective in different stages of the diffusion
process. The diffusion process could be seen as the cumulative outcome of
individual innovation-decision processes.

Rogers describes the innovation-decision process in five steps: knowledge,
persuasion, decision, implementation, and confirmation [52]. The process starts
when a person becomes aware for the first time of an innovation. Once the

person has become sufficiently knowledgeable about the innovation, they form
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a positive, negative, or indifferent opinion of the innovation. Accordingly, the
person decides whether to adopt the innovation. If the person has purchased or
started a trial period, they start to use the innovation. Finally, the process ends
when the person confirms that their choice was correct.

Since the innovation-decision process is subjective, people have different rates
of adoption or, in other words, some people adopt innovations sooner than
others. Rogers’ study of adopters identifies five groups in a population with
different rates of adoption: innovators, early adopters, early majority, late
majority, and laggards [52].

The innovators are the first group to buy into the innovation. They are often
called visionaries because despite the high risk that characterizes the new and
less established technology, their commitment to the vision overcomes the risk
aversion that later adopters to a varying degree have. When early adopters see
how the innovators implement the new technology, they begin to be increasingly
persuaded and decide to try or purchase the innovation. At this point, some
innovations fail to reach more people. The point between the early market and
the mainstream market is the most critical. Moore [53] calls this point, “the
chasm”. To cross the chasm, the communication needs to adapt from a more
visionary persona (or user type) to a more pragmatic persona that characterizes

most of the population — the early and late majority — as Figure 6 shows.

Chasm

Early Late
Innovators Early Majority Majority
Adopters 34% 34% Laggards
13.5% 16%

Figure 6. Normal distribution of adopters (edited from [52])
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The goal for every organization is to increase the rate of adoption as much as
possible. Rogers identified several variables that affect the rate of adoption. The
following five perceived attributes have more impact on the rate of adoption:
relative advantage, compatibility, complexity, observability, and trialability.
Other variables that affect the rate of adoption are the type of innovation
decision, the communication channels used, the nature of the social system in
which the innovation is diffusing, and the skills of the change agents in

presenting and promoting the innovation.
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3 Methodology

Chapter 3 describes the author’s choices on how the research is organized and
conducted, namely the type of strategy, the research method, the sampling of
interviewees, the collection of qualitative data, the analysis of those data, and

the inevitable limitations due to time constraints.

3.1 Research strategy

The research adopts a qualitative strategy. The reason for this choice is because
a qualitative strategy is characterized by an exploratory and inductive approach
that is more suitable to answer the research questions rather than a deductive
approach that aims to prove a theory, which is typical of a quantitative strategy.
Bryman and Bell [54] characterize a qualitative strategy as having an
interpretivist epistemological orientation and a constructivist ontological
orientation. These orientations are more appropriate for this kind of research
than positivism and objectivism since the research questions aim to gather the
perceptions of people about microgrids and DLTs.

Therefore, the research will not test a theory but rather explores the

interviewees’ perspectives on microgrids, DL'Ts, and their interconnection.

3.2 Research structure

The research process is structured in the following phases. The first is the
literature review. The literature review provides a theoretical foundation of the
key concepts necessary to frame the topics of the thesis, to fully understand the
interviewees, define the interview guide, and at the same time, gather secondary
data. The interview guide prevents going off-topic during the interviews in the
second phase of the research. The third phase consists in transcribing the
interviews, coding, and analyzing them to determine the themes. The last phase

consists in writing the findings in a logical and coherent way.
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3.3 Research design

The work adopts a cross-sectional design. More accurately, Bryman and Bell [54]
use the term ‘survey research’ to refer to cross-sectional research done through
interviews. The reason for this choice is that the thesis aims to explore the
work’s topics. The characteristics of survey research fit such a purpose since it
concerns the gathering of data from heterogeneous sources, specifically people
who have worked or participated in a microgrid project, DLT, or both.
Therefore, the thesis does not focus on a particular case but gathers data about
different projects.

Bryman and Bell [54] distinguish the research data into primary and secondary
data. Selected previous studies on microgrids and DLTs provide secondary data,
and interviews provide primary data.

The type of interview is semi-structured since the interviews included an outline
of essential questions but did not follow a rigid script. The reason for this choice
is because the interview guide keeps the conversation on-topic but maintains a
degree of flexibility according to the peculiarities — educational background,
work experience, past or current role in a project, and project characteristics —
that characterize the interviewees and their answers. For geographical distance,

the interviews were conducted online through Zoom or Microsoft Teams.

3.4 Sampling

The source of primary data is semi-structured interviews (n=10) with people
belonging to three groups of stakeholders: academic experts on microgrids and
DLT, people that are working or have worked on microgrid projects, and
households. This choice of interviewees was done to gather perspectives from a
heterogenic sample. The author defined two interview guides: one personalized
for academic and industry experts and one for end users (see Appendix A and
B).

Toward the end of each interview, the author asked interviewees whether they

knew people who could help in the research and to provide a connection — the
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also known as snowball sampling — to increase the likelihood that potential
interviewees accept to be interviewed and that they were knowledgeable to

answer the questions.

Table 2. Interviewees

ID Role Duration Date

I PhD candidate 60 min 2022-03-16
12 Professor 45 min 2022-03-18
I3 Prosumer 30 min 2022-03-24
14 Project manager 35 min 2022-03-29
I5 Consumer 30 min 2022-03-29
16 Prosumer 40 min 2022-04-05
17 Consultant 50 min 2022-04-18
I8 Customer relations 30 min 2022-04-21
19 Electrician 30 min 2022-04-29
[10  Research assistant 45 min 2022-05-03

3.5 Data collection

Several mock interviews were conducted to refine the interview guides and
ensure they address the research purpose. Before contacting interviewees, the
author researched their organization or project to personalize the interview
request and interview guide.

The interviews lasted between 45 and 60 minutes. The interviews were audio

recorded and once ended, they were transcribed.

3.6 Data coding and analysis

The analysis followed an inductive iterative process. The transcripts were read

carefully, often more than once, and highlighted with different colors to
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distinguish different themes. If something was missing or unclear, the interview
guide was then reviewed.

Some interviews were relistened to recall the conversation and add eventual
details. From the text were extracted (almost) verbatim words or sentences that
formed the first order categories, and they were listed. From the list, connected

categories were condensed into second-order categories.

3.7 Research quality

To assess the quality of research, the two criteria— reliability and validity — are
crucial to measuring. However, the measurement of these measures is suited to
quantitative research [54]. Therefore, these criteria need to be adapted to the
qualitative strategy this work adopts. Lincoln and Guba [55] suggest that
credibility and dependability are appropriate criteria to assess qualitative

research and they are the respective equivalents of validity and reliability.

3.71 Credibility

Credibility refers to the degree of confidence in the accuracy of the data
gathered and their interpretation. Lincoln and Guba [55] provide several ways to
increase the credibility of the research. Among those techniques, the work
applied method triangulation and person triangulation. Method triangulation
consists in combining data gathered from different data sources, namely
documents, case studies, and interviews. Person triangulation was done by
interviewing people from different educational and work backgrounds to
include different perspectives on the research topic.

Moreover, the author sent the outline of the findings to the interviewees to get

feedback and thus ensure that the interpretation of the interviews was accurate.
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3.7.2 Dependability

Reliability is how reliable the data are over time. To ensure dependability, the
author kept records of the phases of the research from the initial project
ideation, research methodology choices, sampling of interviewees, interview

guides, transcripts, and data analysis, as [55] suggest.
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4 Empirical Findings

Chapter 4 begins by introducing the main stakeholders of a DLT-based
microgrid project. Then it describes the most relevant dimensions and relative
themes that emerged during the conversations with the stakeholders that

accepted to be interviewed.

4.1 Stakeholder overview

One of the causes that increase the complexity of a DLT-based microgrid is the
presence and interrelations of several stakeholders. At the beginning of a project,
it is best practice to identify the main stakeholders of a microgrid project. A
stakeholder is a group or individual who affects or is affected by an
organization’s activities and their outcomes [56]. One of the methods to classify
stakeholders is the importance-influence matrix.

Importance is the measure by which a project is deemed unsuccessful if the
expectations of a stakeholder are not addressed. Influence is the power a
stakeholder has over a project [57]. Importance and influence can be expressed
in a range between 0 to 10 or low (0-2), medium (3-6), and high (7-10).

Table 2 outlines the main stakeholders of a microgrid project from an external
perspective along with these two variables.

The stakeholders and their characteristics vary according to the organization of
the microgrid and the external grid. For instance, the microgrid operator could
be a department of the local municipality that coordinates third-party partners
such as electricians to perform the maintenance (the model of how municipal
public water is managed in some regions could be used as a reference). In
another case, since the liberalization of the energy market, the microgrid
operator could be a private company or the same company that manages the
distribution, namely the DSO.

The microgrid operator could include teams responsible for hardware and
software, namely planning, installation, control, maintenance, and upgrade of the

system.
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Table 3. Microgrid stakeholders

Stakeholders  Importance Influence  Expectations
End users High High - No blackout
(consumers - Low energy cost
and prosumers
- Clean energy
Microgrid High High - Ensure continuity of
operator service
- Ensure high performance
and efficiency
DSO or TSO Medium High - Distribute or transmit
energy efficiently
Utility Medium Medium - Generate enough energy
company to meet the demand
Government Medium High - Low energy cost for
citizens
- Competitive energy
market
- Get as close as possible to
energy independence
Suppliers Medium High - Establish long-term
relationships
- Sell products
- Provide customer support
Investors High Medium - Earn a financial return

minimizing risk
- Contribute to improve
communities

The importance and influence of the utility company vary according to the

degree a microgrid can generate enough energy to satisfy the demand. For

instance, if a microgrid operates in island mode for a long time, then the

importance and influence of the utility company will be low. If more microgrids

are implemented and if energy demand does not increase as the supply, utility

companies are likely to see a revenue decrease because more end users will
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consume their own or their neighbors’ energy. Therefore, utility companies have
an economic incentive to maintain the status quo, namely passive consumers.
But since the number of prosumers or small-scale energy producers is
increasing, as market data [14] shows, utility companies, TSOs, and DSOs have
to deal with messy distributed energy generation. The TSOs and DSOs benefit
from microgrids because their configuration simplifies the implementation and
management of smart grids.

The government benefits from microgrids since they are a step toward energy
independence, which has become increasingly critical after 24 February 2022.
The government has high importance and influence because the regulations of
many European countries do not consider the possibility that energy could be

exchanged directly between households in a neighborhood.

4.2 Factors influencing the adoption of microgrid

The following subsections describe the main themes that emerged from the

interviews.

4.21 Ambiguity of definitions

At the beginning of the interviews, definitions were ambiguous. In other words,
respondents used different terms to mean the same thing. The discrepancy was
between academics (12, 110), professionals (14, 17, 19), end users (I5, 16), and the
company representative (I8). The academics and professionals used the standard
definitions established in the industry. In contrast, most end users and the
company representative used the term ‘smart grid’ to refer to an upgraded
version of the current electrical grid. In particular, the prosumer 16 noted the
vagueness and asked for a clarification of what a microgrid is. In a way, it was
surprising that the company representative I8 used such vague term. From one
point of view, it could be an attempt to simplify the communication toward the

end user. On the other hand, simplified communication using vague terms could
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exacerbate the ambiguity of the system and thus further confuse potential
customers.

In the conversations with people with a technical background working in the
industry (I4, 17), there was no need to clarify the terms. They used more specific
(and correct) concepts making a clear distinction between microgrids and virtual
power plants.

This ambiguity worsens the information asymmetry already present between
end users and professionals who have a higher level of competence. The lack of
clarity is likely to hinder consumers to learn possible ways to become prosumers

or more active users of energy. The adoption of microgrids requires this mindset
shift.

4.2.2 Immature and unharmonized regulations

The lack of shared definitions also impacts regulations. The consultant I7 noted
that,

“There is not one unified definition of prosumer’in the EU. Some countries
distinguish a residential prosumer according to the capacity of their DER.
Like in Germany, a residential prosumer is who has a [DER] capacity of
at least 10 RW.”

Moreover, 17 expanded on the regulations regarding the relationship between
prosumers and the electrical grid, saying that:

‘Feed-in tariffs and financial incentives vary widely across the EU. In a
project [ was involved in, there were months that prosumers fed electricity
into the grid for free. [...] in that region, the main economic incentive for
would-be prosumers was the saving on the utility bills.”

A local energy market can be implemented only if regulations allow the self-
generation of energy and the exchange of the surplus between end users.
Regarding this theme, the project manager 14 said,

“Not all countries allow household-to-household energy exchanges. You

are required to use the distribution grid. If you want to run a wire to your

neighbor, you cannot do that.”
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Outdated or lack of comprehensive regulations creates gray areas which
increase the risk of adoption and block the implementation.
A piece of advice the professor 12 gave was to develop the software, in this case,
the DLT, to be “regulation-ready”:
‘It [the software] should be modular to make changes quickly to comply
with filure regulations. Adopting the more stringent regulations of the
Jinancial industry could help, such as requiring the participants to disclose
their information to be compliant with the KYC [know-your-customer|
requirement for audit and tax purposes.”
In a test project, the researcher 110 found that,
“Through data transmitlted by smart devices like energy meters, it is
possible to learn about household patterns such as when they are at home
and their energy consumption. A solution is to design the software to
ensure that data are private for everyone except the owner and the audit
agency.”
A technical challenge is to comply with the know-your-customer (KYC) and
data disclosure requirements and, at the same time, ensure user data privacy. In
a DLT-based microgrid, the project manager 14 reported how the company
responsible for the software developed a solution to address this regulatory
challenge.
‘As far as [ can tell, the developers implemented a permissioned and
private sidechain that encrypts data and allows only specific users to

access certain data.”

4.2.3 Incumbents reluctance to change

A challenge is about incumbents, particularly energy providers and utility
companies, who tend to perceive microgrids and local energy exchange as a
threat to their bottom line. Since the more energy they sell, the more revenues
they get, they have a strong incentive to maintain the status quo — centralized
energy generation and passive consumers. While talking about this point, 17

asked the rhetorical question:
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“Why should a utility company help users to generate their energy?”
An answer to such a question might be because customers (and government)
want to. To accelerate adoption is thus critical to find a new business model
suited for a future where energy generation will be increasingly decentralized
that works for both stakeholders involved.
For now, if consumers want to improve their energy security, they should not

wait for incumbents to do something but take the initiative.

4.24 Pull technology from users

Most of the projects implemented so far have been community-driven rather
than company-driven. In other words, the initial request to implement a local
“energy exchange system” came from a group of households living in the same
neighborhood rather than a company. End users can be divided into two groups:
prosumers and consumers. The main difference found between those groups is
that prosumers are more likely to have shifted their mindset from NIMBY (not
in my back yard) to the opposite YIMBY (yes in my back yard). Prosumers
generally see their DERs as long-term investments and more as assets than
liabilities.
The prosumer 16 said:
‘I wanted to be [energy] independent as much as possible. [...] [ heard some
people complaining about their utility bills [...]. Well, thanks to the work
['ve done on my home, I can say bills are not a worry for me.”
Since the beginning of 2022, of the substantial increase in the cost of energy,
more people have started to think of ways to deal with it and prepare for the
next winter. As public discourse and the quote above show, the higher energy
cost is impacting the finances of a substantial number of households and small
businesses. The interviewed prosumers had a perception of “peace of mind”
compared to the consumer while talking about energy costs.
An important note to report was that, at some point, during the interview with
the consumer 15, he switched the interviewee-interviewer roles and started to

ask questions about solar panels, costs, and possible configurations. This might

34



be a sign that the soaring energy prices (and generally the cost of living) provide
a further incentive to look for ways to cut their energy expenses, such as
purchasing a type of DER to produce their own energy. The perception is that
inflation is speeding up the process of changing the mindset from consumer to
prosumer.
Though economic incentives are important aspects, they are not enough. The
prosumer 13, who is likely to be a wealthy individual for his description of his
DER system, reported the concept of ‘civic duty”and said:

“The idea of producing energy from clean sources convinced me that was

the right thing to do.”

4.2.5 Organizational and design choices

The project manager 14 described the two main approaches to implementing a
microgrid: organization-driven and community-driven.

Organization-driven is similar to how the electrical grid was done in the past,
where the state or utility companies were responsible to make decisions and do
the work. It consists of implementing a microgrid and the energy exchange
software by one or more companies (typically, one company specializes in the
electrical hardware, and another develops the software). This process continues
to see end users as passive. The difference with the status quo is about the
features the smart energy metering and software providers, such as users are
supposed to have more control over their energy data, they can access it in
(almost) real time and buy or sell energy.

The second option requires that end users, particularly prosumers, participate
more actively in the process: from participating in the decision-making to using
the energy exchange software. This has been the most preferred option in
microgrid projects so far.

Connected to the implementation process, there is the issue of governance.
Before starting the project, the primary stakeholders, such as end users, local

municipality, DSO, hardware, and software companies have to answer questions
like,
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“Who has the ultimate responsibility for the project? Who does take

responstibility in case an error occurs and makes sure it is fixed as soon as

possible? Who owns what? Should the system, ESS, or DL.T be centralized,

decentralized, or something in between?”
Social relationships and reciprocal trust are key aspects to ensure that the local
energy community works properly. Primary stakeholders, and in particular
households that live in the same area, should reach a common agreement.
However, it is not uncommon that neighbors to not know each other. This is one
of the reasons, as 17 suggested, that

“The local administration should take a major role in the process. Starting

with organizing events to make people aware of the project and ensure

whether households want to get involved.”
The commitment of the members is the starting point. If members are committed
to the project, the next phase is data gathering. Data such as topography, current
electrical grid, geographical position, and renewable sources potential such as
solar radiation or wind speed, are crucial to preparing different scenarios with
expenditure, estimated break-even, pros, and cons. One scenario might be the
most economical solution, such as implementing a simpler virtual power plant
with a centralized ESS rather than a microgrid with decentralized ESSs able to
supply power in the event of a power outage.
In community-driven projects, companies should provide suggestions, but the
members should have the last word. According to the chosen scenario, the next
phase is to define general rules, such as organization, governance, energy price
(fixed rate or variable according to what algorithm), and the persons or

organization responsible for the functioning of the system.

4.2.6 Hardware issues

Incompatible hardware is a difficult challenge to overcome. 19 said that,
‘On the market, there are smart meters that use different formats to
communicate data with the network.”

And suggested that purchases should be coordinated.
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Therefore, to avoid hardware incompatibility, single users should not purchase
pieces of hardware individually but rather members should do bulk purchases.
Moreover, bulk purchases are likely to give more negotiating power to end users
and could decrease the overall expenditure for every single member.
17 said that
“Implementing a microgrid is not cheap.”
Previous projects were implemented in relatively wealthy neighborhoods or
because an organization covered most of the expenses. About this point, 12
elaborated that the lower-income households, who most need cheaper energy,
are likely to be later adopters. This will exacerbate inequalities.
In a microgrid, the biggest expenditure is the ESS. Despite recent developments,
there is a lot of work to do to further develop new ESSs that address current
limitations such as energy efficiency, storage capacity, size, and cost.
An idea that emerged while talking about hardware with I7 was that smart meters
could enable data-driven maintenance:
‘If data show an error or a decrease in performance, the maintenance
team is notified.”
The maintenance “automation” spares the DER owner to look for a technician

who should have knowledge about the system.

4.2.7 Software features

“If you don't design the hardware from scraich, the hardware part is

[relatively] simple. It is the software that is the difficult part.” — 17,

consultant
The end users 12 and 15 reported that the feature that they appreciated most was
the possibility to visualize data on a dashboard in the app. In particular, that
project included demand response mechanisms and from the app, the user was
able to see what device was consuming the most energy and how that impacted
the utility bills. According to 14, providing a weekly or monthly report adds value
to the user. The report specifies the users’ energy consumption and if they have

DERs, also the amount of energy produced, what devices are consuming more,
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and what improvement could be done, for instance, “The PV system is producing
less energy than it should, [list of possible actions]”.
I1 and his team tested different technologies, configurations, and market
mechanisms. They implemented a blockchain using the (old) version 1 of the
Ethereum protocol. However, the experiment had poor results. 11 found that
such blockchain was inefficient in technical and economic terms:
“The processing speed was slow compared to solutions that don't use
blockchain, and the transaction fees were too high compared to the actual
value of energy exchanged.”
Later, I1 contributed to the development of a centralized IT architecture that
executes the market mechanism.
“The market mechanism matches buy and sell bids and clears the
remaining bids with a uniform price auction every 15 minutes. |[...|] The
data is not stored in a distributed ledger but in a standard database.”
Comparing the two experiments, they determined that the main tradeoff was on
one hand security and on the other performance.
In projects that implemented market mechanisms that require the participant to
use the app daily or weekly, I8 found that the initial interest drastically decreases
after the first month. I8 and his team had to address the challenge of maintaining
participants engaged and committed over time. However, they realized that
people are generally busy and the economic incentives they provided were not
enough. Moreover, the type of market mechanism the developers implemented
did not work properly because users need to be educated about how to use the
market feature, some users made mistakes and paid more for energy. This
market mechanism, on one hand, gave users control over energy exchanges but
on the other hand, required the frequent use of the platform. A lesson I8 learned
from this experiment was,
“Besides the manual mode, it should be added the semi-automatic mode,
and we are working on a fully automatic mode.”
To simplify, the semi-automatic mode only requires users to set parameters,

such as energy price range, and virtual agents will determine energy exchanges.
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In the future, the software can be programmed to optimize cost savings. For
instance, the platform executes an algorithm that minimizes the use of energy
coming from the distribution grid when the energy price is beyond a certain
threshold and consumes more energy generated by or stored in DERs.
After the conversation with technology the project manager, 14 concluded that
from the user’s point of view,
‘It does not matter what kind of technology the system is based on, what
maltters is that the platform works smoothly and provides the features the

user needs.”
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5 Analysis

Chapter 5 connects topics of previous sections through the lenses of the theory
of Diffusion of Innovations and briefly describes a possible DLT application to

microgrids.

5.1 Adoption of microgrids

The diffusion process (see definition in Section 2.6) is based on four key
elements: innovation, communication channels, time, and a social system.
Since standard microgrids are rare in the electrical grid, people are likely to
perceive DLT-based microgrids as new. For this reason, they fit Rogers’
definition of innovation.

In the case of microgrids, the social system is a group of end users — households
and businesses — who live in proximity and have the potential to become a local
energy community. The traditional literature on the Diffusion of Innovations
tends to focus more on adoption by a single individual. In microgrids, the focus
is on adoption by a group of people that live close to each other.

As described in Chapter 2, a DLT-based microgrid is not a single entity but a
bundle of technologies. Using Rogers’ terminology, a DL'T-based microgrid can
be seen as a technology cluster, meaning a set of interrelated components. The
components can be divided into two categories: hardware (the physical
microgrid) and software (the virtual microgrid). The hardware includes the IT
and electrical infrastructure that execute commands of the software. The main
elements of the software are the DLT network and the graphical user interface
(GUI).

A hindrance to adoption is that getting the commitment of a group of people and
reaching a consensus is harder than convincing a single individual to adopt a
product. Another obstacle is that the cluster of interrelated technologies is likely
to be perceived particularly by nontechnical people as too complex and thus
economically or technologically unfeasible. To address such hindrances, the

change agent plays a key role. According to Rogers, a change agent is a person
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that aims to facilitate the adoption of an innovation. In traditional diffusion
literature, change agents are usually company representatives, who introduce a
new product to potential customers. A problem is that company’s change agents
are likely to be heterophilous — meaning different in terms of technical
expertise, and social or economic status — compared to the local people.
Moreover, a company’s change agent tends to commit what Rogers calls the
“empty vessels fallacy”, in other words, they are likely to believe that the relative
advantage of the innovation is so compelling that they overlook the social
system’s attitudes, current practices, and local knowledge.

In the case of microgrid adoption, it is likely to be more effective if change agents
are people from the local municipality. The reasons are several. Their
interpersonal communication is more effective because they are more
homophilous with the local community, meaning they have more things in
common, such as beliefs, culture, or vernacular. They can easily reach all the
households in their area and organize communication initiatives such as events.
During these events, the idea is first introduced and if participants are interested,
the project will be described in more detail by companies’ representatives.
Furthermore, Rogers’ research shows that except for innovators, people are
generally more influenced by how their peers evaluate an innovation rather than
how persuasively a company shows the benefits of its offering.

Rogers compares two diffusion systems: centralized and decentralized. In the
centralized system, the diffusion is top-down where a company “pushes” an
innovation to potential customers. In the decentralized system, diffusion occurs
through horizontal social networks. For microgrids, a hybrid diffusion system
seems more appropriate. In this hybrid diffusion system, the municipality can be
an intermediary between the companies specialized in implementing the project
and the end users.

The municipality can spread awareness of the innovation more effectively than
companies through interpersonal communication channels. If people are
committed to the project, they will take a more active role in the process. In

psychology, it is well-known the principle that people commit or stay committed
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in the long-term not because something pushes them, but because something
attracts them. A motivation to adopt an innovation is social status. In the case of
microgrids, people could get the social status of being more energy independent
and environmentally responsible.

The diffusion of microgrids depends mainly on three factors: people's attitudes
toward the innovation, economic resources, and regional factors such as energy
demand, renewable sources potential, and population. The diffusion can be
accelerated by regional subsidies that take into account the factors of a particular
area [62].

As a rule of thumb, if the population and renewable potential are high, the cost
to implement microgrids is likely to be lower. This is because the more people
join a microgrid, the lower the expenditure for the single member. Moreover,
the more energy is self-produced, the higher the saving on the energy bills.
However, if the energy demand in that area is high, the microgrid will need a
bigger DER capacity, thus increasing the expenditure.

According to Rogers, innovations that are perceived by people as having a
greater relative advantage, compatibility, trialability, and observability and less
complex will be adopted faster than other innovations.

Microgrids provide several benefits (see Introduction) but a certain relative
advantage for end users is energy security in the event of power interruptions.
In previous projects, the relative advantage of energy cost saving was less certain
since it depends on factors outside the control of end users, such as regulations,
feed-in tariffs, utility rate, and fluctuating energy generation from renewable
sources.

Microgrids are incompatible in both technical and social terms. Specifically, on
the energy supply side, the current electrical system is centralized, top-down,
and unidirectional. On the demand side, the general relationship consumers
have with energy is passive with the exception of (some) prosumers. Usually,
people think about energy only in the event of blackouts or energy bills increase.

Moreover, people are not used to managing the energy they consume. The
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adoption of microgrids requires that end users change their mindset from passive
energy consumers to active energy users.

Regarding trialability, before implementing a microgrid, it is possible (and good
practice) to provide users with a virtual simulation of the system. The software
ensures the observability of the system, allowing users to visualize data on
dashboards, download data reports, and trace transactions on the distributed
ledger.

In the projects reviewed in this work, innovators and early adopters have been
mostly wealthy neighborhoods or pilot projects funded by one or several
organizations. Therefore, they should be the initial target. As more microgrids
are implemented, the focus is on learning new devices, and processes, finding
new suppliers, and in general, doing all things aimed at decreasing the cost. As
the cost decreases, microgrids become more economically feasible for
communities with lower incomes.

An innovation diffuses when channels activate interpersonal networks, and the
diffusion accelerates once a critical mass of adopters uses the innovation. From
a macro perspective, microgrids will diffuse if a critical mass of communities has
adopted microgrids in a region. Future development will be to connect them in
order to create a network of microgrids able to exchange between themselves

their surplus energy.
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5.2 Blockchain-based microgrid

Putting the concepts of Chapters 2 and 4 together, this section describes a
possible application of blockchain to a microgrid. Figure 7 highlights the main

steps of how blockchain enables consumers to buy energy from prosumers.
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Figure 7. Overview of blockchain P2P energy trading (edited from [58])
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The energy trading starts when two members enter a smart contract. The smart
contract gets as inputs the amount of energy to export or import and tariffs and
calculates the price. The buyer bonds a commitment payment which is the sum
total of the price plus the transaction fee. The transaction data includes the total,
buyer, seller, and block producer’s identifications. Each transaction is digitally
signed by both parties with their private key to show their approval. The
transactions are broadcasted to all nodes. Each node or a set of specialized
mining nodes collects a list of transactions to form a block and execute the PoW
computation. When the first node resolves the PoW, it broadcasts the block to
all nodes. Nodes check on their ledger whether the buyers have sufficient funds
to complete the transaction. If all the transactions are valid, the block is
permanently added to the blockchain. The blockchain enables the traceability
of all energy transactions. The validated transactions determine the electricity
flow on the physical microgrid wires.

Similar solutions have been developed in microgrid projects. However, they
present some limitations that hinder the diffusion of the system on a broader
scale, in particular, the need that the user accesses the app frequently, and the

energy-intensive and slow PoW.
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5.3 Asmart contract improvement

Blockchain technology has evolved since the first implementation of Bitcoin in
2009 [37]. The second generation of blockchain was inaugurated by Ethereum,
which introduced the concept of smart contract [59].

A smart contract is code — written in a programming language the blockchain
can execute, such as JavaScript, Go, or Solidity — that defines what data the

blockchain stores and what transactions execute if certain conditions occur.
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Figure 8. Smart contract mechanism [60]

Smart contracts are an improvement from the local energy market described in
Section 5.2. They can enable the automation of energy data and token
transactions on the virtual microgrid network thus the user does not have to
directly use the app to transact.

To give a practical example of the mechanism, imagine a residential microgrid
— an apartment building whose apartments are connected by hardware and
software. Let’s suppose the building owner has installed a PV system on the roof
and wants to exchange the surplus of energy between apartments. The electric
residential system should include a microgrid controller, at least one ESS with
sufficient capacity, smart meters, and a mechanism that gets the current weather
and an accurate forecast, such as weather station devices or an internet

connection to the closest public weather station. The ideal — but likely more

46



expensive — setup includes one small ESS for each apartment. However, one
bigger ESS shared by all apartments lowers the investment.

After a certain period, such as five minutes, the meters send the state of the
charge of the ESS, the energy produced by the solar panels, and the energy

consumed. The subtraction of the latter two measures:

Energy produced - Energy consumed (at time ¢t)

tells the controller whether there is a surplus or a deficit of energy. If there is a
deficit, the microgrid gets electricity from the distribution grid. The energy
surplus is the condition that activates the smart contract mechanism. Let’s
suppose the state of the charge is 90 percent and the weather station forecasts
that the day will be sunny until evening, and the likelihood of rain is less than 10
percent. In this situation, electricity can flow to other apartments. There could
be several ways to distribute the energy surplus. One option is that the algorithm
determines that 50 percent of the energy stored in the ESS can be sent to the
other apartments. Another option is to send the energy produced by the PV
directly to the other apartments’ ESS.

This application is a simplified example of how DLT can be applied to a
residential microgrid. A more accurate algorithm should consider other variables
such as historical data and consumption patterns.

The introduction of more advanced DLT provides more features to users
besides the trade between neighbors. Owners of DERs can earn revenues, not
just from their surplus of energy but also from the network services they provide
such as stabilizing the frequency and voltage generated by RES, load shifting, or
peak shaving.
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6 Conclusion

This work explored microgrids, their main components, and how their
implementation provides benefits for several stakeholders, in particular, end
users, and mitigates problems of the current centralized electrical grid. It then
overviewed DLT, the concept of the local energy market, and three previous
projects. In essence, microgrids organize the distributed energy resources
available in a specific area, and DLT enables the energy transactions between
the members of the local energy community.

The research aimed to investigate the reasons for the slow adoption of
microgrids and see if DLT could facilitate the adoption. In the beginning, it was
thought that technology, in particular technical feasibility, was the main obstacle
to adoption. However, the findings showed that from the user’s perspective,
technology plays a minor role in the adoption. Rather, economic, regulatory, and
social factors are the ones that are slowing the adoption.

One finding is that communication leaves much to be desired. Overly simplified
or incorrect messages or hyped “smart” imaginaries that are likely to be
perceived as ambiguous should be substituted with a more pragmatic
communication. Since distributed energy production and exchange that
microgrids provide threaten the centralized model of utility companies,
microgrid adoption is likely to occur if end users take the initiative by organizing
a local energy community and putting pressure on the regulatory agency.
Future EU regulations have to include the possibility that a prosumer can
exchange energy with other end users. Municipalities are likely to play an
essential role in the diffusion process, such as spreading awareness among local
end users, being an intermediary between companies and end users, and solving
eventual organizational and governance issues. The strict cooperation between
companies and municipalities through a hybrid diffusion model is likely to
accelerate adoption.

Regarding the second research question, from the end user’s point of view, as
long as the system works smoothly and provides the features needed, such as

data visualization and energy exchange options, the type of technology
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implemented behind the scenes does not influence the adoption. On the
hardware side, energy storage needs further developments. In particular,
lowering the ESS price is likely to make microgrids more economically feasible.
On the software side, there is a need to develop better performing DLT than the
slower and energy-consuming PoW-based blockchain.

Considering the pressing challenges current and future generations have to deal
with, such as climate change, geopolitical crisis, and inflation — in some measure
caused by high energy prices — energy security is more critical than ever.
Moreover, the increasing electrification of transport and the penetration of
renewable energy sources will exacerbate the problems of the traditional
centralized unidirectional electrical grid. The vision of DLT-based microgrids
that enable end users to self-produce and exchange energy directly and in the

future connecting networked microgrids is worth striving for.

49



Acknowledgments

[ am grateful to the interviewees who shared key information in our
conversations. Thanks to the university library for the quick service and free
access to valuable resources.

A special thank goes to my girlfriend and parents who listened my ramblings

about the topics of this work.

Mirko Bonomi
Gothenburg, June 2022

50



References

1.

10.

11.

12.

13.

Ritchie H, Roser M. CO; and Greenhouse Gas Emissions. Our World in Data
[Internet]. 2020 May 11 [cited 2022 Mar 07]; Available from:
https://ourworldindata.org/emissions-by-sector.

Our World in Data. Share of primary energy from low-carbon sources
[Internet]. Our World in Data. [cited 2022 Mar 7]. Available from:
https://ourworldindata.org/grapher/low-carbon-share-energy.

EC. Energy and the Green Deal [Internet]. European Commission. [cited 2022
Mar 11]. Available from: https://ec.europa.eu/info/strategy/priorities-2019-
2024/european-green-deal/energy-and-green-deal _en.

Singh R, Shenai K. DC Microgrids and the Virtues of Local Electricity [Internet].
IEEE Spectrum. 2014 [cited 2022 Feb 12]. Available from:
https://spectrum.ieee.org/dc-microgrids-and-the-virtues-of-local-electricity.

Silvente J, Kopanos GM, Pistikopoulos EN, Espuna A. A rolling horizon
optimization framework for the simultaneous energy supply and demand
planning in microgrids. Applied Energy. 2015 Oct 1;155:485-501.
https://doi.org[10.1016/j.apenergy.2015.05.090.

Mengelkamp E, Girttner J, Rock K, Kessler S, Orsini L, Weinhardt C. Designing
microgrid energy markets: A case study: The Brooklyn Microgrid. Applied
Energy. 2018 Jan 15;210:870—-80. https://doi.org/10.1016/j.apenergy.2017.06.054.

Monacchi A, Elmenreich W. Assisted energy management in smart microgrids. J
Ambient Intell Human Comput. 2016 Dec 1;7(6):901-13.
https://doi.org/10.1007/s12652-016-0392-1.

Lesic¢ V, Martincevic¢ A, Vasak M. Modular energy cost optimization for
buildings with integrated microgrid. Applied Energy. 2017 Jul 1;197:14-28.
https://doi.org/10.1016/j.apenergy.2017.03.087.

Hanna R, Ghonima M, Kleissl J, Tynan G, Victor DG. Evaluating business
models for microgrids: Interactions of technology and policy. Energy Policy.
2017 Apr 1;103:47—-61. https://doi.org/10.1016/j.enpol.2017.01.010.

IEC. Microgrids for disaster preparedness and recovery with electricity
continuity plans and systems [Internet]. IEC; 2014 [cited 2022 Mar 8]. Available
from: https://www.iec.ch/basecamp/microgrids-disaster-preparedness-and-
recovery-electricity-continuity-plans-and-systems.

World Economic Forum. “The Growing Cyber-Risk to Our Electricity Grids -
and What to Do about It.” Accessed March 10, 2022.
https://www.weforum.org/agenda/2019/04/the-growing-risk-to-our-electricity-
grids-and-what-to-do-about-it/.

Palacios-Garcia EJ, Guan Y, Savaghebi M, Vasquez JC, Guerrero JM, Moreno-
Munoz A, et al. Smart metering system for microgrids. In: IECON 2015 - 41st
Annual Conference of the IEEE Industrial Electronics Society. 2015. p.
003289-94. https://doi.org/10.1109/IECON.2015.7392607.

IRENA. Renewable Power Generation Costs in 2020 [Internet]. IRENA; 2021
[cited 2022 Jan 31]. 180 p. Available from:

31


https://ourworldindata.org/emissions-by-sector
https://ourworldindata.org/grapher/low-carbon-share-energy
https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal/energy-and-green-deal_en
https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal/energy-and-green-deal_en
https://spectrum.ieee.org/dc-microgrids-and-the-virtues-of-local-electricity
https://doi.org/10.1016/j.apenergy.2015.05.090
https://doi.org/10.1016/j.apenergy.2017.06.054
https://doi.org/10.1007/s12652-016-0392-1
https://doi.org/10.1016/j.apenergy.2017.03.087
https://doi.org/10.1016/j.enpol.2017.01.010
https://www.iec.ch/basecamp/microgrids-disaster-preparedness-and-recovery-electricity-continuity-plans-and-systems
https://www.iec.ch/basecamp/microgrids-disaster-preparedness-and-recovery-electricity-continuity-plans-and-systems
https://www.weforum.org/agenda/2019/04/the-growing-risk-to-our-electricity-grids-and-what-to-do-about-it/
https://www.weforum.org/agenda/2019/04/the-growing-risk-to-our-electricity-grids-and-what-to-do-about-it/
https://doi.org/10.1109/IECON.2015.7392607

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.
25.

26.

27.

28.

52

https://www.irena.org/publications/2021/Jun/Renewable-Power-Costs-in-
2020.

OECD. Renewable energy: Total, % of primary energy supply, 2000 — 2020
[Internet]. 2022 [cited 2022 Jan 31]. Available from:
https://doi.org/10.1787/aac7c3fl-en.

UN. Take Action for the Sustainable Development Goals [Internet]. United
Nations Sustainable Development. [cited 2022 Feb 28]. Available from:
https://www.un.org/sustainabledevelopment/sustainable-development-goals/.

Hirsch A, Parag Y, Guerrero J. Microgrids: A review of technologies, key
drivers, and outstanding issues. Renewable and Sustainable Energy Reviews.
2018 Jul 1;90:402—11. https://doi.org/10.1016/j.rser.2018.03.040.

Florijn de Graaf. New Strategies for Smart Integrated Decentralised Energy
Systems [Internet]. Metabolic; 2018 [cited 2022 Jan 20]. Available from:
https://www.metabolic.nl/publications/side-systems-pdf.

IEC 60050 - International Electrotechnical Vocabulary - Details for IEV
number 617-04-22: “Microgrid” [Internet]. [cited 2022 Mar 6]. Available from:
https://www.electropedia.org/iev/iev.nsf/display’openform&ievref=617-04-22.

IEC 61850 - Distributed Energy Resources [Internet]. [cited 2022 Mar 6].
Available from: https://iec61850.dvl.iec.ch/what-is-61850/targeted-
markets/distrib_resources.

IEC 60050 - International Electrotechnical Vocabulary - Details for IEV
number 617-04-13: “smart grid” [Internet]. [cited 2022 May 4]. Available from:
https://www.electropedia.org/iev/iev.nsf/display?openform&ievref=617-04-13.

Minigrids & Microgrids | IEC [Internet]. [cited 2022 Mar 17]. Available from:
https://[www.iec.ch/energies/minigrids-microgrids.

IEC 60050 - International Electrotechnical Vocabulary - Details for IEV
number 617-04-27: “virtual power plant” [Internet]. [cited 2022 Mar 17].
Available from:
https://www.electropedia.org/iev/iev.nsf/display?openform&ievref=617-04-27.

Cohen S. The Sustainable City. Columbia University Press; 2017.

Boyle G. Renewable Energy. Oxford University Press; 2004.

Global Solar Atlas [Internet]. [cited 2022 Mar 18]. Available from:
https://globalsolaratlas.info/download/world.

Villarreal, D. Vortex Technical Paper - Bladeless Wind Turbines explained
[Internet]. 2018 [cited 2022 Apr 6]. Available from:
https://vortexbladeless.com/download-green-paper]/.

Limb L. Solar panels built from waste crops can make energy without direct
light [Internet]. euronews. 2022 [cited 2022 May 4|. Available from:
https://www.euronews.com/green/2022/02/19/solar-panels-built-from-waste-
crops-can-make-energy-without-direct-light.

Deppe T, Munday JN. Nighttime Photovoltaic Cells: Electrical Power
Generation by Optically Coupling with Deep Space. ACS Photonics. 2020 Jan
15;7(1):1-9.


https://www.irena.org/publications/2021/Jun/Renewable-Power-Costs-in-2020
https://www.irena.org/publications/2021/Jun/Renewable-Power-Costs-in-2020
https://doi.org/10.1787/aac7c3f1-en
https://www.un.org/sustainabledevelopment/sustainable-development-goals/
https://doi.org/10.1016/j.rser.2018.03.040
https://www.metabolic.nl/publications/side-systems-pdf/
https://www.electropedia.org/iev/iev.nsf/display?openform&ievref=617-04-22
https://iec61850.dvl.iec.ch/what-is-61850/targeted-markets/distrib_resources/
https://iec61850.dvl.iec.ch/what-is-61850/targeted-markets/distrib_resources/
https://www.electropedia.org/iev/iev.nsf/display?openform&ievref=617-04-13
https://www.iec.ch/energies/minigrids-microgrids
https://www.electropedia.org/iev/iev.nsf/display?openform&ievref=617-04-27
https://globalsolaratlas.info/download/world
https://vortexbladeless.com/download-green-paper/
https://www.euronews.com/green/2022/02/19/solar-panels-built-from-waste-crops-can-make-energy-without-direct-light
https://www.euronews.com/green/2022/02/19/solar-panels-built-from-waste-crops-can-make-energy-without-direct-light

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Stadler M, Cardoso G, Mashayekh S, Forget T, DeForest N, Agarwal A, et al.
Value streams in microgrids: A literature review. Applied Energy. 2016 Jan
15;162:980-9.

California ISO - Renewables and emissions reports [Internet]. [cited 2022 Mar
12]. Available from:
https://[www.caiso.com/market/Pages/ReportsBulletins/RenewablesReporting.a

SpX.

Wallsten A. Assembling the Smart Grid: On the Mobilization of Imaginaries,
Users and Materialities in a Swedish Demonstration Project. 2017 [cited 2022
Jan 20]; Available from: http://urn.kb.se/resolve’urn=urn:nbn:se:liu:diva-142782

Haes Alhelou HS, Golshan MEH, Fini MH. Multi agent electric vehicle control
based primary frequency support for future smart micro-grid. In: 2015 Smart
Grid Conference (SGC). 2015. p. 22-7.

Faisal M, Hannan MA, Ker PJ, Hussain A, Mansor M, Blaabjerg F. Review of
Energy Storage System Technologies in Microgrid Applications: Issues and
Challenges. IEEE Access. 2018 May 28;PP:1-1.

Ostrom E. Governing the Commons: The Evolution of Institutions for
Collective Action [Internet]. Cambridge: Cambridge University Press; 1990
[cited 2022 May 13]. (Political Economy of Institutions and Decisions). Available
from: https://doi.org/10.1017/CBO9780511807763.

Vehicle-to-Grid [Internet]. [cited 2022 May 13]. Available from:
https://link.springer.com/book/10.1007/978-3-030-04864-8.

Gartner, Inc. Hype Cycle for Blockchain Business Shows Blockchain Will Have
a Transformational Impact across Industries in Five to 10 Years [Internet].
Gartner. 2019 [cited 2022 Jan 28]. Available from:
https://www.gartner.com/en/newsroom/press-releases/2019-09-12-gartner-
2019-hype-cycle-for-blockchain-business-shows.

Nakamoto S. Bitcoin: A Peer-to-Peer Electronic Cash System [Internet]. 2008
[cited 2022 Mar 15]. Available from: https://bitcoin.org/en/bitcoin-paper.

El Ioini N, Pahl C. A Review of Distributed Ledger Technologies. In: Panetto H,
Debruyne C, Proper HA, Ardagna CA, Roman D, Meersman R, editors. On the

Move to Meaningful Internet Systems OTM 2018 Conferences. Cham: Springer
International Publishing; 2018. p. 277—88. (Lecture Notes in Computer Science).

Platt M, Sedlmeir J, Platt D, Tasca P, Xu J, Vadgama N, et al. The Energy
Footprint of Blockchain Consensus Mechanisms Beyond Proof-of-Work. 2021
IEEE 21st International Conference on Software Quality, Reliability and
Security Companion (QRS-C). 2021 Dec;1135-44.

Handbook of Applied Cryptography [Internet]. Routledge Handbooks Online;
1996 [cited 2022 Apr 24]. Available from:
https://[www.routledgehandbooks.com/d0i/10.1201/9781439821916.

Blockchain Consensus? [Internet]. [cited 2022 Apr 4]. Available from:
https://tokens-economy.gitbook.io/consensus/blockchain-consensus.

Puthal D, Malik N, Mohanty SP, Kougianos E, Das G. Everything You Wanted
to Know About the Blockchain: Its Promise, Components, Processes, and
Problems. IEEE Consumer Electronics Magazine. 2018 Jul;7(4):6—14.

53


https://www.caiso.com/market/Pages/ReportsBulletins/RenewablesReporting.aspx
https://www.caiso.com/market/Pages/ReportsBulletins/RenewablesReporting.aspx
http://urn.kb.se/resolve?urn=urn:nbn:se:liu:diva-142782
https://doi.org/10.1017/CBO9780511807763
https://link.springer.com/book/10.1007/978-3-030-04864-8
https://www.gartner.com/en/newsroom/press-releases/2019-09-12-gartner-2019-hype-cycle-for-blockchain-business-shows
https://www.gartner.com/en/newsroom/press-releases/2019-09-12-gartner-2019-hype-cycle-for-blockchain-business-shows
https://bitcoin.org/en/bitcoin-paper
https://www.routledgehandbooks.com/doi/10.1201/9781439821916
https://tokens-economy.gitbook.io/consensus/blockchain-consensus

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.
56.

57.

58.

59.

60.

54

Cambridge Bitcoin Electricity Consumption Index (CBECI) [Internet]. [cited
2022 Apr 4]. Available from: https://ccaf.io/cbeci/index.

List of countries by electricity consumption. In: Wikipedia [Internet]. 2022
[cited 2022 Apr 21]. Available from:
https://en.wikipedia.org/w/index.php?title=List of countries by electricity c
onsumption&oldid=1082964092.

1. What are distributed ledger technologies? [Internet]. Hedera. [cited 2022 Jun
1]. Available from: https://www.hedera.com/learning/what-are-distributed-
ledger-technologies-dlts.

Ethereum (ETH) Block Explorer | Explore ETH Blockchain [Internet]. [cited
2022 Apr 22]. Available from: https://ethblockexplorer.org]/.

Wang B, Chen S, Yao L, Liu B, Xu X, Zhu L. A Simulation Approach for
Studying Behavior and Quality of Blockchain Networks. In: Chen S, Wang H,
Zhang L-], editors. Blockchain — ICBC 2018. Cham: Springer International
Publishing; 2018. p. 18-31. (Lecture Notes in Computer Science).

Mengelkamp E, Notheisen B, Beer C, Dauer D, Weinhardt C. A blockchain-
based smart grid: towards sustainable local energy markets. Comput Sci Res
Dev. 2018 Feb 1;33(1):207-14. https://doi.org/10.1007/s00450-017-0360-9.

Brooklyn Microgrid - Community Powered Energy [Internet]. Brooklyn
Microgrid. [cited 2022 Apr 26]. Available from:
https://www.brooklyn.energy/about.

Richter B, Golla A, Welle K, Staudt P, Weinhardt C. Local energy markets - an
IT-architecture design. Energy Inform. 2021 Sep;4(2):1-21.

Power Ledger Whitepaper [Internet]. [cited 2022 May 2]. Available from:
https://[www.powerledger.io/company/power-ledger-whitepaper.

Rogers EM. Diffusion of Innovations, 5th Edition. Simon and Schuster; 2003.
577 p.

Moore GA. Crossing the Chasm: Marketing and Selling Disruptive Products to
Mainstream Customers. HarperCollins; 2002.

Bryman A, Bell E. Business Research Methods. Oxford University Press; 2015.
817 p.

Lincoln YS, Guba EG. Naturalistic Inquiry. SAGE; 1985.

Freeman RE. Strategic Management: A Stakeholder Approach. Cambridge
University Press; 2010. 294 p.

Stakeholder analysis [Internet]. [cited 2022 Mar 15]. Available from:
https://[www.pmi.org/learning/library/stakeholder-analysis-pivotal-practice-

projects-8905.

Wongthongtham P, Marrable D, Abu-Salih B, Liu X, Morrison G. Blockchain-
enabled Peer-to-Peer energy trading. Computers & Electrical Engineering. 2021
Sep 1;94:107299.

Ethereum Whitepaper [Internet]. ethereum.org. [cited 2022 Mar 22]. Available
from: https://ethereum.org.

Sun H, Hua S, Zhou E, Pi B, Sun J, Yamashita K. Using Ethereum Blockchain in
Internet of Things: A Solution for Electric Vehicle Battery Refueling. In: Chen



https://ccaf.io/cbeci/index
https://en.wikipedia.org/w/index.php?title=List_of_countries_by_electricity_consumption&oldid=1082964092
https://en.wikipedia.org/w/index.php?title=List_of_countries_by_electricity_consumption&oldid=1082964092
https://ethblockexplorer.org/
https://doi.org/10.1007/s00450-017-0360-9
https://www.brooklyn.energy/about
https://www.powerledger.io/company/power-ledger-whitepaper
https://www.pmi.org/learning/library/stakeholder-analysis-pivotal-practice-projects-8905
https://www.pmi.org/learning/library/stakeholder-analysis-pivotal-practice-projects-8905
https://ethereum.org/

S, Wang H, Zhang L-], editors. Blockchain — ICBC 2018. Cham: Springer
International Publishing; 2018. p. 3—17. (Lecture Notes in Computer Science).

55



Appendices

Appendix A: Interview Guide for university and industry

experts

The following questions are an outline of the interview questions. Since the

interviews were semi-structured, the outline was not followed strictly.

Introduction
Personal presentation and description of the purpose of the meeting.

General questions about the interviewee’s role.

What is your responsibility in organization X?

Did you work on microgrid or DLT applications on the energy sector?
Interviewee’s definition

I read different definitions about microgrids. How would do you define a
microgrid?

How does it differ from the standard grid?

What are the advantages of a microgrid?

Project implementation

Tell me about X project.
Why is this project being conducted?
What are/were its objectives, ambitions and time perspective?

What are the stakeholders of the project?

Are you facing/Did you face any challenge?
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Do all the involved actors have the same interests in the project, or do they
differ?

Why are these projects important for society at large? Why are they important
for your organization? How do you benefit?

Have visions and goals changed since the beginning? If so, in what way?

Has something been more difficult/gone more smoothly than you initially
thought?

What kinds of households can/have participate/d in the project?

Tell me about the kinds of devices you have install in the households. How do
they work? Why did you choose this solution?

How can the households interact with the appliances? What kinds of information
can they see?

How do you think the households will interact with these appliances?

What will they look at, when and how often? How would you like them to
interact?

Do you expect any controversies between the project and the participants?

End users’ commitment:

How do you explain the project to households?

Why do you think households have signed up for the project? What do they get
out from participating?

Why do you think households have refrained from signing up?

Thoughts about the future:

Do you think the solutions tested in this project will be implemented on a large
scale? Why or why not?

How do you think we will produce and use electricity in the future? What will
be the role of households? What would you like it to be?

In what way does this project contribute to fulfilling such a vision?

What do you think is needed for that vision to be met?

Who will hold responsibility, and in what ways?
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Appendix B: Interview Guide for households (prosumers and

consumers)

What is your experience with microgrid?

Do you know about microgrids as a concept?

What does it mean to you?

Does it appeal to you?

Do you think microgrids will be implemented on a larger scale? Why or why not?
Why do you think projects like X are implemented? What are the driving forces?
Does it appeal to you?

In discussions about smart grids, the “active electricity customer” often appears.
What does that mean for you? How do you relate to that definition?

What do you think your role should be in microgrids?

Why did you want to join the project? Why did you choose to participate in X?
What are your motives?

Is this project important for you to participate in? Why or why not?

Is this project important for society at large? Why or why not? Does this project
make you feel like you are part something important? If so, how?

Why do you think this project is being implemented? What are the drivers of the
people behind the project?

Is this project important for X place? If so, why?

Do you think to have more control over energy?

What do you think is needed in order for more households to get involved in

microgrid?

Questions for prosumers:
Tell me about how, why and when you started producing your own electricity.

Why do you produce your own electricity? What are your driving forces?

58



How much electricity do you produce? Has this changed how you use
electricity?

What are the benefits of producing your own electricity for you as an individual?
What are the disadvantages?

What are the benefits for society at large? What are the disadvantages?

Commitment during the project:

What has X project meant for you? What have you gotten out of the project so
far? What do you hope to get out of the project in the future?

Have you reduced/shifted your energy consumption during the project? Have
you saved money? How much and how?

Did the project include an app?

What do you think about the remote control of your devices? Have you chosen
a specific schedule for your control?

How often do you look at the X project app? What are you looking at?

Is everyone in the household equally interested in the project, or do peoples’
engagement differs?

What do you think is required for more households to be interested in

engagements such as these?

Thoughts about the future:

How do you think we will produce and use electricity in the future? What will
be the role of households? What would you like it to be?

In what way do the X project contribute to fulfilling such a vision?

What do you think is needed for that vision to be met? Who will hold

responsibility, and in what ways?
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