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EUROPEAN SMART ENERGY MARKET

E€BPONEUCbKUA PUHOK PO3YMHOI EHEPIFETUKN

In the article, the authors revealed that the European energy market has been fundamentally transformed to-
wards the implementation of smart grid technologies. Moreover, the authors discovered that smart energy techno-
logies have a ubiquitous application on the European energy market which is a case for the single energy strategy.
It has been outlined that the main benefits of smart grids technologies realization are the increased quality and
reliability of power supply that ensure energy security on the European market. The article specifically focuses on
two segments of the European smart energy market, namely on smart grids and smart metering devices which con-
stitute the core of intellectually-based market model. The authors explored and analyzed the existing smart metering
market model related to the European countries. The article in addition includes the economic estimation of top
growth segments of the European smart energy market. The authors presented a statistical evidence for estimation
of future smart energy market trends.

Keywords: energy market, energy system, economic benefits, smart grids, smart metering, European
countries.

Y cmammi 30cepedxeHo yg8acy Ha mMoMy, WO 8 €8poreliCbKUX KpaiHax exe mpusanul Yac eidbysaembCs rnpo-
uec MoOepHi3auji eHepeemu4yHO20 PUHKY Y HarnpsiMKy po3bydosu po3yMHUX MEPEX, WO ompumarnu Hasgy smart grid.
lMoHsmms smart grid eknodae 8 cebe npusHadyeHul Ons nepedadi eHepeaii 8i0 8UpObHUKa 00 crioxueada 4YUCIEH-
HUU KOMIMIeKC MEexXHOMo2iHHUX Mpouecie, cydyacHUX IHGbopMaUuiliHUX ma KOMYHIKauiliHUX mexHosnoeil, iHHosayiliHO-
20 0bradHaHHs1 ma dodamkis, Wo e3aemoditomb 00UH 3 OOHUM | ymeoptoromb €OUHY iHMeneKkmyarbsHy cucmemy
eHepeorocmadaHrHs. [Nepedbadyaembcsi, W0 mexHosoeidHa nnamagopma smart grid 0o3eorisie 30iticHro8amu iHmMenek-
myarsbHy 06pobKy ycb020 Macugy OaHux, WO Hadxo0simb 8i0 yCiX KOMIMOHEHMI8 MEPEX, i Ha OCHO8I OaHoI iIHGhop-
Mauii — onmumisygamu sukopucmaHHs eHepeii, nidsuw,ysamu HadiliHICmb ma eheKmueHICmb eHepaemuyHoI cucme-
Mu. Aemopamu 8cmaHOBIIEHO, W0 KOHUenuyiss smart grid makox po3ensadaembcsi 8 €8porii Ha Pi3HUX PIBHSIX yripas-
JIHHSI eHepeemuYHOK iHghpacmpyKmyporo 5K ideosioeidyHa ocHoga peopMyBaHHs eHepaemuku. 3’scoeaHo, wWo 6
esporelcbKill mpakmuyi po36ydo8u po3yMHUX MePEX YimKO poCmeXyembCs opieHmauisi Ha KrieHma, wo 00380r1s€e
eosopumu rpo OOMiHy8aHHSI PUHKY roKynus. Takul nidxio nepedbayae, nepw 3a 8ce, CrPOWEHHSs MiOKTHYeHHS 00
cucmemu Hosux aboHeHmiI8, a maKoxX 2Hy4Kicmb Mepexi, sika 00380s15E nidnawmysamucs i 3anumu crioxusadis,
E€KOHOMIYHICMb ma eKoroaidHicmb. AHari3 €8pornelicbKo2o PUHKY PO3YMHOI eHepeemuKu 0038011s€ KOHCmamyasamu,
W0 K4Yo8UMU acriekmamu (020 po38Umky € 3abesredeHHs1 8UCOKUX MoKa3HUKie HadiliHocmi, 6e3rneKku ma eKoHOMIY-
HOI douinbHOCMI Ha OCHOBI CydacHUX MeXHOMoeili MOHIMOpPUHaY, yrpaesiHHSA, 368’'93Ky am iHghopMyeaHHs. €gpornel-
CbKa iHmernekmyaribHa eHepaemu4Ha modesb npedcmassisie coboto cucmeMy HO8020 MOKOMiHHS. [orosHa mema ma-
KOI' puHK080I MoOerii — 3abe3riedeHHs1 egheKmu8H0O20 8UKopucmaHHs1 docmyrnHUX pecypcie 0 HadiliHo20 ma sIKICHO20
obcry2o8y8aHHs KrieHmis. Bi03Ha4eHo, w0 0OCHOB00 €8pOrelicbKO20 eHEP2emMUYHO20 PUHKY € Cy4YacHi MexHooaiqHi
3acobu i nobydosa eduUHOI IHMenekmyarbHOI iepapXiyHOI cucmemu yrpaeniHHs, Wo 3abesrnedye aucoKy NomoyHy ma
ymypucmuyHy EMHICMb €HEP2EMUYHO20 PUHKY Ha €8pONeliCbKOMY KOHMUHEHMI.

KnrouoBi cnoBa: eHepeemuyHUl PUHOK, eHEp2emuUYHa cucmema, EKOHOMIYHI 8U200U, PO3YMHI Mepexi, PO3yMHi
JiYUnbHUKU, €e8pornelcbKi KpaiHu.

"This work was supported by the Ministry of Education and Science of Ukraine (Project No. 0119U100766 «The optimization
model of smart and secure energy grids building: an innovative technologies of enterprises and regions ecologisation»).
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B cmambe asmopamu  ycmaHoerneHo, 4mo esponelicKull 3Hep2emuyeckuli pbIHOK bbln1 KapOUHaIbHO MpaHc-
gopmuposaH 8 HanpasrneHuu sHedpeHusi mexHonoauli smart grid. bornee mozo, aemopsbl 8bIS8UNU 8CE0bUW UL
Xapakmep npuMeHeHuUsi smart-mexHoroaull Ha e8pornelicCKOM 3Hep2emu4YecKkoM pbIHKE, 4Ymo ceudemeribcmayem
0 eduHolU sHepeemuyeckol cmpameauu. bbinu oyepyeHbl OCHOBHbIE MpeuMywecmesa peanusayuu mexHonoaul
smart grid, cpedu Komopbix OMMEYEHbI yyHUWeHUe Kadecmea U HadexXHOCmb rnocmaesku aHepauu, obecrnedyusa-
rowue sHepeemuyeckyto be3onacHocmb Ha e8pornelickoM pbiHKe. B cmambe 0CHOBHOU akuyeHm cdefiaH Ha 08yX
ceaMeHmax esporelicko2o pbiHKka smart-mexHonoaul, a UMEeHHO YMHbIX cemel U YMHbIX Y4emHbIX CUCMEeM, 4Ymo
cocmasensirom 0po UHMereKkmyanbHO-UeHmpu4ecKkol MoOeru 3HeEpeemuYecKo20 pbiHka. Aemopsbi uccnedosanu
U MpoaHanu3uposasnu Cyu,ecmesyruue pbiIHOYHbIE MOOEIU YMHbIX y4emHbIX CUCMEM 10 OMHOWEHUK K esponel-
CcKum cmpaHam. B dononHeHue 8 cmamebe npugedeHa 3KOHOMUYECKasi OUEHKa KITto4e8bIX pacmyuux ceeMmeHmos
Ha pbIHKe yMHOU 3Hepauu 8 Egpornie. Aemopamu rpedcmasneHa cmamucmuyeckas oyeHka 6yoyuux meHoeHyul

passumMusi pbiHKa yMHOU 3Hepauu.

KnioueBble crnoBa: sHepzemuyeckull pbIHOK, dHEpaemu4yeckas cucmema, 3KOHOMUYecKue 8b1200bl, YMHbIe

cemu, yMHbIe y4emmHble cucmeMsl, eeponeUCKue cmpaHabl.

Problem statement. The intensive use of information
technologies in power systems in the European countries
has led to the creation of a concept called the smart
energy. Among the advantages of this concept we can
mention optimal network control, the most favorable
use of equipment, increased quality and reliability of
power supply, facilitation of the integration of renewable
energy sources, optimal planning of the transmission
and distribution systems, the development of the use of
distributed generation and reduced system’s costs [1].
The ubiquitous exploitation of smart energy technologies
resulted in emergence of smart energy markets. These
markets have fundamentally transformed the European
energy sector in terms of installation of smart grids and
smart metering devices. These innovative technologies
require new market approach and market regulations. In
this relation, there is a crucial need to explore emerging
smart energy markets, their structure, functions and key
players. Evidently, this raises new questions about energy
markets and market background of technologically-
oriented energy advancements.

Recent research analysis. Smart energy markets
are the subject to the academic scrutiny. In the paper
[2] the author debates that smart grids markets open
a wide range of opportunities for transforming the old
unsustainable energy supply complex into a new more
sustainable socio-technical system involving much
more actors. The role of implementation of smart grid
approach into the renewable energy sector was actively
discussedinthe research[3]. The need ofimplementation
of smart technologies and their overall effects for the
electrical infrastructure was outlined in the paper [4] and
[5]. The importance of creating energy hubs based on
smart energy concept was declared in the paper [6]. The
necessity to use smart grids and meters aimed at energy
markets decentralization in the European Union was
stressed in the paper [7]. Key findings and future trends
for the European smart grid market were presented
in [8]. The scholars’ results mentioned above contri-
buted significantly to the exploration of smart energy
markets on the global level and European one in
particular. In this paper, we propose to concentrate
primarily on the unique smart energy market of the
European countries. The main attention will be paid to
the structure, analysis and statistical grounding of the
European smart energy market.

Objective statement. The main task of the article
is to conduct analytical review of the European smart
energy market in terms of deep analysis of existing
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models, current projects, key market segments, up-to-
date technologies and ongoing initiatives.

Research results. Structurally, the European smart
energy market is represented by the following key
segments: smart grids market and smart metering market
(gas and electricity markets). Smart grids are the network
of transmission lines, substations, transformers and more
that deliver electricity from the power plant to customers’
homes or businesses. Smart meters are the way for
businesses and households to not only keep track of how
much energy they have used, but to collect data to make in-
depth analyses and control of usage. The European Union
is an active implementer of smart energy initiatives. It has
designed a common step-by-step strategy. Implementing
smart grids requires 10 steps to be taken, many of which
are closely interrelated and will develop simultaneously
rather than in isolation (Table 1).

Smart grids require smart components. In order
to pave the way towards flexible European grids by
2020, we need clarity on the desired functionalities and
services of smart grids and their possible implications
for the power system. In paper [9], the authors suggest
the following categorization of smart grids concept for
the European Union (see Figure 1).

The advantages ofthe smartmeteringimplementation
for the EU market [10]:

1. Prove to be the tool to entice consumers to
manage their consumption better and reduce usage
leading the way to improved service levels through
richer billing information.

2. Be a key weapon in the fight on climate change.

3. Help governments implement liberalization of
energy markets.

4. Allow the full realization of the Energy Services
Directive.

The analysis of smart metering market is conducted
in the Table 2.

The European market of smart metering technologies
demonstrates a steady tendency to growth. Evidence
from the United Kingdom smart energy market is an
obvious case (Figure 2-3).

The number of domestic smart meters installed in
the United Kingdom during 2012—2018 is depicted in the
Figure 2.

The number of non-domestic smart meters installed
in the United Kingdom during 2012—2018 is depicted in
the Figure 3.

The following European Union countries are the
leaders in implementation of smart energy solutions:
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1. Smart metering projects — Italy, Finland, France,
the Netherlands, Malta.

2. Integrated systems — Germany, Spain, Austria,
Belgium, Portugal, Norway.

Top growth segments within smart energy markets in
Europe are estimated in the Table 3.

The European smart energy market can be described
by the following expected numbers [8]:

1. European smart grid market revenue is expected
to grow at a CAGR of 8,6% to 2025.

2. Demand response will be the fastest growing
segment within the European smart grid market with a
10 year growth rate at 17,6%.

3. European smart meter rollout is going slower
than expected. The market will peak in 2021. France,
the United Kingdom, Germany, and Italy will be the key
countries with bulk smart meter shipment in 2025.

4. Distribution automation, which is a subset of
distribution grid management, has strong growth
opportunities with revenue growing at CAGR of 8,2%
to 2025. Europe is the biggest distribution automation

market globally and is expected to maintain its leadership
position even in 2025.

5. Projects of common interest and the European
Council target for 10% interconnection by the end of
2020 will drive growth of HVDC (high-voltage direct
current) and FACTS (flexible alternating current
transmission systems).

Key trends in development of the European energy
market from a future perspective are shown in the
Figure 4.

The estimates of the smart energy markets of the
European counties show their high performance and
tremendous perspective potential.

Conclusions. The highly intensive development
and huge demand for smart grids in the European
countries require a transition towards the new paradigm
of energy market. This transition should be supported
by the creation of intellectually-based model of
energy market. An important part of this becomes an
emergence of smart markets and smart consumers.
The European smart energy market can be described

Table 1

Strategy for implementation of Smart Grids at the European Union market [9]

Step | 2011 [ 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021
Commer- 10 Moving to real customer participation in the power market
cialization in
the Memb
Stitesem er 9 Integrating large-scale e-mobility, heating, cooling and storage
8 Aggregating distributed energy sources
Deployment 7 Moving to integrated local & central balancing of all generation
in the Member — : . o .
States 6 Monitoring and controlling the grid & distributed generation
9] Rolling out smart metering — informed customers
4 | Testing through demonstration projects & sharing knowledge
Facilitation — 3 |Setting standards and ensuring
both national data protection & privacy
and EU level 2 | Developing market models
1 Providing regulatory incentives for innovative grid investments

/ SMART NETWORK \

MANAGEMENT:

v Conventional grid

SMART INTEGRATED
GENERATION:

4 )

SMART MARKETS
AND CUSTOMERS:

development
combined with...
v’ Faster fault
identification and
self-healing
capabilities via
grid automation
v' Advanced
network
operation and

v Balancing the power
grid with a large share
of variable
renewables, including
distributed generation

v’ Integrating electric
vehicles and heating &
cooling systems

v"  Intelligent storage
solutions

v Developing

demand response
programmes &
load control
Aggregating
distributed energy
sources including
e-mobility

control

AN

AN J

Figure 1. Organizational model of Smart Grids for the EU [9]
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Table 2
The European smart metering market model [10]
Components Description

Smart meters are the cornerstones of smart grids. They give accurate insight in the quality of
power supply and any disturbances in electricity networks. Fraud and leakages can be detected

Smart grids easily, so the cost of economical energy losses decreases. They support the European efforts
for efficient use of energy and getting climate changes under control.
Provide more and better information on their energy consumption and generation (real-time
c feedback, correct billing, on-line data); dynamic tariffs, such as TimeofUse; demand response
onsumers/Prosumers

programmes; easy supplier switching; an increasing number of consumers are becoming energy
producers (selling energy generated locally).

Provide an interface for smart homes devices; allow for comprehensive home energy
Smart homes management; enable buildings communications systems with knock on effects for controlling
heating, lighting, ventilation and appliance use.

Better integrate the growing number of embedded renewable generators, such as wind and
photovoltaic; measure exported power when the customers use less power than they generate;
measure the output of the generator and supply this data to the energy company (complete
picture of the generator’s performance); manage fleets of embedded generators as though they
were a single large plant — so-called virtual power plants.

Efficiently managed when charged or used as a power storage and source; information on how
and when to charge or give energy back to the network independently of the location or time.

Renewables and
distributed generation

Electric vehicles

e Electricity ==@==Gas

800 000,0
700 000,0
600 000,0
500 000,0 -
400 000,0
300 000,0
200 000,0
100 000,0

0,0

Number of meters installed

Figure 2. Smart metering market for domestic users in the UK [11]

=@==Smart Meters ==@==Advanced Meters
41 402,2 ......................................................................................................................
36 402,2

31402,2
26 402,2
21402,2
16 402,2

11 402,2

Number of meters

Figure 3. Smart metering market for non-domestic users in the UK [11]
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Table 3
Top growth segments of the European smart energy market [8]

Areas

Estimation

Advanced Metering
Infrastructure (AMI)

AMI revenue is likely to grow at a CAGR of 12,4 % till 2025. The revenue will witness very high
growth of 31 % till the end of 2020 due to massive rollouts in the United Kingdom and France. In
fact, France is expected to surpass Spain to become the largest smart meter market in Europe.

Demand Response
(DR)

France, Switzerland, the United Kingdom, Sweden, and Belgium offer good growth opportunities
for demand response. The National Grid in the United Kingdom has tied up with various
aggregators to implement DR programs and recently tendered for 200 MW of fast frequency
response. EDF in France offers load management to its customers and is now in the process of
setting up third-party aggregators to facilitate load curtailment during peak periods.

Smart Network
Management

The European substation and distribution automation market was worth close to 3,1 billion in
2015, and is expected to grow at around 8 % CAGR till the end of 2020. New technological
trends include intelligent equipment that are able to perform remote monitoring and ere based
on wireless sensor networks (WSNs).

Advanced transmission

technologies (ATT)

Cross border integration of electricity markets and growth of large scale renewable energy
sources (RES) are driving the growth of advanced transmission technologies. Revenue from
HVDC and FACTS accounted for $ 2,0 billion in 2015 and is expected to reach $ 2,8 billion at
the end of 2020. Wireless power transmission is a ground-breaking technology which is still in
the demonstration phase and if successful, could revolutionize the transmission of electricity.

—_———— —_—_——_— ————— —_———
I Generation -: I Transmission I I Distribution | I End-users I
—_—— | — — — | ———
- D S
New Utility High Voltage Advanced Demand
Business Technologies Distribution Response
Key Models Automation
- J - M
Trends s N / \
. . Changing role of Advanced
Data.-(.ir.lven Single Distribution Metering
Utilities Market System Operators Infrastructure
- J — - J \ J

Figure 4. Future trends for the European smart energy market [8]
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