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EXECUTIVE SUMMARY

This repogresentthelatestanalyses and insighdsn themostcomprehensigiatabasef smart
grid projects across Ewopean Union (EU) Member Shagaslingreview, carried out on a
periodical badig theEuropean Commission Joint ResearqdREanttight cooperation with the
European Commission Diredt@aéeal for Ene(BNER)uilds upatie previouswvosmart grid
projecinventoryirexercisgsublishesince011*

The current edition @f shrvey includegotal of 459 smart grid projéatsiched froB®02 up
until todayyhich amouta O . ) , 0Oinifivestmerd$his study goes hand in Wihdrand new
interactiveisualisatiaiools- available on tliEeM wébsiteses.|rc.ec.europaatiowing the user to

generate customisable maps, graphs and charts to track progress on smart grid projects realised

28 EU Member Stalf#42@), plusSwitzerland and Norvay

Total: 459 projects Total: 3.15 billién Total: 1670 organisations Total: 578 sites

in 47 countries
[ J

Average: 7.5 millidn 2900 participations 33 countries
422 with budget information
[ ]

221 ongoing projects: 2 bllion Involved in more than one projec . .
Average: 3 sites per project

287 national projects (with an average of 9 miffion 700 organisations
(73 projects having more than per project) °
one partner)
Most active company: 45 projec Most sites:
238 completed projects: 1.15 (from Denmark) Germany (77) and Italy (75)
172 multinational projects  billiorO(with an average of 5 .
(with an average of 6 countries milliorOper project)

Most active organisation types: . .
Universities/ Research centres ~ Biggest number of sites per
Consultancies and DSOs project: 30 sites

per project)

Largest investments:
Average project duration: France and UK
33 months

Average: 6 partners per project
This report and the underlying datahestine European smart ggisjects at transmission
and/or distribution levdlaving inherent systemic, integration and interoperability cémnotations.
other words the reader can learn about all the European prejectalangetthe grid smarter

thraugh new technologies (e.g. storage devices, electric vehicles, distributed reneavable generator

! This work cannot be directly paralleled with the preceding smart grid project reports for the following
reasons: some oldeprojects for which sufficient information was not available in the previous years have
been now added (we noticed that some projects tend to be promoted later in their lifetime or even after their
completion); some other projects faced modifications durihgir execution (in terms of budget, end dates
etc.) and therefore have had to be duly updated.

> The discriminating criterion for including a smart grid project in the catalogue is the involvement of at least
one partner from the EU28; this brought todttotal number of 47 countries featured in this report.



new ICT capabilitiesjects focusing on individual energy technologies andaesmotbsen
consideradghlesgheir integration in the grid wadralb® project scopespecial case has been

made forreart metémg infrastructure deploymente of the first smart grid enabling technologies
having reached both maturity and viability for eotullimathay EU countriesvhich has been
analyseth a dedicated sectthe émart metering deployment and investment numbers however have

not been added to the overall figures in the smart grid project inventory).

Smart grid projéctdgets have been growiadistaever the last decaalgainst the aforementioned
O. ) , 0O tothlidvgggnmeptalf of the projects are still ongoavgring budgeexceeding -
billion After a first phase with some sporadic activiBb)280fart grid projecigltipliedwiftly
from 2006 onwaltulit the real boom was recorded after 208/@aftigrid projects are also getting
larger: thehare of projects with budpet® - + h d g g d j % in 2006 tor6h ia BOL2h - 2

In the period 20Q8, investment in smaid grojectwas j i ndno i ogt \]jqgq  O-
m>\~cdib OO0++ h dThegndmber BEeséarch and DevelopR&Mgrofects-is)

around the sarasthat ofDemonstration and DeployD&i)grojectdut theotalinvestment in

D&D is almost three times lgqtgeaverag®&Dbudget per project is usually two times larger than

R&[.By far théargesinvestment comes from organisatibeEl5Member States

Denmark has the highest investment in smart grids perpeapiiatiandl electricity consumption
ajggjr  _ ]t Ngjq 1 d\) Am\ i ~° \'i _ Pido _ Fdi
million). There is a rather uniform geographical distribution of companies and budgets in several ce
northern EU caigd while East European countries together account for less than 1 % of the tot:
]p_b o Vi _ °dinpg\m k\oo min» di oc b ™ j bm\
Republic and Slovenia are the leading countries within the neveged/emésal8ishing a

strategy for smart grids testing and implementation.

The smart grid projects are implemebt@dtifierentsites (53&vithinEUterritory, half of their

allocated budget gteshree countries: France, United Kingdom dandesipairof regions/cities
investing more on smart grid projects, there is a strong concentration of companies and budgets ir
(France), Rome (Italy), Biscay (Spain) and London (UnitextlKiofygdnc)) eetain more than

O, ++ hdggdji di nk i _dib)

® EU Member tes up to 2004.
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As far as smart grids demonstration and deployment are concerned, key obstacles and challenge
appear to be at the social and regulatory levels (rather than technical constraintggalhe range of
and regulatory arrangements in Europe might present significant barriers to the replicability of pr
results in different areas and to the scalability of projects to larger regions. Targeted analyses
necessary to understand the impactafrérg wholesale and retail market schemes (and the related
electricity prices and tariffs structures) on smart grid deployment opportunities. Uncertainty persis
several countries over: roles and responsibilities in new smart grid appdjocaftionsisshad

benefits and consequently new business models. Finally, a high degree of consumer resistar

participating in trials continues to be recorded throughout the EU.

In line wittheJRG mission to provide EU policies with dadedcntific and technical support

\'i _ oc’ EM>%n | ] e Jasindlapendenbservéandiass¢sgotismartogrid d o n
projects in Eurppiee smart grid projdatabase/inventasyintended to be updated on a regular
basis Project ressilare also beg used to perform detailed-lesefit analyses of smart grid

applicatiorend to assess scalability/replicability potentials and options

This report and the relatedoaséd visualisation platform affeparative analysesl irdepth
informationdetailed per project or aggregated per clusters depending on the confidentiality level of
data collectedon several crucial aspects for smart gridmpdgentation and upsdéateling
sourcesorganisation typesgeted applicatiomsiltinational collaboratiesmsart meteringltout

plansthe role of consumélencise information on these points is available in the following:

FUNDING SOURCES

A Funding still plays a crucial role in stimulating privatatinvestrart grid R&D and D&D
projects. 98 of the projects have received some form of puhlio faasieq Europe the

highest percentage of funding comes from the European (E@jimission
A More than 50 % i&f total smart grid budget originateséur countriéR, UK, BEIES

A 49 % of the totaldget for the smart grid projects surveyed comes from private capital and
the remaining 49 % from various sources of funding (national, EQ2égiatongyset
come from EC fundingeI®m national and 9 % from regulatory funding (e.g. Low Carbon
Network Fund in the UK, OFGEM); 2 % is unclassified funding.

11



ORGANISATION TYPES

A There is a good level of diversity in the smart grid landscape: severahisgisnof org
(universities, TSDSOs, manufacturers, ICT companies, etc.) participate to significant degre
in the smart grid projects

A 1670 organisatioainvolved; 22 % of thempangicipatinig more than one proj2ts
projects have only one partici@antpany is the country with the largest number of
organisations; the most active organisation (DTU) is located in peamticipaiionitib
projec

A More than half of the budget is managed by universities REBO$B@sage 10 times
more money D&D than in R&D; The strongest cooperation is occurring between universiti
and manufacturing companies; TSOs, DSOs and Energy companies have the largest av

privatebudge Kk m kmj e 205 \]jg> O0 hdggdji 6

A The highest density of active comparm@gsginftnumber and invested budget) is found in
some of the largest European éaeis, Rome, London, Madrid, Copashagdras over

a dispersed area in Belgium, Netherlands and Germany, northern Italy and northern Spain

TARGETED APPLIGATION

A Agood degree of application diversity exists in smart grid projects and the level of diversity |
remained steady over time. Smart Network Management and Smart Customer / Smart Hom:
the most targeted applicaties. control/automation systemsrtvéntpe controllability
and observability of the grid are quite consolidated and widdsneelaalziige number
of projects focusing on distributed ICT architectures for coordinating distributed resources

providing demand and supply fiexibilit

A Electric Vehicles to Grid integration is the main targeted application in Germany and Austrie
current focus ill on ensuring that the charging and communication infrastructure works

rather than on testing sophisti@ppdidationsithvehicleo-grid (V2G) servjces

A Focus on storage appears to be on the rise. Use of storage as additional solitge of grid flexi

is one of the key themes of the main projects that started in 2012 and 2013.

MULTINATIONAL CORAABONS

A The catalogue contair®s rhdltinational projects (37% of the total) which together manage
O,. 0+ hdggdji #/.Y ja oc’ o0jolg$) Hjm oc

12



funding. On average, 70% of the projects in a country (in terms of project number) &
multindbnal collaboratipns

A The majority of cooperation links are between organisations from older member states: I
organisations in multinational projects are almost exclusively from EU15 countries. There
very limited level of cooperation betigeaisations from new member states. Organisations
from Spain, France, Italy and Germany are the most active in setting up cooperation link
multinational projects. France is the top contributor while Switzerland is the top recipient in

multinaticad collaboration budget share ratio

A 15 countries/half of the countries analysed (NO, CH, IE, PL, HU, SK, LT, RO, LV, HR, BG, L

MT) receive 1 #ass from the total budget each and less than 5 % combined.

SMART METERDIGOUT

A This sectionmsmarises the results of a targeted analysis, performed by the JRC in cooperatic
with DG ENER, with reference to the electricity smart metering developments in the EL
national aggregated level and reflecting the situation as of July 2013. Aosusich&@0 mil
meters in Europe (ca. 72 % of EU customers) are expected to be deployed by 2020 with
nodh\o>_ dig noh io ja njh> 0.0 ]dggdji
technology is revealed to be Power Line Carrier (PLC) in tbn@®natiainPacket Radio
Service (GPRS)

A The expected penetration rate of nearly 72 % of EU electricity consumers falls short of the T
Energy Package target (80 % by 2020). 16 Member States (AT, DK, EE, FR, GR, IE, IT, LU
PL, RO, ES, SEUKidhave either planned or already deploy@ddeasiovart metering
systems; 3 Member States (DE, LV and SK) opteiefsnsatecnetering -oults.

4 Member States (BE, CZ, LT and PT) decided currently not to proeddd witiamation
meteing deployment; 4 Member States (BG, CY, HU and SI) currently have no CBA/
availabte

A Investment cegter smart metering point varies widely across EU Member States due tc
specific local conditions, communication technology and methodoleggain differen
Aji_p”™odi b oct >=< rdoc \i \ Accoumting only”™ j n o
for those countries that have completed or will be proceedingoutththieeakalage price
dn apmoc m m  _p”> _ oj\ nOnj-r." ;héeempdued aveage n k © A
benefit per metering point across EU Membibatkates completed or wiirbeeeding

13



~ ~

with electricity smart meteringmlo \ kk "\ mn oj ] O. +4 #gO, 2
savings of 3 ¢1.3 %)

Therels not yet an BElde consensus on the minimum set of smart metering system
functionalities recommended by the Commission (Recommendation 2012/148/EU), which &
line with available standards. Only half of the Member States proceedingievitth nation

out intend to deploy smart metering systems able to provide consumers (or a third party
their behalf) with frequent consumption data so that they can participate actively in th

electricity supply market

SMART CUSTONRERECTS

A An mcreasing numbmr projects are focusingttensmart customer, howes@nsumer

participation in these projects is still limited in size (typically up to 200@nsstoerers);
participating in trials are typically voloaseeand cannot be considerpresentative of

consumers in general

Organizations involved and investing in projects ftvesmgrooustomer are DSOs and
university/research cenlest of the smart customer projects are concentrated in a few

countries: Denmark, Francedled\etherlands

50 multinational projects focus specifically on smarts.cistsmeumbernsh been
increasing since 2008.

14



1. INTRODUCTION

A smart electricity grid opens the door to new applicationsaehihgampacts: providing the
capacit to safely integrate more renewable energy sources (RES), electric vehicles and distrik
generators into the network; delivering power more efficiently and reliably through demand resp
andcomprehensigentrol and monitoroagabilitiesising aomatic grid reconfiguration to prevent
or restore outages {ketiling capabilities); enabling consumers to have greater control over thei

electricity consumption and to actively participate in the electfi¢ityaharket

Mairncapabilities of temart gridystem inclutleeintegration and aggregatiaistfibuted energy
resources (distributed generafd@gectricvehicle, EV), demand response (DR) aratdérge
renewable energy sources {BHESJ][System integration is crucimlaiole these capabilitifs [

[19] Making themart gridgystem work requires the cooperation and integration of multidisciplinary
players with different business intenedtee adoption of new compatible business models and
regulationf®], [10],12}[14] Moreovett is imperative to make sure that consumers are on board, as
the extent of themart gri m\ i naj mh\ odj i ncjpg_ ]~ o\dgj m’
willingness to pay for its implemen2ali{izd]

At this stagemart gd projectareplaynga key role in shedding some light on how to move forward
in this challenging transitior2011 thereforethe JRC launched the first inventanarbfrid

projects in Epato collect lessons learned and assess current dey@ldginents

The participation of project coordinators and the reception diythieesapant gricommunity
were extreely positivét was thereforecidethatthe project inventarguld bearried ouwin a
regular bass® agdo constantly update the pictematft gridevelopmen®], [4]This study is the
2014update of the inventstgrtedut in 2011.

1.1 BOUNDARIESIHYPOTHESESTHEMART GRISTALOGUE

Thigublicationcludeand updatedl the information from the previous eaportamgrid projects,

and thereforeshoulaiot be paralleled with the preceding paplbstsed by JRiGcsome projects

are promoted later in their lifetime or even aftanphetio, the smart grid inventory had to be
updated with older projects thahavérand in the past. Also sofeetpnmay suffer modifications
duringheir lifetime (in terms of budget, end dates etc.).

In line with the definitiosrart griglweadoptethe followingllesand hypothesexompilingur

database and this report

15



General:

A We included projects focusing on individual new energy technologies and resources (e.g

storage devicekectric vehicles, distributed reneyealgleators) only if their integration in

the grid was also part of the groject

We included projectsedath making the grid smarter (through new technologies and new ICT
capabilities)

All the aggregations done for @@y3be incomplétieisis appliddefor all starting years,

but in a lesser degree). Some projgectsrarethter in their lifetime and insufficient or no
information is available for them. This is why most of the aggregations for 2013 show
decrease in number or investment campadeti

We included projects starting in 2014 but we avoided presenting aggregated data for this y
sincehis is jush partial aggregationore projects will start later in the year or we couldn't
findinformation dhe ones that started)

We did not include projects ealrat making the grid stronger (e.g. through new lines,
substations and power plants) using conventional design approaches

Wedidnot include projects where significant information gaps did not allow a reliable proje

assessment

Project budget and funding sources:

A

A

A

We included projdeiskingoudgetinformatiorbut they were not counted in any of the
analysigwvolving investment.
Most of the projects have more than one smart grid applecanetwork management
smartcustomer and smart hetadThe budget of a project was equialbdutween the
applications of that specific prajactugh in some cases this mect. This information
proved difficult to find.
If time was used as a falcisome of astudieshe following tveaseanapear:
1 Budget division by starting feayearly aggregatitmes entirproject budget was
allocated tihe starting ye@ee sparklin®,
1 Budget division considering the lifetime of th&peojebbudghis may not apply
for some projectse tproject budget was distributed equally over the lifetime of the project

(division between the budget and the period, in yearsseerspathfjr eess=s

Participating organisatomsimplementation sites

A

16

The bdgebf projecwasequally distributed between the participating partners. We know that

this isnot an ideal approach but the information regarding the share distribution between th



partners wast available for most projects in our dataddgmnally this is onehef
simplesassumptions

A Themajority of projedtavebeen classified agathst funding sourceterior(European
Commission, private, national, regiftatargmall minority of projeatscouldnfindthe
exact fundg sourceowe created an additional category named "Unclassified" (amounting to 2
%of the total budget).

A Some organisats may participate in moredharproject. Because of these duplicates we
had to coin for this report the term of "participagianimber of organisations is always
lower than the number of participations, since some organisations are counted more than or

A For he budgetllocationio the implementation siesoss different countries, a weighted
method was usgdr therojects with one sitejiivestmds were assigned to the countries
hosting thienplementation sit€Ehe budgetdf the pojects with several implementation sites

(inone or mowuntrigsvereadistributedvenly among tites

1.2 AN OPEN PLATHIBRIDATA COLLEANNISSEMINATION

The JRC inventory exercise taghligithber of importd@ssonsaboutthe dissemination and
sharing afmart gridesults and experiences

V Caution in sharing quantitative data and lessonsgsdahmedajority of projects shared
information on a voluntary bdats,confidentiality and reluctance to sbgativeesults still
represent a barrier to -ddaring

V Lack of a comminteresfor data sharing and anal@sigying outcampletand detailed
mapping afmart grighrojects in Europe proved challsingmgonitgave close to no information
available to the general public. A great percentage of the projects in our inventory were found only
an active internet search for a¢av Most of this information proved to be really fragmented,
inconsistent or sedintradictory. For a multitude of motives, some project coordinators are nof
interested in sharing their project informatiohreiigbs website or other means. Otbgercts
arepromotedhen they are already in a completion\&aigeind a considerable number of projects
that we couldn't include in our inventory because ofrdefitiatibthatdid not alie a reliable
project assessment

V Fragmentation ofiatives for sharing project re3hese ia need to keep tramfkand
coordinate initiativessomart gril and to exchange data and results. lfasisbe the positive

experienseof the2011 and 2012 smart grigorojectmapping exerdsthe JRC seaserit in
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institutional actaastingas reference points for several stakehbidarithg aduplication and

fragmentation of initiatives.

Against this backgroun&the> %2n ] mj wWas tceestablisgn epert ppatfogm for the callecti
and dissemination of project infornmataiving aNMember States, international satgzms and
energpperatord hereforen online questionn&iieavailablehichallove thestandardéd input of

data by project coordingtorglifyinthe data@llection and processing phases.

Thedatacollectedhave beenhecked for consistency and includedJRCiheart grigroject

database, whicimctionas the single repository of Eurspeaingrigrojects. The JRC will regularly
publish an updated version of the database (all financial/leconomic information will be trea
confidentially and only aggregated data will be published) to be used by different users (institutic

industriaetq. Allusers are encouraged to contribute to the mapping exercise.

An instrumental role is playedetwsuasation platforminkedo the JRC databageichmap
projects across EurBpejectlatacan be tracked on the JRC WeBhkiteinterested pasiare
encouraged to use the database to create their sationiplatiorm or perform their own tailored

analysis.

13 THBEHRQUESTIONNAIRE

Themainideabehindhe survey was that any smart grid project, having one or more technical
applications, sspportedy one or more organizations that will need to providegdndoihgror
resources. Figure 1.1 illustrates alhtlieg sources, organization typéseamain smart grid
applications. Thdioa questionnaire (see Annex Il) includes the following sections.

Projeabvervievinformation

1 Projectame, acronym, brief descrigiidactdetails, website;

i Start and end dates;

1 Stage of development (R&@nd&ation and deployment);

1 Participating orgationsparticipating countries (name, aduolgessstion typerole, leader
or partner)

1 Implementation sites (location);

1 Project benefitggoview of project resautid the main challengedessons learned.
Projedtinanciahformation

1 Total project investment

* ses.jrc.ec.europa.eu
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1 Total investment division between the sources ¢@hdtindagundingirépean Commission
funding, regulatory funding, private investomelmsg) body or program
Maimroject applications

This section includes information about which functitayleetamt)e project is contributing

to and the maiachnical parameters (grid characteristics in terms of voltage or power level, number
users involved, numbé&\band E¥arging stations or of smart meterBesadp this the survey
includes a small section enclosing specific technidalcAnecabguestions connected to the smart
metering application.

Consumé@rvolvemenind social impact

This section includes qualitidsequantitativeformation abootimber of users, target sector,
specific strategies and results achieved in the project omwamsumedé.g. main motivational
factors used tavolveconsumersnain observednieéits for consumertq. andsocial issues

addressed by the projecs@eigl acceptance, job creation/loss, safety, vulnerable cansumers, etc.)

Distribution system operator

UEISHIEE EEitE Smart Network Management

operator
Energy company/ Utility compar
Energy retailer/ Electricity servit Integration of DER
provider
National Generation company Integration of large scale RES

Manufacturer/ Engineering servit Aggregation (Demand

Regulatory Contractgg n?pp:r:)?tor/ Manage Response, VPP)
® ®
FUNDING ORGANISATIONS APPLICATIONS
° °

European Commission  IT company and Telecom Smart Customer and Smart

Home
[ J [ J
Private University/Research Electric Vehicles and V2G
centre/Consultancy applications
[ ] [ ]
Municipalities/Public .
Authority/Government Smart Metering
[ J
Association Other
Other

Figure 1.3mart grid project overviiemding source, participating organisations, applications
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1.4 R&DDEMONSTRATIONARNIDYMENT
The projects surveyegte classifieith two categories: R&D agmobstration deployment

categorieJo identify R&D projects we used the definition in the Frascati Manual, according to wt
R&D projects comprisaive work undertaken on a systematic basis in order to increase the stock
knowledge, including knowledge of man, culture and society, and the use of this stock of knowl
devise neapplicatiorj2y. Theerm R&D covers three activitiestdsasich, applied research and

experimental development.

Demonstration projects caedsrdedl n  \ Y4k mbefgrdmanketingTihe doncept includes
projects designed to test the performaneehoiology in different operational environmengts, thr

to full market trials in which the technology is used inimsistitatien2¢|. Theaim of lhese
projectss to expos the technology to realistic user environments to test its suitability for more
widespread use

Finally, deploymand rolbutprojects refer to the
implementation of a technology, application or
system as a default solution within the%project
geographical boundar@sieSleployment projects
R are nationwide; others are limited simader
geographical area.

R As shown iFigurel.2 there is an inverse

relationship betweesk and cosihroughthe
different stages of maturity of a technology or
application, from [R& demonstration up to final

roltout.Clearly the boundaries between the different

phases are blurred. Projects might have both an R&D

phase and a demonstration floasexamplén
these cases, for the sake of simplicity, we have
Figure 2Risk and cost levels in assigned the projextthe stage that seemed to

R&D, demonstration andublrojects best charactamithe project and to whiohst

project timand budget were allocated

In charactang thdevel of maturity of a projae havelsoconsidereather factors, likeoject
size and budget, the numbetypadof partners involved and the level of maturity of a certain

application in general and in the area where the project was implemented.
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In our report the demonstration and deployment were merged in aaeedtéD&®" or "Demo

and Deploymestfice in most cases there is a fine line between these two sets

15 SMART METERINHAMSERICPROJECTS

Asbecame clear frahe 2011and 2012nventoes smart metering is the area wheraost
significant progrdsasbeen made throughout Europectlthe largedeployment projects in our
catalogue are essentially smart meteongstoll

Smart metering rolits and largeale pilosccount for masft the total investmefithe projects
surveyedn the present report the smart metering roll outs and large scale pilots were analyse
independently tfie Smart meterinthapter) from the rest of the smart grid projects.

More specifically, we can distinguish three dgpes$ miketering projesisart metering folits
(withregional or national coveraggjrt metering pilots (typfcallyonductinige CBA of a fullroll

out) and smart metering installations which are part sfreamvigiegirojectProjects itis last
categortypeVonm\ _ diyidirig lineebveesmart grigrojects and smart metering pildese
covereth bottsets oanalysis this report

Figurel.3shows thénksbetween thgmartgrid and smart metering project subsets analysed in

following chaptdijectsn the arehighlighted nedarecommon to both analyses.

Smart metering installations which
are a part of a wider smart grid
demonstration projects

SMART GRID SMART METERING
PROJECTS PROJECTS

Figure 2 Smart grid and smart metering project subsets covered in(the gnedrsizart is not included)

16 DATACOLLECTION PROCGESHH14INVENTORY
The otine questionnaire waslatedn Augusf013. In this report only {h®jects submittby

Januarn2014 wereconsidered@he ofine questionnaire remains open for the next edition of the
inventory.

In parallel weonducted thorougland extensiwearch of project informatieine and through
participation osonferences and workshops. Wenttaetedoproject coordinatoestly taskfor

more informatiomthe odine form.

Data collected from respondents werectieakéth various ways ensure consistency. For all

projects we checked the waetdfsitee projectvfiereapplicablegnd of the lead organisation to
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corroborate the information we ret@hedliscrepanciegere foundr the template was not clear
enouglwe also contacted l#aorganisatidsye-mailor phone.

Based on the data validation premesprojects have bemmnittedas the data was considered not
sufficiently reliabldnese projects, along with projects not yet included/known/started, will be conside
for inclusion in the next edititreaport, provided that reliable/complete information isAdelivered.
mentioned beford, the aggregations done for 2013 enaycamplete (this is applicable for all
starting years, but in a lesser degineesne projects are advertised later in their. Titegnee

why most of the aggregations for 2013 slealinean number or investment compared to\2012.
alsocountedprojects starting in 2014 budidanot shoaggregated data for this year since this is
justanincompletaggregation (more projects will start later in the year or we couldn't find the one:s
that started).

S Database UOther UOnline DPreactive ‘Database

2012 databases survey search 2013
internet
search of
project
information

Figure 1.4 Data collection and valtatiess for the 2013 inventory update

Lastly weestablishelihks with research institutions which hadpatvdadgdome sort anart
orid project inventory and went through their datajmseslgheckingll relevant information

beforantegrating iih our databageeeFigurd 4).

17 REPORT STRUCTURE

The analysis of $maart griproject¢Chapter2to 7) represesthemain pillaof the reporthese
will be completed by a chapter dedicated to large smart metering projects and chapter studying

consumer involvement and the social implications of the smart grid projects.

Chapter 2 preseart overviewfthe Europeamart grigrojectsaggrgating project datad giving

general information

Chapter &nalyssthe smart grid projects considering their funding sources.
Chapter gresergan overview of the organisatigalved in the smart grid sector
Chapter 5 studtbe main applications targeted by the projects.

Chapter 6 analyses the cooperation and the relationships between the European countries.
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Chapter presersta micregperspectivicusingnindividuamart grigrojects.
Chaptes preserstan overview thfe activities on smart metering in Europe.
Chapter §ives an insight into the smart customer and smart home projects

Finallyhe reponds witB annexethe first one gisadditionatharts, maps and figures that bring
furtherinformation to the smisting in the main part of the report, the secoedtbrdgmat

of the o#line survey and the third annexs atistof the projects included in our inventory

Chapters 2 to 7 follow the same structure, with memazedifi@f them will inclu@eside some
otherspecifistudiesthe following analyses:

A ageneral overvi@atals, averages)

A by stage of developm@&&D aridemo & Deploynment
A Dbystarting yegfrom 2004 to 2013)
A

by geograplfiuropean countries)
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2. SMART GRID PROJECTS IN EUROPE: OVERVIEW

In this chapter we psaiect data to support an analysscofirends and developmeotgerning

smart grglin Europe from different perspeétav@gll focus emart grigrojects only, considering

R&D anbBemo& Deploymerstages of developmAstmentioned,atrmeteringilots and reduts

will beanalysenh Chapte andare therefore excluded frorarthlysi that follosy

2.1 THE BIG PICTURE

Figure 2 Geographicallpma than half of the smart g
budget can be found inside the circle

Total: 459 projects Total: 3.15 billién

in 47 countries

Average: 7.5 millidn
422 with budget information

221 ongoing projects: 2 biflion Involved in more than one projec

287 national projects
(73 projects having more than
one partner)

(with an average of 9 miffion
per project)

238 completed projects: 1.15

billiorO(with an average of 5

172 multinational projects tf
milliorOper project)

(with an average of 6 countries
per project)

Largest investments:
Average project duration: France and UK

33 months

Oc  E MBmart-Grd, database contains
459 smart grid R&D dpeino & Deployment
projects fromlla28 European Union countries.
Switzerland and Norwagre studiedtogether

with theEU28 countries since they are present in a
substantial number of projects with EU countries.
Other 17 non EU countries are represented in the
inventory by their participating organisdimns.

total investmenof the smart gridrgpects

0 §. Figlre 2give® aoughg g d j i
outline of the European smart grid scene.

IMPLEMENTATION

Total: 578 sites

\'hj pion

Total: 1670 organisations
°
2900 participations 33 countries

°

L Average: 3 sites per project
700 organisations g Perprol

°
Most active company: 45 projec Most sites:
(from Denmark) Germany (77) and ltaly (75)
°

Most active organisation types:
Universities/ Research centres
Consultancies and DSOs

Biggest number of sites per
project: 30 sites

Average: 6 partners per project

Figur@2 Summary efmartgridprojects in the POIRC catalogue

®This is only an illustration. There are other additional significant isolated investment centres.
®37 out of the 459 projects in the inventory have no budget information.
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The database includes 211 R&D projects and 248 Demo andpdgpldgm@ingures)2.
Considering the number of countries involved tteneudtinational projects with an average of 6
countries per proj€itca 796 of the 87 national projects have only one partitipanternet

search that we performeavided evidence regardiagekxistence of other European smhart gr
projectBecause of insufficient data we couldn't include them in our inventory. These projects wil
considered for inclusion in the next edition of the report, providedctmpletiaiviformation is
obtained

Without budget
A information 37

Rl a0 B
400 - - | - - - - - -/ - - - - [ - - - - - - - - - - - - ---------
(2]
D 350 - (I - - - - - A - - - - - .
2
o
R R R R
B 250 - N
@
2200 - ST R - - N - N -
S National
Z 150 +-- [ - - - - - - Y . - - - - - - 057  (EEE
100 1-- [ - - - - - - A R - - - - - — I, - - - - - - - - -------------
S0 T I Other 2030F
0 _ B R
*not added to the total number, not enough data collectec
Figur@ 3 Total number Bliropeamart grid projets to and including 2014)
Oc Ao\ ]\ n" di "gp_"n M!? Kk mmi#ion”andnDemodaodc  \

deployment projects with a total budgeuntD - . milion(Figure 2. These figures apply only
to 422 projects from our database since 37 projects have no budgevenfoaldtivolftain the

figurey
3500 -~ Undlassified "o
i:oé**
3000 4--FE
Q
2
= 2500 {-- . - IR -
@
820004 -0 B
2
o
5 Total budget
Q- ~
o 1500 1-- ETEIVoll I
2 D&D _
$1000 - 2320MCr NN National [l
s 1800M&¥
m
500 +--f . B
0 -

*Qut of the 459 projects 37 have no budget information;
*Unknown funding source

Figur@4 Total budget Bfiropeasmart grid projeéts to and including 2014)
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Themulti \ odj i \ g k mj380millionar 43\%vf teitotal badget @ompared & 37

from the number of projects persp&cmva@hof the total budget the funding sisuroeavailable

This will natfluence the figuneghis chapter.

Oc' kmje ~on npmg t  _ c"ang an average\dgration\ob33 mdntps. b * «
Demo and Development projects have a significaatigramgbedget than the R&D progexts

slightly higher than ¢jemeral average (Figuje 2.5

Average budget of projects, millicd
w
N

Average [N Average |
total budget D&D budget Average
T ca.7.5M) [ ca.10.2M0 il R&D budget
ca.4.3\N0

*Qut of the 459 projects 37 have no budget information
Figur@5 Average budget of smart grid projects by stage of development

= N b 0
!

2005

2006

2007

2009 m Ongoing projects
m Starting projects

Figur@6 Starting and ongoing smatrt grids projects per year

"Not considering the 37 projects without budget information.
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48 % of the projects surveyed are still ongoingo(witb & g ] @00 rillioa), njost of Ghem

ending by 2017. FiguéeilRistrates the starting projects and the active projects, both by year. To
calculate the activity each project was-cofmtezhch year in its lifetime. The decrease in starting
and active projects for 2013 and 2104 may be caused by the reasons mentioned in the introduc
chaptér A general increase in the nunsipearofgrigrojects is seen over the years, 2012 being one

of the most active years.

2.2 PROJECT MATURITY

Figur®.7shows the number R&D &rcho& Deploymenirojectdyyear and the yearly fluctuation
in percentageompared to the previous. yearpata for 2@Imay bancomplet&tartingvith
2009 we can identify a phase where we obsdraeatic increasethe number ahartgrid
projects starting each y&lso in this phase we can obbattvehe increage number of R&D
projectdsn't so intensjveompared to the stegdywthof the Demo& Deploymenprojects,

suggesting theame ofhe smargrid technolieghavereached a mature stage, safe for deployment.

70 é S
© [{e)
+ -
60
50 2
mR&D = Demo & Deployment ?

T N e S S T -—as}§o

{5 a9 N HE Nl .3

7 e ST | | | e | [ || -

10 > BE BEE BE BE

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Figur@.7Smart grid projects number per year and stage of development
(and yearly fluctuatiopercentageompared to the previous year

Concerning thfirancial sid€jgure &.illustrateshe investmem R&D an@emo& Deployment
projects by yeAs said aboveetdata for 20i8partialThenvestments in smart grid projects since
-++3 c¢c\qg > Aj i s@mlonayedhe levelsiihdscommitted i©20ahd2012
isnotable h j m~ oc\ i O 2 Based lord theginfgrmation in the catatogue, this can be
attributed to sonteggepublichfunded projects, in particular theafickt &f projects funded by the

®See subchaplet Boundaries and hypotheses of the smart grid catalogue;
%It is assumed that the whole project isumliprated to the starting year of the project.
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Low Carbon Network Fund (LCNF) ja signifiKsanmtumber of largeale demonstratbinsinced
undeFP7 owithEuropean regional funding.

600
A
S
(<)
<
500 Y
m R&D = Demo & Deployment
@ 400 < °
= n S
€ © <
- S '
& 300 = -
o N
2 ) R
7 2 @ &
o 200 + g %_ +
g 8% 3 3 ¥
100 S 2 oF T ‘RN ml
ey oy %7
0l Mem o M ull

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Figur@.8Smart grid projects budget per year and stage of development
(and yearly fluctuatiopercentagecompared to the previoug year

Figure&.9 showghe averagerojecbudget across the yeBetweef0® and2013, the average
budgefor R&D projectariela mj h  7Cbmillianjvithid® highestalues ig004, 2005 and 2013
(fewer projects in the early ye@aeslalR&D projects have \ g =~ m\ b43milliopFothe o | a
Demoé& Deploymerrojectsn the periodetweer2007and 2@3, the average budgesituated
] ° o r 7 miliion &0@14 million

30
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m R&D mDemo & Deployment
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Figur@.9Smart grid projeatseragbudget per year and stage of development
(and yearly fluctuation in percentagepared to the previoug year

Overall between 2007 and 2013 the typical smak gnij e = ~ o ] po_mblioncandrwent mo =~ _

pk ®jhd@&gdji ' OO7rilkoh\mi® 77 midlign, the projects with the lowest,
respectively highest budgets.
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2.3 PROJECT SCALE AMIEBIBRANGE

The analysis in the previous section considers only the aggregated amount of investment over the
without consideringititividalsize of the projects. An overall high level of infilestirgeat an

a counthycould be achieved through a fewstalgedemonstrators or a high number -gtataall

projects. The latter scenario might suggest a more exploratory apgtogieth apications,
whereas the former might imply that investment is being focused on more consolidated application:

Togive an impressiortt@ budget size of the projeasr databasagur210 shows the budget
of all the smart grid projéctthe catalogdeBy clustering projects with similar budgets, we have

identified five different project sizes:

 Verysmai~\ g° kmjeh@tigg8j Imilior; >~ 0O ©O) 8
T Smath~\ g kmj e Hdqddj]imidon; > iO 02)-0 0
f Mediurscalkk mj e~ ~ o n 5h d g godj imillioni® 20 0- +
1 Largem~\ g Kk mj e htdogngdd j]imillkdni~ ~ iO Q + +
f Verylarge ~\ g~ kmj emitoo.n5 \]jgqg> O . +

L L R A AR
AR RBAR T

Figure 2.10 Budget categories distribution
(each line is a project; bottom chart is @nzthentop chart)

30My =p
20My =p_DbO
75y =p _bod
25y =p_bd
Budget < 2.6M

.
>

0O 200 400 600 800 1000 O 25 50 75 100 125 150 175
Budget, milliéh Number of projects

Figur@.11Project distribution by budget category
Left: investment; Right: numerical;

¥1he 37 projects missing budget information were not considered.
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Figure.11shows the total share of each cluster in terms ofrigimnbed (budgdeff). Most

smart grid projects in the catalogue (@68aphdhave a budgenalleo ¢ \ i milfiod pr@dl can
ocpn ] g\ In"gg _Y-Ay\lmpidé&sahhthg ggame percemtoggcts have a

] p_b o ] gj r7.5mikionEvandhough the majprity of(rojects are small enes, mor
than 50%0o0f the total smart grid budget is found in large and very large scale projeésimand only 25

small and very small projects.

In terms of both number and hutlgetvorth noting tkat ~ -A2h\h§d g% ~gpno m dn
expense @ ¢~ Yagn mtg n¥A\ggpnon™M g\'i% “ogcp n o¥abm _ddnp hn ¢ m
Y%2og\ mb ¥d\Wmb_ W\t % ji n) Di joc m rjm_n' ocC
positive signs in terms of the scalability and ofatldatgd smart grid applicatBafere2006,

kmj e > ~on r do cmilipnpaccountediioe ajagitpfrthe ©tal#nvestment. In 2013

this shardecreased considerablfavour of large and very-trge projects, which now represent

the bulk of investments in SG projects.

2.4 GEOGRAPHICAL TIBNB

The total number of 459 smart grid proieidaednainly étween thEuropean Unimember
stateswith some other participation, most notably from Europe but also fromaAasma] Austral
Americas. The average number of projects per Eunapmartrymscaround 40 but this hdkes

large disparities.

140

100 48
I ‘ I I I I m R&D m Demonstration and Deployment

Figure 22Number of projects per stage of development and country

Seven countries (Figd® are involved annumber of smart girdjectshat is greatehanthe
doubld averagenith Germany being involved in the highest number of them. In the vast majority ¢
countries there is a balanced ratio between the participation in the R&D and Demo & Deploy

progects with the notable exception of Denmark where the number of R&D projects is almost three t
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largerthan tie numbeof Demo & DeploymamjectsThis case shows the position of Denmark as
leader in research and innovation in the field of srpartiguidsly the initial stages. In a similar
situation is Finland although with not such a big difference between the types ofvpregects. As we
later this is related to high percentage of budget alewgtitsR&D by the universities and
research entities in these countries. A slightly higher number of Demo & Deployment projects thar

projects can be found in United Kingdom, ganddéddigonnectad thér large programs of smart

meteringsome of thepart of a wider smart grioject
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Figur@.13Number of pro

jects per stage of development and country

The countries wathumber of projects above the average are all situated in the western or souther

part of the continent (Figli®,2he eastern part countries showregnodest figures, well below

the average.

The total budget of app@B£50 millioriollows closely the same pattern of distribution among
countriesvith a slightly different order (Figure 2.14). Masves$timergoes to France and United
Kingdom each managing more tBafidrh the total budget (Figures 2.15 and 2.16). The distribution
of budget according to the stage of development shows a net dominance of Demo & Deployr

projects in all the countries vétexbeption of Finland, Denmark and Slovakia which attracted more

money into R&D projects.
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= R&D m Demo & Deployment

FRUKDEESIT DKNLBESEAT FI PTGRCZSINOCHIE PLHUSKLTROLVHRBGLUCYEEMT
Figur®.14Distribution tftalbudget per stage of development and tuntry

T T
20° 40°

.- Total budget
o S 200
= ME R&D
=22r EE
5 100
g’ Demo &
Deployment
0
/)
‘ b Percentage from total
[ 50°-|
e 172,55 1015

Go

m 500
o —km i

Figur@.15Distribution mﬁtalbudget per stage of development and country

i 20° 30°
I

As in the case of the number of projects, mainly the countries in the western and southern part @
continent manage the largest shares of theTogegetithe easterrcountries hardiycceeth

getingmore than %from the total budget.

" For a percentage distributimmadbudget per stage of development and smrifigure tAnnex |
?For a normal and a percentage distribptioatedndEuropean Commiskiodingoer stage of development and
countrgee Figures AAZB A.4 and Adhnex I.
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16.1
15.76

Percentage of total budget, %
onN Ao ©® b R RS

FRUKDEESIT DKNLBESEAT FI PTGRCZSINOCHIE PLHUSKLTROLVHRBGLUCYEEMT
Figur@.16Percentage from total budget per country

By far the largest average mipggetproject can be found in the two countries which also have the
largest budgets: France and United Kingdom, vilhralifrasiproject (Figuré?. As 80and
more of the budget consists of Demo & Deploigntegh average figure can be associated with

national financing programs

A

Average budget. millon
w

FRUKESSEDELT IT CZFI BEPTDKNLLUSKELAT SINOIE CHHULVHRPLCYEERCBGMT
Figur@.T7 Average budgetr project aoduntry/

The countries with the largest budgets show a higher percaidegedfta the leaders of the
projects, usually more that Beigur.1). Generally countries with higher percentages of budget
administrated by project leaders have also a higher percentage of their budgets coming from nat
sources. This is ttese for project leaders in United Kingdom and Denmark which manage ftc
administer more tham thirda mj h oc  dm "~ j pi omt Y2n oefmemer | p _b "~

statesin additioto havingpwer total budgeasiminister their share mainly as pawfeernsention

3 For thgeographical distributimrage budget peojegtstage of developmentcannntry see FigureAkidex |
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the exception of the Czech Republic and Slovenia which have larger than the regional average b

half of them administered as project leaders.

= PARTNER = LEADER

FRUKDEESIT DKNLBESEAT FI PTELCZSINOCHIE PLHUSKLTROLVHRBGLUCYEEMT
Figure.18 Distribution tftalbudget per coyntretween leaders and participants

When it comes to the private budget the top 4 countries remain the same, with a slightly different c

but the differences between their values are larget Y-igrarca is the top investor witiget bu

overCB00 million. With the exception of the Czech Republic and Slovenia, countries from easterr

southeastern Europe administer small private budgets.

Budget, milligh
= = N N
o n o al
o o o o

350 -
/

300 4

| I = PARTNE® LEADER

FRUKESDENLDKSEIT BEAT FI PTCZNOSI EL IE CHPLLTHULVROSKLUBGCYHREEMT
Figur@.19Distribution pfivatdudget per country between lead @i immls

The highest percentage of the private budget administrated as project leadershezeeliound in

Republic and Denmark at arodadviile countries in east and southeast Europe use more than 90

%of the private budget as project partners (Elgure 2

“For th@ercentage distributioiafibudget per country between leaders and pafigipaisn Annex |
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Figur@.2 Percentaghstribution gfrivatdudget per country between leaderstaaspa

The average budget for Demo & Deployment projects is roughly two times higher than that of |
(.24 million compared@®8 million). Finland stapdst from this pattern (and at some extent
Luxembourg) where the average budget for R&D projects is almost three times larger than tha
Demo & Deployment. Besides Fmtaather countries have average budgetspiajétfgher

than®.5 milbn Spain and France (Figule@2the Demo & Deployment side, United Kingdom and
France stand apart with their very large average budgets in comparison with the other countries,
around¥ million per projeeich (Figure 2.22).

Average budget. milllon
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Figur@.2l Average budgetr projecdtage of development and codistoy:
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Figur@.2 Average budget pagjecistage of development and cobetno and Deployment
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Regions’ budget
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Figure 2.230urce of fundiper region I(NUTS)

Taking a look at the distribution of bildgated to organizations at the region@Niév& 3, with
exception of Netherlands, Germany and Ausfoa avheasier comparison NWES st

illustragd inFigure 23,j i =~ ~\ i i j od?2kj\onizméa donount @llacatgdac j o
budget.

Four such regions show outstanding concentratiéR; RanisdT,Biscay ES and LondodK,

each gathering more @00 milliop J o en’km 0¥ &4 o d o &0 njillpnarte regions \ ] j q°
from Germany (Karlsruhe and Diigs8elgium (Antwerpen), Netherlands (Gel8enlagah),

Denmark (Copenhagen and Sydjylland), Spain (Madrid), Austria (Vienna) and United Kingdom ((
and Tees Vallég)these regioaie presetitemost active universiied/oresearchentesin the

smart grifleld antr the headquartefsomedSOs or TSOs.

®The NUTS classification (Nomenclature of territorial units for statistics) is a hierarchical system for dividing up
economic territory of the EU for the purpose of: the collection, development and harmonisation of EU regional stat
framing of Etdgional policies; secionomic analyses of the regions.

ANUTS 1: major s@tionomic regions;

ANUTS 2: basic regions for the application of regional policies;

ANUTS 3: small regions for specific diagnoses;
The current NUTS classification, valid fronuady 2012 until 31 December 2014, lists 97 regions at
NUTS 1, 270 regions at NUTS 2 and 1294 regions at NUTS 3 level.
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Most of the regioimswestern, northern and central &uoopmtridsenefit from shares of budget
through the organizations and comipaatesvithin. In the eastern and at some extent in the
southern Europe the regions receivirigrioadssulapattern containing the capital or a research
centerln the western, southern and northern parts of theeooitigsdite municipalitiegonal

and local governments, manufacturing and IT/telecom slowpaaiestronger interest in
participating in smart grid projécttthe eastern part, the universities, DSOs, TSOs and energy

companies are more keen in taking part in smart grid project

T T ' T T T
20° 10° v 0° i } < 20° 2
: } X % @ Or'l

40°

s ~
Budget per
implementation site

e

Percentage of budget
assigned to
implementation sites
1 5 15 20

40°—|

A _— Sl 2 > R .- ~
y . @i 250 500 / g
\( o E————— kM (/ 1<|,=‘\,‘ » 2 3

Figure 2.241veétmerp1er implementation site

A number of 201 projduéveimplementation sites. There are 578 such implementation sites
worldwide, most of them (532) sitwatedthe teritory of the European Union countriea.ZBigure
Theinvestmentassignedo the implementation s{tesough smart grid projeaeiglet various
locations:

1 the vicinity of major organizations involved in research, inovation, or managing the nationa
regional transmission networks (major cities gsPlanisddrussels, Barcelona, Roma or
university centers as Bilbao, Grenoble, Arnhem, Karlsruhe, Copenhagen);

1 areas with high integration of RES (south Spain and Italy,-CiRs&sland IslaiBE,

Ikaria IslandEL. Bornholm IslanBK, Shethd IslanddUK).
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Again, the largastestmentend tacongregaten the western and southern side of g dpe.
implemeation sites in the eastern part of Europe have budgets ger@rahylitmeioith few

exceptions in Lithuania, Czech Republic, Hungary and Bulgaria.

Half of the budget allocdtemnplementation sites goes to three countries: Feanden{l

Kingdom and Spain (each wih. 18I the new EU members from eastern and Sorgheras

well as Finland, Luxembourg, Norway and Shéizvedasdhan % each from the total budget
allocated to the implementation sites.

The budg distribution over the yeatsims the consistence of interest and momegasinént

injedons in smart grid projects (Figie ®@st of the countries have been involved and had
managed investment in smart grid projects from 2002 onward (on the graph only from 2004 due to
low budgets before). Other countries have had only episediinpsesat grid projects (Latvia,
Luxembourg, Lithuania, Estonia, Cyprus, Malta). While countries like France and Denmark had &
rise in budget amounts, others showed a more irregular pattern with ups and downs (Portugal,
Spain, Germany).

Theéboommomentum in financing smart grid projects seems to be the3@Eys\2@dOcountries

like United Kingdom, Sweden, Italy, France, Denmark, Belgium, Austria, Ireland, Greece anc

Republic have seen a sharp rise in their budgets.

- 250

- 200§

t 150

Budget, milli

- 102

L 50

Figur@ 25 Distribution @ftalbudget per starting year and country
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25 DATAORMALISATION

As seen in the previous chtdpgesmart grid projects and investments are not uniformly distributed
across Eurqgdeom the geographical point of view, sinceyusioantries stand out in terms of
spendingNevertheless this can be contested in some cases by bringing additional factors in 1
equation such as: population, gross domest{Gp®Hues, electricity generation and consumption

of the country eféor instance a comparison between Germany and Maltapypyajuheti®ee

ignoreany of the factors mentioned b&egardlesany aggregative analysis between these two
countries would be in most of the cases highly imbalanced. ptehizeswstiastheprevious

investment aggregatiaking into accotim: country population and electricity con§umption

Figur@.® shows a different perspeclivieling for each country the specific smaviegtidents

to the populati¢@capith The dispersion in euro per capita across the EU Membae$tates is

2?2 ih\mf c¢c\n ]t a\m oc  cdbc no diq noh io k°
included in this compartsmring mindexwo time$igheto thesecond countrythe comparison
(Slovenjavith 17.&€capita)dadi g\ i _ #, -)2 O* "\ kdo\$' Nr > i

\'i _ <pnomd\ #,+ O*~\kdo\ $ -digitmimbefsotthe ¢ountriés j o c

with the lgrest budgets have the highest values when compared with population)or consumption.

T
40°

€ / capita

[_] above average
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L below average
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m
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Figur@.® , Investments in smart gragects across Europe per capita

16According to Eurostat (European Commission)-Bnd ENTSO
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Figur@.Z , Investmentssmart grigrojects across Eudipieled to thedectricity consumption

Figure 22mapghevalue of thimdex obtained by dividing the country smart grid investments to its
total annual electricity consurfpti€whiThe latter covers the electricity delivered to the final
consumer's door (in the industry, transport, households and other sectors). Based on this index, D
c\n oc cdbc no g g g ja digq noh i ohelBO m ~ g°
Ajpiomd n di ojolg) Ngjg id\ #-)33 O*HRc$'
O*HRc$ ajggjr ? ih\mf)

Gross domestic product at market prices (2012, millions of Furo)

Figur@.B Investment in smart grid prdjdcesgompared to the GEIAL2of theEU states

Y Total electricity consumption in 2012.
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Figure 2.28 illustrates a visamparisdretween the total smart grid projects budget and the annual
gross domesfiodut® of the 28 member states. The total investment eq@&tsf tdaia's, %

of Austria's or 0.%of Germany's annual graseskic products.

8GDP in 2012.
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3. SOURCES OF FUNDING

3.1 THE BIG PICTURE

In science and engineering, besides having an innovative idea, the funding source is an ess
component of the equation in order to carry out the work. The role of fundingrojestaast grid
very important. The sources of funding were classified into five general types as follows:

APrivate fundirfgwn resourc&d)Private capital typically comes from particular companies,
individual investors or private capital groups that rfugddsprajectdanyprivate companies
provide grants and/or resources in support ofR&id &nDeploymeardjects.

AEuropean funding @®)number of EC funding and financing programmes are available at
European level to support activities in the Research & Development, Demonstration and Deployn
smart grids projects, supplementary to direct investments in needed infragjracéutast Dur
years, smart grid initiatives have been receiving wide support through different channels such as tt
and 7th Framework Programmes and the European Regional Development Plan.

ANational fundin® Many governmental agencies provide funitidiyidoals afod
organisatiorte work on diverse projects. In several European countries, smart grid investments
receiving increasing levels of national support funded by innovation or energy ministries (e.g. ti
ENERGY Programme in Germa®y)fuiitheg initiatives are targeting projects across different
countries and technological applicM#&ase aware that in some cases there may be a close link
between the national funding and thedit@national funding may come from an EC programme),
but this fine line is difficult to identify.

ARegulatory fund®dn this category we consider specific smart grid programmes managed by
regulators to support innovative smart grid projects. Farraxaenglgy percentage of the Danish
projects are supported by the Forskel programme, which is financed from tariffs. Furthermore,
2010, the UK regulator OFGEM -bastlsetlow carbon network fund (LCNF) to provide regulatory
funding for particjainnovative smart grid projects. In other countries, regulators are supporting tr
development of smart grids with specific tariff schemes securing an additional rate of return on sr
grid investmenits some cases thexddse link between thenat and the regulatory funding

AUnclassifiddndingd In this category weluded the budgeaofinomumbeof projects

missingnformation on the funding séamoeunting ta?2of the total budget)

Figure 3.1 illustrates the distribution of investment based on the source funding. As seen in the pre

chapter, the total amount of investment is ca. 3150 milbétheuowsrall budget of the projects
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3500 - in the JRC catalog®&comes from private
A = Unclassiied . .
» Unclassifie capital 22% from the European Commission,
3000 -
= Regulatory 18 % from national funding sources &td 9
§ 2500 | « National

from regulators @2 is unclassified funding)

E . |

. 20004 | =European Around0 % of the projects have received

S Commissiop

E 1500 | = Private some form of public fundifigese figures

g = Total indicate that decisions to invest in smart grids

— 1000 - investment _

are not taken autonomously and project

500 -

coordinators still rely on funding institutions to

invest in smart grid projects.
Figur&.1Distribution of investment by source

for all projects 3.2 MATURITY

Research and developmeb) @é&ivities advance smart grid functionality by developing innovative,
nextgeneration technologies and tools in the areas of transmission, distribution, energy storage, p
electronics and the advancement of preesadimenized measures ofrcedeameters of the

electric griBesides others, Figure 3.2 showthatibnal and regulatory funding is invested mainly

on demonstration and deployment phojedtsportant to mention that D&D activity area is larger
than R&D area due tof#twe thatit develops rameworlfor analyzing smart grid metrics and
benefits, which is necessary to help build the business adferfmecarsiart grid technologies.

Unclassified, 2%

;\\\\\\““m \&

Regulatory funding
= National funding
m European Commission funding
= Own resources/private capitals

Figur&.2Investment distribution by stage of development

¥ For aidtributionf investment by source and stage of developmentA&ARitrire
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Figur®.3Distribution oftalinvestment by source and year
(each project may have more than oné*burce)

From 2004 to 2B1Figur8.3shows that a lot of investments in-grnithtechnologies have been
placedwith over&¥00 million euros in 2011 and 2012. Hostawémg witl2012 a drop in
investment across all categories is oli3eevetitheeasorcould be, beside the fact that the data

may be incompletes financial crisis which affects eswgrgly industriegjividual firmsyestors

in smart grid technologies in different ways (e.g. according to how dependent they are on ext

finance, the sensitivity of demand and final prices to economic trends).

100%

90% .
70% - I I Regulatory
60% -

— . . I - m European

50% -

Commission
40% - = National
30% -
20% - = Private
10% -
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*For 2% of the total budget the funding source is unknown

Figur&.4Percentaghstribution ¢dtalinvestment by source and year
(each project may have more than one source)

Considering an annual percentage distribution by funding type we can observe in Figure 3.4 a co
noteworthgresence of the private and EC fdrdintational investrs&arted to gain momentum
later, in 2006.

2 Eor a different view (3D) ofigtiebalition of total investment by source and year geé/igeie
*'For a normal and a percentage distribthiefurmdindoy stage of development stadting yeasee Figuresl,.
All, Al2and A3-Annex .

44



3.3 INVESTMENTINSIDERING THEMEB-@F THE PROJECT

Figure 5shows the cumulative value of the total budget and of the different funding sources over t
yearsDuring the diagram developihérats been assed, for the sake of simplicity, that the total
budget of a projestistributed evenly over the duration of the(gixoggan between the budget

and the period, in years or mofties)area under each cafvéhe graphepresents the
correspondimgidget allocated by funding type for smart grid projects oveasheigedesrly
_kd”~o _ di ocC adbpm %n “~s\hkg  ja oc  o0jo
inventory the first projects started in 2002 dast bnes will end in 2020.

Based on this figure, all five curves increase with different slopes. In particular, a relative steady inc
over the years can be observed in the cumulative total and in the funding source budgets. It is clez
the tdal activebudget till the year of 2011 was about 20 million euros, whereas in the next 2 years tr
total activebudget became more than two times higher (black curve), i.e. about 47 million eur

showing an increased interest on smart grids.

From 20134 to 2018, all curves show an artdiomhtion rate representing only the ongoing
projects (till 204131 withoutonsiderirtge future smart grid projects. Based on this observation, two
differentrend linewerecalculate@irawn witlashed lingkigh increag| green) afmv increase

(in red)Overall, it is expectedtheatotal smart grid investrmgihincreasélhe most significant

backup to private investment comes from national and EC funding. A sharp increase in regula

funding \ i ] ° i jod~”" _  di -+,, ajggjrdib oc g\pi
60 - -
A ) i
/ _a"” v
50 - PR s Total budget
Regulatory
. National
40 EC
Private

Area = Total budgt
- — = - Low trendline
- = = - High trendline

Active budget, million
w
o

N
o
"

0

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Figure 3.5 Allocated funding over the lifespan of smart grid projects
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3.4 FUNDING SOURCEREINATION

80 % of the smart grptojectsn our inventoaye financed framore than oriending sourd€o

project is financed from all four sources¥%arelfinanced from three categories.

Figure 3.6 show in a circular representation the combination between the four types of funding.
circumference thfe circle is the total budget minus the unclassifiearfdnitiely valudhe
circumference is dividebdunequadegments corresponding to the funding calleg@eggnents

are connected wetiordshatillustrag the relationship betweerfuthging sources. A thickerd

will show that the pair is cooperating strongly (funding in common the same projects). A side of
chorctanbe thicker than the other side. Thigishosi® between thelgets coming from each of

the two funding soes In most cases a project will not be funded with equal stidie®fitom
source&ach of the four segments has a portion thet skred/receive any chord. These fragments

show the budget of the projects funded only by that specific source.

23eMtd

Total %
budget

Figur®.6Combination of fundi;ig sc;urce;in the project budget (weighted by)project budget
The Privateinding, which represents the biggest parthariheovides the higheésgreeof
cafinancingombined with national funtbtigwedloselypy thecooperation wi€ funding atad

a smaller extent wittleregulatory fundidgmallbbservation is that Regulatofatiahaiunding
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are not connec{@te can say, as a reason for this, that the Regulatory funding is part of the Nation

funding)while a quite small amount of haddetred betweenRegulatogndthe EC categories

Regulatory funding is not sufficient to support projeceamadithe smart grid. For instance, in
countries where regulatory support has already been allocated to capital intensive transmissic
distribution reinforcements or smart metering, it might be difficult to raise additional support for a w
range fosmart grid projec&nce 2011, the level of regulatory funding has been catching up with
g q gn ja i\Vodji\g \i _ o@kundangiativedhitheUkaj ggj rdi b

3.5 GEOGRAPHICAL ITINB

For all the countrasalysethe investm@ comes through European Commprsgjrammesnd
from private sources, while for most of them there is alsofandaimgoatponent (Figurd.3.

Only few countriesve a regulator injecting fund in the smart grid sector

A
500 - %

400 - u Unclassified

Regulatory
I = National
. m Private
i m European Commission
i
I o -
100 I IIIi

FRUKDEESIT DKNLBESEAT FI PTGRCZSINOCHIE PLHUSKLTROLVHRBGLUCYEEMT
Figur&.7Distribution of budget per funding source arfd country

Budget, milliéh
w
o
o

N

o

o
1

The main beneficiary of the EC funds is Italy which draw&irf0reiltremepreseimg40 % of
itstotalbudget. For some other countries the percentage is even higher but the blalgets are much
(Slovakia, Romania, Bulgaria, Lithuania, Latvia, PoladhQypany) surprise the largest share of

the private funding source can be found in the countries with the largesgishodgetbe

business and market potential and thevagiment return expected from implementing the smart
grid technologies. The largest national schemes for financing smart grid projects are found in Ger
France and Spain, while the regulatory sources provide the highest amounts in United Kingdor

Denmark. United Kingdom and Germany receive more than a third of their budgets from regulator

2 For aigtribution of budget per funding source, country and stage of degdtapmenA.14 andAnhex |
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respectively national funding, which can be seen as titeachtives- in some cases there may

be a close link between the national fundingeguldtwy fundifrggulatory funding may come

from anationgbrogramme

Generally we can see a smwagsely proportiorétion between EC and private sondieg

ocountries with high percentages of budget from private sources have lowef perdergages
coming from EC souacesthe other way arofend’ Croatia 1% private vs 8%EC, Slovakia 16

%vs 744 Czech Republi®ds 224 Netherlands %8/520%).

In the western part of the continent the large budgets are associated with a higher variety of fun
(Figure 8, withat least 406 0of it comingrom private sources. Fromltiee member statedy

Italy and Greece have lower percenfagege funding
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Figur&.8Distribution 6f budget per funding source and country

We can notice an almost congle¢mcef national and regulatory funditngg newer member
states The vast majority of projetsenin these countries draws fundimgEC and from private
sources, in most cabesBC fundiagding up tealf or more their total budget. Addingtteeth

fact that their budgets are small and they take part mainly as partners and vaw; raeecas leade

% The rest up to 100% comes from other sources.

48



say that these countries do not seem tmhadwiduahnd precise agenda for the smart grid
researghdemonstration and deployfieatexception from this regional pattern are Sldkenia and
Czech Republic which have larger bud§tsenithdisplaying high values fangwpst capita
(Figur@.26 and per electricity consumption 2E2gure
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4. ORGANISATION TYPES. WHO IS INVESTING?

4.1 THBBG PICTURE

Thed59smart grid projects in the catalogue have an a@eandeaahaximum of participating
organisation%60 projects have a number of participants larger than tid@ese@ganisations

have been classifisdollows

ADistribution System Oper@&PO DSOs have the traditional mission to opémtd@) ma
and develop an efficient electricity distributiorFagstefall, DSBsve the responsibility for the
operation of the grid and therefore need to participate actively in any project directly affecting this.
\'m oc Ydiettycity Jsector@amdiéan dhuild oo established technologies, business model
and regulation. They also have direct access to regulatory funding, particbaskddaogatgpn
such as the LCNF in thénl#ddition, in the current phase of sthampyementation, the main
focus of projects has been on the technical architecture of the smart grid. DSOs/utilities clearly h
leading role in these investments on the technical layer, which are a precondition for a ma
architecture where neweptaynight find incentives to invest and join new Ipesphcis
Distribucion Eléctiitrag| Distribuzi@malElectricité Réseau Distribution France are sanusbf the
activeDSOs that participate in smart grid projects.

ATransmission Syst@mperatsr(TSOP In electrical powsgctora transmission system
operator is an operator that transmits electrical power from generation plants over the electrical gr
regional or local electricity distribution opBnadots. the cost of esthlrigg a transmission
infrastructure, such as main power lines and associated connection points, a TSO is usually a mo
and as such is subjected to regulBtiengsponsibility of the TSOs is to manage and develop the
transmission grid infrastractomaintain balance in the electricity system and facilitate the market
operation. In this category, there are electric transmission owners and operators such as Tenne
GmbH, RTE, Energinet.dk andéSkie&tipa.

AUniversitiegsearch cergrand ensultanesO All new technologies start from re§éasch.
is one of the most active categories in our database. Universities and research centres are lead
most R&D projects but they also contribute in many Demo & Deployment projects.

AIT and Telecom compénirghis category we include software developersesigsters,
systenintegrators and telecom comp@ogether with the universities and research centres they are
the main innovators. Since most smart grid appligdtieadglyebn IT, in the last years IT and
Telecom comparhase increasingly entered the smagagjadand they are present inamdre

moreprojects.
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AManufactutEngineering sewsfi€entractors/Operators/Maoaggraies O This group
containsall the organifans thataim at degningmanufacturingesting building, operating,
maintaining or managiegy technological applicapartgularlgardware soluti@rsorganisations
that offer industrial services. Toegganies work in mahgréeldsbeside the smart grid or the
energy area

AEnergy compegUtility compmsEnergy retadéElectricityervice provide This
categoryncludes all the companies doing buosity@ssthe energyr utilitysector that aren't
exclusivelySOs or TSOs

AGeneration compa@&€onsistof enterprises with their main activity in electricity production.
Not all power plant owners are included here since some of them may have other activities (e.g.
distribution system operators

AMunicipdies, public authorities and gover@nAniconsiderable number of European
municipalities, governmental agencies, regional authorities and many other public authorities type
actively involved in smart grid projects (mainly in Demo & Depldginent proj

AAssociatior® Many similar organisations form associations that represenmutreir
interests

AOther organisati€Jhis set consists of other organisations with diverse activities that can't

be placed in any ofdf@ementionedtegories

m University/Research centre/Consulta
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900 - 900 - ysiem o
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700 A 700 4 ] (I:E?q@r%%/ngompany/Utility company/Ene
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° °
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100 A 100 A
Generation company
0 - 0 -

Figurd.1lInvestmettyorganisation type
left Total budgeightPrivate budget

* For a @stribution of investment by organisatidiumyireg souraed stage of development see FglBend A.17
inAnnex |
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Figuret.lillustrateshe investment distribution by organisation type, also showipga tiese
private budget distribution. Wthadéniversity/Reseaefird Consultanscategory invests the
biggesbudget®®50 millionand®70 nillion total and private budget), followed DBE& 10

million and 820 nillion total and in privatbudget). TheVlanufactugdEngineering
services/Contractors/Operators/Manager emchphsigsergy companies/Utility companies/Energy
retailers/Electricrvice provideetegoriedject comparable investmeat®/ 0 + hndiggdj i
(30millionin total and in private budget).

Consgting the number of smart grid projects at least one organisatibmit@rsitiiResearch
centrgConsultaps categoryis present inover 60 % of the projects, followed by
Manufactus#engineering services/Contractors/Operators/ManagerwitordpadtesEnergy
companies/Utility companies/Energy retailersénactigitgvidarslDSOsategories botlose

to 35 % IT and Telecoompanigmrticipate 25%o0f the projects.

4.2 MATURITY

Figuret.2depict the distribution of investment by stage of development and organiEa¢ion type.
Universities/Research g€oimeultaesare involved in over%8df the projeceand as expected

they are the main players in the R&DTée®Osre engaged in over92»f the projects
(particularly in Demo & Demonstration pfojest®d Hynergy companies/Utility companies/Energy
retailers/Electricity Service prqedersl5% mainly in Demo & Demonstration prejetts
Manufacturers/Engineering sentreeséCsi®perators/Manager con{paaied4%). TSOsare

involved in aroun&®f the projects.

Q@, glm m University/Research centre/Consultancy

% m Distribution system operator

= Energy company/Utility company/Energy
retailer/Electricity Service provider

m Manufacturer/Engineering
services/Contractors/Operators/Manager ¢
IT company and Telecom

m Transmission system operator

= Municipalities/Public Authority/Government

l Other

—
Association

m Generation company

Figurd.2Distribution of investment by stage of development and organisation type

52



800 -

A[ = Generation company

Association
700 - Other
= Municipalities/Public Authority/Government
600 Transmission system operator

= [T company and Telecom
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é Distribution system operator
> 400 m University/Research centre/Consultancy
< i
=]
'g ——
3 300 =
200 — N
[ ]
100 - —/ R I
—
0 u— — I -

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Figurd.3Distribution tftalinvestment by organisation type afid year

Considering the starting ieanre 4.3 and 4.4 illustrates the evolution of the total investment by
organisation type. Thmiversity/Research e&udrsultans, the Energy companies/Utility
companies/Energy retailers/Electecitice  providerand the Manufacturers/Engineering
services/Contractors/Operators/Manager dwmupabesn present with a large and annually
increasing share of budget from the foundation of the smart ghdD<&Omtarted investing

more since 20@rd the IT and Telecom companies in the years closer to the present

100%+ Generation company

9% ' m B
80%4 |

L
||
04 4

70% I = Municipalities/Public Authority/Gover
60% 1 I | | o
Transmission system operator
50% 4 \ \
m IT company and Telecom
0%4 | |
m Manufacturer/Engineering

services/Contractors/Operators/Man.
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Other

30%
company L

= Energy Company/Utility company/En

20% - ‘ ‘ | | | retailer/Electricity Service provider

Distribution system operator

10% -

m University/Research centre/Consulta
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Figurd.4Percentaghstribution eftalinvestment by organisation type affd year

 For a distributionpoivate and toavestment lyganization, stage of developyperand yesee Figures A.18
A.20, A.22, A.24 and A&ftniex |

% For gercentagiistributionf private and toiavestment loyganization, stage of developyperdand yesee
Figures 19, A.21, A.28.2%nd A2inAnnex |
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4.3 ORGANISATIONSFARDICIPATIONS

Figure 4.5 Illustrates the participations and

3000 &
organisationdistributionSome organisations may
2500 4 participate in morertlome project. Because of these
duplicatesve had to coin for this report the term of
2 2000 "participation”. The number of organisations is always
2 1
o .. . .
5 ° lower than the number of participations, since some
= =]
(o2} . .
§ o More organisations are counted more thaim dotz, ca.
21500 1 8 than one gl . . . .
S project 1670entitiegfrom 47 countriggrticipate in smart
[
g grid projectamounting twa.2900participation®ut
Z1000 4 . e - .
of the 1670 organisations jugt 92 participate in
One more than one profagthis small percent account to
project o ]
500 1 55 % of the total participatioBased on tremart
grid inventgryhe most active compangcated in
0 4 Denmarkvith 45 projet participatien There is an
distribution
See coments
100 = Generation company
Association
80
= Other
0n un
c C
60 4- -% -% g = Transmission system operator
Q0N =
S c 8
€ 8o Municipalities/Public
- Authority/Government
40 4-0SpEr
8 B © m Distribution system operator
AN
= |T company and Telecom
20
= Energy company/Utility
company/Energy retailer/Electricit
Service provider
0 = Manufacturer/Engineering
Total Stage of Stage of  Investment Number**  services/Contractors/Operators/V
ager company
development,development, = University/Research
budget* number centre/Consultancy

*37 projects have no budget information
**The distribution by number and organisation type is scaled based on the number of
entities (not based on the 2900 participations). See previous charts.

Figurd.6Percentaghstribution of the organisations involved in smart grid projects
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Based on the collected data, the total investment in smart grid i®jexksllisréar ca. 1670
partnerand 290@participationgrom the total budget, the largest percenfdpis (iidestenh
D&Dprojectsvhile 2686in R&D. Howebsrstage of developmentiartdrm of project numbers, 45

% of the smart grid projects are relatefiDtca®ivities whereas% %0 Demo& Deployment
activities. The last two columfsgofe 4.68lustratethe investment and the project nioyber
organization tyge both columns thaiversity/Research e€drsultasscategory takes up the
largespartWe camention thaheDSQ ITand TelecoMunicipalities/Public AwlGilvernment
GeneratoasidAssociationategoridsave lower percentages in terms of investments than in terms of

numbeOn the contrary, the remaining cadegeeist more moneyakelinvolvedfiewelprojects.
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X
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200 - _ e :
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X N~ N~ ¥ S
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Figure 4.7 Numben@fiorganisations entering smart grid projects by stage of development and starting year (and yearly
percentage fluctuation)

900 A

800 -

+78%

700 -
600 -
500 -
400 A

+50%

= R&D = Demo & Deployment
300 -

200 -
100 A
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Figurd.8Number afctiveorganisatiolirs smart grid projects by stage of development and yearfarcepesgty
fluctuation), considering the life of the project

Figurd.7 shows the numbemewcompanies enterft@D anbDemo& Deploymergrojects by year

and the yearly fluctuatiopeircentage. Starting witt8 2@ carobserva steadyncrease inigh
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numbem both categories, particularly for the Demo & Deploymeint 20¢jecta. 320 and in

2012 ca. 500 organisations joined for the first time the smart §hd datéor.2013 may be
incompletd. the lifetime of the projects is considered (Figure 4.8) in the analysis we can see the sa
significant growth in both the R&Dearad:. Deploymerttategory. Additionally we can mention that

in the last years the lifetim@ projects is increasing and according to our database the average life
of a smart grid project is 33 months. Both in 2012 and 2013 there were more than 1100 entiti
working in all the ongoing smart grid projects.

=o== Private budget per partner

Association ——-@ " mbt ~jhk\it*Podg
- - - - Generation company IT company and Telecom

H\i pal\ "opm m* @ bdi ~ °~ mdi b - Munmigatiti®s/Pobfic)Authority/Governmer
--------- Other — — — Transmission system operator

University/Research centre/Consultancy — — — Distribution system operator

A T T
Ve

Average private budget per partnerOnil

2005 2006 2007 2008 2009 2010 2011 2012 2013
Figure 4.9 Averageatdudget invested by organisation type and year
Based on the aforementioned discussion, it is interesting to analyBeaheidpaeicapation of

the different organisation types in terms of annuapeavetdnelgetWe areovanghereboh

R&D and8d projects, as this can offer an indication asciotivibsmte more active in the preview

phase before smart grid applications are nfagkeeet9 shows thannual average private
investment per participant for tliféfent orgasatiomgroupsnd thennuahverage of thetal
privateoudget per smart grid projéetare using the private budget instead of the total budget since
this will givedearepictue on the direct financial contribution for each organizagion categor
Generallye can say that a good degree of diversity exists among companies participating in smart
projects and that the level of dyveestremained steady over ding& most of the curves are
slightlyunder thgenerahveragandrelatively close to each ofmnestheremarks are that the
TS®startednvesting motigan the average budgate2008,showing a significant lower interest in

the previous years, and thaEnleegy companies/Utility companies/Energy atetaitlessizlse

It is assumed that the whole project isumltpetated to the starting year of the project.
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providemndDSOsategoriesereconstantlgonsiderabdypove the average budgehdghe course
of our study peridgletwee2010 an@012 the generation company caiagesyed more than the
generahverage.

4.4 THRELATIONSHIPBNVEEN ORGANISAIRONPS

Figuregt.10 and 41 show in a circular representation the weighted relationships among the 1
organisation groups. gdéraneteof the circle is the tagatart grid investmenheperimeteis

divided irlO unequakegmes analogou$o the organisationategorieand their budgethe
segments are connected with chords that illustrate the sddativashighdiverse entitied

thicker chord lilistratehat the pair eollaboratirgjronglyworking togethethe same projects).

s w—— T

% 25 “‘(.)‘Lhe' AssocGener..

50%7,

L& '_j]'a;mﬁua-mnmi“uew

—T
—

7 &’ ¢ Total 1
Organisation § el AR budget
budget \ E & g
Figurd.10Collaboration links bet

We;n di?f%:erenfti type; of organisation (weifprtgddiypudget)
As anticipated, in a project with multiple partners, one category may include more participants
othercategories. For instance one project can include three DSOs and one M&0Omearh of the
witha similar budget. The DSOs will invest more in this partnership; hence the difference in thick
between the two ends of a chord in the chart (inhmastselstan entity group invests more than

the second). Each of the 10 segments has a portionahegrdiesceive any chord. These portions
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show the budgrtd the internal partnerstiipse projects funded only by that specific organization

Categol:y
T )
2, 5:'}.3""’ * e Assoc.Gener
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Figuré.11Collaboration links between diﬁerght tyy;es of organisation (weighgwdjbgt budget

Figure 4.10 illustratbe partnershipgeighted with the total smart grid budget while Figure 4.11
weights with the private smad QudgetFrom both perspectivége DSOsand the
University/Research si€dresultarsare the most active players, significantly collaborating among
oc hn > gq n \i _ \ A~ otleother players.® *j j k m\ odji cp]n»
We can mention that Bl&Osnd theEnergy companies/Utility companies/Energy retailers/Electricity
service providdrave a preferential limtweerthem since theynay have common interests
(additionally there is a fine line between these two categories, since someesnEgyacoapani
small DSO#)so both of these categories an@@generalliend to wordone in their projemts

lead the projecthereheywork with other organisations

The biggest collaborators areMi#reufactus#engineerirgervices/Contractors/Operators/Manager
companiedT and Telecom compamdstheMunicipalities, public authaiigsgovernment

categories. Generally these organisatiomsiyidurel only in projects with multiple partners.
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4.5 GEOGRAPHICARIBISTION

The area running from Paris northward over Belgium and stretching over the south of Netherland

west of Germany shows the highest density of organizations involved in smart grid projects (F

412). Other highly active areas can be found in easterthBesgitariaf Londdimecentrapart

andthenorth of Spain, northern Italyhaibme region and eastern Austria. These organizations are

usually involved in more than one project. Tipetteamis visible when considering the stage of

development withaagerfocusin R&Dproject®n Copenhagen and Vignnan d _ -~

oc YN m

Paris northern Belgiymsouthern Netherlapdgestern Germany, while for Demo & Deployment the

densityncreasem northern Italy, Londonaaladge padf Germanyhere is no country or major

area which is completely devoid of organizations.
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Figurd.l%egaraphical digiribution of the organmi";ations invoi:‘/ed in smar(gmidqmtejgm total budhget)
left: all projects; centre: R&D projecBenygiistration & Deployment projects

The distribution weighted with the total budget follows closely the same pattern for the his

concentration are@Sgure 4.13For R&D projed®openhagen invests a higher budget per

organisation and for Beeno& DeploymergrojectdRome and London. The coumthiesastern

side of Europe show a far lower density in the distribution.

Analyzing the maps we can notice that the eastern part of Europe seerosvierdibibtteer

normal distribution thattfi@budgetveightedistribution. This sheamsenterest and potential for

smart grid projects in sidsof the continent but which for the moment manages to attract only rather

small amounts of investments.
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The distribution and density of impleomesites (Figuré4), although shiogthe highest values

in western Europe, has a slightly different focus points. The number of implementation sites show
highest density over a large area stretching from northern Italy, running ovelaGBetggunmy Aust

and ending northward as Netherlands. Other high density areasic&re bmdoliind two

regions in northern Spain. The hatgetteddistribution associated wiite smart grid
implementation sites offers partlgatime view butith a new high density area in-eastérn

France. As in the case of organizations, while the number of implementation sites show weak dens

east Europecountries, their associbteigjestill remain very small.
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Figurd.14Geographical distribution of smart grid implementation sites
left: number; right: corrected with the total budget
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Figuré.15Number of organisations per country

The highest number of organizations involved in smart grid projects are located in Germany (more

200), followed by the countries managing the largest smart grid budgets: France, Spain, Italy and |

60



Kingdom, all with more than 100 organizabilvesl ifRigureld. The countries with the highest
numberfoorganizations have also the largest divexaiggofiespvering the whole spectrum. At
the other end, in the countries with the lowest number of organizations tbey@aps only 2

By far the largest group is represenied/bssity/Research e€dresultaeswhich form at least

20 % of the total numberper country. Th#anufactugdEngineering services/Contractors/
Operators/Manager comppoigsisery well represented in western Europe where togfeeher with
University/Research e€dresultarsform more than 30 of the total number of organizations.
Their number and fradm@nsmallen the countries in eastern Europe. Municidalities poblic
authorities form arouni08% from the total number. This percentage is lowerEBaoropean

countries and highe¢h@eas of Europe.

500 A

Generation company

450 - Association
Other
Municipalities/Public Authority/Government
IT company and Telecom

= Transmission system operator

. i
= 300 - I I | | = Manufacturer/Engineering services/Contractors/Operators/Manajger
€ I I I = Energy company/Utility company/Energy retailer/Electricity Service

400 -

350 -

m Distribution system operator
= University/Research centre/Consultancy

FRUKDEESIT DKNLBESEAT FI PTGRCZSINOCHIE PLHUSKLTROLVHRBGLUCYEEMT
Figurd.16Distribution tftalbudget per organisation type and €ountry

The budgedistribution based on organisgtierand coupshows the same pattern as in the case
of the number of organizatitisa slightly different particip@figire 46). In the countries with
smallemvestmernhe share dafniversity/Research s€aresultassis in general largean 404
while in those with large budgets it generally staysrertund The University/Research
centrgConsultaesin Finland, Netherlands, Belgium and Norway manage to attractos@d spend
than50 % of the total budgé&veB0 % of the budget inetbategory mentioned bajoes to nine
countries, eaelggregating for this entity groypm " o ¢ lidn: Gérthany, Rrance, United
Kingdom, Spain, Italy, Netherlands, Belgium, DenmarkiaeD $®datthited Kingdom and Italy

*®For a distribution of the total budget per organisastagey/pf developmamt countsee Figures A.28 andiA.29
Annek
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have the largaawvestments in Europpreseimgalmost 5046 of thar countryotal while in Czech

Republic it surpasses%/(Energy companies/Utility companies/Energy retailesefizleetricity
provides\ i \' b™ oc”~ g\ mb no ] p mbiophwheet gumBtarhirdof t # h |
its combinetbtal. TheManufactug#engineering services/Cont@penaiors/Manager companies
Francénvesthe largest budget of all the countries both as value and percentage from total. It cour
for more thahedouble of that of Germany, ranking the second and it represents one third of the tot
budget of its type. M&Oare more involved in smattpyojects in Denmark and Slovenia where
they manage more tha®a@f the budget. Tiieand telecom compamiésance attract more than

O Omilionthat represent one third of the budget in this category.

T
40°

I Generation Company
Association

I other

IT company and Telecom
I Transmission System Operator

= Manufacturer/Engineering services/
Contractors/Operators/Manager company

- Energy Company/Utility company/
Energy retailer/Electricity service provider

- Distribution System Operator

entre/C 50°—|

v’

y s S o ol e
e ‘WE/ 0 < km /f mo\\j
Figurd.17Distribution tftalbudget per organisation type and Tountry

Examining the map (Figlie e can notice the larger shaBS@éndEnergy companies/Utility
companies/Energy retailers/Elsetnvotty providerswestern Europe, with few exceptions and an
almost lek of them in eastern and norheopewith some exceptions too. One can also draw a
diagonal running form Belgium across Netherlands, Denmark ending in Finland to connect the col

where the share of universities and research entities butigetasahigh. While France seems to

* Foranaverage budget per participant, stage of developmentaed Eigunte A-20Mnex
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N

] oc Yarjmfncjk% ja oc nh\ mo bmd_n "jind_
European level of MenufactugdEngineering services/Contr@penatiors/Manager compdnies

and telecomompanigsvolved, in United Kingdom, Germany and Ital\DBE@sticEnergy
companies/Utility companies/Energy retailersilactipitgvidargestingnost of the budget. In

Spain and Sweden the budget is more or less evenly d@tglihtediterent types of companies.

The largest private budgets come from the countries with the largest total butijefBn@-igure 4.
share of private is the highése®zech Republic, where most of it is managed by DSOs. Countries i
the easterEurope have roughly one third of their budget coming form private sources, while thos
western part of the continent in most cases make their budge¥dtdeashé&fe sourcagain

France has the largest investment coming fManufectus#Engineering services/Contractors/
Operators/Manager comp@eiesrally there i an equal distribution between the organisation
categories in the countries with the largest private budgets. Netherlands, Denmark, Belgium and F
have their largest share of private investment comingfigershg/Research s€dresultass

In UK and the Czech Repullli§@ase the main funders.
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Figurd.18Distribution pfivatdoudget per organisation type and country
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5. SMART GRID APPLICATIONS TARGETED BY PROJECTS

5.1 THE BIPICTURE

7 main smart grid applications and an additional category including all other uncommon application

be used in our studyhessmart grid applications are

ASmart network managen@®hn this category, we consider implementations focusing on
increang the operational flexibility of the electricity grid, like substation automation, grid monitori
and control, etypically, the goal is to improve the observability and caftiodai@hiyorks.

1 Observability (tools to observe the beh#veounetwiork)Project results confirm
that the tools developed or used to observe the network are mature and reliable. Sol
areas of improvement are related to standardisation and interoperability, particularly
the communication infrastrué&urensmission level, emphasis is also placed on the
development of tools for the coordinated operatidfundgeam netwotksthis
area, some of the key themes addressed in the projects are:

1 implementation of smart meters to collect and store, oandeimagell
time, specific high quality and accurate data for each consumer and group o
consumers;

1 improving distribution grid monitoring to cope with volatile states in the grid,;

1 realtime asset monitoring;

1 fault identification and localisation.

1 Contrability (tools to control the behaviour of the n&woek)of the control
technologies are already highly developed and efficient. Areas for improvement inclu
cyber security and scalability of applications from small scale to large ktale projects.
this area, some of the key themes addressed in the projects are:

1 implementation of new capabilities for frequency control, reactive control,
power flow control;

1 controllable distribution-stabons, controllable inverters and charging;
development andsting of Distributed Generation and Load Intelligent
Controllers; smart protection selectivity (smart relays);
smart autoeconfigurable networks, easily stabilisable on line tap changer;
dynamic line rating;
deploying a range of leaglityg transformexsross a number of LV and MV

circuits, together with use of Capacitors, VAR control devices, and electron
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boosters which when optimised together will lead to reduced losses from the
power system.

Alntegration of large scale @HE@ost projects in thigegary are concerned with the
integration of RES mainly at transmission level. Key areas of focus are:

1 Tools for planning, control and operation of renewables in order to facilitate thei
market integration;

1 Integration of demand side management ang sewsiites by DSOs to support TSO
operation;

1 Tools to forecast RES production;

1 Oftshore networks for wind power integration.

Alntegration of DER this category, we include projects focusing on new control schemes an
new hardware/software solutiwnistegrating DERs while assuring system reliability and security.
Project results show that technical solutions for the integration of DERs are becoming quite consoli
It should be noted that our catalogue includes only projects focusgrgtmntbé starage in the
grid, not those focusing on the development of storage t@ttnplaggcts focus on technical
solutions, such as:

1 Active grid support through DERs: implementation of voltage control/reactive pow
control of DERSs forgtmyvision of ancillary services;

1 DER production forecast and active/reactive power measurement for networ
observability;

1 Innovative DER protection settingsi&laagithg operation;

1 Use of storage together with distributed generation for valtageveemttow
modulation, balancing, etc.;

1 Centralised vs decentralised (e.ghasgpetcontrol architectures;

1 Aggregation of controllable DERs into technical VPP agdichtomfiguoations.

AAggregation (virtual power plant, demand r€3porthis category, projects focus on the
implementation of aggregation mechanisms like virtual pStesrdpiemtsnd respéhse
aggregate the supply and demand flexibilities of decentralised resources taking account of

constraints and marketassgn

%A virtual power plant is aupniof small, distributed power stations, like wind farms, CHP units, photovoltaic systems
small hydropower plants and biogas units, but also of loads that can be switched offamiotegatedanetwork.

The plants are controlled from one central control room.

¥ Demand response is a mechanism to adapt electricity demand to grid conditions or in response to market prices.
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ASmart customers and smart @bmethis group, we have included projects that test smart
appliances and home automation together with new tariff schemes. Such projects typically requir
active participation of consumers or aim at acahginger behaviour and fostering consumer
involvement.

AElectric vehicles and Vehicle2Grid appddatajests in this category focus on the smart
integration of electric vehicles (EVs) andHyhrgl Vehicles (PHEV) in the electricity network.

ASmar meterin@ In this category we included only the projects insgsimgnietering
installations which are part of a wider smart griiir@aetor more additional application.

AOther® All other uncommon smart grid applications were inthislesetin(e.g.
manufacturing a new device).

Figur&.1showshebudgeshardysmart grid applicatialso showing a detail on the private budget
distributiof€onsidering both the total and the private smart grid budget, the proje@mbotusing on
Network Managenaert on th8mart Customer and Smartddtegeries have the biggest shares
while most of the other application groups are not that TeieSwmayt Network Management
kmje > ~on \bbm b\%framthe jotaltget) O30+ hdggdj i #-1
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700 A 700 ~ = Smart Customer and Smart Hot
l_é 600 1 {é 600 - = Aggregation (Demand Respons

= Integration of DER

Electric Vehicles and Vehicle2C
applications

Budget, milli
w B a1
o o o
o o o

Budget, milli
w B a1
o o o
o o o

m Other

200 A 200 -
100 4 100 - = Smart Metering
0 - 0 Integration of large scale RES

Figur®.1llnvestmemter smart grid application
(each project may have more than one appéfidtital) budgeightPrivate buddet

TheSmart Meteriggoup has the lowest budget since all the exclusively smart metering projects
including national or regionabutsll were excludédr addition&mart Meterimymbers and

figureghat completbe charts in this sectionCbaptes.

% For aigtribution of theivatdbudget by application and stage of devesgantégure A-ABtnex |
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5.2 MATURITY

Both in the R&D and the Bemeployment projects (Figure 5.3maneNetwork Management
group is the most interesting for the investors. After this the R&D selctimgiratEstoinDER, EV
andAggregatiarategories. TBmart Customer 8ntart Honoategory seems to be mature enough

to exit the R&D phase and move predominantly in demonstrator projects.

600 600
500 4 500 4 = Smart Network Management
= Smart Customer and Smart Home
& 400 & 400 1
= = Electric Vehicles and Vehicle2Grid
= = applications
% 300 4 % 300 - = Integration of DER
=i =i
S S ]
@ o = Aggregation (Demand Response, \
200 - 200 A
m Other
100 A 100 -
00 00 Integration of large scale RES
0 0 A = Smart Metering

Figur®.2Totalrivestment per smart grid application and stage of development
(each project may have more than one applic&iR)igetD&D

Grouping the number of smart grid projects by application (each project may have more than
application) and starting (Fégure 5.3) we observe a consistent increase in project$Sfoausing on

Network ManagemEktand SmarCustomer and Smart Home

250 -
Other
o 200 - Smart Metering
©
2 .
5 . = Integration of large scale k
2 150 - |
5 =0 . = Electric Vehicles and
= l I Vehicle2Grid applications
_g 100 . ® Smart Customer and Smat
S l Home
z — . == " Aggregation (Demand
— || l . — Response, VPP)
| ;
50 - ] ! g = Integration of DER
—] H = ||
= = = Smart Network Manageme
0 .

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 N
Figur&.3Distributiobyproject applications and (gaah project may have more than one application)

% For aigtribution of project applications by year and stage of deesldpgueas 2ahd AB3in Annex |
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Generallgoth in terms of numbaed investmetttere is a good distribugimmonghe application
types. Regarding the budgetrdFs.4) the distribution ishad uniform in most years. We can
comment on the increase in budgetEdédtrec vehicles and Vehicle@@imart Customer and
Smart Homepplications the recent years (2021 As expected, in the incipient years not all

applications were mature enough to attract funding. The data for 2013 may be incomplete.

800 ~
Other
700 - [ j—
600 — - | = Smart Metering
1_@ = Integration of large scale
= 500 - RES
Eﬁ Electric Vehicles and
g 400 - — mm  Vehicle2Grid application
o . == = Smart Customer and Sir
S 300 - N
a —] B . B Home
. = Aggregation (Demand
200 - — l | B  Response, VPP)
] - m Integration of DER
100 -
T — - _—
— p— = —— = Smart Network
0 | — — —

= Management

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Figur®.4Distribution oftalinvestment by application and year
(each project nfegve more than one applicition)

Complementing the previous charts withtesnes iof percentage (Figurev&c@n observe the
emergence of newer applicdiorast(Customer and Smart HonamdEAfsincrease in their budget

with the years. Si2@98 all application studied Wwerepreseneach yealheSmart Network
Managemegategoryseems to have an annual increase in investment, since most of the other

applications depend on it to grow themselves.

100% -
Other
00% | [ i ms-=25@m |
80% mm . I B = Smart Metering
b-
70% - . . . m Integration of large scale
RES
60% - I I l Electric Vehicles and
0 - Vehicle2Grid application
20% I . . m Smart Customer and Si
40% - | I . . l Home ( .
0/ - = Aggregation (Deman
30% | l | || Response, VPP)
20% - . || = Integration of DER
10%- = Smart Network

0% - Management

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Figur®.5Percentagistribution obtalinvestment by application and year
(each project may have more than one application)

* For a different view (3D) ofitttetalition of total investnigaipplicatioand year see Figur8-Argek
% For gercentagtistributionf totalinvestmertyapplicatigrstage of developntgpe and yeaee FiguressA.and
A.37n Annex |
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== Total budget - - - - Smart Network Management

------ Integration of DER — — —Integration of large scale RES

- - - - Aggregation (Demand Response, VPP) Smart Customer and Smart Home
Electric Vehicles and Vehicle2Grid applications Smart Metering

......... Other

Average budget, mi{lion

2005 2006 2007 2008 2009 2010 2011 2012 2013
Figur&.6Averagmtalsmart gribudget invested by project application and year

As in the previous chapter jnteresting gtudythe level ahvestmernih the diverseapplication

types in terms ydarlhaveragéotalbudgetWe aréncludingerebothR&D anbBemo& Deployment

projects, as this can offsuggestioas to whichpplicationare more actiwe inactiven the

preview phase before smart grid applications are RraneSddllustrateshe annual average
investment papplication tyger the7+1groupsand theannuabverage of thetal budget per

smart grid projetWith one exception, statily 2008we can tate that a good degree of
applicatiodiversity exists in smart grid projects and that the levey biadiversdined steady over

time, since most of the curves are slightly under the general average and relativelgiclose to each of
Before 2008 not aditegoriegceived investmentsthark was a large disparity among the budgets

of the receiving ones.
5.3 APPLICATIONS ANANDEXJ IONNSD ABOBACE

All smart grigrojects started wah organisation or more having an idea or a common interest
(corresponding to an application category). The budget of any project should be secured by
organisation(s) from one or more sources of funding. In this subchapter we are trylng to create ¢
between the organisations and the applications through the budget (total or private).

Figure 5.7 depiatisat is thbudgeeach type of organisation invesaslinsmart grid applications.

All categories invest a large share of biRigattilNetwavkanagemeahdSmart Customer and

Smart HomEheDSOare mainly interestethree applications: the two mentioned before and in the

Integration of DR other organisations spend similar amounts of money for most applications.
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= Electric Vehicles and Vehicle2Grid applic
800 - . = Smart Customer and Smart Home
§ 700 - -Aggreggtion (Demand Response, VPP
= — = Integration of large scale RES
E 600+ ‘ m Integration of DER
= 500 - . m Smart Network Management
g 400, HH = H
@300 - L] . J m
200 1 e
100 A | . — - - — =
- — —_— I
0 - T T T T - T I T —— T T 1
& $ S & L g Q S & g
& & N § 5 @ & $ $
N 3 & $ S & N g
S § & ¢ 5 § 5 S <
o & § & 3 N & &
N A A &
9 w & &
S S A

Figur&.7Distribution eftalbudget per organisation type and appti¢ation

Figure 5.8 depicts what is the average private budget each type of organisation invests in each
grid applications. We are using the private budget instead of the totaltbisdgdt gine a

clearer picture on the direct financial conpréloatpplicatiéor each organization category.
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Figur®.8Distribution aef/eragerivatdudget per organisation type and apfﬁication

% For aigtribution abtalbudget per organisation type, application and stage of developmeAt3temdigiies
Annek

%" For a idtribution gfrivatdbudget per organisation type, application and stage of developmeAt4kerBi?)aned
A.43n Annelx
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We shouldn't focus on the total averagesitpaype or on the order of the columns since both of
these project a false picture (e.g. few projects with a large investment) but on the averages

application type.

900
A m Association
i = Generation company
800 Other
700 J Municipalities/Public Authority/Government
IT company and Telecom
= Transmission system operator
l_@ 600 - = Manufacturer/Engineering services/Contractors/Operators/Mangag
= = Energy company/Utility company/Energy retailer/Electricity Seryic
Eh 500 - m Distribution system operator
o m University/Research centre/Consultanc
© 400 A
©
>
@ 300 A
200 A
100 A
0 - T T

Smart Network Smart Electric Integration ofAggregation Other Integration of Smart

Managemer@ustomer andehicles and DER (Demand large scale Metering
Smart HomeVehicle2Grid Response, VPP) RES
applications

Figuré.9Distribution tftalbudget per application and organisatiofi type

From the other perspective, Figuhest&es the total budget by smart grid application divided per
organisation type. In the first platénihersity/Research s€uresultarstogethefollowed by
theDSOs arithergy companies/tiitypanies/Energy retailers/Elsetxity providars present

with large shares of budget for each application type.
5.4 GEOGRAPHICAL DITIBNB

For most of the countries in Europe the largest part of the budget goes to three mast application t
Smart Network Managei@erdrt Customer and Smart &fataéectric vehicles and Vehigle2Grid
which form together more thado5f the budget share (Figur®.5According to the local
competence and national pridtiieshare of certain applications might be predominant at the
country level. The largest share in smart network management can be found in two eountries in ce
easterpart ofEuropeheCzech Republic and Hungary where the main organizatiareshiavolve
DSOand financial sources are irstgyge private. Half of the budget alloc&eathto Customer

and Smart Homyeplications is invedtgd-rance and United Kingdom. The togaankieg

® For aidtribution afveragerivatebudget per organisation type, application and stage of developmeAt4ge Figures
andA.45 in Annex |

¥ For aidtribution abtalbudget per application, organisation type and stage of developmehtdsaadAgiitdn

Annex |

“°For aigtribution gfrivatédbudget per application, organisation type and stage of developmehi4$é. £ayudes

A50in Annelx
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