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EXECUTIVE SUMMARY

The EWBysFlexd2020 project aimed at a largealedeployment of féxibility solutions, including technical options,
system control and a novel market design to integrate a large share of renewable electricity, maintaining the
security and reliability of the Europearower system. The project results will contribute tohamce system
flexibility, resorting both to existing assets and new technologies in an integrated manner, based on seven
European large scale demonstrators (WP 6, 7, 8 and 9). The overall objectivB6ofs the analysis of the
exploitation of decentralizd flexibility resources connected to the distribution grid for system services provision to
the TSOs (Transmission System Operator), by the means of three physical demonstrators located in Gelymany, Ita
and Finland. Following the objectives of the &y$-lex project and of its WP6 in particular, the three demonstrators

are being setup in order to show how resources connected to the distribution system can help to address system
needs by providing afiltary services to the transmission level and, at Haene time, meet the requirements of

both TSO and DSO (Distribution System Operator) while, also, improving the coordination between these two
actors.

This deliverable presents tiénnishdemonstratorin EUSysFlex. The objective of tRinnishdemonstrabr was

to increase especially the use of marketsed concepts and virtual power plants to support the operation of the
transmission and distribution networks. The innovative aspect was to integrasdl,sso far untapped flexible
assets in medium and lowoltage grid, to the aggregation processes and offer the flexibility of these assets to the
¢{h FyOAtfINE OFNBIldzSyO&uv &aSNIWA OS a FirlnighRemdnatristbr ar¢ h Qa
industriatsized BESS (Battery Energy Storage Systarstomer and officescalebatteries, EV (Electric Vehicle)
charging systems and residential electricity storage heating loads. Active as well as reactive power managemen
were applied as flexibilitgervices.

In the demonstration of providing activepg SNJ (2 ¢ { h Qa&,itis yhahdatofy to MdableYHe bidertidri

of small assets in the flexibility markefo reach this goal forecasting and optimization, control logics as well as
reliable @mmunication systems were needed. Forecasting andipttion tools were developed specifically for
each asset type of the demonstration. The tools of an aggregator to forecast the availability of assets to operate in
the TSO ancillary markets, define thptimal bidding sizes and times and define the avddgootential in the
current and future scenario. The reactive power flexibility was applied as a-pfammincept of the demonstrated

local reactive power market. In this part, an additional forecagstool was created for the use of the DSO. Virtual
power plants aggregate decentralized assets to bigger entities. The operation required development of a suitable
platform/systems, interfaces between assets and different systems, and interfaces to thetmar

TheFinnishdemonstration reached important delopment steps where the industrialzed BESS is operating in
the TSO ancillary markets and muigéirvice provision was also demonstrated by the BESS. Remote control and
control logic have been deveded and tested for the PV power plant, custormevned small batteries and the
office scalebattery. Several forecasting and optimization tools for the needs of an aggregator and additionally,
reactive power forecasting tool for the DSO, were developed.flel@ility potential of electric heating loads has

7| 154
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been evaluated by simulations. A presffconcept of the reactive power market was demonstrated. The main focus
gl a GKS 2LISNFXYGA2y 2F GKS 5{h Ay G§KS ¢{ btwosk{The resyitsi S NJF
from the demonstration are summaerd inTablel.

Ly GKS RSY2yadNlGA2y 2F NBaz2dzNOSa 2F St SOGNROAGE &
contribution was the further developed forecast of the controllable eleciristbrage heating loada AMR meters.
Additionally, the financial profits for thaggregator and forendzda S Odza 12 YSN&E FNRBRY (G KS ¢
simulated. For the end customers, the profits were small and this challenges the future developnesfuttuifé

of applying tlese loads via DSO owned AMR meters depends on the national statements of the roles, possibilities
and obligations to various stakeholders.

In the reactive power market demonstration, a premffconcept of the market was presente@®ne aim of this

entity was the DS@ the TSO/DSO connection to respect its PQ parameters without penahies utilizing via

0KS YIEN] SO GKS 3aNB3IFG2NRa 2LISNFY ISR F33INB3AFG-SR:
SysFlex, a forecawas created for the BO to be able to estimate the reactive power profile in the TSO/DSO
connection. Another achievement was thggregatof) a O2yaidNHOGSR loAaftaAade G2 O
here the industrial sized BESS and inverters of ¥eHer the demonstratedimulation period, the DSO reached
some savings. However, no other cgsilse payments for the aggregator or asset owneese estimated and at

this stage creating a totally new market is not seen economically viable. On thehahdr the demonstration

builds upon current EU targets for the development of various masksed flexibility services for the needs of the
TSOs and the DSOs.

TABLA. THE FINNISH DEMONSTRATION KPI RESULTS

Active power, Reactive power, real
Active power, real environment demos simulated scenarios environment demo
Customer-scale Simulated scenarios:
Industrial-scale BESS 1 . EV charging stations . o o .
e [Medium-scale BESS 1 o ging batteries flexibility |flexibility of electric .
Demo MW, 600 kWh ("Suvilah| . B flexibility demo & . . Reactive power market demo
" kW ("office-scale") demo & calculated [heating loads via AMA
BESS") calculated cases
cases control
h . FCR-N | ket| FCR-N | ket . . . . tion (Suvilahti BE
KPI Service provision (reg marke (reg Markel Ecr-D (technical testFFCR-N (technical tedt) mFRR (simulation) Q compensal 'O.H.( uviiantl B
operation) operation) PV plant in Kivikko, Helsinki

Simulated for 727
customers, 56 415 NA
e k&SI NJ j

KPI-FIN1 Increase in revenue of th npMyn € ONMATNEK Y20 E

s rrlistimat(’ef evenue | Estimated revenue
flexibility service provide A f(g

Pfs| AyONBIlas

Decrease in penalties fo

KPI-FIN2|going out of the PQ NA NA NA NA NA -16 %

window
KPI-FINg| Reactive power market NA NA NA NA NA 27%

utilization factor

— - r S —

KPI-FINA FIe‘><|t4)|.I|ty service 0.174 (approx. 35 A) 010.0239 (approx. 244A) 1151 NA NA Compl'ete c?emo period: 405.6!

reliability the offered capacity) | the offered capacity) Excluding single BESS error: §
KPI-FINsg S apility of the NA 99,23 % Succes rate = 100 % T*Succes rate = 39,7 % NA NA

aggregation platform

Suvilahti BESS: 99.5 %

KPI-FIN5hUsability of the asset Usability = 94.8% 99,47 % NA NA NA Kivikko PV-plant: 100 %

Combined: 99.75 %

Customer acceptanc]

KPI-FING|Customer acceptance NA NA NA ~100% NA NA
Additional
KPI:
Profits of service , . . 5 a imulated for 727
KPI-FIN7 . &2 (9 " a NA
provision HHHpP®M € OHNppTEK dmrg¢n e€ekNA2OFF CH EKesOZéUQYSN.ﬁE

NA = not applicable
*High yearly variation
8| 154
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**Customer profits

***Counting only the succesfull test days

***Erom manifold simulation cases, this option presented a case with max income to an aggregator and to
customers.

Industrial-scale BESS
- Development of a set dbrecasting/optimization tools testimate the available flexibility of the LVIMV
assets for TSO ancillary services
- Operated in FGR market successfully
- Scalable solution for future higRES grid

Medium-scale BESS
- Successfully developed communication systems, control and optimisagars lfmr multiuse of the BESS
- Successfully operated in FGRmarket, peak shaving, and reactive power compensation

Customerscale BESS
- Controlling of individual small assets wasltrically hard and the demo failed to fulfil the requirements for
FCRN market
- Uneconomical for customer and flexibility service provider

EV charging flexibility demo
- Successfully developed controlling logics to control charging sessions
- Strict time requiements were not met in the FERmarket

Simulated flexibility of electic heating loads via AMR meters
- Technical tests could not meet the requirements for mFFR market
- Estimate of low profitability for single load

Reactive power market demo
- Technical prof of conceptdevelopedfor a new market mechanism to manage reactive pown the
TSO/DSO connection point
- Successfully controlled the assets to provide reactive power

Utilisation of distributed BESS (office and indusstalg were proven to be efficient and reliable assets to provide
ancillary services to the frequencyrtainment reserve market operated by thE€innish TSO. TheFinnish
demonstration has shown a strong case for scalability and replicability for indssaaBESS with new developed
0T platform andoptimizationtools. Multiuse of both industrial and ate scaleBESS when possible is strongly
advised. Other demonstrated assets (residential BES&dtyers, residential electricity storage heating loads via

9| 154



OPERATION

)‘ FINNISHDEMONSTRATORIARKET BASED INTEGRATION OF DISTRIBUTED RESAUBRCEANSMISSION SYSTEM
DELIVERABLE 6.9

EU-SysFlex

AMR meters) had technical and financial limitations yet to be resolved. However, in future thesis aould
provide active power flexibilities to the TSO. Especially as the power demanddbaiging increases this provides

major possibility for flexiltity serviceproviders
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1. INTRODUCTION

| 1.1INTRODUCTION TO THESM$FLEX PROJECT

TheEUSysFlex mject seelkto enable the European power system to utilise efficient, coordinated flexibilities in
order to integrate high levels of Renewable Energy Sources (RES). One of the primary goals of the project is 1
examine the European power system with atde&0% of &ctricity coming from RES, an increasing part of which
from variable, distributed and Power Electronic Interfaced sources, i.e. wind and solar. Therefore Siys itk
project aims at a largecaledeployment of solutions, including techniegdtions, sgtem control and a novel market
design to integrate a large share of renewable electricity, maintaining the security and reliability of the European
power system. In order to achieve the project objectives theSybFlex approach pursues theritification of
technical shortfalls requiring innovative solutions, the development of a novel market design to provide incentives
for these solutions, and the demonstration of a range of innovative solutions responding to the shortfalls. Other
activitiesas data maagement analysis, innovative tool development and integration and testing of new system
services in TSOs control centers are also included in the project approach. The project results will contribute tc
enhance system flexibility, resorting botih existirg assets and new technologies in an integrated manner, based
on seven European large scale demonstrators in Portugal, Germany, Italy, Finland, Portugal, France, and the Bal
states (WP 6, 7, 8 and 9).

The demonstratorsfrom different countries and havecommon and also some specifsystem needs and
regulations.Their setups and frameworksvere different but as they pursukthe same general objectives, they
were complementary in displaying the various possibilities for addressing system metrds distibution and
transmission grid with the help of distributed flexibility resources connected to the distribution gridrifihish
demonstratorbroughtin the market aspects of providing services from distributed resouiroes medium and
low voltage distrbution networks On one hand, it aggregatesmall distributed resources into the transmission
level markets for frequency management. On the other hanihtibduceda marketbased approach for a DSO to
purchase reactive power controtsourcesfrom a lo@l reactive power market

The variety of severalemonstrators complemetnig each otherdemonstratedthe possibility of using various
flexibility resources connected to voltage levels ranging from low to high voltage in order to provide service
solvea set of scarcities such as frequency deviations, voltage violations and congestions. The demonstrators als
showed different technical strategies to improve the coordination between the TSO and DSO when tackling those
scarcities. When workingandin-hand the demonstrators displagd the technical chain allowing to connect and
more efficiently operate distributed assets. Furthermore, they sbohow those resources can be aggregated and
made available to the TSO and DSO both by coordination anesths andy using markebased mechanisms.

In theFinnishdemonstraton, the flexibilities were demonstrated to provide frequency stabilization services to the
TSO and help the DSO manage its reactive power exchanges with the TSO. The reactive poWwerssist
voltage control of the TSO. These demonstrators were both developed with a nieased approach.
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Environment and scope of the demonstrator

Environment of the Finnish demonstrator

Energy company,

HELEN
rry

Local licenced DSO

HELEN o 400/110kV: 4

110/20(10) kv: 25

20(10)/0.4 kV substations: 1845
J

§W

Scope of the Finnish demonstrator
Large battery storage
(1.2 MW/0.9 Mvar
Small battery storages
(36 kw) l
Medium battery storage
(120 kW

Residential heating loads
(20 MW)

Electricvehicles
(3 Mw)

Photovoltaic plant
(850 kW /0.8 Mvar

FIGURHE. ENVIRONMENT AND SCOPE OFNMESHDEMONSTRATOR
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1.2WP6 AND DEMONSTRATOR OBJECTIVES

The primary objective of WP6 is to analyse and test the exploitation of decentralized flexibility resources connected
to the distribution grid, respecting to the needtlwth DSOs and TS@¥ithin the ongoingcurrent policies for the
decarbonisation of ie energy systems, RES capacities are increasing, especially in the distribution network
Originally these networkavere notdesigned to host large volumes ditributed RE§eneration capacity, when,
at the same time, they have to guarantee the secuaityl resilience of their networks. A consequence of this is
their need for adequate leverage in their network operation in order to avoid congestions and constraints
violations. At the same time, the amount of traditional flexibility resources, histoyigatdvided by conventional
generation in the transmission level, decreases. Therefore, the use of flexibility resources in the distribution grid,
to guarantee security rad resilience in the transmission system operation, is increasingly askedrti.
dewelopment states needs for comprehensively improving the TSO/DSO coordination. Additionally, the various
flexible resources connected to the distribution network are tigsets capable of providing various ancillary
services tor' SOs and DSOs at the sameetrovering their needs. The overall WP6 objectivere:

1 ImproveTSO/DSO coordination

1 Provideancillary services to TS®em flexibleassetsconnected to thedistribution network
1 Investigate how flexibilities connected to the distribution grid caeet the needs of both TSOs and DSOs

The general objective of tHeinnishdemonstrator is to show how small, distributed flexibility resources, i.e., such
various size BESS@ndustridscale officescale customerscalg, electric vehicle (EV) charging statipnssidential
electricity storage heating load and a PV plaeohnected to the low or medium voltage distribution network can
be aggregated to be traded on existii§O marketppl OS& | YRk 2NJ F2NJ 5{ hQa NBI Ol
The specificinnishdemonstrator objectivesvere:
f ' 3ANBILGAZ2Y 2F aYlff RAAGNAROMzOSR FaasSia Ay [+ |
5{hQa NBI OlGAD8Bonhdedds SN O2Y LISy al
1 Forming appropriate forecasting, optimization and control signals for different flexible resources
1 Demonstrating the value chain of harnessing small distributed assets to the benefit of the higher voltage
grid stability

1.3SCOPE AND OBJECTIVEBH{#%DELIVEBLE

The deliverable covers the entity thfe FinnishR S Y 2 y & (ifduiryéags KeBearchdevelopments and pilots the
EUSysFlexprogram The objective®f this deliverableare to form the comprehensiveresentation from the
starting pointof this project from the preSysFlex situation by building and testing the sscréte pilots up to
analysing the results and finally making the summary with exploiting plan and future prospectives. The main
objectives of this deliverable is to report thentity of the Finnish Demonstrator andthe main part is to
comprehensively present the pilot developments,-set results and future view with development needs.
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In EUSysFlexand WP6the demonstrators of Germany, Italy and Finland halreadytogether published WP6
deliverablesin which they arereporting general view of demonstrators in[1], system use cases [&], and
descriptiors of processes and data trans&n[3]® LYy | RRAGA2Y X 2tc RSY2yadNI G2
as well as grid simulatiotsve beerpresented in thecommondeliverabled4], [5] and[6].

1.4 STRUCTURE OF THE DOCUMENT

This deliverableFinnishdemonstrator- Market based integration of distributed resources in the transmission
system operation 5 ¢ drgperts the piloted market basedactive power as well reactive powemtegrations
distributed resourceappliedin the transmission system operatiorfFirsin Chapter 2the summary of the situation
before the EUSysFlex situation is presented following by the developments during the pinj€hapter 3Parts

of these developmentstages,like forecasting and optimization areomprehensivelyreported in separate
deliverables however,thesemain points and achievemenge summarized in this report.

The main chapter of this deliverable is tidapter 4 whereall the demonstration setups and results are
comprehensively reported. Th&innish demonstrator hadaltogether six discretepilots. The active power
demonstrations included five asset types and demonstrators. Each of them is reported in a sepaichasial.
The reactive powr demorstrations covers onsub-chapterof this report.

At the end of this deliverable, théessons learned, the scalability, replicability and the future questions are
discussed.
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2. SUMMARY OF THRESYSFLEX SITUATION

| 2.1STATURUO, DRIVERS ANIBIALLENGES ADDREESBY THE DEMONSTRATOR

Statusquo, challenges anénvironment of the demonstrator

TheFinnishdemonstrator is focused on markbased integration of flexible assets to the TSO ancillary services. As
the amount of renewable, intermittentand decentralizedproduction increases in the ergy system, more
flexibility is needed. Thereforelemand response and storage solutions will play a key role in the future energy
system.

The prerequisites for an asset to participate in the reserves laaldncing power mkets include technical
requirements (e.g. minimum size, activation time), market place requirements (e.g. regarding balance settlement)
and the passing of a prequalification test. An aggregator can aggregate multiple assets, whichfublInibte
technical and market requiremeniadividually into an entity that is qualified to participate on theservemarkets.
With the growing share of distributed small scale generation in the Nordic power syBéaibje resources are
increasingy needed for the acillary services. Typically the assets participating in the markets are indissteell
loads or generation capacities that are traded by the asset operator or by a retailer. In the futuitiehe possible
to include so far untappedmallscaleasses to the aggregation processes. These sstleassets can include
battery energy storage systems of different sizes, EV charging stat@sidential electric heating loadsd loads
connected to building automation (e.g. air ventitat). Assets are wned and operated by manifolownersand
operators, likeaggregatos, retailgs, service provideras well as endise customersFor exampléor EV charging
there aree.g.public, companyownedand private EV charging stations and this briveysous aspctsto flexibility
analysisforecasting, optimizatioand operation7], [8], [9].

In addition to the TS@ncillary markets, th€innisnDemonstrator studies a markeased concept for local reactive
power compensation needed by the DSOL & dzLILI2 NI G KS ¢{ hQ& 2LISNI A2y 27
DSO manages the Rgndow at the TSO/DSO interfa@eithin the Finnishdemonstrator 400/110 kV). The TSO has

se the PQwindows to avoid excessive reactive power input/output between the TSO and the DSOs. The reason for
the PQwindow is to reduce the voltage violations in the TSO grid due to reactive power inputs/outputs. If the
reactive power exceeds the windowmiits detamined by the TSO, a penaltyactive powettariff is charged from

the DSO.

Currently in Helsinki, the control of the Rgnhdow is mainly realised by 110 kV reactors and the on/off control of
110 kV capacitors. In addition, a tariff structursaéxistdbetweenthe DSO and power tariff customers in order to
direct and guide these bigger customers in their electricity usage of reactive pBweever the benefits of the
tariffs between the DSO and bigger customers have remained minor becausediseofreactive power have so
far remained low. Furthermore, no major problems have been caused to the@$the otherhand DSOs could
use other active methods to reach more reactive power compensation to manage and control thimd@Qv at

the TSO/30 interdce. Flexible resources regarding reactive power exist in the distribution netindgrSOs have
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no convenient mechanism to reach these ass@&tse Finnishdemonstrator tackles this issue withe proof of
concept for a reactive power market meaism.It should be noted that the use of reactive power assets connected
in the distribution network always nesdt KS 5{ h Q& @I f A Rl ( AdeyonsirGeBraank®&. & 2 NJ Ay

During the past decade Helen has been developing capabilities to intedriateparty owned assets into the
balancing markets. So far, these assets have typically been indigstedl loads or large generation capacities. In
EUSysFlex, Helen is aiming at utilising the experience gained with the larger assets to harnesstsinaiedi

assets to the markets. The main difference with small assets compared with assets that are already aggregated an
traded today is the even higher uncertainty of the available capacity. This demonstration provides solutions to this
challenge by deelopinga capacity forecasting tool of different assets for @énead and intraday markets.

Drivers

Different drivers, both external and internal, affect tRénnishDemonstrator: external drivers with the goal to
integrate a higher share of RES in tlgstem and internal drivers in the form of improved cost efficiency for the
system overall and of increased revenue for the aggreg&@onsequently, the demonstrat@ms for increased
use of marketdriven concepts to support the operatiaf transmissiorand distribution networks.

2.2GOALS OF THE DEMONSTRATOR AND CONTRIBUTION TO THE WP6 AND PROJECT

The general objective of thEinnishdemonstrator is to show how flexibility resources, i.e. small, distributed
resources, such as electric vehicle (EV) chagrsfiations, large scale battery energy storage system (BESS), customer
scalebatteries, PV plant and residential heating loads, @r@connected to the low or medium voltage distribution
network, can be aggregated to be traded on existing TSO markéd$la I YRk 2NJ F2NJ 5{ hQ
compensation needs.

Specific goals ahe FinnishDemonstrator:

1 Aggregation of small distribuke | 3aSG& Ay [ = | YR resetve iyidskétardl kaj the( 2
5{hQa NBIFIOGADS LIRGSNI O2YLISyalirzy ySSRa

1 Forming appopriate forecasting, optimizatigncommunication channels as well aentrol logics for
different flexible resources

1 Demonstrating tle value chain of harnessing small distributed assets to the benefit of the higher voltage
grid stability

1 Evaluating the busess potential of the demonstrated solutions in cooperation with WP11
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2.3INNOVATIONDFTHEDEMONSTRATOR

The Finnishdemonstrata takes a step forward by aggregating small, so far untapped distributed assets to the
benefit and needsfoelectricity netwok (at both TSO and DSO leveig}ive as well as reactive power of the smaller
assets are utilized by theinnishdemanstrator in the ELBysFlex research program.

Innovations inFinnishdemonstrator regardingactive power flexibility

The active poweroff KS NB A2 dzNDOSa Aa LW AOFIofS F2NJ ¢{hQad FNBIJ
element of theproject is to develop a tool that can forecastd optimizethe availability of capacity from different
resources (EV charging stations, residkiieating loadshattery energy storage systérthat are characterised by
intermittency and variability. Anbier vital aspect is to demonstea and define which kind of communication
channels, systemand control logiceire needed in order taggregate ad control the small assets according to the
rules of the TSO ancillary markets.

As some of the distributed spurces are typically owned by third parties (e.g. custosealebatteries), this
demonstrator also develops new cooperatioonceptsbetweenan aggregator/retailerand the asset owners.

Innovations inFinnishdemonstrator regarding reactive powetompersation

For reactive powera former comprehensiveresearchof reactive powermanagementreported the drastically
changed reactive powesituationin Finland that has also been measured and observed bip8@ of thd-innish
demonstrator(Helen Electricity Netwokk K SNXB ¢ NA § 0 § the AinaishTBOErgre)ind Bxiehsively

in Finland. There is going on an apparent aacharkable changen the reactive power characteristizom
consumption towards production of reactive powéiherefore,a new market basedconcept for reactive power
compensationis tested in the ELBysFlexo widen the supply and availability of new typé reactive powe
resources, now owned by third parties. For aggregators and asset owners this solution might offer new business
opportunities.

2. 4EXPECTHRESULTS AND KPI

This chapter gives an overview of the expected results oftheishdemonstraton. The chapter ab summarizes
the Demonstrator specific KPIs.

Expected Results

1 Aggregation of so far untapped distributed assets in the low and medium voltage network and
demonstration of flexibility service provision

1 Suitable interfaces to connect srhdistributed assts to the aggregation platform to create a virtual
power plant

i Forecasting andptimizationtools to estimate the availability of the distributed assets to the TSO
ancillary services

9 Proof of concept for a reactive power market mechanism

17| 154



)‘ FINNISHDEMONSTRATORIARKET BASED INTEGRATION OF DISTRIBUTED RESAUBRCEANSMISSION SYSTEM
OPERATION

EU-Sys DELIVERABLE 6.9

1 Evaluation of fletility market operation schemes and business models
1 Increased use of marketriven concefs to support the operation of transmission and distribution
networks

Key Performance Indicators (KPIs)
TheKPIs of thd=innishdemonstrator are presented in D10Report on selection of KPIs for the demonstrations

[10]. TheFinnishdemonstrator is testing the following services:

1 Active power flexibility provision t6SO ancillary (frequency) servicEERN, FCRD, mFRR)
1 Reactive poweflexibility provision to support the DSO to stay within the limits ofvif@ow and
eventudly to support the TSO in the voltage control of HV network

The KPIsf the Finnishdemonstrator arepresentedbelow:

KPI n°1
KPIl name Increase in revenue of thedkibility service provider FIN
Calculation of the total increase in revenue by providing new services W
specific set of resources compared to the BaU services and resources.
The Revenue is calculated by multiplyihg provided power by the price of th
service summed over a set of resources and a set of markets/services.

Main objective

KPI Description

Unit €
A
Y b e e
=<
where

Formula | 5 s the set of available matkéservices
A is the seof available resources

tis one of the T time periods considered
|} is the realized power exchanged

" is the price

Target value | Estimated costs of operating the flexibility

Baseline . . o .
_ Operating with theexisting preSysFlex capacities
scenario
SmartGrid With EUSysFlex innovations. Horizon: demo per

scenarios Operating the resources on other markets, or on a combination of markets.
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KPI n°2

Decrease in penalties for going out of the F
KPI name ) KPI ID
window

Estimate the vale of the market that is being developed in the project for {
DSO
Calculating the cost of being out of the PQ window with and without the mg

Main objective

KPI Description support. The costs consist of two parts which are related (when being out ¢
window) to the 1) reactive power, 2) reactive energy.

Unit %

0 0

—

Theinvoicing period is a month and the measurement data is hourly PQ

Only those hours exceeding the PQ limits are taken into account, however, ¢
a month the 50 highest exceeding hours are free of charge and o
consideration. For those hoursioterest, the costs include 1) the cost of react
power and 2) the cost of reactive energy.

For power cost: For thosk hours eceeding the PQ limits, the Shighest
absolute value of Q determines the cost of power.

0 W z 30
Formula
*K Qs1st max IS the amountof reactive powerexceeding the PQ limitsf the 51
highest houfMW]

(*accurateddefinition mmpared to KPI definition presented D10.1 Report or
the selection of KPIs for the demonstratipns

For energy cost: For thosk-%0) hours exceeding the PQ limit are taken ir
account the exceeding reactive energy is the penalized energy.

5 6 ¢ dou

where
0 is the cost for deviating from the allowed Q band when operating @&U8
o is the cost for deviating from the allowed Q band when Q market is
we 6
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0 is the cost for reactive powdge 6
&) is theunit pricefor reactive power e Kk a 2 8
0 is the cost for reactive energiy € 6

W is theunit pricefor reactiveenergyw/dviWh]

Qis the number of hours when exceeding the PQ limits during a month
k Qs1st max IS the anount of reactive power exceeding the PQ limits of thé'
highest houfMW]

3‘0is thesumof reactiveenergyexceeding the PQ limif&Wh]

Target value | Less than zero

Baseline
_ w/o EUSysFlex (compensators)
scenario
SmartGrid ) ] ] ] )
) with EUSysFleinnovations.Horizon: demo period
scenario
KPI n°3
KPIl name Reactive power market utilization factor KPI ID

The goal is to measure the need for such a market and estimate the value f

Main objective
aggregator

_ .| Calculation of the numberfdours that the market is being used to compens
KPI Description ) ) )
the reactive power during the test period

Unit %
B0 0] b
~
where
Formula

B "Qis the numberof hours that the market is being used to compensate
reactive power

Y is thenumber of hours duringhe test period(in the demonstration
one month)

Target value | >0

Baseline _
) No baseline
scenario
SmartGrid ] ] ) ] i
, with EUSysFlex innovations. Horizon: demo period
scenario
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KPI n°4
KPIl name Flexibility service reliability KPI 1D
Main objective | Differencebetween the offered bids and the realized power exchanges.
Theroot mean squared erroRMSE) between the bid power exchanges and
realized ones. This error includes forecasting errors, but also the other sour

KPI Descriptio ] o ) .
errors in the systen{e.g. communication failures, asset owner overriding

O2YYlIyRZ X0

Unit MW
B O 0
Y Y R |
v YO v
Formula where

tis one of the T time periods considered
|}y is the realized power exchanged
||-||O is the power accepted (or validated) from the bid on the market

Target véue | Towards O.

Baseline .
] No baseline
scenario
SmartGrid ) ) ) ] )
) with EUSysFlex innovations. Horizon: demo period
scenario
KPI n°&
KPIl name Reliability of the aggregatiomlatform KPI ID

) o The goal is to measure how reliably the platform d&is and receive
Main objective

information
KPI Description Calculating the hours that the communication is travelling through the platfq
Unit %
_ b W0
e
where

Formula , L . , .
J,H%n -s] is the total duration in which all the aggregation platform is work

correctly as defined in the demonstration specifications.
J,| Is] is the total operational time of the aggregator thg the tests carried ouf

Targetviue | =P w0, as good as possible

Baseline

) No baseline
scenario
SmartGrid _ _ .
_ With EUSysFlex. Horizon: demo period
scenario
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KPI n°5b
KPI name Usability of the asset KPI'ID
Main objective | The goal is to measu@sset usability

KPIDescription | Calculating the hours that tha@sset is availabland usable for operation
Unit %

J
-0 4
| -

=P

where
Formula , . . . . ,
J||4% . s] is the total duration in whichssetis working correctly as defined the
demonstration specifications

%| Js] is the total operational time of thassetduring the tests carried out.

Target value | =b b, as good as possible

Baseline ]
) No baseline
scenario
SmartGrid _ . .
_ With EUSysFlex. Horizon: demo |t
scenario
KPI n°6
KPI name Customer acceptance KPI'ID

The goal is to have an attractive service that encourages the customers t
Main objective | permission to use their resources (&fectricity loads or battery storages) by tl
aggregator/utility company

Measuring how well customers will engage to take part in grid stabilization
KPI Description can additionally be supported by conducting an interview with a defined g
of cugomers, eg. key customers.

Unit %

T m P v

Formula 2 | TSI R/

Target value | 15%c¢ 25%

Baseline _
, No baseline
scenario
SmartGrid ] ) ] ) .
_ With EUSysFlexnnovations. Horizon: demo period
scenario
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KPI n°7

Profits of service provien (revenues of service provisieoosts of
KPI name ] o FIN
service provision)

) o Calculation of thévenefit for the customers when they apgovided new services
Main objective | . . )
with a specific set of resources compared to the BaU services and resource

The Revenue is calculated by multiplying the provided power by the price ¢
KPI Descripn | servicesummed over a set of resources and a set of markets/senaces
subtracted the cost of grid service and energy retalil

Unit €

Y Y Y'Y O6°7Y

where

oY 0O Y O Y 0 Y
o) "Y 0 g ¢

o) Y 0 g “ b3

Formula
R.etis ret incomefor the customers

Ris revenue from the markets (see KPI1)

Ciscost for the customers arisen from cost of grid tariff and energy tariff
Gyriceis costfor the customers arisen fromnergy in the grid tariff

Gyigris costfor the customer arisefrom demand in the grid tariff

Gpotis cost for the customer arisen frospot based energy tariff

|| is the realized power exchanged
" is the price

Estimated costs of operating the flexibiliby taking into account the grid tari
Target value ,
and energy tariff

Baseline . . o .
_ Operating with the existing pr8ysFlex capacities
scenario
SmartGrid With EUSysFlex innovations. Horizon: demo perio

s@narios Operating the resources on other markets, or on a combination of markets.
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3. DEVELOPMEND®RING THE PROJECT

In this chapter, the systems (hardware and software) that were developed, purchastllgid or run during the
project are described. During tHeur years of EtBysflex, many tools have been developed and assessed and
multiple software solutions testedSome of these software solutions remain in use gog$Flex and some were
only neededand evaluated during thedemonstrationproject without direct postSysFlex usen general, the
developments during the project are tools and software solutions thabénthe use of small to mediurscale
assets to provide flexibility for the TSO or th8@ This includes forecastit@pls that estimatethe available
flexibility from different kinds of distributed small scale assets as well as a forecasting tool tatedtia need of
reactive powercompensatiorfor a DSO. In addition to forecasting tadlse developments include optimization
tools that create optimal bidding sttegies for distributed assets. Furthermore, the whole-¢é@W¥ironment had to
be developedn order to use these distributed assets for providing flexibility. Tiituded testig a new
aggregation platform (pilot project) with a third party as well as expanding the abilities of an exiftiptatform
that Helenuses as part ofits ICFsystems

In the next chapters, these developments are described more in detail. Chaptpreddnts an overview of the
whole development work realized durifgUSysFlex in a visual form. Chapter 3.2 describes the developments
regarding the communication systenand interfaces between different systems. Chapters 3.3 and 3.4 describe the
forecastng and optimization tools developed durifd}SysFlexMoreover, he forecasting and optimization tools
have been described in deptin the dedicated deliverables D6.Bprecast: Data, Methods and Processing. A
common descriptiofd] and D6.50ptimization tools and first applications in simulated environmgsijts

3.1 OVERVIEW OF THE DEVELOPMENT REMRKZED IN THHEMONSTRATOR

The overview of thd=innishdemonstration of both active and reactive wer demonstrationds shownin Figure3.

The main development was done in the aggregation platforms and the integratiomeeéertthe aggregation
platforms, as®ts and other systemsAll of the aggregation platforms had developmentwere new platforms
testedduring the projectAll of the assets werexisting beforghe projectas were the integratioplatform,| St Sy Q&
trading systemsand TSO ancillary marketadditionally, ew developmentwas requirecbetweenl St Syiidg { N.
sysemsandthe integration platrom which required a DMdata intregrdion softwarein order to transfer market
operation data from the 10T platfornAll of the BESSes aB¥ chargersperatedin active power demontrations

and the Suvilahti BESS together vitile PV planbperatedin the reactive power market demonstration.
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EU-SysFlex
e
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FIGURB. OVERVIEW OF TBEVELPOMENT$ SYSTEMS AND INTERFACESESFINNISHDEMONSRATION

After the EUSysFlex projecthe work discontinued with the DE&Rygregation platformas t was replacd with the
loT platform.In addition, as DEMS and Virta Energy Platfeare not Hele® property upgrades and development
are required by the owner.

3.2 COMMUNICATIORYSTEMANDINTERFACEEREVELOPMENT

In this chapterall active and reactive powepmmunication systems and interfaces are presented-gRistingand
new developednterfaces are described separately for evasget.

LargescaleBESS

A largescaleBESS was installed-site and it was used in differestudiesprior to EUSysFlex. During E&ysFlex
the largescaleBESS wannected toan aggregation platforrand operatedthrough it The aggregation platform
was in usend connectedo| St Sy Qa Sy S NH grioriohie frdjegt BigutedshavSthednterfaces and
communication systems of the largealeBESS.

The nterfaces betweerthe FrogrammableLogicController(PLGlocal controland theaggregation platformvere

already existingln addition the aggregation platfon hadactiveA y G SNF | 0S & { 2ding §étefry@ar 9y
to EUSysFlexNew development was done in the data transmissierface¥ 2 NJ 6 KS . 9{ { G2 2 LJ
active power frequency reserve markets
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FIGURE. LARGESCALBESS

Inreactive power teststhe hrgescaleBES$8peratedaccording tananualreactive power set poirgtsavedinto the
BESS Plabd thusno new interfaces were developddr the reactive power tests.

Office scale BESS

The office scale BE®&8s a new systerimstalled inan office building. New communication systems and interfaces
were taken into usdor the BESS to operate. The BE&@Sconnected to an IoT device via Modbus TCP and the IoT
device to the 10T cloud platform using mobile intermennection.The se of Modhlus allovwed the device to use
standardised Modbus protocol for reading from and writing to Modbus registers. The |oT devidecba
developed to function with the specific cloud service and it was purchased from the loT iplgtfovider. The IoT
device iself only transfeed data between the BESS and the cloud and all operationalagiduilt into the 10T
platform. In the 0T platfornthere were different user interfaces where usersutd create dashboards and logics.

During EUSysFlex different dasblrd views were developed to enable easy usdlierBESS operator. In addition
to dashboard views, operational logics were developed to engldifferent functionsdefined for the office scale
BESS. These functions enaliteel BESS to control the smaiffice power consumption with peak shaving logic and
to participate in the FGR market operated by th€innishTSO Fingrids well acompensatehe buildingsreactive
power. The logics for BESS operation were developed uséan Helen.

Other interfa@s consigd of an integration platform, a new developed Di&&militarized zongof trading systems
and energy trading systems as presentedrigure5. During ELBysFlex a DMZ of trading systems wagetbped

in oder to transfemarket and reatime data between the 10T platform and energy trading systefine DMZis

mandatoryfor the loTplatform to be operated as an aggregation platform for decentralized as$bts DMZ of
trading systems was develeg by a subcontractor.
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EU-SysFlex
. Accepted bids Accepted bids . Accepted bids
Energy trading |- P > It)lNilZ of | 727 Integration P > IoT
< ading | —— <
systems Bids s ,[emgs Bids platform Bids platform
Control
Accepted .
bids P Ti Bids 1-equeV
Activated power
Reserve BESS IoT Other measurement
markets of the 1 ‘?‘ﬂ‘kW) device data
TSO (FCR-N) o
FIGURB. OFFICECALE BESS
CustomerscaleBESS

Snall scale residentidESSewere owned by the customer§heBESSesere connected tadhe DESaggregation
platform that was under development byieto a Finnishsoftware companyOperational logics for BESS control
were developeda the aggregation platirm by the subcontractorFigure6 illustrates theinterfacesbetween the
customer scale BESSesnd the used aggregation platfornThis aggregation platform waa third platform

A~ 4 A x

developel by Tieto andused by HeleninEJ&@ 8 Cf SE | YR A 6 linkegrdigngygtdmd.i SR G 2

Control request N

d
-

Activated power

Activated power | | Control request

Activated
power

Control

request/ Actwated Control
power request

Battery Battery

Battery
#1 #2

#n

FIGURB. CUSTOMERCALE BESS

Electric Vehicle (EV) charging statiof\srta)

AY SEA&GAY3I dzASNI AYUiSNFI OS 06! L o-endiefefuSe®Ror the BMichargidg/ S NJ
demonstration This platform handled communication between the Ul and the charging p#&iigiste7 shows the
interfaces of the EV charger demonstratiohe EV charging demonstration used charge points which were
installed prior ELBysFlex for the customers. In tqteight private AC chargers at a smart office environment and
2yS 1 StSyQa L)zt A O ibthe déivonstiatio®. K NHSNJ 6 SNB dza SR
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logic enabled toilnit charging power to the connected charge point fleet. In addition, a user interface section was

createdfor the control logic to the existing Energy Platform Ul where the user could enable and disable the use of

the logic and insert setpoint parameteiBhe developed control logic was called FCR step function. The parameters
to the FCR step function wereefjuency activation limit, frequency deactivation limit, time delay and power

limitation. The FCR step function was developed to matchFihaishTSOC A y 3 NADReEnicaCrequirements.
In addition to user input parameters, grid frequency and chargiogrer of charge point fleet were other input

parameters for power reduction logic.

ﬁpﬁnﬁﬂﬁ

Frequency measurement

of the grid

#4014 T —

Y

Smart office

8 AC chargers (22 kW) Control requests,
4 EVs in the demonstration measurement data

[
>

—»

Energy Platform

Helen’s public charging
network: 1 DC fast charger

’_‘I‘

(50 KW)

User of the platfrom activates

3,]& n.ﬂ «— the FCR-D control

FIGURE. EVDEMO SEUP

Electric Vehicle (EV) charging statiofW§apice3rd party)

In addition to the EV chargirgpntrol demonstration withVirta, another charge point control demonstration was

done with a 3! party. In this demonstratiorthe complete flow from a loT platform Ul to a single charge poimas
developedThe intefaces are shan inFigure8. An OCPP (opetharge point control protocol) charger wistalled

on a astomers site and theharger wasconnected to a open sourcecharge point controllingCPP capable

platform. Additionally, thecharge point controlling platform was integrated witm 40T platfeam. To the loT

platform simple Ul dashboard was created whittabledusers to set desired charging current limitations.

loT platform

Control Control
commands commands

»

— | EVcharge point

»

+— | administration | *
Power and Power and

other data other data

FIGURB. EV2 DEMO SHIP

EV charge point

Control
commands

_—————»>
+—
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other data
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PV plant reactive power

TheKivikkoPV power plantvas used for reactive poweontrol during the ELBysFleproject. The PV power plant
wasconnectedo an loT platform with an 10T device prior to the reactive power compensation demonstrisigon.
interfacesand control logics were developdar controlling the reactive poweshownin Figure9.

loT platform

Activated reactive power

Control requests
Other measurement data

loT
device

PV power plant (850 kWp)

FIGURB. PV POWER PLANTPQWER

3.3FORECASTING

Forecasting is a crucial part of any flexibility actiwity it is further emphasized in the case of snwdhle and
distributed assets. Snilacale assets cannot provide enough flexibility on their own, so they have to be aggregated
into a pool that is then used for flexibility provision. In order to succdlgdsid flexibility to e.g. a specific market
place and operate the pool in respongerecasting is needed. During £8ysFlex, different sets of forecasting tools
were developed by VTT based on the data provided by HElese forecasting tools encompaiseee tools related

02 FTOGAGS LBRGSNI 0KIFG | NB | AeYdslRelae@tdldedctiye pbvEtitsarves theNX) a
DSO needs. The different forecasting tools are described in detail ElLt#BgsFlex deliverable D6Rbrecast: Data,
Methods and Processing. A common descriptioa following paragraphs give a short sury of each tool.

Forecasting tool for buseholds with electric heatingpavingstorage (hot water tank)

Theelectric heatingdf the householdgan be controlled vithe AMR systems (Automatic Meter Readintie tool
forecasts the heating needs for houseith a hot water storage unit used for space heating and domestic hot water.
The storage is large enough so that charging once per day for a couple of hours is enoaghuj ¢nough heat

for the whole day. The forecasting tool forecasts the heatingdse@roughout the day but can also predict how

the heating system will react to changes and commands resulting from the operation of thecéiBcted
switches The tool ado predicts the available times and amounts for up and down regulatibich coulde bid to

the TSO ancillary services (studied market mFRR). The tool has been utilized in the simulated case scenari
presented inChapterd.1.6and inANNEX.|
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Eledric Vehicle (EVEharging stations

The forecasting tool is used as a basis by an optimization tool in order to bid the capacity available from a set o
public EV charging stations to the flexibility markets. The forecast is intended to give an edtirhatv much
capacity can be made available for specific markgtestimating the usage of the EV charging statitmghis case,

the target markets are the frequency containment reserves (FCR) markets.

Customerowned smallscale batteries

The tool isnadein the context of individual households owning PV panels and a battery, with its primary use being
to store and use locally as much of the PV production as possible. The objective of the forecast is to identify how
much of the batteries capacity has bereserved for that purpose and cannot be used to be bid on other markets

PQwindow compliance tool

The tool is a preliminary step in the operation of the D$fhaged reactive power market. The question that needs

to be solved is to know how much addit@inreactive power services the DSO should procure from the
demonstrated market in order to minimize the costs charged by the TSO when the exchanges between the
distribution and transmission networks are out of bounds of the permitted active (P) to red@)veower ratio,
referred to as the P@indow.

3.4 OPTIMIZATION

In the FinnishDemonstration, ptimization is closely related to forecasting and often it candidicult or even
impossible to consider themas separate functionalities. During E&ysFlex,wo optimization tools have been
developed in cooperation with VTT. Both are related to the operational and bidding strategy of assets on the
frequency regulatio markets, and have been developed for the need of the aggregator. These two optimization
toolsare described in detail in the dedicat&d}SysFlex deliverable D6Gptimization tools and first applications

in simulated environmentghe following paragrphs give a short summary of both tools.

Battery Energy Storage SystefBESSated 1.2 MW and00 kwh)

As a result of tests in which the BESS was operated continuously with its maximum capacity, it has been notice
that the BESS is very often runningeitscompletely full or completely empty. This is not efficient and hence
optimization measuresdve to be applied. There is an incentive to stop providing the FCR services at specific times
and instead charge or discharge the battery in order to bringakixloser to a SQState Of Charge)f 50%.In

the optimization a balance must be found beé&n the benefits of allowing the BESS to provide its services during
more time periods on one hand and the costs of running the battery as well as imbalateerttise other. Finding

this balance is where the optimization process can take pl&berefoe forecasting tool aims to minimize the
impact of the times when the battery is unable to provide frequency containment reservesNjF& tofind

optimal bdding price/strategy to maximize the income from the RCRuarket.
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EV charging stations

The gtimization tool useghe forecasting toolas a basislts objective is to determine how much power the
aggregator should bid on the markets. In order to maximize the revenues from providing the service, the
optimization algorithm has to find the balancettveen the increased revenues due to bidding and priogidhigher
amounts of frequency products with the cost of being charged penalties for failing to provide the promised services.
As a result, the tool gives an optimal power curve that shows availdibifity for each hour of the day (i.e.
bidding curvg. The toolshowsavailable capacityo be bidfor FCRN and FCR®. FCRD is the best market for

G NB 3 dztgH NJ£2 yOK | NH A Y fhe ndatkét iSohl@fof dpXegudatiof O S
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4. DEMONSTRATIORETFUP AND RESULTS

This chapter describes the different fielgsts conducted during EBysFlex as well as their results. The chapter is
divided into sukchapters for each individual demonstration. First, demonstrations and field tests regarding active
power are pesented and after that the demonstrations regardingcéve power.

4.1 ACTIVEPOWERDEMONSTRATION

Active power field tests include five different demonstrations: three battgynonstrations, EV charging station
demonstration and the AMBontrol demonstations. The setip and results of thesdemonstrationsare described
in the following chapters

4.1.1SUVILAHTIARGESCALBBES®EMO

Introduction

A Battery Energy Storage System (BES5EMW and 600 kWR900 kvaj located in Suvilahti, Helsinfeferred
later & & { dz@ A tads pravitled aeSefarfhépkatform for Helesince August 2016. The purpose of purchasing
the battery was to demonstrate the multiinctionality of the battery and its technical capability to provide services
for several stakeholder3o learnthe best practises the operating environment of the battery, its limitations and
to identify possible needs to make changes to the regulations, also local DSO [$€eand theFinnishTSO
OCAYIANARRO LI NI AOA LI G SBNRlcHEAEGndedtedwh rés@drch pr@ect{of the Badtedyl NIO
(which started inAugust2016 and ended iAugust2019), the battery hasperated as a research platforimtwo

EU funded research projectEUSysFlex and mySMARTI[f&]. The next subchapterwill describe the teshg
phase of the battery awell aghe operation of the battery irthe FCRN market.Theoperation of the BESS in the
FCRN market has been one of the key objectives of BiéSysFle¥innishDemonstraion.

b

= ~ A

FIGURBRO. BATTERY ENERGY STORAGE SYSTEM IN SUVILAHTI, HELSINKI. SOURCE: HELEN LTD.
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The infrastructure of the Suvilahti BESS is in two contaimescontainer has the battery cells, inverters and
control devices and thether has the tansformers and the MV (medium voltage) switchg&#re normal operation

for the BESS is to produce or consume 1.2 MVA, but it has capability to be operated with a maximum apparen
power of 1.8 MVA for up to 30 second$e Suvilahti BESS@nnected to nedium voltage (10 kV) network and it

is in the same grid connection point with a PV power plant (380 kWp) and two electric vehicle charging stations.

The smart grid entitpf Suvilahtis supplied by a MV feeder from the Suvilahti 110/1Gkkstation which is one

of the 25 primary substations of the local DSO. The substation has two main transformers with nominal rating 31.5
MVA and 47 medium voltage feeders. The loading density in this area is high and thus, the lengths of the feeder:
of the distribution network are short. The local power system is strong with a short circuit power of 230 MVA on
the MV side.

4.1.1.1TESTING PHASE

Helen tested different operations of the Suvilahti BE&$g the testing phasand as a part of different research
projects that he battery participatedn. The main research questions were

1) How to provide ancillary services to TSO, such as reserve power-M Famet

2) 126 (2 AYLXSYSy(d LISI] LR6SN aKIFIPAy3 yR Sy&NHe&
PV production, shaving dynamic office electricity consumption loads and shaving the metro acceleration
and braking peak powers from neighboring substatio

3) How to povide voltage control and reactive power compensation services to the local DSO

Duringthe research and testing phase, various frequency control characteristics with different fimgaency
curves, SOC target values, dead bands, and rec@ebayging or discharging) power values were testedring
the testing phaseoperation accordingd FCRN and FCR® market rules weralsotested.

Furthermore multioperationsof the battery were tested which includeslg.simultaneous use of FCR and voltage
regulationand either voltage regulation or reactive power compensation depending on the tifthe dayin
addition to the frequency control, which was actaiehoursMore informationon the different tests of the battery
can befound in[12], [13] [14].

Outocomes of the testing phase

One of the most promising applications for the Suvilahti BESS is the participatioe ¢n{ h Q& NI & S NIJ¢
markets, namely FCR or faster marketsAdvantages of a BESS for FCR operations include extremely fast reaction
time. The reaction time of a BE&Sachieve full power is few hundreds of milliseconds compared to traditional
NBEASNIPS LIRGSNI ddzlJL ASNERQ (Sya 2F aSO2yRad ¢KAA Aa
decrease in the future as renewablesplace traditional power gesration. Therefore, battery energy storage
systens would ato be suitable assets to operate time fastestmarkets, like FFR, whidh targeted tohandle
situations of low inertiaThe FFR startezperations in May 220in Finand
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During thetesting phase of the batteryif the battery operates continuously according to a control curve of the
FCRN market,it was noted that the battery iseaching its capatyi limits and either being too full or too empty
resulting in a failuref delivery.Therefore, there would be lost revendeom ancillary service marketstife battery

is operated continuously in the market, iadl hours are bidandaccepted According to the tests, the availability of

a BESS for market operations washkeigwhen there vas within a wider dead band an active SOC control with a
NEO2OSNE LRgSNI® | 26SOSNE GKS {h/ YIylFr3SYSyid akKkz2dz |
frequency markets in order to operate successfully and avoid penaieeedto define a suidble bidding logic

was identifiedandone of the tools of the EASysFle¥innishdemonstration tacklethe issue ohow to operate the
BES$ptimally in the FCIRI market tomaximizerevenues.

After the technical research and testing phaee next step wa to build suitable communication channels and
control logics for the battery in order tetart business operation ithe FCRN market. Tke next subchapter
describes the operation of the battery in the FRRnarket

4.1.1.2DBEMONSTRATIORETUP

During the end of 2019 and beginning of 2020 the communication interfaces and control logic of the Suvilahti BES!
were finalized. The battery has been operated in the -RQRarket since the end of January 20Z0e BESS is
O2yySOGSR G2 | &htidnypRtormGidzbidnBayt1EC I1@ahNSction. The aggregation platform
O2YYdzyAOlI GSa gAlGK | StSyQa GNIYRAy3I aeaidsSyr gKAOK Aa
BESS, the aggregation platform does not include any calculatioreontrol logic regarding the frequency
regulation. It merely sends an activation signal to the BESS which states, whether or not the bid for the current hour
was accepted by the TSO. The actual control logic of the battery is located on the localeomfiphe BESS. If the

bid was accepted, the BESS receives this information from the aggregation platform and follows the correct control
curve defined on the local computdf.the bid was not accepted, the hour is used for the BESS to recover towards

the SOC of 50 %.

4.1.1.3RESULTS

Apart from short maintenance periods the BESS has been offered to thil FZRket every hourHowever, the
revenuehas fluctuated significantly between individual months becaafd@e price volatilityin the hourly market.
TheFnnishTSO Fingrid maintains two different markets for both4NCid FC®. There is a yearly market, where
the price is set for the whole year, and an hourly market, where the pasesell as acquired volumesury for
each hour depending on the demanddasupply. IrFigurell, the hourly priceand volumedor FCRN in Febuary
2020 are depicted. In Februa?20,i KS LINA OS Kl & @FNASR 0Sis6SSy n I yR
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FIGURE1FCRN HOURLY PRES AND VOLUMES IN FEBRUARY[28]20

The amount of penalties has alfioctuated between different months. Some penaltieen be explained by faults

and communication errors, which have led to situations where the bids hasadyl been sent to the TSO but the
battery was unable to provide any regulation. Examples of such situations include inverter failures, which occur
from time to time, failure of the communication link betwe#me BESS aritie aggregation platfornor the freezing

of information flow on the local computer of the BESS or aggregation platform. In addition to these events, some
penalties occur every day due te limited energy capacity of the battery. If the battery is either too full or too
empty, it cannot povide enough regulation according to the frequency. These penalties are very hard tastorec
and they vary more or less randomly depending on the-fyjeduency. It is also important to note that the revenues

and penalties go hand in hantt a FCR provider fails to provide the energy promised on the market, they must
pay a penalty that is equal to the revenue. Thus, if the hourly prices are highthalpenalties occuring during
those hours will be higher.
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4.1.1.4KPIRESULTS

TheindustrialscaleRS Y2y a i N> GA 2y A& S ¢ bbfandi7di tBefFinniskddlodglafor. Yt L Q& ™

KPllIncrease in revenue of the flexibility service provider

The industial scale BES&articipatedRdzNA y3 (G KS RSY2yaidGNI GA2y (Theiic® ¢ {
in revenue wagjained fromoperating in the reserve markeét February toDecember in 2020From themarket

data it was found out that the BESS could @glappriximately80 % of the hours during the test periothe yearly
increase in revenuean becalculated as:

where

Sis the set of available markets = FRR

A is the set of available resmes =1 BESS

T is the amount of hoursidded to market=8760h (8016test period)

P is the realized power exchange®.5 MW (* 80 % delivery)

" is the price (FCR average hourly price on the hourly marlkairing operation =22.00€ kK a,h

Thus the theoretical maximunincrease in revenuealculated is7088¢ per year(6 424 K Y. Redl operationin
market and increase irevenue is shown iffable2 and it is clearly seen thahe revenue isnuch lower then the
calculatedmaximum.

In the summer of 202@he battery has operated on the F@&Rmarket for 5 whole months. Based on this period,

the revenue that the BESS is able to create for the aggregator is roughiy1001 € Kk Rl @ Yt L Yy 2 ®\
the market prices and griftequency fluctuations. bwever, on top of this, some costs incur with the reserve
operation. The BESS that is owned by the aggregator represents a connection point to the grid like any ether MV
customer. This means that the aggregator needs to pay alilisibn fee as well as asnergy fee for the charged
electricity. For the electricity that is discharged from the battery, the aggregator is being remunerated, so in the
end the energy fee consists of the losses that happen in the battery. Usually aneusétso needs to pay the
electricity tax for the energy that is consumgib]. The Suvilahti BESS, however, is exempt from this obligation
since it is a battery that is directly connected to the distribution grid, and no edégtis being dischargedrdctly

into consumption.
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TABLE. REVENUE OF SUVILAHTI BE3®20

2020

January -
February 2901,00¢
March 4552, 28€
April 628,48¢
May 7468,21¢
June 5596,75%¢
July 7681,4¢6¢

August 2439,34¢
September 3051,45¢
October 3743,91¢
November 6174,86€
December  946,11¢

Total 45183,85¢
4107,62€ K Y 2

The evenue from Suvilahti BESS in 2020 way/461 yapd ol @S NI} 3S G KS NBGSydzsS 41 &
The result indicatethat the revenue increase is rather good. The difference between the calculated increase in
revenue and actual revenue is mainly due to misbehavidheBESS and issues witie aggregation platform.
However, variation in revaueis high as Fingrigurchases flexibility servicamnly when neededOne aspect is that
frequencycontainmentreservepurchasings dependenton weather conditionskor example in May 2028now
melting caused major flooding risk in the north of Finland angttydro power plantswere not able tgarticipate

to the frequency containment reserv@gth highvolumethusincreasing the price Fingrid purchases the flexibilities
from the market

KPI4Flexibility service reliability

The reliability of the service that the battery prdes is evaluated in KPI no. 4 of tRenishdemonstrator
(Flexibility service reliability). In this KPI, RASE Rootmean squared error) between theourly accepted bids
and the realized power exchgas is calculated able3 below summarizes the results ofdltalculations between
February and June 2020. Agan be noticedthe RMSE varies quite a lot even on enthly basis, although most
of the bigger differences are evened out. The big RMSE in April, for example, iex@alalped by some trouble in
the communication between the systems. In May, however, the error is simply based on tHeeqtidncy and
unwanted situations where the batteryas drifted to being either full or empty.
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TABLEB RMSE OF THE SUVILAHTI BESS POWER EXCHANEBER&SY HALF OF 2020
2020 RMSE Unit
January | -
February | 0.144682| MW
March 0.116094| MW
April 0.194919| MW
May 0.156629| MW
June 0.204595| MW

The Suvilahti BE®Berated in theFCRN marketin the year 2@0. In Table4 below, the RMSE of the operation (KPI
no. 4) is caldated again for the whole yeafsit can beseen, there are nanajor changes in the RMSE error values
between the first and the second half of the ye@n averag the RMSE 0174 MW which representapprox.35

% of the offered capacity.

TABLE RMSE OF THE SUVILAHTI BESS POWER EXCHANGHENS-EBRUARY ANICEMBERD20

2020 RMSE  Unit
January -

February 0,144682 MW
March 0,116094 MW
April 0,194919 MW
May 0,156629 MW
June 0,204595 MW
July 0,201959 MW

August 0,183107 MW
September 0,190589 MW
October 0,149168 MW
November 0,124184 MW
December 0,248676 MW

Average 0,174055 MW

In Decembeythe BES#&alfunctioned andt thus failed toprovide flexibility servicesand because the BESS was
bidded to the reserve markdéhe RMSE increase@here were several issues in the end of Decenaogl before
noticingandfixingthe problems the BESS wsald to the markefor sevelar days

KP1%: Usabilty of the asset

The BESS in Suvilahti sends messages@fsituations (e.g. inverter failure, stop, shutdown). The usability of the
asset has &en calculatedbased on the error messages of the BESS. The usability of the asset is cafoutated
February2020 to December 202Muring that time the BESS operated in the-NGRarket of the TS he usability

is calculated from
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where

4||%D ds] is the total duration in whicthe asset is working correctly as defined in the demonstration specifications
and%|n s] is the total operational time of the asset during the tests iearout. Suvilahti BESS was operating as
expected approximately599 h during the test periodf 8016 h Thusthe usability of the asset was

X U X

The usability of the asset was not as high as expectédeaBESS had several failure situatiorisis is due tpoor
design and programmingof the BESSdowever the downtime did not significantly affect the revenue and profits
gained exept when the BES®alfunctioned in the end dbecember.

KPI7Profits of ®rvice provision

SuvilahtiBESSoperat¢éc?2 a i 2 F G KS &SI NI marketand glesatioviitly tHeNBE FSMnithe D drket
began in Februaryrable5 presensthe revenue from the reserve markegervice provision of aggratjon platform
distribution energy and power costs and thet profit from the year.The net profit is calculated from

Y Y Y'Y 67Y

where
oY © Y O Y O Y
o) 1'% 0 g “ &
o) 1'% 0 g “ &

Atotal netprofitof22u pc € @l & 3IFAYSR FNRY (G(KS St S@Sy 2LISNI (A2
flexibility services in the FER maket as the hourly market pes were high from May to the end of June.
Additionally, during these three months almost half oé ttevenue was gained.
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TABLE. PROFIT OF SUVILAHTI BESS HNIMOFRKET OPERATION

Service Distribution, Distribution,
2020 WS BSY izZINP@AES Y SNHELIZ 6 S NJ
January - - - -
February 2901,00 -435,15 -373,7 -1512,4¢
March 455228 -682,84 -235,73 -912,64
April 628,4& -94,27 -154,34 -916,32
May 7468,21. -1120,23 -163,18 -942,0¢
June 5596,75 -839,51 -169,93 -1387,3¢
July 7681,46 -1152,22 -169,99 -816,9¢€
August 2439,34 -365,90 -166,74 -732,32
September 3051,45 -457,72 -246,83 -1637,€
October 3743,91 -561,59 -286,86  -1126,0¢
November 6174,86 -926,23 -332,24 -2005,¢€
December 946,11 -141,92 -445,15 -1413,12
average 4107,62 -616,14 -249,52 -1218,41
Total 45183,85 -6777,58  -2744,69 -13402,5¢

Profits ~ 22259,022%
202355 k Y2 y I K

Theearned netprofit isdecent However, the net profit would have been greater if the aggregation platfeould
not have failed in the end of the yeakdditionally, state of charge optimizingpuld decrease penalties in the FCR
N marketavoiding situations whethe BES8epleats @ is fully chargednd no longer can maintain reserve power
and thus increase profilNotably, the power tarffis abig cost while operating the BESS seerin Tableb.

4.1.2QJSTOMERCALE BATTERIES

Introduction

Custonera OF £ S oF GUOSNARSaA 6SNB LIzNOKFASR o6& |1 StSyQa Odzai
forerunners as the BESSges have been high and technology has become viitddly in the past several years.

All the BESSeBwvolved in the demostration were combined with residential PV. In addition, the customers
voluntarily participated to the demonstration. In total 13 residenBESSesere used in the demonstration. The
maximum power of theBESSesaried from 1.5 kW to 5.5 kW with an aveeagutput of 3 kW charging and
discharging.

4.1.2.1DEMOSEFUP

The first field tests with the customecale batteries were conducted in December 28Wing a tweweek period
The aim of tle demonstrationvas to connect alhouseholdbatteries to an aggregatioplatform and controthem
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as a poohccording to the frequency regulation (FCR) rules offimmishTSO Fingrid. The aggregation platform
used for thisvas the aforementioned new arplloted aggregation platfornDES, distributed energplution)that
was provided by Tieto, EinnishIT software and service company.

The demonstration included 13 household batteries withemergycapacity ranging from.% kWh to 16 kwh. The
maximumpower output of the batteries was on average 3 kW. Thus, the oveedlmum flexibility that could be
provided was around 40 kWWHowever, thigs not enough to satisfihe minimum requirement of the TSO, which is
0.1 MW on the FCRI market. Thus, the bedries were not actually bid to the flexibility market but only conledl
according to the rules.

The demonstration setip was as follows: All 13 batteries were connectelREST API to the piloted aggregation
platform. This way the platform could send as well as receive information, such as charging/discharging power anc
SOC from the batteries. The platform had a binillogic, how to control the pool of batteries accard to the real

time frequency of the power systerin order to avoid causing too much inconvience to oiners of the batteries

at this stage, the baétries were controlled only for a single hour each day for the duraticappfox.two weeks.

The contrd hour was chosen randomly for each d@gble6 below presentsthe control hours.

TABLE CONTROL TS OF THE CUSTOMMERRLE BATTERIES DURINESEDEMONSTRATION PERIOD

13.12.219 6:00-7:00

20.12.201915:00- 16:00

27.12.2019 3:00- 4:00

14.12.201910:00- 11:00

21.12.20196:00- 7:00

28.12.20196:00- 7:00

15.12.249: 11:00-12:00

22.12.201916:00- 17:00

29.12.201910:00- 11:00

16.12.20194:00- 5:00

23.12.2A9: 3:00-4:00

30.12.2a.9: 8:00-9:00

17.12.20199:00- 10:00

24.12.20194:00- 5:00

31.12.20191:00- 2:00

18.12.20198:00-9:00

25.12.201918:00- 19:00

19.12.201918:00-19:00

26.12.201915:00- 16:00

The main goal of the demonstration was to observe the performance of the aggregation platform as well as the
response of the customers. Customers were informed beforehand of the demonstration, @rasafterwards

their feedback was collectedlost of the customers did nohotice the demonstration having effect on their BESS
operation and only a coupleho looked more into detail notice the some of the test da4#.of the customers

were satisfied with the demonstratio

The control logic of théatteries was built into the aggregation platform and no changes to the local software or
control logic of the batteries are required. This is important considering the scalability and feasibility of such
flexibility operatiors in the future. If changes to the local software or hardware are required, the costs of setting up
the flexibility readiness of smadtale batteries rise immedidie The aggregation platform also had the ability to
estimate theavailable flexibility othe battery poolaccording to the usage history.
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4.1.2.2RESULTS

In general, the demonstration phase with the custonserale batteries was successful. The batteries were
successfully connected to the aggregation platform and controlled according to thegfireed schedule and the
grid-frequency. However, some challenges and shortcomings were also identified and important lessons were
learned during the test periodrigure12 below presents the state of charge of the individual batteiieghe
aggregated pool during one single control hour (28.12.2019: 67000) This is a good examptd the successful
operation of the battery poolApartfrom one battery (uppermost graph), all batteries are empty at at the beginning

of the control hair. During the control hour, the batteries start charging and their SOC rises {@gufation).
Duringthis particular control hour this is well visible because the frequency remained above 50,05 Hz for a long

time. The frequency of the same hour is dégitin Figurel3.

FIGURE2 STATE OF CHARGE OF ALL PARTICIPATING BATTERIES DURING A SREGEIZE2808)66:007:00.
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