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Abstract

The increasing of distributed generation resources, along with the electrification of the heating and
transportation sectors, is causing a change in the existing structure of distribution networks. With this
new configuration of the electricity distributiogrids, the traditional onavay energy flow can be two

way in some certain locations and "grid flexibility" will be an opportunity that DSOs need to consider.
Especially with the emergence of hew business models, DSOs will have new roles and interaat with
user more actively. Activities of the WP8 of FlexiGrid project mainly focus on this expectation and within
this scope studies have been carried out to provide grid flexibility with different flexible assets and
business models in pilot regions in Sagiland and Turkey. Demo activities have been presentedan
direction of the test caseproposedin D8.1 and the installation and system integration work presented

in D8.2.

The demo work carried out @EDAS pilot sitwas designed to demonstrate the fgmtial flexibility that
electric vehicles and battery storage systems can provide to the distribgtidrto mitigate the negative
effects of potential congestion problems that may occur in LV. frithis context, business models based

on demand side @mnagement and simulating the process with argkr participation were demonstrated

with real assets and systems. (Due to the regulatory and technological barriers presented in the
demonstration activities section of the report, it was not possible to weitk real users.)

The studies that were carried out in the report have shown that electric vehicles and battery storage
systems can be dynamically managed in coordination with DSOs due to their ability to respond quickly to
setpoints. With theimplemented scenarios, it has been demonstrated that the discharge feature of
battery storage systems and V2G chargers can be actively used in load management, and the distribution
transformer does not exceed the defined thresholds at certain times ofithe When considered from

the enduser perspective, pricbased optimization is expected to be important for users to gain profits in

the future, and it has been shown that charging/discharge operations based on tariffs determined by DSOs
according to thegrid load will be important for load management.

Standard electric vehicles (which are compatible with-diréctional charging), which will have much
higher number than V2@apable vehicles, also have a significant flexibility potential for grids. By
managing the charging process of these vehicles in a smart way, DSOs can use them for load management
and to limit congestion problems. The studies in the report demonstrates the management of the charging
process by extending the user's charging time to areptable level and reducing the charging power.

The results show that V1G smart charging can provide significant benefits to DSOs in reducing peaks
during the day. However, incentivizing users is critical to making the process sustainable in real scenarios

The report has also highligted the importance of technological infrastructure and systems for dynamically
implementation of all of these scenarios in a way that meets the needs of botlugeid and DSOs. The

test cases conducted have shown that it isexgtial to have platforms and algorithms that are compatible
with smart charging processes in order to dynamically manage relevant assets.

At the Swiss pilot site, test cases previously established in deliverable 8.1 (can be seen in Figure 2) were
performed and are presented in this deliverable. In a first step, proper monitoring and control of the
installations are validated, despite the few limitations observed on the control of heat pumps, especially
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in terms of restrictions on consecutive activationkeil, a strategy developed for the estimation of the
flexibility potential, based on typical power profiles, is presented. Finally, flexioitiyalancing purposes

was provided to OIKEN using the different assets of the campus. The reliability of heps aund
batteries is studied and compared with each other and then tests are presented for both positive and
negative flexibility services. When the asset behaves as planned baseline, batteries appear to accurately
deliver 100% of the flex offer volume, eltio their high reactivity. For the performed tests, results show
that heat pumps are rather reliable, showing delivery rates situated between 94.7% and 109.2% of the
promised volume, in the case of constant baselines. The P2G installations being uteailahe
timeline of the project, a simulation model was used and combined to the other assets to generate
flexibility offers with the whole system. A test combining HP19, batteries and the P2G simulation model
resulted in delivery rates between 98.75%dal01.1%.
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1. Introduction

The concept of flexibility is becoming increasingly significant, particularly with the growing deployment of
distributed production sources, electric vehicles, and electric heating systems. These systems are crucial
in achieuwng the goal of electrification, which is a critical step towards decarbonization objectives.
However, if these systems are not properly designed, their proliferation can lead to congestion problems
for distribution network operators at local or larger sesl Nevertheless, wetlesigned business models

and intelligent management platforms can reduce these negative effects and even leverage this
disadvantage in some cases.

In this context, this report presents the details of the work, results, and evaluatidmained in the
development andexecutionof demo activities with different flexible resources in two different demo
areas. The first part of the report discusses the basic objectives and goals. In the second part, demo areas
in Turkey and Switzerland ereintroduced with their final states, and information is provided about
measurement systems and controllable devices. In this section, the platforms used during demo activities
are also analyzed, and information is provided about the final integratiocgss. The same section
provides brief information about the purposes of using the platforms during demo activities, and more
detailed information is presented about the EV management platform and smart charging methodology
for OEDAS. In the third chaptatemo studies and results carried out within the scope of previously
determined test cases in Turkey and Switzerland are given. The report was completed with the 4th
chapter, the summary and conclusion part.

Scopeand Obijectives

The main purpose of the report is to demonstrate flexibility in the electricity distribution network through
the systems and architectures designed in Turkey and Switzerland with different use cases. In this context,
the main objectives of the report, irgpallel with the objectiveslefined inthe Grart Agreement, are:

1 Demonstration of the flexibility measures and electricity grid services provided by battery storage,
electric vehiclesvehicleto-grid (V2G), heat pumps ambwer-to-gas solutiongdigital twinsand
smaltscale fuetell).

1 Performing of the real time control of integrated equipments to enhance renewable energy
integration.

1 Performing of the integrated platforms within the scope of flexibility provisioning.

Definition/validation of the role®f DSO and FSP tre energy/flexibility tradinglatform, EFLEX

1 Demonstration of the basic demand side management use case with electric vehicles and EV
management platform.

=
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2. Description of &mo sites and platform integrationfor
demonstrations

This section presents the final configuration of the architecture of the OEDAS ar8CHRiI®S where
demo activities were carried out in Turkey and Switzerland.

2.1 OEDAS pilot site

The generatonfiguration of OEDAS campus was already presented in the previous deliverables D8.1 and
D8.2. Some details regarding eventual modifications are given in the next sections.

2.1.10EDAS assets / platforms description and integration

As mentioned in previaideliverables (D8.1 and D8.2), the OEDAS demo will demonstrate the provision
of flexibility to the distribution grid through the smart charging process of electric vehicles and battery
storage systems. To this end, the DC fast (50 kW) electric vehialgirdhatation, V2G kdirectional
electric vehicle charging station, and battery storage system (can be seen in Bigueee installed and
integrated with the local energy management system called the EV Management platform. On the other
end,theEVMaraSYSy G LI FGF2NY g+ a AyadSaNFrdiSR gA0GK GKS
EFLEX}latforms), and the use cases watemonstratedusing the relevant platforms.

oeors | OEDRS

ML 1081 g

Figurel Battery Storage Syste(feft), V2Gand DCast charging stations

The final diagram obtained from the installation and system integration works carried out in the OEDAS
pilot area is shown in Figur2 It can be seen that all assets are integrated with the EV Management
platform with different comnunication protocols.
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Figure2 General scheme of OEDAS pilot site

During the test case demonstration activities carried out by OEDAI¢ktric vehicle management
platform EV management platforjn FlexiGrid 10T platform, anBFLEXrading platform were mainly

used. The EV management platform, where all control processes were performed, was the main platform
for the demo activities. FlexiGrid platforms were integrated into the EV management ptadfocording

to the use case scenarios. General information and usage details of the platforms can be found in the
following sections.

2.12 EV management platform description and integration

The electric vehicle management platform is designed to manadeoptimize the charging sessions of
electric vehicles using a smart charging algorithm. Typically, a charging session is initiated through a
mobile application, which can use QR codes or RFID to communicate with the platform. The optimization
and managemet processes take place on the bashkd of the EV management platform, with the main

goal of balancing the load on the local transformer by calculating and scheduling the optimum charging
and discharging slots for both EV chargers and battery storagensystéhe platform's intelligent
scheduling algorithms can help to reduce peak demand, optimize energy consumption, and minimize the
impact of EV charging on the local grid.

Some of the fundamental functionalities of EV management platform-bé#ate are

Integration with charging stations

Remote management of the charging station using Energy management dashboard
Charging point control and management (switch on / off, status, etc.).
Management, monitoring and triggering of electric vehicle chargers.

=A =4 =4 =4
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Managenent and identification of users

Smart charging/Discharging of charging stations

Real time energy transaction by the charger (charge or discharge).
9 Historical load curve by equipment.

=a =4 =4

During the demo activities, the control of the devices installed in@EDAS pilot area (EV chargers and
batteries) will be directly performed through the EV management platform, utilizing its smart charging
algorithms. More detailed information about the functions of the platform can be found in the D8.2
document.The key ofectives for the smart charging are:

T aAYyAYATAYy3 GKS AYLI OG 2F GKS 9x{9 AYyTNI adNHzOG d:
focus on:
0 Reducing power peaks with smart charging application
0 Maximizing the use of internal energy sources
1 Allowing clients to supply grid services (balancing services) (e.g. identify power and energy
Tt SEAO0AtfAGeT GeLAOFt NBaLkRyasS GAYSs SioOXxo
As mentioned before, the platform is integrated with the devices in the fieldwitld DSO assets, and
there is bidiredional communication with the devices. The general architecture of the platform can be
seen in Figur8.

S O i A1 O e A i
m' o hE & hBE
Mobile App nl")nar::bt';:‘:; Dag::oird
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o a—
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(id
&
8
REST Smart Agent m—

REST

Figure3 Finalarchitecture of EV management platform

The smart charging module in the Central EMS evaluateshhrging and discharging profiles based on
inputs received from relevant devices and users. The determined profile slots can be adjusted through
the platform, and in general, it is decided that-ibnute intervals are appropriate for the slots. Within

this scope, the platform calculates the appropriate flexibility potential every 15 minutes infao@ad
period. The basic criteria for this calculation are listed below.
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1 Solar and other renewable generation forecastirgased on historical data;

1 Peak and ofpeak load and its pattern is predicted using historical load by checking avénage
consumption over a period of one month for every 15 mins slots;

1 Parking utilization based on analysis of number of vehicles connected to the chasgatigns
over aperiod of time.

For each vehicle, the following user input is derived

Departure time (duration of vehicle being connected);

Desired state of charge at departure time (DSOC) normally 100%;
Current state of charge (SOC);

Max capacity of the vehiclecalcuated empirically.

= =4 -4 4

Sq when vehicle is connectefdr the first time,algorithm ussthe predicted information and thgiven
user details to calculate the 15 mins slots for charging and dischargingage of V2G)The

OKI NBEAYIKkRAZOKENBAYI 4884A2y4& T2NI I @S kdp@de®s 6 A f f

the respective kW for the Ehinute interval. Here, the capacity can range from a stbxarging (usually
1-2 kW) to fast charging (10 kW, 22 kW, g&s supported by the respectiebarger.

For each of the connected vehis)ehe following are derived using the users input:

1 For V2G compliant vehicles offering flexibility, the energy required to achieve the diskite
of charge (DSOC).
o If DSOC iess than 100%, then the difference between DSOC to Full chargated as
flexibility.
o IfDSOC is 100%, thena{®e y FA 3dzNBER LISNOSy Gl 3S oum:0
capacity would be considered as flexibility.

The utilization of the flexibility ha® consider the departure time of the vehicéad will be different in

each slot based on grid conditions. The goal here is to chitwgeehicle up to DSOC based on the
disconnect time interval while utilising ttkexibility offered until then.

Users camevertheless opbut from providing flexibility via the mobile app also.
i For V1G vehicles or V2G (eqit option selected)

0 Calculate the respective energy required to achieve DSOC and assigncolosikiering
the departure time of the vehicle

The goal hee is to charge the vehickgt a minimum rate possible in order to achieve the DSOC based on

the departuretime. For such vehicles, the entire charging process would be balanced acrasailable
time intervals whereas, in case of V2G vehicles withitikty, there would be spikes in charging and
discharging capacity in order to utilize flexibilityvesll as to refill

Once the charging and discharging blobkse beencalculated, it looks at the predictability of factors
such adoad, solalgeneration & parking utilization and determines which slots should be used.

The load balancinbgased profile calculation is mainly based on the peak anepbedk thresholds
determined by the DSO through the platform. The peak threshold indicates the ticeghlue that the

27T
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transformer load should not exceed during peak times, while thepe#k threshold indicates the
consumption value taken into account outside of peak times. Information on how the algorithm performs
calculations during peak and gfeaktimes can be found below.

Duringthe Peak slo:

1 The evehicle would never be charged unless the load is below a configurablegtpeakold in
which case, they would be slow charged.

1 In case of V2G-eehicle would discharge at a maximum rate doery 15 mins slot (if the
charging station is 10 kW capacity it would be discharge at the maximum: 10 kW);

1 No cars leaving at the current peak period would be discharged.

During theOff-Peak slot

1 There is a configurable effeak threshold the charginggdrithm always uses to determirte
number of cars charged during 15 mins;

9 If for some reason the real time consumption goes above the threstiwd V2G wouldrigger
discharging;

1 Al V2G car would be charged-tgpthreshold until it gets to 100%;

1 AIIV1G car would be charged at slow or fast rate depending on the departure of the dar, so
the car is leaving the day after, by instance, then it will only be charge at a slo(Lk&tor AC
and 5 kW for DC charging

1 For V2G, any discharge during theagevould be recharged at offpeak to the same levalo the
car is always ready for flexibility at the next peak.

These profiles, calculated automatically based on the specified inputs, are recalculated under certain
conditions.Events that lead toecalculating charging profikere:

1 If actual SOC is different to the estimated SOC obviously due to the losses, etc
1 If anew car arrives or departs earlier than the recorded departure;
1 If a Grid event occurs.

2.1.3 FlexiGrid 10T platform description artdgration

All assets in the demo area (including transformers and PVs), have been integrated with the FlexiGrid loT
platform through an API prepared by OEDAS. Thusitireal or I-minute resolution data monitoring is
possible through the IoT platfornThe main purpose ofthe data monitoring can be stated athe
verification of flexibility delivery and equipment control The IoT platform dashboard prepared for
OEDAS and visuals of the data transferred and visualized by OEDAS can be seeniarddtiggres.
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Figure5 Visualization of OEDAS data

In addition to the API prepared for data monitoring and validation purposescand APl has been
provided by OEDAS to the loT platfofifne main purpose of this APl is to provide the IoT platform use
with the opportunity for setting and equipment contral ThisAPI allows |oT platform user to make
adjustments and trigger changes to the smart charging process of EV management platierivasic
functionalitiesprovided by the API are listed below:

Enabling/disabling of smart charging (POST)
PealOff-peak threshdd setting (POST)

Peak slot creation (POST)

Base price setting (POST)

= =4 =4 =4
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9 Pricing setting (intradagay ahead or Time of Use rates) (POST)
1 Creation ofDemand response event for direct equipment controll{RST)
1 Smart charging profiles (including transformead and PV production forecasts) (GET)

The integration resulted in the possibility of performing these operations and the dashboard prepared for
OEDAS on the loT platform can be seen in Figubairing the demonstration activities, the 10T platform
works in integration with the EV management platfor@eneral settings are made on loT platform and
are automatically activated/ triggered (via APIl) on EV management platform that executes the set
changes

EV Management Dashboard

— Peak Time Periods

[[[[[[[

= Pricing

Figure6 EV management dashboard of loT platform

2.14 FlexiGrid P2P Trading description and platform integration

TheEFLEHKIlatform (developedby EMAX3$erves as the marketplace for energy/flexibility trading between

the DSO andhe FSPs. Through the platform interface, the necessary steps for completing trading
transactions can be carried out seamlessly. The only integration requirement here is tee ehsur
verification of the flexibilitydelivery, which necessitates the provision of measurement data from the
relevant assets. To this end, it has been decided that there will be no direct integration between OEDAS
and EFLEXor transferring of measuremerdata that will be used for flexibility trade validation, and that

the required data will be transferred from the SIMAVI IoT platform toER& EXlatform via API.

In addition to the aforementioned process, after the offer and request transactions arehaton the
EFLEKlatform, OEDAS has prepared an API to directly send the final flexibility command to OEDAS assets
(through the EV management platform). Through this API, the consumption reduction or increase
command can be sent by thEFLEXlatform and trigger the OEDAS asset, initiating the flexibility
provisioning process. Further details on this process can be fousettion 3.1.2.1 TC.8.8

D 8.3 Dissemination LevePublic Pagel7 of 97



' FlexiGrid GA#864048

2.2HES campus

The general configuration of HES campus was already presented in the préeliwesables D8.1 and
D8.2. Some details regarding eventual modifications are given in the next sections.

2.2.1HES assets / platforms description and integration

The final devices available on Energypolis Campus are the following:

- 1 x Heat pump 14RBWth

- 2xHeat pump 108Wth

- 1 x Batteries 258Wh

- 1 x (simulated) solid oxide electrolyser cell (SOEEY\20
- 1 x (simulated) solid oxide fuel cell (SOFR\6

The assets are operational and match the specifications that were already communicated. These assets
are controllable through different platforms, that were already described in details in D8 final
structure is exactly the same as the one which was already presented. A summary of the platforms is again
given inFigure?.

IOT validation

accept
transmit
information
offer

GTB — GTR \ GTbatt\ GTP2G
7/ N\ . .\ b

(" concrete | [ ventilation | (" heat e —
| slabs | units pumps | batteries )

.

Figure7: Platforms available at HES for assets management and flexibility services procurem:

2.22 FlexiGrid loT platform description and integration
In the case of the Swiss demo site, the Flexigrid 10T platform is used for two purposes:

1) To provide a visualization tool for the data measured onsite.
2) To gather measurement data to validate taetual deliveryof flexibility services.

Developments have beemade and data for the buildings, heat pumps, photovoltaic modules (PV) and
batteries are shared to the platform at a 1 minute resolutiBaw data can be easily accessed on the 10T
platform under a table format (seEigure8). In addition, a graphical visualization is ats@ilable on the
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loT platform An examplés provided irFigure 9 This data is gathered on the HES side and shared via the
HES APTThe 10T platform then gets th#ata using simple HTML requesinally, the visualization tool
available on the IoT platform allows one to access historical data.

Hes Device Data

ID* Uuid$ Building Node & Hes Device DataPoint Cod$  Data Point Type & Unit 2 Values  Timestamp ¢ Friendly Name &

91804641001 2-4319-2920-0000056 2ec Te BUILDING_19.SIM  HP_ PEL ELECTRIC_POWER_CONSUMED K 46 Jun20210300:00  Blectric Power consumed @view SEDT XDELETE

T —

1 RET cELS @view | SENT KDELETE
: = o pover moouce
NG_19.5IM  BULDLAB S T2z TEMPERATURE_AIR_ZONE CELSIUS 23393
I FN T TEMPERATURE_AIR_ZONE CELSIUS
19_Sk T2 TEMPERATURE_AIR_7ONE CELSIUS 23586
SiM EXTERNAL_TEMPERATURE CELSIUS
G21SM  HR PEL ELECTRIC_POWER_CONSUMED 4
LOIN I RET A ATURE.HEAT.PUMP  CELSIUS

Figure8: Example of raw data available on the [@@tform

Flexigrid voo1-swesHo #Home WCedes = B Bugsia = B Chalmens =

Hes data collection statistics

B8 General / hes @ Lastidays ~ Q4 T -~ @
Building 19 Real - Temperatures Buiding 21 Real - Temperatures Building 73 Real - Tempeeatures
-.. e —

0 8

- BULDLABN BALD LAS - BLIRD OFF .

- DEFFS = Bempaiales - L N BuaL

FV Real
W |

Figure9: Snapshot of the 10T platform visualization tool for the Swiss demo site

Concretely, plots are available for each individual asset and gather the most important state variable of
the assets. For the heat pumgsigurel0), the electrical consumption of each individual heat pump (19,
21,23) is monitored, allowing to use each asset separately fosupely of flexibility. For the batteries
(Figurell), both chargindpositive)and dischargingnegative)powers canbe visualized, as well as the
state of charge. Charing and discharging cannot bezeno at the same time, and both are taken into
account during the flexibility validation period.
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HP Real

FigurelO: Heat pump monitoring available on the loT platform

Batteries Real

BATTERY - DISCHARGING POWER BATTERY - SoC

Figurell: Batteries monitoring available on the loT platform

2.2.3 FlexiGrid P2P Trading description and platform integration

The interaction of HES and OIKEN withER&EKlatform (P2P trading platform) is limited to the following
agects :

- Posting of flex offers by HES or flex requests by OIKEN

- Matching of the offers

- Notification of flex offer acceptance by emalil

- Validation by OIKEN using the measurement data provided by HES

For the three first points, a general procedure was esshield, with offers being exchanged every hour
for the next hour in an automated process, as described below:

xx:00xx:04: Computation of flexibility needs performed by OIKEN

xX:05: Publication of a flexibility request by OIKEN on the API of the HES
xX:05xx:30: Computation of flexibility offers by HES

xx:30: Publication of the flexibility offer(s) by HES on the API of the HES
xX:30-xx:34: Matching of the requests/offers bigFLEXlatform

xx:35: Publication of the offers to be accepted BfLER Y | 9{ Qa !t L
xX:45: Offers acceptance posted/lBFLEX h LY9b 2y 1 9{Qa ! tlL

xx+1:00xx+2:00 Active performance by HES for the supply of flexibility

This automated process could unfortunately not be integrated intoER& EXlatform due to limitations

related to blockchain technology; flex offers and requests are then posted manually. Except for that, the
presented procedure is the same. A detailed description of the procedure is given in section TC 8.2
Communication with EN. HES reacts and triggers its assets as soon as it receives a notification of flex
offer acceptance by email, but no direct control setpoint is sent fEffbLEX0 HES assets.

Regarding validation, HES shares measurement data to the 10T platform aibelksnrthe previous
section. ThenEFLEXetrieves data according to its needs, in order to be able to validate the flexibility
service procurement.
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3. Demonstration Activities

This section presents information on the demonstration studies carried out within the scope of the test
cases defined for both the Turkey and Switzerland demos.

3.1 OEDAS pilot site
3.1.1Introduction
This section presents the different test cases which were implemented at the demo Sitekiey All test

cases along with their objectives are listed'ablel and were already presented in deliverable 8.1. With
these test cases, the whole flexibiltigliveryprocess is demonstrated, and various assets are tested.

Tablel Test cases of Turkish pilot site

Number Name Main Objective

Definition of roles and validatiof During this test case, main roles of DSO and FSP y
8.8 of processes for flexibility tradin defined and communication processes with tE&LE
with EFLERIatform platform of WR7 will be tested and validated.

Thistest case will demonstrate flexibility measures ¢
Provision of flexibility by Battery electricity grid services provided by battery stord

8.9 Storage System and V1G system and fast DC EV charger. Within this scope,
compatible DC charger and price based optimization studies will
demonstrated.

This test case will demonstrate flexibility measures
electricity grid services provided by V2G compatible
charger and vehicle. Smart charging of V2G compa
EV will be tested with load based scenarios and diffe
tariff schemes for provisioning the flexibility.

Provision offlexibility by EW2G

8.10 platform

Provision of flexibility by
8.11 Demand Side
Management/Demand Respon;

This test case has not been demonstrated. Detg
explanation can be found in relevant section (3.1.2.4

This test case will demonstrate the flexibility deliv
with whole system together. Battery storage system
electric vehicles will be run in the same scenarig
demonstrate the flexibility provisioning to kmnce the
load of local transformer

Provision oflexibility services

812" | with the whole system

Also, potential barriers that currently impede the demo study have been presented from the perspective
of the DSO.

9 Demonstration barriers
Sincethe generabarriers related to all of the market participants, more detaitedhlysindhas to be done

for specifying demonstration barriers from only DSO perspective. First of all, today there is not any
regulation enacted in Turkey to define the roles of markettipgrants for flexibility services. Thus, it is
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not possible to foresee the responsibilities of a DSO in flexibility service applications. This uncertainty
causea barrier for DSOs to being prepared and making right investments for applying flexibilicese
not only today, but also in the future.

Demand side response is also very important to applying flexibility services. According to the SHURA, the
current regulations related to the demand response in Turkey are mainly focusing on power plants.
Conrtary to this, consumers and aggregators needs to be defined as market participants in reguBtions

this way, demand side can reach to the electricity market. Today there is not any aggregator role defined
in regulations of electricity market in Turkébhus, without aggregator it is hard to integrate distribution

grid connected consumers to the electricity market.

Despite it is a fact that electric vehicles will be provide large scale opportunity for flexibility services, from
DSO perspective using EWs these services are very restricted in the current regulations. The Charging
Services Regulation was enacted for the first time in Turkey in 2022. With this regulation, a framework
covering many issues related to charging stations such as installatibopanating of charging stations,
developing charging network, licensing charging operators and arranging their activities and etc. has been
created [2]. Unfortunately, in this current regulation, a DSO does not have a right to applying for a
charging sition operator licenseA direct relationship has not yet been defined between the CPO and
DSO under the potential flexibility market mechanisfhus, using EVs for flexibility services is not an
applicable solution for DSOs in Turkey. This is one ofdahdarriers of DSOs for flexibility services.

However, there is another important issue when the topianslysedin a more specific perspective as
OEDASIhe number of electrical vehicles in Turkey is 14.552 in 2022. When it is compared with the total
vehicle number such as about 14 million, the ratio of E\s$ very low level in current situation. This rate
Aa S@PSy t26SNIAYy (KS h9os! RAAGNAOdzOAZY NBIAZ2Y 4K

In addition to that, for V2G applications in flexibility wees, there is not a V2G compatible vehicle on
sale today in Turkey. For the first time, a V2G compatible vehicle was brought to Turkey from abroad with
a special permission granted within the scope of the FlexiGrid R&D project. Thus, the Nissanhieeaf is t
firsta 2 TFAOA I £ \M26 vehictelLideThtke$. RISo, the FlexiGrid project is the first project in Turkey
that include reatest environmentfor V2G studies. Unfortunately, this situation creates a critical barrier.
Because even if regulations all&&G services, there is no other vehisteeharger to implement relevant

use casesStill, FlexiGrid project is a very important step for developing flexibility services and their
applications in Turkey.

Another important barrier can be categorized as tieehnological inadequacy. For implementation of
flexibility services, electricity demand has to be monitoring instantaneously. The conventional electricity
meters cannot provide this. For real time monitoring of the demand, smart meiegsa must for
electricity grid. Unfortunately, today only a few customers have smart meters on their system and this is
one of the most critical barrier on the purpose of implementation of flexibility services. In the Turkey
Smart Grids 2023 Vision and Strategy DetermamatProject report of ELDER (Electricity Distribution
Services Association of Turkey), the Smart Grid Roadmap of Turkey has been summarized. According to
that, it is aiming to establish of advanced metering infrastructures covering at least 80% of thmithstr
energy until 2025 and at least 80% of the number of customers by 20301 this purpose, the MASS
(National Smart Meter Systems) R&D project are being held with participation all of the DSOs in Turkey.
With this project, it is aimed to develop sm meter systems domestically. Thus, their cost will be lower
and the demonstration activities also will be easier.
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Also, it is mentioned before there is not an existing comprehensive regulation about the flexibility services
in Turkey. This situation aae uncertainty for pricing of flexibility services. To implement these services
ideally, the responsibilities of all market participants should be defined clearly via regulations.
Additionally, pricing mechanisms and applying methods of these mechanismdefined with all of the
details.

Nevertheless, all these technical, regulatory and social barriers can be overcome with the right policies,
incentives and educations. Here, it is critical for decision makers in Turkey to create and audit the
necessanaction plans for the dissemination of flexibility practices.

3.1.2Test case implementation

3.1.2.1TC 8.8 Definition of roles and validation of processes for flexibility trading rLitaX
Platform

91 Description of the test case

Within the scope of this test case, the general processes and roles of participants have been defined for
tests to be conductedusing the EFLEXplatform. This platform, developed for WP7, facilitates the
implementation of electricity/flexibility trading between DSOs and FSPs. The basic output offered by the
platform is the ability for DSOs and FSPs to indicate their flexibiliégs¢hrough the platform and
manage the energy trading process between them.

During the OEDAS demo studies, battery storage systems and electric vehicles are ready as flexible assets.
FSPs possessing these flexible resources can offer flexibility ogtiongh the platform, which enables

energy trading. Similarly, DSOs with flexibility needs can create flexibility requests through the platform
and view the offers published by FSPs.

The primary goal of TC8.8 is to define the relationship and basic proetgsen theEFLEXlatform, the
FlexiGrid 10T platform, and the OEDAS EV management platform to effectively manage this process. The
test case commences with the presentation of the definition and particulars of the study, planned to be
conducted within tke confines of the test case, aligning with the intended objective. Thereafter, the
specifics of the test case scenario are expounded upon. The "outcomes" section showcases instances of
flexibility trading, which are carried out in accordance with the-gstablished scenario, and the essential
results obtained. Ultimately, the final section entails a comprehensive discussion on the overarching
process.

Scenariebased test cases performed on the platform are not presented in this report, as they are shown

in D7.3. In line with the content of the test case, this report only presents the determination of
relationships related to the relevant process, integration processes, and an example of a tranbaction.
the context of this demo study, since OEDAS perfornesinstallation and operation of the relevant
flexible assets, it will play a role as both DSO and FSP in the demo and will test the system with real devices
and systems in a real environment.

During the demo study, the platforms presentedTiable2 will primarily take part. Details regarding the
roles of these platforms in the process can be found in the "proposed scenarios for implementation”
section.
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Table2 Platform roles in TC.8.8

Platform Name Platform Owner Platform Role
EFLEX EMAX Trading, Billing: Settlement
loT Platform SIMAVI Monitoring and Flexibility Validation
EV Management Platform OEDAS Equipment Control and Flexibility Provisioni

From the perspective of FSP, the process will be carried ostityitting offers to the platform in daily
periods based on the flexibility potential of the assets (battery storage system andD¥€2Eharging
stations) available in the demo region, depending on their availability. When these offers are submitted,
the ScC lower limit is assumed to be 20% for the stationary battery storage system. For values above this
limit, the battery storage system can offer flexibility within the specified period with full capacit® (+

kW) by giving an offer. For electric vehicleffers can be made when the vehicle is connected, so an offer
will be created through the platform at least 1 hour before any vehicle is connected. The electrical
availability details during the offer creation process for the V2G charging station ararsimithe
structure of the battery storage system. The only difference is that the minimum SoC limit for the electric
vehicle is 30%. Discharge up to a maximum of 10 kW can be performed from the vehicle battery at SoC
values of 30% or higher, and this walcan be offered to the platforras flexibility offer As the charging
process is onavay for the 50 kW DC fasharging system, flexibility potential can only be achieved
through consumption shifting. The offer for the relevant charging station can ksepted as "Reducing
consumption by X kWfor a certain period of timeDuring the presentation of flexibility, this information

will be communicated to the EV management platform, and the platform's smart charging algorithm will
perform power distributionn a way that will reduce consumption by X kW in the DC charging process at
specified time intervals.

From DSO's perspective, the process is managed by identifying the flexibility requirement and posting the
relevant amount as a request on the platformtie pilot study, the transformer load in the region where

the demo study is conducted is taken as the base load, and this load is monitoredtime=alhere is no

load or congestion problem in the transformer in reality. At the same time, since OEBRASat use any
flexibility/congestion forecasting tool, the flexibilityrequirement determination process will be
performed manually based on transformer load thresholds.

At the end of the process, the matching of requests and offers will be carriethoaugh the EFLEX
platform, and the most suitable offer will be matched with the most appropriate request and then
verified. An loT platform will be used to verify the flexibitiglivery process. Following the verification
process, invoicing will be ca&d out depending on whether the flexibility trade has taken place as
expected or not, and the process will be finalized for all parties involved. More detailed information about
these processes can be found in D7.3.

1 Proposed scenarios for implementatioand outcomes

As previously mentioned, the process is designed to be initiated througkhé&latform, controlled

via the EV management platform, monitored and verified through the loT platform, and ultimately
finalized via transactions that will be made through tBELEXlatform. Within this framework, the
structure established between the pfatrms and the envisioned scenario are presente8igurel2.
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Figurel2 Trading process with FlexiGrid platform

As mentioned, requests and offers are created throughERé& EXlatform and the process is monitored
through the sarme platform. Details on asset definition and offer/request creation can be found in D7.2
and D7.3. Afterwards, the matching process is completed and the final matching is published on the
platform. Following the final matching, the FSP is notified via éhetitheir offer has been accepted. An
example process and email notification for a matching process conducted for a flexibility requirement of

-8 kW between 04.00 prg 04.30 pm is presented iRigure Band 4.

Trading > Matching

Active requests

Price per

Volume (KW) ey

Location Code From To

O Request

Eskigehir TRDSO2602611REQ13 Tue Feb 21 2023 16:00:00 Tue Feb 21 2023 16:30:00 -8 €0.21

Matched
offer

Eskigehir TRFSP2602426B10FF12 Tue Feb 21 2023 16:00:00 Tue Feb 21 2023 16:30:00 -8 €0.21
Totals Total volume (KW) Total price
-8 €0.84

Figurel3Matching of offer and request viaFLE}¥latform
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EFLEX

Dear,

Your request has been sent to FSP.

Request code: TRDS0O2602611REQ13
From date: 2023-02-21

To date: 2023-02-21

From time: 16:00

To time: 16:30

Day type: weekdays

Price: 21

Volume: -8 KW

Figurel4 Notification email that is sent to FSP

After the final matching process, the same information is sent from Eré&EXplatform to the EV
management platform through a post request using the API prepared by OEDAS. The parameters in the
email are accepted as input by the Demand Response sectiba BV management platform, and control
signals are generated for the available equipment (this can be selected by DSO, for below case it is battery
storage system). The input received by the EV management platform is sent to the selected device during
the offer creation process, and the flexibility is triggered. For example, after the final flexibility amount
resulting from the matching process described above is communicated to the EV management platform,
the flexibility signal generated on the platforimterface can be seen in Figutb.

Demand Response

Show (Aetive Al Signals °
# Signal Description Start Time End Time Consumption (kW)
1 Reduce Consumption by X kKW 21/02/2023 04:00 PM 21/02/2023 04:30 PM -8 ﬂ

Figurel5 Creation of theDR signain the EV management platform after matching

After receiving the flexibility signal, the EV management platform sends this signal to the battery storage
sysem, which is the asset offered in the matching process, and a discharge operation is performed at the
specified kW value between 04:00 pm and 04:30 pm. The performed discharge operation can be
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monitored through the IoT platform, as shown in Figiée andthe energy (kWh) value obtained during
the discharge operation is calculated and sent from the 10T platform tdfieEXlatform.

< (@ 2023-02-21 15:41:32 t0 2023-02-21 17:00:32 v > & o v -

Depolama Inventoru Discharging Power

-2 kw

-4 kW

-6 kW

8 kw !
15:50 1600  16:10 16:20 16:30 16:40 16:50 17:00

== totaldisch

Figurel6 Monitoring the discharge process in the battery from the IoT platform

EFLEXlatform uses the energy (kWh) values provided by the loT platform to determine the extent to
which the committed flexibility trade has been realized. Based on the energy ke latform
manages the settlement and billing process as indicated iaréifj7 to complete the process. Test
scenarios related to this process are documented in D7.3.

https:/eflex.io

0x5ab..2ECd CONTRACT

INTERACTION

DETAILS DATA  HEX

Success

Site asted

Your transaction was validated: @ site suggested > @
0.001

Gas

1 ice:@.
Real price:0.77 0,001 SepoliaETH

Real volume:-3.69 Unknawn Max fee: 0.001 SepoliaETH
processing time

Delivery rate:8.92

0.001
Total
0,001 SepoliaETH

Figurel7 Validationprocess vi&EFLE ¥latform

The validation process in Figut& shows that the delivery rate (the rate at which flexible trading is
realized) was around 92%. This number was obtained by dividing the potential energy that could be
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delivered by a volume of 8 kW for 30 minute$ kWh) by the actual energy transfeB @9 kwh). Upon
examination, After conducting an examination, it was determined that the ratio was calculated in this way
due to the following factors

1 The actual discharge level of the battery was 7.83 kW on average, which caused an approximately
4% discrepacy in the calculation.

1 There was a 3% difference between the value calculated by the FlexiGrid loT platform and the
value transmitted to theeFLEXlatform for calculation and validation.

Within this test case, a crogdatform process that will be primdy used has been designed and
information has been provided regarding platform roles. Additionally, a sample trading transaction has
been conducted to verify the process. Demo cases related to the relevant P2P trading platform can be
found inSection 2.2ZTurkey demo site (OEDAS) of D7.3.

9 Discussion

This test case describes the necessary platforms, partners, and general process details for P2P trading on
the EFLEXlatform. The setup has been verified with real equipment and systems in a real environment,
and the ability to trade flexibility at the aged power/energy value between a potential FSP and DSO at

a specified date and time has been confirmed. In Turkey, regulations and relatively technological
infrastructure are not yet fully prepared for such a process. However, with an increase in seishaash

the help of similar systems established between FSPs and DSOs, it will be possible to solve instant
congestion problems on the grid. The widespread use of such systems and theirsdalge
implementation will provide a dynamic market structure E8Ps with flexible assets to earn profits while
allowing DSOs to manage their loads and potentially defer investments in certain areas.

3.1.2.2TC 8.9 Provision of flexibility by Battstigrage system and V1G compatible DC EV
charger

9 Description of the test case

This test case mainly involves setting the charging/discharging profiles of a 32 kWh battery storage system
and 50 kW DC chargimstalled in the demo site using the smart charging algorithm in the EV management
platform, bothbased on spot market prices and transformer load. Although the battery storage system
has a total capacity of 32 kwWh, the maximum charging/discharging power can reach upX&k®when

the predicted charging/discharging currents of the batteries are maik#o account. The studies were
conducted based on this limitation.

The battery storage system is essentially designed to support fast DC electric vehicle charging station
during charging operations. Optimum charging/discharging profiles for the elegtticcle charging
station and battery storage system will be determined based on grid constraints through smart charging
algorithms. Studies have also been conducted within the scope of the test case to provide flexibility to the
grid, independent of the drging session. Both prideased and grid constraifiased scenarios have been
considered for batteries.

In order to perform manual control operations for the battery storage system, a Battery Management
System (BMS) is available. This system enablesottiteot of the batteries through the IEC 104 protocol.
It is also used for emergency control and command purposes. The BMS is integrated with the EV
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management platform and the work to be carried out to provide flexibility to the grid within the scope of
the test case will be carried out through the EV management platform. In addition, with the integration
carried out between the EV management platform and the FlexiGrid loT platform, smart charging
processes and necessary settings can be controlled on Thplédform, and the smart charging algorithm
can be triggered.

1 Proposed scenarios for implementatioand outcomes

In the conducted works, initially, the DC charger and battery storage system were considered as separate
assets, and demo works weperformed accordingly. This method was preferred to demonstrate both

the equipmentbased profile determination method of the smart charging algorithm based on grid load
and to reveal the flexibility potentials of the assets. Subsequently, scenarios weby perating the DC
electric vehicle charging station and battery storage system together. Finally, the optimization of
charge/discharge profiles of the battery storage system based on both spot market prices was
demonstrated. The basic scenarios demoattd are listed below:

Equipment based optimizations based on grid load:
x  Flexibility delivery through battery storage system based on grid constraints.

In this scenario, the flexibilityprovisioning was demonstrated by determining the optimal
charging/discharging profiles of the battery storage system based on consumption threshold data
determined by the DSO using the consumption data of the MV/LV transforgepart of thisinfo,
optimization studés were conducted with a 32kWh battery storage system installed on the OEDAS grid.
According to the basic scenario of the study conducted based on the transformer consumption data, DSO
determines threshold levels for certain time intervals by monitoring ¢onsumption data of the existing
transformer. These threshold levels are entered into the system via the "EV Management Dashboard"
interface created on the FlexiGrid loT platform shown in Fid8re

EV Management Dashboard

Smart Charging Dashboard

[ Enable Smart Charging

Off-Peak Threshold Peak Slot Threshold Base Price

S kw S kw 2 $/kwh

Figurel8 EV management dashboard of FlexiGridgtiform

The information is transmitted to the OEDAS EV management platform via the API provided by OEDAS.
The smart charging algorithm in the backend of the EV management platform evaluates these threshold
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levels,the SoC data of the battery storage system, and the transformer consumption data to determine
the charge/discharge profiles for the battery every 15 minutes based on the threshold levels. Due to
limitations in the battery storage system, maximum limits+af0 kW can be set for the charging and
discharging processes.

In the scope of the study, threshold levels were updated at certain intervals according to the hourly
consumption prediction data of the transformer. Afterwards, setpoints to be sent to thtedyaevery 15
minutes were determined based on the -biinute consumption data predictions of the transformer.
Table3 presents the thresholds and the corresponding setpoints calculated accordingly, along with the
numerical data on the battery response atig final transformer load.
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Table3: Calculatedsetpointsfor batteriesduring smart charging

Transformer Battery Battery Final
Time Load Value Threshold Setpoints Charging/Discharging Transformer
(kW) Power(Avrg- kW) Value (kW)
07:1507:30 11038 9.60 9.19 11957
07:3007:45 11967 0.00 0.19 11986
07:4508:00 12234 -2.30 -1.90 12044
08:0008:15 1439 8.10 6.54 15044
08:1508:30 14905 152 2.90 3.33 15238
08:30:08:45 14969 2.30 2.09 15178
08:4509:00 16731 -10.00 -9.98 157.33
09:0009:15 18559 -10.00 -9.96 17563
09:1509:30 15176 10.00 9.30 16106
09:30:09:45 164.86 0.00 0.17 16503
09:4510:00 15972 165 5.30 4.84 16456
10:0010:15 16955 -4.50 -4.93 164.62
10:1510:30 15617 10.00 9.99 166.16
10:3010:45 16303 2.00 2.08 16511
10:4511:00 17131 -6.00 -5.95 16536
11:0011:15 18217 -10.00 -9.98 17219
11:1511:30 16127 170 8.50 8.38 169.65
11:3011:45 167.59 2.50 2.07 169.66
11:4512:00 167.45 2.60 3.02 17047
12:0012:15 184.03 -10.00 -10.02 17401
12:1512:30 14899 165 10.00 9.31 15830
12:3012:45 167.07 -2.00 -2.30 16477
12:4513:00 15521 10.00 9.27 16448
13:0013:15 19531 -10.00 -9.98 18533
13:1513:30 164.26 10.00 9.34 17360
13:3013:45 17752 -2.30 -2.02 17550
13:4514:00 16053 10.00 9.27 169.80
14:0014:15 19003 162 -10.00 -10.04 17999
14:1514:30 1519 10.00 9.35 16125

As seen, setpoints are generally calculatedkeep the total transformer consumption below the
determined threshold. In most cases, the final transformer consumption is below the threshold level.
There are also time intervals when the threshold is exceeded, but this is because the maximum limit of
the battery storage system (10 kW) is not enough to reduce the total consumption. It can be seen that
the full discharge commandl1 kW) is set as the setpoint during these time intervals.

The setpoints were calculated for the batteries for 15 minutes, bigt possible to see the power value
instantly/hourly from the system. The power values given in Talalee the average power values for 15
minutes. As can be seen, the battery's response to some setpoints (battery charging/discharging power)
is very clos to the setpoint itself, while in some cases, there are differences. This has been observed,
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especially when the command is fractional (2.6 k81 kW, etc.). There is no clear idea about the reason
for this issue. Along with the lodahsed battery chaigg/discharging optimization process, the visual

representation of the base and final load of the transformer with the thresholds can be seen inHEgure
and the charging/discharging powers that monitored via FlexiGrid I0T platform can be seen ir2Bigure

Load Based Optimization of Battery Storage System

200 200
190 190
180 ‘ 180
o AT -
3 W N ‘—’ K]
T 160 7 A ’ 160 @
£ ©
[ o
o 150 - 150 3
] ]
£ , £
e e
S 140 [ 140 8
w I “
c c
£ 130 130 &
120 ’ — 120
110 110
100 100
o $ oD P ® S O DO O DO RO DO DD RO D E O D
A Q,\ &Q @x °> 0 @ '», &b & \9\, \9@; \9»- \}q \}.,\, '»“;} 05‘ 0@ o ';1;‘?_' \,}v '4”'0 \3’\, -35?) »”’5 \}p »‘"\’ \yo;
oSS 1>°’ oSS TS SN ST S G S
6‘6‘6‘o“’c“’@“’o‘bo"’@o"’@@@'5’-»‘3'?’-»"000’{"00«?’{"{”'@-&»"‘
Time
s Transformer Final Load ——0ff-Peak Thresholds ——Transformer Base Load
Figurel9Load based optimization of battery storage system
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Figure20 Charging/discharging powers battery storage systerin FlexiGrid 10T platform

During the process, there have been dynamic changes in the State of Charge value of the battery as a
result of the charging/discharging operations performed on the battery. In this context, the SoC change
for the battery storage system can be seen as showrigure21.
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SoC value of batteries during study
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Figure21 SoC value of battery storaggstem during study
x  Flexibility provided through a DC electric vehicle charging station based on grid constraints.

In this scenario, the electric vehicle chargatation considered is a 50 kW higheed DC charging station.
Unlike V2G, this station only allows em&y charging, and an example optimization is performed with a
possible user and DSO within the scenario.

Due to the fact that a onavay DC charging stati does not allow energy transfer to the grid, flexibility
potential can only be achieved by shifting the load or reducing consumption at certain times. In this
context, an optimization example was carried out with a-eveey 50 kW higtspeed DC chargingadion,

where a potential user and DSO were included in the scenario. The main objective was to determine the
charging profile based on the threshold value set by the distribution company at any given time of day, in
such a way that the transformer consunmm threshold established by the distribution company would

not be exceeded during electric vehicle charging, whether during peak ep@ak hours. To achieve this,
instead of the maximum power option, the potential user was asked to extend the chanmgiogsgs for a
certain period of time according to their own limits and to charge at a lower power level than the
maximum power level. Incentive schemes or persuasive methods such as discounts may be required to
convince the user to cooperate in this procelssthe scope of this study, the incentivization process could
not be demonstrated in a real sense due to both the absence of an aetaldEV user and the regulatory
barriers. However, the EV management platform and mobile application used in thesstudialso able

to provide the opportunity for incentivizing a potential user financially.

According to the scenario, the user arrives at the charging station and connects their vehicle to the
charging station via the mobile application. After the authatiiazn process, the charging station reports

the relevant information to the charging station management platform via OCPP and the process of
managing the charging operation by the charging operator and/or distribution company begins. At this
stage, the useis asked to specify their charging request, the maximum time they can spend at the station,
and the desired state of charge (SoC) they want to get at the end of the charging process. (As the station
is a fast charging station, it is not very reasonablexceed 11.5 hours of charging timeli this context,

a visual representation of the requests determined by the potential user through the mobile application
is shown in Figur@2 for the sample demo studyAs can be seen in the Figu#2, the user arwed at the
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station with a 25% charge, decided to spend 1 hour at the station, and requested to leave with a 96%
charge level. This information is evaluated by the distribution company on the FlexiGrid IoT platform and
the EV Management Platform Dashboaaidd the consumption threshold level is determined. According

to this, the consumption threshold level during the hours of operation was determined as 145 kW by the
DSO, based on the local transformer load, the flexibility potential of the asset (DC ¢hangkthe user's
requests reported through the mobile applicatiofhis input can be entered into the FlexiGrid loT
platform and the information can be transmitted to the EV Management platform. The relevant interface
of the I0T platform can be seen irgkre 23.

16:42 2 @ & B @AV
e Charging Status Q
Welcome o
2 A 7 Chargin
Ali Fuat Biiyiik e
Charged
O kWh
Discharged
O kWh

Cost Rewards

€0 €0
Departure £, CO2 Avoided
10-03-2023, 17:00 W’ O kg
Arrival Vehicle
10-03-2023, 15:42 afb

@f\?i"l My Balance View

&Y < 950.37 History

[ Update

=3 O] <

Figure22 User inputs via mobile application
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EV Management Dashboard

Smart Charging Dashboard
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Figure23EV management dashboard of FlexiGrid platform

Z $/kwh

Based on this information, the charging process is initiated and managed with charging profiles
determined at 15minute intervals. The charging profiles, which are determined based on the threshold
set by DSO and user requirements, are presented in viSigaire 24 and Table4. When the power
consumption for charging is combined with the transformer load, it can be seen that the total
consumption does not exceed the set threshold.

64 © 15:45 - 15:59 65 © 16:00-16:14 66 © 16:15-16:29 67 © 16:30 -16:44
1.65¢ 2.447% 2.447% 2.447%
4F 95.56 kKW 9 133.08 kW H 129.91 kW H 124.55 kw
£ 7.20kW 5 424 KW 5 0.30 kw £ 7.94 kW
£ 0a3kw 1) 0.03kw 1) 015 kw £ 0.08 kw
= afb = afb = afb & afb
veefil-130428-2 veefil-130428-2 veefil-130428-2 veefil-130428-2
© Charging SOC: 25.00% © Charging SOC: 68.00% © Charging SOC: 67.85% © Charging
46.0 kW DSOC: 58.00% N9 kW DSOC: 67.85% 15.2 kW DSOC: 80.22% 20.5 kW DSOC:96.99%

Figure24 Calculated charging profiles by smart charging algorithm

Table4: Calculated smart charging values for DC charger

Transformer Transformer .
Time Base Load Valu Load Thresholc %igg%ﬁe Fmal'l;/rzlr:j sefo(Lr\r/lve)r —
(kW) (kW)
15:4516:00 95.56 145 46.00 14156
16:0016:15 13308 145 11.90 14498
16:1516:30 12991 145 15.20 14511
16:3016:45 12455 145 20.50 145.05
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In order to show the flexibility potential of the charging process provided to the DSO, the same vehicle
(Mini Cooper SE) was charged without smart charging, with the same initial charge and user requirements
(desired SoC, departure time etc.). As candendn Figur®5, and Figur€6, when smart charging is not

used (standard charging process), the vehicle is charged at levels close to maximum povwi&r K0
especially between 25% and 80% SoC levels of the charge curve. As a result of this crorgssg ipis
observed that the same vehicle reaches 96% charge level from 25% charge level in about 37 minutes. The
flexibility potential of the study conducted by taking into account the base load of the transformer is
shown in Figur@7.

Mini Cooper SE charging curve with 50 kW DC Charger

Charge Power (kW)
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Figure25 Standard chargingowercurve of Mini Cooper SEvehicle with 50 kW charger

Mini Cooper SE charging duration with 50 kW DC Charger
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Figure26 Standard charging duration curve of Mini Cooper -8Ehécle with 50 kW charger

D 8.3 Dissemination LevePublic Page36 of 97



GA#864048

Effect of Smart Charging Option on Transformer Loading
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Figure27 Flexibility potential of smart charging opti¢with DC chargemn transformer loading

As can be seen from Figu2é, the peak consumption that occurred in the transformer especially during

the unoptimized charging process has been reduced below the threshold level determined by the DSO
with the optimized option. The difference between the peak consumption of 181 kWhendalue of

144.95 kW achieved during optimization can be referred to as flexibility in the simplest tEheasion
optimized charging process took approximately 37 minutes in total. In the smart charging process, the
user has extended the charging tirbg up to 23 minutes compared to the standard charging process in
coordination with the DSO, and can receive an incentive in return. As a result, the DSO has prevented the
occurrence of peaks during the day.

The average power data during the smart and stddcharging processes can be seen in Tablehich

is presented in 1Bninute intervals. Particularly in the last 15 minutes of the smart charging process, it
can be observed that the charging process was not carried out at the exact specified chargérg po
Here, a charging command of 20.5 kW was sent, but the actual charging power started at 20.5 kW and
decreased to around 14 kW, resulting in an average of 17 kW. The main reason for this is that the vehicle's
own battery management system (BMS) limiteetcharging current for a healthy charging process,
especially after the battery state of charge (SoC) reaches BaBte5 is showing the values

Table5: CalculatedActual Charging powers during smart charging and standard charging

Smart Charging Standart Charging

Time Smart Chargin¢ Actual Power Charging Actual Power
Command (kW (Average-kW) Command (KW' (Average-kW)

15:4516:00 46 46.2 = 45.2
16:00-16:15 119 11.87 - 48.1
16:1516:30 152 153 = 20.9
16:30-16:45 205 1761 - -
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Hexibility provisioning through the scenario where battery storage system and DC electric
vehicle charging station are used together.

In this scenario, a demo study was conducted to use the existing battery storage system in the demo area
as a flexibility asset during the EV giiag process. Essentially, the steps followed in the previous scenario
were also taken into account her&Vith the setting of the transformer loadthresholdsby DSO and
requested charging timewputs based on user charging demand$arging/discharging pfiles for both

the electric vehicle charging station and battevgre calculated by smart charging algorithAs part of

the scenario, the visual representation of the mobile application showing user preferences can be seen in

Figure28.
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View
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Figure28 Mobile application that shows the user charging preferences

According to the user's request, the charging process will start at 14:31 TR time and end at 15:31. The
user arrived at the station with a charge level of 54% and retgpekto leave with a charge level of 96%.
Here, the DSO has determined both peak anepefik thresholds for the relevant one hour by evaluating

the load of the existing transformer. The DSO has set thehoalf between 14:45 and 15:15 as the peak
threshdd (shown in red blocks in Figu®) and requested that the power consumption of the
transformer not exceed 115 kW during this time. The remaining twemittute slots have been
designated as offeak slots, and the DSO has set the threshold to 125 k\Wugirdhe FlexiGrid IoT
platform. As a result, smart charging profiles have been determined for the DC charging station and
battery storage system every 15 minutes based on these thresholds, as sh&iguia ® and Table6.
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Figure29 Calculated smart charging profiles for DC charger and battery storage system

Table6: Calculated smart charging values for DC charger and battery storage system

Transformer Transformer Final

Time Base Load Load DC Ch_arger Battery Storage Transformer
Value Threshold Setpoints System Setpoints Load

(kW) (kW) Value (kW)
14:3014:45 10594 125 29.00 -10.00 12494
14:4515:00 10522 115 19.80 -10.00 11502
15:0015:15 104.95 115 20.20 -10.00 11515
15:1515:30 10339 125 10.00 5.00 11839

As can be seen from Figu®® and Table6, the smart charging algorithm has adopted the thresholds
specified by the DSO as threshold values for the relevant slots (peakmeakf, and has distributed the
available power as a charging/discharge profile to the DC electric vehicle charging station and battery
storage system in a way that will provide the electric vehicle user with the final SoC and total charging
time requestedFor example, if we look &lot 1, a threshold value of 125 kW has been determined, and

it can be seen that the total consumption value remains below 125 kW when the transformer
consumption value (105.93 kW), DC EV charging power (29 kW), and battery storage discharg&Ovalue (
kW)are added up. If we perform the same calculation for theniBute slots of peak slots 2 and 3, it can

be seen that the total consumption value does not exceed the threshold value of 115 kW.

To demonstrate the flexibility potential in the results, the sapsharging process was repeated without
smart charging optimization using the same criteria and input values as the current electric vehicle. In the
optimized charging process, the user's intended charging duration of 1 hour was accomplished, whereas
in the nonoptimized standard case, the charging process took roughly 23 minutes. The graphical
depiction of the total transformer consumption curve for both the smart chargingbled and disabled
scenarios is presented in Figge.
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Effect of Smart Charging Option on Transformer Loading
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Figure30 Flexibility potential of smart charging option (with DC charger and battery) on transformer loading

As can be seen from Figu86, the charging time has been extended in coordination with the user through
the smart charging function, but the pkaalue that will occur in the distribution transformer has been
limited by the threshold value determined by the DSO. Simply put, the difference between the peak value
(151.93 kW) that occurred in the uncoordinated case and the peak value (124.93 kWi thated with

smart charging can be evaluated as the flexibility provided to the grid.

Equipmentbased optimizations based on electricity market prices:

Integrating the electric vehicle charging station management platform with the current spot market prices
has made it possible to determine the chaigjiecharge profiles of the battery storage system based on
hourly market prices. The basic scenario her®iset a threshold value for the market price on the system
side and to determine the battery profile through the chamjscharge algorithm according to this
threshold value. According to the working principle of the algorithm, if the instantaneousetnarike is

below the price value set as the basis, the battery will automatically charge itself at half power.
Conversely, if the instantaneous market price is above the base price, the battery will discharge itself at
full power. This scenario has beeadided to be applied with hourly changing market prices. The same
scenario can also be applied based on the DSO'sdiruse rates, providing optimizatioithe following
section provides details about the optimization process based on spot market prices.

x  Optimizing charge/discharge of battery storage system based on spot market prices

The spot market prices are published hourly on the EXIST (Energy Exchange Istanbul) transparency
platform through regulations set by the Turkish national energy markets regulatory authority. Here, day
ahead and intraday prices are presented on an hourly basis for the relevant day ahead -olaytend
participants use these prices as a basis foirtheying and selling transactions. In this section, the day
ahead market clearing price (PTF in Turkish) presented hourly has been used as a basis for the optimization
process. As an example, the market clearing price progression for the day on whighithization demo

was conducted can be seen in Fig@de
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Figure31 Published market clearing prices at2¥ February

To enable the optimization process, the necessary settings are entered through the FlexiGrid loT platform,
and the market price (daghead or intraday) and the base price to be used are determined by the user
of the 10T platform. The interfaces relatedttis process and the settings section of the IoT platform can

be seen in Figure32 and Figures3.

Smart Charghing Dashboard
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Figure32 Smart chargingnd base pricsetting dashboard of 10T platform
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Pricing Settings
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Figure33 Pricing settings dshboard of 10T platform

These inputs trigger the smart charging algorithm in the background of the EV management platform
through the prepared API, and the algorithm determines the chaligeharge profiles based on the base
price.When evaluating the mask clearing prices of the relevant day, it can be seen that the arithmetic
average is at the level of 3 TL/kWh. Therefore, a base price of 3 TL/kWh has been accepted in the
optimization process. The table containing the power values obtained by runninigthe and the graphs
showing the results can be accessed in T@bkigure34, and Figuress.

Table7: PowersSoGMarket Price values during optimization

202302-23 10:30:0( -5.59 7114 3.65
202302-23 11:00:00 -9.92 56.11 3.28
202302-23 12:00:04 491 | 27.00 | 2.71
202302-23 13:00:0( 4.94 4150 2.71
202302-23 14:00:0( 494 56.20 2.73
202302-23 15:00:0( 4.94 71.00 2.95
202302-23 16:00:00 494 85.50 2.25
202302-23 17:00:00 -9.96 3.20
202302-23 18:00:0( -0.84 67.62 3.65
202302-23 19:00:0( 993 36.50 3.55
202302-23 20:00:0( -0.01 355
202302-23 21:00:0( 0.01 3.54
202302-23 22:00:0( 6.33 2.87
202302-23 23:00:0( 4.93 47.33 2.80
202302-24 00:00:0( 4.95 6152 2.80
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Price based charging/discharging of battery storage system
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Figure34 Spot market price power relation during the charging/discharging of battery

As can be seen from Figugd, when the market price is below the base price (3 TL/kWh), the battery
charges itself, and when it exceeds the base price, it switches to discharge mode and provides power to
grid at full capacity (10 kW in this case). The resulting-Fsm&er curve duringhis process is also
presented in Figur&5. The optimization process started at 10:30 am and the initial SoC was at around
70%. As expected, the SoC value increased during the charging process and decreased during the
discharging process. The optimizatizvas completed at 00:00 am at the end of the day, and the final SoC
value was measured as 63%. When evaluated from the perspective of FSP, such optimization allows for
the procurement of energy when market prices are low and the sale of energy when gréckgh, thus
enabling daily profits. When evaluated from the perspective of DSO, dynamic pricing can be used to
balance the load by setting energy prices higher during peak hours and lower durpepkfhours.

Price based charging/discharging of battery storage system
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Figure35 Battery state of charge power relation during the charging/discharging of battery
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Upon validation of the charging and discharging operations performed during thedr2period, it was
observed that the total volume of kWh traded on tl&-LEXlatform was 78.16 kWh. Based on the
transactions carried out, the FSP has generated prothimsimple process.

9 Discussion

Mentioned scenarios were demonstrated on various days and times, taking into account both grid status
and market prices, using the FlexiGrid IoT platform and the OEDAS EV management platform to provide
flexibility separately and together with the battery storage system and DC-¢$pgled electric vehicle
charging station. The key findings of the study were as follows:

1 The practicality of the flexibility trading to provide grid flexibility has been proven through
exanples of such trading processes between FSP and DSO-lifierasgistems and environments.

1 It is believed that, with the removal of regulatory barriers, the introduction of supportive
regulations, and with the establishment of supportive coordination bemvdeéSP and DSO,
dynamic flexibility trading processes can become more widespread.

1 It has been recognized that the participation of the demaidk is important in managing the
grid load in the DSO network, and the huge potential in this area needs to haged with smart
systems and devices.

1 It has been concluded that the establishment of necessary technological infrastructure
requirements is critical for carrying out such a process.

3.1.2.3TC 8.10 Provision of flexibility BY*V2Gmanagemenplatform

During thescenarios carried out with V2&habled electric vehicles, demonstrations were conducted for
both thresholdbased charging/discharging profiles determined by the DSO and -ipaieed
charging/discharging profiles determined by setting a base pftit¢his context, charge requests were
received via a mobile application from any electric vehicle user (real users could not be worked with due
to regulatory restrictions), and with the help of the smart charging algorithm, charge/discharge setpoints
were determined based on the DSO threshold data, DR signal sent by the DSO, or market & base price.

I TC 8.1Provision of flexibility by V2G compatible vehicle
91 Description of the test case

In the context of D8.1, a test case was defined with minor modifications made to the contents of the
applied scenarios while keeping thendamentalscenario unchanged. Scenario 1 aimed to determine the
charging power that the user would receive during tblearging session based on the transformer
consumption threshold set by the DSO or triggered by an extra DR signal. In the second scenario, a price
tariff related to the load was determined by the DSO, in addition to the spot market price, and flexibility
was provided through pricbased optimization with a base price set by the DB©posed scenarios for
implementationand outcomes

Scenariol ¢ Load balancing withvV2Gcharger according to the load threshold set by DSO

In this scenario, the process will be approached from the perspectives of a potential electric vehicle user
and the DSO. As a result, charging/discharging profiles for load balancing purposes wiirivengel
for the V2G charging station.
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For this test case, the electric vehicle (Nissan Leata+be seen in FiguB®) that is currently being used

is compatible with V2G and has a battery capacity of around 62 kWh. The charging station used can charge
and discharge with a maximum power of 10 kW. When the vehicle battery is charged from 20% to 90%, it
is expected to take approximately 4.5 hours in total. Since the station provides slow power compared to
a DC fast charging station, the scenario simulétteselectric vehicle user leaving the car at the charging
station for longer periods of time. (In real cases, this can be thought of as leaving the car connected to the
charging station at office, train stations or airports, or at home until the usermstto the vehicle.)

Figure36 A view of thevV2G compatibleehicle during charging process

Within this scope, gotential user connectdis vehicle to the charging station. The user's charging
requests within the scenario can be seen as shown in FRyure

&« Charging Status I

Welcome

Ch. i
ibrahim gazioglu # Charging

Charged

O kWh
Discharged
O kWh
Cost Revenue Rewards
£ 0 £0 £ 0
Departure CO2 Avoided
21-03-2023, 17:00 O kg
Arrival Vehicle
21-03-2023, 11:45 nleaflG
My Balance View
£ 3394.2 History

[ Update

Figure37VV2G compatible vehiclaiser charging preferences

D 8.3 Dissemination LevePublic Page45of 97



GA#864048

As can be seen from Figusé, the user has conrted their vehicle to the station with a state of charge
(SoC) level 0o49%. The user has committed to spendimfoursand 15 minutesat the station and has
specified their desired SoC level upon returry8% Meanwhile, the Distribution System Operator (DSO)
has determined the transformer consumption threshold levels for different hours during the charging
period based on the currentansformer load status (with XBinute estimations) using the FlexiGrid loT
platform.

The information is transmitted to OEDAS' EV management platform through the API provided by OEDAS.
The smart charging algorithm in the backend of the EV managemenbmhadvaluates these threshold
levels, the SoC data of the V2G vehicle, and the current transformer consumption data to determine the
charging/discharging profiles for the vehicle battery every 15 minutes. Based on these thresholds, the
setpoints determinedor the V2G chargeand actual charging powers with SoC valoas be seen in
Table8.

Table8: Calculated setpoints for2G chargeduring smart charging.

V2G

Transformer Load V2G V2G Charging Final

Slots Time Load Value Threshold Charger Vehicle Discharging Transformer

(kW) Setpoints SoC (%  Power Value (kW)

(Avrg- kW)

Charging 11:4512:00 16549 9.50 50-55 9.60 17509
Pause 12:0012:15 17439 0.00 55 0.00 17439
Charging 12:1512:30 16155 10.00 55-59 9.90 17145
Pause 12:3012:45 17876 0.00 59 0.00 17876
Charging 12:4513:00 16536 10.00 59-64 9.90 17536
Pause 13:0013:15 17441 0.00 64.00 0.00 17441
Charging 13:1513:30 16814 6.50 64-67 6.70 17484
Pause 13:3013:45 18083 0.00 67 0.00 18083
Charging 13:4514:00 16841 6.50 67-71 6.80 17521
Charging 14:0014:15 16691 8.00 71-75 8.00 17491
DR 14:1514:30 1604 0.00 75 0.00 16040
Dischargin¢ 14:3014:45 17876 -10.00 7570 -9.92 18868
Dischargin¢ 14:4515:00 160.83 -10.00 70-65 -10.05 15083
Dischargin¢ 15:0015:15 1544 -4.45 6563 4.37 14995
Dischargin¢ 15:1515:30 15503 -5.10 63-60 -5.10 14993
Dischargin¢ 15:3015:45 15845 -8.50 60-57 -6.71 15174
Pause 15:4516:00 15121 0.00 57.00 0.00 15121
Charging 16:0016:15 14056 9.60 57-62 9.55 15016
Charging 16:1516:30 14211 7.50 62-65 7.46 14961
Charging 16:3016:45 14056 10.00 65-70 9.60 15016
Charging 16:4517:00 13645 10.00 70-75 10.09 14654

As indicated by Tabk the DSO has established the transformer load threshold levels at 1 Zn&\W/50
kW, respectively, during the periods of 11:48:30 pm and 14:3Q7:00 pm, based on the transformer
load conditions. The algorithm utilizes these threshold levels to determine the charging and discharging
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powers or to put the station in a pause &tao halt consumption. Upon examining the final transformer
powers in the last column, it is observed that the values are below the threshold level established by the
DSO. However, in cases where the values do not fall below this level, it becomes appatehe
maximum discharge power of 10 kW is insufficient to reduce the total transformer consumption value
below the thresholdAs can be seen from the setpoints, although the transformer load is higher than the
threshold, discharge does not occur inms® slots and the charging station goes into pause state.
According to the functionality of smart charging algorith, no discharging occurs unless the vehicle battery
reaches the user's desired state of charge (DSOC). This is a command given by the atgoridlemto

keep the vehicle's battery close to the levels requested by the user in case they want to arrive earlier than
promised. So, the vehicle will be charged until it reaches the DSOC level first, and then discharge will occur
according to the grigignal or threshold leveln these types of time slots where the threshold level is
higher than the transformer consumption level, flexibility is provided to the distribution network by
sending a command to stop consumption at the charging station insdéadnding a discharge option.

After 14:30 pm, since the vehicle reaches the desired SoC level, the discharge process is initiated according
to the grid threshold level, and charging is continued to bring the vehicle back to the desired SoC level
after the discharge process.

According to Tabl&, in the red row(14:1514:30) the DSO also sends a "Demand Response" signal to
reducdstop the consumption at that time. The smart charging algorithm, whose functions are specified
in Section 2.1.3.1, sends a comnd to the electric vehicle charging station to discharge at full cagacity
regardless of the threshold lever stop consumption commantb reduce consumption during that
time.In this case, according to the SoC level, a signal to stop consumption érasdrg to the charger.
During this process, the electric vehicle user is notified about whether they will participate in the "Demand
Response" activity (FiguB8), and when it is time for the user to confirm, the setpoint is sent to the V2G
charging station.

&« Confirm Q

L~ "

XK

Would you like to participate in a
Demand Response programme, you
would get a discounted price for
charging

Figure38 Notification that asks user about his/her participation on DR event
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The commands given to the battery were set for a period of 15 minutes, however, it is possible to view
the power values in reaime or by the minute from the system. The power values shown in Tabhle

the average power values that occurred over amifiute period. As can be seen, the battery's response

to the setpoints (V2G charging/discharging power) is very similar to the main commands, unlike the
situation experienced with some setpoints in thattery storage system. The visualization of the base and
final loads of the transformer along with the thresholds through the lbaded battery
charging/discharging optimization process is presented in Figire

EV Charging with V2G charger - Transformer Loading
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Figure39 Loadbased optimizationvith V2G charger

It is possible to monitor the charging power of V2G vehicles through OCPP, but this process takes a
considerable amount of time when carried out through logs on the interface. For data transfer to FlexiGrid
platforms, it was possible to obtain energy vadudirectly from the station meter data using an
intermediate service and convert this value to a power value. However, due to meter reading errors
caused by the charging station manufacturer, the data could not be directly provided from the station
through API.(The data in the above graph is directly obtained from OCPP and represents the average of
minute-level data. The API referred to here is the data transferred to other platforms outside of OCPP.)
Therefore, an analyzer installed on the electrical gasfehe V2G station was utilized for data transfer.

The data from this analyzer was transmitted to the FlexiGrid platforms via APIl. However, due to an
unidentifiable measurement error originating from the analyzer, there is a discrepancy of &#d€%
between the actual value and the measured value.

In this context, the charging/discharging powers obtained through the analyzer and transmitted to the
loT platform via API can be seen in Figd®e
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FlexiGrid

V2G EV

12.5 kw

| D — " . I
10 kW
7.5 kw - f’lr_ L—/
S K
2.5 kW

0 kv

s

-2.5 kw

-5 kW
-7.5 kW

-10 kW

12:00 1300 14:00 15:00 16:00 1700

Figure40 Charging/discharging powers ¥2G chargein FlexiGrid loT platform

Both Figure39 and Figue 40 demonstrate that during the charging process in the time slot between
15:3015:45, there was a momentary drop to zero discharge power. It is understoodhbatharging
station operation was interrupted due to a brief electric flicker, most likely caused by voltage fluctuations.
After this issue, the system was restarted to resume the charging process.

During the operation, there were dynamic changes in thateSof Charge value along with the
charging/discharging processes carried out in the vehicle. The change in SoCefoettiele batterycan
be seen as shown in Figuté.

SoC value of vehicle during V2G charging

80 : .
Discharging Slots

11:45:00
12:00:00
12:15:00
12:30:00
12:45:00
13:00:00
13:15:00
13:30:00
13:45:00
14:00:00
14:15:00
14:30:00
14:45:00
15:00:00
15:15:00
15:30:00
15:45:00
16:00:00
16:15:00
16:30:00
16:45:00
17:00:00

Time

Figure41 SoC value of the V2G compatible vehicle during study
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Senario2 ¢ Optimization with V2G charger according to thgrice schemeset by DSO :

In this scenario, the main premise is that a potential user of a V2G (Véti@dd) compatible electric
vehicle would be encouraged to charge their vehicle during periods when electricity prices are low, as
determined by the DSO's pricing structure. Conversely, the user would be prompted to discharge their
vehicle back to the grid during periods of high electriciticgs. This scenario is designed to incentivize
V2G users to consume electricity during-péfak hours and to help balance the grid by supplying power
during peak hours.

According to the scenario, the D33t develops a loadbased electricity pricing seme based on the
current transformer load and hourly load estimates. This pricing scheme primarily encourages users to
discharge their electric vehicles back to the grid during periods of high transformer load in order to avoid
overloading the grid. Accoitagly, the electricity price is set higher during periods of high load density and
lower during periods of relatively low load density.

The proposed pricing scheme is designecihzourageelectric vehicle owners to consume electricity
during offpeak hous and to balance the grid by supplying power during periods of peak demand. The
pricing scheme is based on a ledépendent tariff structure and aims to promote efficient use of the
electricity network. The pricing scheme is presented in the followWizlgk 9.

Table:5{ hQa G NATF adGNUzOGdzZNB F2NJ RSY2 aidzRe

Transformer Load Value (kW Transformer Loading (%) Price (TL/kWh)

>180 >%90 3.8
180-160 %906%80 35
160-140 %80%70 29
140120 %706%60 25

<120 <%60 21

In formulating the tariff, the DSO has delineated various price coefficients contingent upon the
transformer's load status. (In actuality, the transformer's load does not surpag®%beven during the
annual peak times; yet, for the intents and purposed this study, the transformer's power has been
assumed a200kVAto simulateoverloading situation on transformgr

According to the scenario, an electric vehicle user who is informed about the tariff scheme participates in
demandresponse activityo both benefit from the process and indirectly assist the DSO (Distribution
System Operatorjor load balancingWithin this scope, the user connects their vehicle to the charging
station and submits their charging requests (desired State of Charge (SoC)panaigetime) through a
mobile application. The visual representation of the user's charging regteestearging and discharging
isshown in Figurd?2.
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e Charging Status Q e Charging Status J l

Welcome Welcome

z S A # Chargin > = s # Chargin
ibrahim gazioglu s ibrahim gazioglu gne

Charged Charged

ZZ% 0 kWh O kWh
yyyyy nt
35%
| Required Discharged Discharged
0 kWh 0 kWh
Cost Revenue Rewards Cost Revenue Rewards
£ 0 £ o0 £ 0 £ 0 £0 £ 0
Departure CO2 Avoided Departure @ CO2 Avoided
22-03-2023, 11:45 O kg 22-03-2023, 19:15 O kg
Arrival Vehicle Arrival Vehicle
22-03-2023, 09:45 nleaflG 22-03-2023, 16:59 nleaflG
gm, My Balance View My Balance View
Y £ 5166.19 History £ 5166.19 History

Figure42V2G user charging preferences for price based optimization process

Within the scope of thestudy, a base price is determined via the FlexiGrid 10T plat{éomthis case it is

2.65 TL/kWh)based on the user's consent given at the beginning of the pspaesrder to automatically

charge and discharge the user's vehicle in parallel. When the price exceeds the base price, energy is
discharged from the vehicle battewyith the maximum power-0 kW) and the vehicle is chargeuth

max power (10 kW) agafor values below the base price. Thus, the user will be able to not only reach the
desired SoC level at the requested charging time but also generate income, whilelettteicity
distribution company can use the vehicle battery as a flexible asset to balance the load. In this context,
the charging/dischaiigg profiles calculated on an hourly basis by the smart charging algorithm, along
with the base price determined, can be seariliablel0.
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V2G Chargin
Market V2G Charge V2G Vehicle Discharging Final Transforme
Price  Setpoints SoC (%) Power Value (kW)
(Avrg- kW)

Time Load Value
(kw)

09:4510:00 16122 -10.00 72-67 -1001 15121
10:0010:15 18332 -10.00 67-62 -9.99 17333
10:1510:30  167.39 -10.00 6257 -9.99 157.40
10:3010:45 17131 -10.00 57-54 -9.97 16134
10:4511:00 16646 -10.00 54-49 -10.02 15644
11:0011:15 18199 -10.00 49-44 -0.98 17201
11:1511:30 166 -10.00 4439 -9.99 15601
11:3011:45 17172 -10.00 39-35 -0.96 16176
11:4512:00 16052 0.00 35 0.00 16052
12:0012:15 17433 0.00 35 0.00 17433
12:1512:30 16142 0.00 35 0.00 16142
12:3012:45 16825 0.00 35 0.00 16825
12:4513:00 16268 : 0.00 35 0.00 16268
13:0013:15 17544 35 0.00 35 0.00 17544
13:1513:30 16762 35 0.00 35 0.00 167.62
13:3013:45 16256 35 0.00 35 0.00 16256
13:4514:00 16821 35 0.00 35 0.00 16821
14:0014:15 16948 35 0.00 35 0.00 16948
14:1514:30 16141 35 0.00 35 0.00 16141
14:3014:45 1649 35 0.00 35 0.00 164.90
14:4515:00 1586 2.9 0.00 35 0.00 15860
15:0015:15 15396 29 0.00 35 0.00 15396
15:1515:30 15512 29 0.00 35 0.00 15512
15:3015:45 15517 29 0.00 35 0.00 15517
15:4516:00 14933 29 0.00 35 0.00 14933
16:0016:15 15641 = 2.9 0.00 35 0.00 15641
16:1516:30 14207 29 0.00 35 0.00 14207
16:3016:45 13655 | 25 0.00 35 0.00 13655
16:4517:00 13767 | 25 0.00 35 0.00 137,67
17:0017:15 10717 | 21 1000 35-40 10.04 97.13
17:1517:30 13566 = 25 10.00 40-45 9.98 12568
17:3017:45 11752 | 21 1000 4550 9.97 10755
17:4518:00 13396 = 25 10.00 50-55 9.96 12400
18:0018:15 11959 | 21 10.00 55-59 1012 10947
18:1518:30 13503 = 25 10.00 59-64 1003 12500
18:3018:45 12662 | 25 10.00 64-68 9.98 11664
18:4519:00 13695 = 25 10.00 6873 0.98 12697
19:0019:15 12621 | 25 10.00 75 10.02 11619
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The flexibility potential and also impact on the transformer load of this process are illustrated in Figure
43. As can be seen, the process is designed based on the strategy of charging duregkdiours and
discharging during peak hoursachieve flexibility from the perspective of the D&®@lwhen the market

price is below the base pric2.65TL/kWh), the battery charges itself, and when it exceeds the base price,
it switches to discharge mode and provides power to grid at full capacity).

Discharging Slots EV Charging with V2G charger - Transformer Loading
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09:45
10:00
10:15
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10:45
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11:45
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12:30
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13:15
13:30
13:45
14:00
£ 14:15
14:30
14:45
15:00
15:15
15:30
15:45
16:00
16:15
16:30
16:45
17:00
17:15
17:30
17:45
18:00
18:15
18:30
18:45
19:00

(=3

ratol

>

—TR load during charging (with optimization) —Base load of transformer

Figure43 Transformer load value during the price based optimization with V2G compatible vehicle

The resulting Soricecurve during this process is also presented in Figdrerhe optimization process
started at9:45 amandthe initial SoC was at arou8d72.As expected, the SoC value increased during the
charging process and decreased during the discharging processhaitgng proceswas completed at
19:06pm at the end of the day, and the final SoC value was measurésasWhen evaluated from the
perspective of FSP, such optimization allows for the procurement of energy when market prices are low
and the sale of energy when prices are high, thus enabling daily profits. When evaluated from the
perspective of DSO, dynanidcing can be used to balance the load by setting energy prices higher during
peak hours and lower during effieak hours.
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Figure44 Spot market price vehicle SoC relation during the charging/discharging of V2G compatible®¢éhS Q& o I G G S NE

As seen in the graph, despite the high electricity prices after 11:45, no discharge occurred. The main
reason for this is that discharging the battery below the recommended levels &¥5%0 is not
recommended.

9 Discussion

Mentioned scenarios were demonstrated with V2G compatible vehicle and charging station, taking into
account both grid status and market prices, using the FlexiGrid IoT platform and the OEDAS EV
management platform to provide flexibility to local distribution gritheTkey findings of the study were

as follows:

1

1

As the number of V2G compatible vehicles increases in the near future, there is a potential
opportunity for distribution network operators to leverage vehicle batteries as a flexible asset (as
virtual power plats), particularly during peak times, utilizing thediiectional charging feature.

As the demonstrated business model becomes more widespread, it can create a revenue model
for electric vehicle users by allowing them to dynamically sell energy fromvibieicle battery. If

DSO can manage this process with loaded dynamic tariffs, it will be possible to
reduce/postpone peak loads.

The implementation of relevant technology with real users through demonstrated business
models is hindered by regulatory tveers. Regulators must support regulations that remove these
barriers and enable the adoption of such business models. In the context of this type of business
model, it is crucial to define charging operatorship and the relationship between the companies
responsible for this and the DSO. Doing so will facilitate the process of publishing regulations that
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address key questions. Moreover, in the Turkey case, it will be important to define the flexibility
market structure and rules, as well as the aggregatarcept and relevant regulations.

1 Finally, even if the relevant steps are completed, encouraging of the desidedoarticipation
will be essential for the V2G concept to be implemented with such a business model, and steps
that incentivizeend-users mustlso be taken.

3.1.2.4TC 8.11 Provision of flexibility by Demand Side Management/Demand Response

This test case was designed primarily at the beginning of the project with the possibility of a wider demo
with more electric vehicles. For thisason, the priority was already set to "lowlle main plan was to
achieve a wider flexibility from the DSQO's perspective by involving more charging stations in a larger area
and with a higher number of electric vehicles. This plan aimed to direct thes&é to appropriate
charging stations based on the varying load conditions of different transformers. Thus, the solution would
cater to the needs of the users while optimizing the load distribution across the grid.

In summary, due to the lack of electriehicles/charging stations in the region (in addition to the absence

of additional budget for acquiring new stations and vehicles for a possible-$aaje demoa), the
ownership and operation issues of existing stations (currently existing chargers aratempdry the
licensed CPO in the city without a regulatory connection to DSO), and the regulatory and technological
barriers stated imeport, it is not feasible for DSO to implement demand side participation with real users.
However, it should be noted thdhe structure designed by OEDAS within the scope of the project and
demonstrated with real assets and systems in the demo area can also be easily implemented as a Demand
Response activity in a wide area with the participation of nhumerous vehicles atidnstawith the
increase in the number of EVs and charging stations in future projections and the clarification of regulatory
issues, demandide participation can be easily implemented as in the mentioned scenarios.

As evident from D8.1, the test caserpdrily includes the following details. Upon reviewing other test
cases presented in previous sections, it is apparent that each test serves as an example of Demand Side
Management. In other words, the participation of the demand side (battery or eleathiche owner) is
simulated in each scenario. Additionally, the dynamic pricing and load balancing case described below
was utilized as an input in the optimization studies, especially in&fBled scenarios. Hence, there was

no need to perform an additimal use case with the existing system.

3.1.2.5TC 8.12 Provision of flexibility services with the whole system
9 Description of the test case

The equipmentbased scenarios that were run in the previous scenarios were executed simultaneously
for the entire system wh this test case. In this scope, the smart charging function of the EV management
platform was run for the entire system at the end of the process to balance the transformer load, and the
results were presented.

1 Proposed scenarios for implementatioand outcomes

In this test, a sample study is conducted to demonstrate the potential flexibility of the entire syEi¢m
chargers and battery storage systgsee Figuret5) when operated simultaneoushAccording to the
scenario, electric vehicle users come to the charging stations and initiate the charging process by entering
their charging request through a mobile application (shown in Fig8yeAs can be seen, the V2G user
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delivers their vehicle witla 40% state of charge (SoC) and commits to staying at the station for 5 hours,
requesting to receive the vehicle with a 70% SoC. On the other hand, the V1G vehicle user delivers their
vehicle with a 20% SoC and requests to receive it with a 97% SoCMlitbim.

<« Charging Status (@&

Welcome -

% ¥ Charging

ibrahim gazioglu Welcome £ cu
—

Ali Fuat Buyiik g

Charged

O kwh Charged

O kWh
D scharged
O kwh Discharged
O kWh
Cost Revenue Rewards Cost Rewards
£ 0 £ 0 &0 €0 €0
Departure CO2 Avo ded Departure CcO2 Avoided
27-03-2023, 16:00 O kg 27-03-2023, 11:59 O kg
Arrival Venhicle Arrival Vericle
27-03-2023, 10:55 nleaflG 27-03-2023,10:56 MINICOOPERSE
My Balance View My Balance View
£ 5166.19 History € 95516 History

Entigaate
—— = <@

Figure46V2G (left) and V1G (right) user inputs

Within this context, the DSO determines the consumption threshold values for the transformer during the
operational hours, based on the load curve of the current transformer. The smart charging algorithm then
determines the charge and discharge profiles thee equipments (EV chargers and stationary battery),
based on this threshold value. To this end, the DSO has established the transformer load threshold values
for the relevant study, as illustrated in Takl&, and has incorporated these values into thgstem
through the FlexiGrid IoT platform
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Tablell: Threshold values for transformer load during study

TR Base Setpoints (kW) and SoC (%) Final

. Threshold
Time Load (kW) DC VIGEV Battery Battery V2G V2GEV Load
(kW) Charger SoC SoC Charger SoC (kw)
11:0011:15 15574 2450 2141 -1000 7163 1000 4145 18024
11:1511:30 15217 3780 4169 -1000 6355 500 4548 18497
11:3011:45 14425 3570 6993 -1000 5548 5.00 4850 17495
11:4512:00 14778 3220 9397 -1000 4847 500 5054 17498
12:0012:15 1485 165.00 - = 650 4752 1000 5458 16500
12:1512:30 1642 165.00 - - -920 5245 1000 5863 16500
12:3012:45 14698 16500 - - 1000 4551 800 6367 16498
12:4513:00 1531 165.00 - - 0.00 51 1000 67-71 16310

13:0013:15 14627
13:1513:30 15344
13:3013:45 14218
13:4514:00 146.69

- - -1000 51-44 -6.00 7169 13027
- - -10.00 44-36 -1000 6964 13344
- - -1000 3628 -250 6463 12968
- - -1000 2820 -650 6359 13019

14:0014:15 13906 14000 S 5 0.00 20 0.00 59 139.06
14:1514:30* 14627 DR - - 0.00 20 -10.00 5954 13627
14:3014:45 13018 14000 S 5 500 2024 5.00 5457 14018
14:4515:00 13221 14000 - - 400 2427 4.00 57-59 14021
15:0015:15 13452 14000 - - 0.00 27 6.00 5961 14052
15:1515:30 14592 14000 - - -9.00 2721 4.00 61-63 14092
15:3015:45 12554 14000 = = 450 21-23 1000 6368 14004
15:4516:00 14538 14000 - - -1000 2320 450 6870 13988

As seen from Tablgl, a V1G charging session for a DC electric vehicle was carried out with EV user
between 11:00 and 12:00. During this time interval, the charging powers of the electric vehicles were
determined by the algorithm in such a way that the thresholds set by ®® [L85 kW and 175 kW) were

not exceeded. Finally, a profiling was defined to reach the desired charging level of the EV user. As
explained in earlier sections, there is a decrease in actual charging power when the charge level of the
electric vehicle, esgrially due to its own BMS, exceeds the 80% level. Although the power level is
determined according to the threshold level, the power received by the vehicle during these charging
intervals is different. This situation is shown in Talfle

Tablel2: Calculated and actual charging power during DC EV charging process

Smart ChargingDC

Time Smart Chargin¢ Actual Power
Command (kW (Average-kW)

11:0011:15 245 24.07
11:1511:30 37.8 37.19
11:3011:45 35.7 27.49
11:4512:00 32.2 1357
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# FlexiGrid

Again, as seen in Tabl4, when the DC electric vehicle charging process started, the V2G valsicle

began its charging session. At the same time, the stationary battery storage system is also in operation.

Il OO2NRAY3 (G2 UGUKS dzaSNR& RSLI NIdzZNE GAYS RIEGEEZ GKS
threshold level, but the V2G vehicle halso started charging. (According to the algorithm design, the
discharge process is not started before the V2G vehicle reaches the desired SoC value set by the user.)
Therefore, to prevent the threshold level from being exceeded during the relevant imteimeabattery

storage system is discharging itself at full power (10 kW). At 12:00 pm, with the completion of the charging
process at the DC charging station, the V2G vehicle's charging process continued. The V2G vehicle was
charged with the maximum powegossible according to the threshold level, and the user reached the
DSOC input level of 70% at 13:00. During this process, the battery was charged or discharged according to
the setpoint determined for the battery threshold level. As the threshold lee¢tidnined by the DSO

was relatively low between 13:00 and 14:30, as can be seen from the table, both the V2G vehicle and the
stationary battery storage system were discharged. Here, priority was given to discharging the stationary
battery at full power, casidering the possibility of the user possibly ending the session early. According

to the table, a "demand response" signal was sent by the DSO between 14:15 and 14:30. The DSO
requested 10 kW of flexibility to the grid. During this time, discharging wased out from the V2G

vehicle instead of the battery storage system, since the stationary battery had reached its minimum SoC
level of 20%. After 14:30, the charging process continued with battery support in order to reach the
desired SOC level of the hiele, and the process was completed around 16:00 to achieve the user's
desired 70% vehicle charging level. The graph in FityilsBows the changes in transformer consumption

data throughout the process.

EV Charging with V2G charger - Transformer Loading

185,00 V2G Discharging Slots
180,00
175,00
170,00
i 165,00
= 160,00
2 155,00
& 150,00
£ 145,00
T 140,00
135,00
130,00
125,00
120,00

|
i

11:00-11:15
11:15-11:30
11:30-11:45
11:45-12:00
12:00-12:15
12:15-12:30
12:30-12:45
12:45-13:00
13:00-13:15
13:15-13:30
13:30-13:45
13:45-14:00
14:00-14:15
14:15-14:30*
14:30-14:45
14:45-15:00
15:00-15:15
15:15-15:30
15:30-15:45
15:45-16:00

Duration

—TR load during charging (with optimization) —Base load of transformer

Figure47 Transformer base load and final load comparison during the study

The charge and discharge curves that were carried out on an equipment basis throughout the process
have been monitorediia 10T platform and according to the data belgraphscreated. Visudtation of
the datacan be viewed in Figud8, Figure49 and Figure50.
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Discussion

Mentioned scenarios were demonstrated with whole system togethsing with the FlexiGrid loT

platform and the OEDAS EV management platform to provide flexibility to local distribution grid. The key

findings of the study were as follows:

1 The designed business model and the system/technologies used have been shown to be
simultaneously applicable to the entire system. The importance of management platforms for
utilizing the flexibility potentials of flexible assets has been demonstrated in the study. The

relevant system demonstrated in the demo can be applied to a largerher of assets and in a

wider geography.

Since the same assets were used in this test case as in the other test cases, the outcomes

presented in the other test cases are also applicable to this one
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3.2HES campus

3.2.1Introduction

This sectiorpresents the different test cases which were implemented at the demo site in Switzerland.
All test cases along with their objectives are listed@ble13 and were already presented in deliverable
8.1. With these test cases, the whole flexibility supply process is demonstrated, and various assets are

tested.

Tablel3 Different test cases at HES campus

Number Test case name Main objective

8.1 Flexibility potential Demonstrate that an accurate flexibility potential predictid
estimation can be performed.

8.2 Communication with Test the communication between HES and OIKEN using
OIKEN EFLEXIlatform developed by Emax in WP7.

8.3 Reliable flexibility offer | Demonstrate the ability to offer flexibility using batteries.
using batteries

8.4 Reliable flexibility offer | Demonstrate the ability to offer flexibility using heat pumg
using heapumps

8.5 Reliable flexibility offer | Demonstrate the ability to offer flexibility using the power
using the poweito-gas | to-gas platform(simulation twin and sma#cale fuektell).
plateform

8.6 Optimization of sel Demonstrate the ability to use the whole system in order
consumption optimize the sekHconsumption of local electricity (PV)

production.

8.7 Reliable flexibility offer | Demonstrate the ability t@ffer flexibility using the whole

using the whole system | system available at the HES pilot site.

3.2.2Test case implementation

Test cases were implemented at the Energypolis campus in Sion using the infrastructure described in
Section2. Concretely, the test cases presented hereunder can be split in two categories:

1) TC5.9to TC 5.13hese test cases were elaborated and described in detail in deliverable D5.1 of
WP5. They concern more basic aspects of the demonstration, such as asf&ssimanitoring,
visualization and control of the different assets available on the campus. It was decided to present
them in deliverable D8.3 to gather the demonstration activities of the Swiss pilot.

2) TC 8.1 to TC 8.These test cases were elaborated atebkcribed in detail in deliverable D8.1.
They deal with general aspects associated to the procurement of flexibility such as flexibility
potential estimation, communication between HES, the flexibility service provider (FSP) and
OIKEN, the local DSO bu@him to study the potential for flexibility supply of different assets in
terms of volume and reliability.

3.2.2.1 TC 5.9 Real time monitoring & TC 5.10 Real time visualization

91 Description of the test case
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TC 5.9 and TC 5.10 are grouped togethathag both aim to meet the same objective: to demonstrate
that the important variables are monitored and can be visualized in real time in order to enable the proper
control of the different assets of the campus.

1 Proposed scenarios for implementation

In order to implement this test case, data are visualized using the tool Grafana. The latter allows one to
connect a timeseries database and visualize different values. Historical as well as real time values can be
retrieved helping one to properly monitor thefterent installations.

1 Outcomes

Measurements and data communication are performed using different instruments specific to each
device:

Batteries: The local control of the batteries is performed by an inverter and the management /
communication is ensutkby an hardware in the loop device (OFRL). Data and setpoints are shared
via CloudIO, a cloud service developed by HES in the framework of a past project.

PVvsOYSNH& LRt A& OF YLIz2aQ 3INAR 0SAy3a NROdzA(Xaaree LINB R
NEGNRSOSR dzaAy3d {2fF NPR3ISQa !tLxX GKS tz+ YIylr3aSyYySy

Heat pumpsDifferent quantitites such as mass flows, temperatures or electrical power are measured and
gathered by the local supervision of the heat pumps. They ae thtrieved via ModbusTCP.

All this data is collected locally and shared to Flexigrid partners via CloudlO. An example of data
visualization is given iRigure51.

2023-03-02 16:38:00
24 kW
38 kw

Heat pumps - Real electrical power

Figure51: Screenshot of the measurement data represented using Grafana

9 Discussion

The different communication protocols and control systems as well as the variety of the controlled devices
result in different data resolution. Data resolution can even be variable for some quantities (when data
transfer is triggered by the variation of a quantity exceeding a specified value, e.g. when the temperature
variation exceeds 0.1°C). Usage of toolshsas Grafana easily enable the visualization of such data by
interpolating the different values. In general, the main issue remains data resolution. Indeed, processes
such as primary reserve require a high reactivity. However, all demonstrations takiegimplawitzerland
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aim to provide balancing services resulting in rather low requirements regarding resolution. For this
reason, simple data monitoring and visualization as presented here is considered as satisfactory.

3.2.2.2 TC 5.11 Control of PV produtiand battery storage

91 Description of the test case

This test case aims at demonstrating the proper control of the battery storage. As already mentioned in
the previous section, it was decided to solely control the batteries, the PV control being irrelertre
Swiss demo case.

1 Proposed scenarios for implementation

For this test case, it was decided to send the following control signal to the batteries in order to check
their responsiveness:

i) Power charging setpoint of 50 kW during 2mn
1)) Power charging setpoint of 100 kW during 2mn
iii) Power setpoint of 0 kW during 2mn

iv) Power discharge setpoint 660 kW during 2mn
V) Power discharge setpoint €00 kW during 2mn

 Outcomes

The obtained results are presentedhigure52.

Batteries

150

——Power setpoint

100 -—Real power

Power [kW]

(9,1
o

-100

-150

10.03.2023 08:35
10.03.2023 08:36
10.03.2023 08:38
10.03.2023 08:39
10.03.2023 08:41
10.03.2023 08:42
10.03.2023 08:44
10.03.2023 08:47
10.03.2023 08:48

10.03.2023 08:45

Time

Figure52: Results of the battery storage control test

9 Discussion
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This test case shows that the battery storage reacts well to control setpoints. Indeed, it can be controlled
both in charging and discharging modes and behaves as expected. Not only does the battery have a very
stable power profile, but it also reacts vagqyickly to received setpoints, allowing for a fine control of this
asset.The exact response time of the batteries cannot be precisely evaluated as the acquisition system
used has a resolution of 5 seconds and the batteries have a higher responsikernetssesting point is

that this test characterizes the physical characteristics of the battery storage, but it also verifies that the
PID controller managing the asset was well calibrated. Poor calibration could have led for example to slow
ramp ups, ovensoots or oscillating power profiles.

3.2.2.3 TC 5.12 Control of HP

91 Description of the test case
This test case aims at demonstrating the proper control of the heat pump. As previously described, one
heat pump supplies each building. The heat pump of building 19 hosts two compressors (on / off
compressors) while the heat pumps of buildings 21 and&&only one compressor which is associated
to a frequency variator allowing for a more accurate control of the device.

9 Proposed scenarios for implementation

In order to demonstrate the control, profiles with staging at 0%, 50% and 100% of the maxineglgrew
tested for heat pumps 19 and 23 (21 is not tested as it is similar to 23).

 Outcomes

The obtained profiles are presentedhigure 3 and Figure 8.

Heat pump 19

Electrical power
160 Thermal power
~Number of compressors setpoint|

Power [kW]
Number of compressors [-]

60

o 100 200 300 400 500 600 700 800 200 1000
Time

Figure53: Results of heat pump 19 control test
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Heat pump 23
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Figure54: Results of heat pump 23 control test

9 Discussion

Heat pump 19

This heat pump shows interesting features despite the fact that its two compressors can only be turned
on/off:

- There is a short delay between the actual sending sétpoint and the start of a compressor
(about 45 seconds for a staoff of the first compressor, almost 0 for the start of the second
compressor)

- The change in electrical power following the start / shutdown of a compressor is almost
instantaneous. The, the electrical power consumed is reasonably stable. This should result
in an accurate flexibility supply.

- The start of the first compressors leads to an electrical consumption of about 14kW, while the
start of the second leads to a total of 35kW, meanihat the controllable states of the heat
pump correspond to 0%, 40% and 100% of its maximum power.

- There is aminimum delay of 20mn between two starts of the heat pump from 0%. This
limitation wasset directly from the manufacturer to limit short cycles.

While supply flexibility using the heat pumps of the campus, this heat pump will be preferably used as it
presents the highest reactivity.

Heat pump 23 (21)

Heat pumps of building 21 and building 23 are similar so only the profile for heat pump2%énted
here. These heat pumps work with only one compressor so one could expect a finer control. However,
this appears not to be the case at least for the test presented here:
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- There is a short delajabout 1mn for the 8>50% setpointpetween theactual sending of a
setpoint and the start of the compressor, but this does not impact the performance of the
heat pump for flexibility supply.

- Overall, the ramps following a setpoint appear to be slow. This is probably due to a limitation
imposed by the ranufacturer and additional efforts will be made to improve this aspect.

- A nonoptimal tuning of a PID results in an overshoot when ramping from OkW to 15kW. This
then slowly converges (oscillations) towards the desired value.

3.2.2.4 TC 5.13 Control of P2G
91 Description of the test case

Initially, this test case was designed to test the control possibilities of a P2G platform including a reversible

fuel cell. However, this platform is not ready at the moment and will nordsedy by the end of the

Flexigrid jpoject. For this reason, this test case is adapted and the original reversible fuel cell is replaced

by a digital twin of a Solid Oxide Fuel Cell (SOFC) and a Solid Oxide Electrolysis Cell (SOEC), and tests are
performed on a smatbcale SOFC. The SOFGséxd to convert electrical power into gas (in this case
hydrogenc H2) and the SOEC is used to convert gas (hydrogen) into electrical power.

First, results of the digital twins control are presentdthe digital twirs of the SOEC an80OFC systesn

are basedon a transient model to reproduce the behawuimf a real system. Tests profiles are generated
and correspond to a limited number of operating modes of the (paltiatl and fulload modes)The
outputs of both the SOEC and SOFC systemsoauteolled by adjusting different input variables. For the
SOEC, these are the electrical current, the steam flow rate and the air flow rate; the system outputs are
the electrical power consumption and the flow rate of produced hydrogen. In this test tteseapacity

of the SOEC systemodelis equal to 20 kW electric. The input variables of the SOFC are the electrical
current, the flow rate of hydrogen and the air flow rate; the system outputs are the produced electrical
power and the flow rate of prodwed steam. In this test case, the capacity of SOFC systmelis equal

to 6 kW electric.

Then, to validate the digital twin of the P2G systasimulationresults are comparetb the real dataof a
smallscale SOFC stack. Tatter has a power capacityf 800 W. This comparison with real data provides
a strong validation of the P2G model's accuracy and effectiveness in simulating the behdvios0FC
system.

9 Proposed scenarios for implementation

In the proposed scenario for implementation, each sirtiolamodel was used to produce 6 profiles of

St SOGNROAGE O2yadzYLWiAz2y 6{h9/ 0 NBaLISOGABSte& LINERRdz
at an initial stack temperature of about 600°C for the SOEC and 650°C for the SOFC) and transitiag towa

a steady state of operation at a given electrical power. The cluster manager can then choose one of the 6
profiles to offer flexibility based on the profile requested by the DSO.

The models are used to determine the sets of input variables (curragansflow rate and air flow rate

for the SOEC,; current, hydrogen flow rate and air flow rate for the SOFC) that provide the offered flexibility
gAUK GKS o0Said aeadSy STTAOASyOée 3IAPSYy (KS aeaidsSyc
ones gven to the asset for it to follow the corresponding profile.
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1 Outcomes

Figures55 and 56 provide four samples of the 6 profiles producég the simulation modeldor
respectively a 20 kWel SOEC system anck®/él SOFC system. These profiles have a time step of 2
seconds over an operation of one hour. The corresponding input variables for the SOEC are:

A) 1 =30 A, Steam flow rate = 1.3 L/min, Air flow rate = 10 L/min
B) I =20 A, Steam flow rate = 0.85 L/ndim,flow rate = 10 L/min

C) =10 A, Steam flow rate = 0.45 L/min, Air flow rate = 10 L/min
D) I =5 A, Steam flow rate = 0.21 L/min, Air flow rate = 10 L/min
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3 2
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0 500 1000 1500 0 500 1000 1500
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Figure55 The four simulated test profiles thfe SOEC system

The corresponding input variables for the SOFC are:

A) 1=30 A, Hydrogen flow rate = 1.3 L/min, Air flow rate = 10 L/min
B) 1=20 A, Hydrogen flow rate = 0.9 L/min, Air flow rate = 10 L/min
C) 1=10 A, Hydrogen flow rate = 0.45 L/min, Air flow rate = 10 L/min
D) 1=5A, Hydrogen flow rate = 0.22 L/min, Air flow rate = 10 L/min
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Figure56 The four simulated test profiles thife SOFC system

Figure57 demonstrates the validation of the digital twin model of the SOFC statkwvasdeveloped to
simulate the transient behavior of a smattale solid oxide fuel cell. The figure depicts the output power

and cell voltage of the SOFC, measured with varying SOFC current over time. These measured data are
compared with the simulated datadm SOFC model.

The initial set points and parameters from the SOFC test case are provitiaioléi4. Notably, the digital
twin model used the same initial parameters and set points as the actual test, which allows for easy
comparison with realvorld data.

Tablel4: Initial parameters for the SOFC test

Tinlet_Air Tinlet_Fuel

CQurrent Fuel utilization Hydrogen flow rate (Temperature) (Temperature) Air flow rate
I [A] - L/min °C °C L/min
30 0.7 4.48 600 620 30
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Figure57: Measured power and voltage of the real SOFC stack and comparison with its digital twin

9 Discussion

SOEC and SOFC systems can be used to provide respectively negative and positive flexibility by running
them at a given load profile. Given that no real assets are currently available for testing models of a
20kWel SOEC system and of a 6kWel SOFC systendeweioped and calibrated 1) to produce 6 modes

of operation (i.e. load profiles) of each system to be used for offering flexibility, 2) to determine the input
variables that allow the system to transit from an idle state to the required power levelobf e@de of
operation and 3) finally to simulate the use of a real asset by producing the expected profile of the asset.
Figures6 and 57 provide 4 of these 6 profiles.

To validate and calibrate the digital twin model of SOFC, a real-sosddl test cas of a 300Wel SOFC

was conducted. The results demonstrated that the power in both the real test case and the model
increased with increasing SOFC current until 30 A. However, the SOFC cell voltage decreased as the current
increased due to the increasingtential losses of the SOFC cell, including ohmic, concentration, and
diffusion losses. During one hour of operation, the accumulated energy obtained from measuring the
SOFC power was 197.32 kWh, whereas the model calculated this amount to be 200.1thkWirom

between the yield energy from the model and the real test case was 1.74%, which is an acceptable margin
of error. In summary, the comparison between the real test data and the model data demonstrated that

the developed transient model is accurateliable, and capable of simulating dynamic system behavior.
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3.2.2.5 TC 8.1 Flexibility potential estimation
9 Description of the test case

In this test case, the cluster manager (HES) receives a request from the local DSO (OIKEN) and then
calculates thepotential of flexibility offer based on the all the assets at its disposal. After that, the
maximum offer of flexibility potential by the HES along with its price is sent to the DSO.

Following this estimation of the potential for flexibility, and providadt the DSO accepts the flexibility
2FFSNBRX (GKS OfdzAaGSNI YFYFISNI 61 9{0v gAff GKSY mMO &
heat pumps and SOEC/SOFC systems assuming they will follow the predicted load profiles and 2) control
batteryl 4480 4-GAYSENBYt 2NRSNI (12 O2dzyd SNJ RAAONBLI yOASaA
of these static assets. Finally the load profile effectively implemented will be compared to the promised

load profile for validation of the flexibility offdr Yy R A G & LI @ YSY (G 0a4SS €0DHDHDMI
2FFSNI dzaAy3a GKS gK2fS aeadasSyséoo

An algorithm, shown iFigure58, has been developed for calculating the flexibility potential that the
cluster manager can offer given the current state of its assets and the request coming from the DSO. The
algorithm works by minimizing the difference between the requested energy theeflexibility period

(i.e. average load profile) and the best choice of flexibility profiles of the static assets (based on a set of
predetermined profiles) and the batteries (limited in terms of raoyp and rampdown power as well

based on the batteriesurrent state of charge). For this test case, the set of available assets consists of
three heat pumps (installed in buildings 19, 21 and 23), a SOEC/SOFC system and a bank of batteries.

In first step, the set of different possible operating modes [@ad profiles) for each asset are calculated

for all three heat pumps and the SOFC and SOEC systems. These different operating modes include
shutting down, turning on and switching between partial loads. All of these profiles are stored in profile
databaseand sent to the main file for it to select the best profiles of each asset according the given
flexibility request sent by the DSO sent to the cluster manager (HES).

There are two types of request coming from the DSO:

1) arequestis considered to be nég@ when the DSO needs the cluster manager to consume
Y2NBE St SOGNAROIf LR2gSNI GKIy F2NBOlFIaAGSR O0A®SO
system (poweito-gas) starts running to consume electrical power, heat pumps increase their
load and batters store electricity.

2) arequest is considered to be positive when the DSO needs the cluster manage to consume
fSda StSOUNROIE LIRESNI iKYy F2NBOIFI&AGSR o0APSod f
(gasto-power) start running to produce eletal power, heat pumps reduce their load and
batteries release stored electricity.

I FOSNI GKS 6S5ad LINPTAESE INB OK2aSy TF2NJ GKS &adFdGA0

An optimal battery operation is produced to cover the difference betweenrdtquested energy and the

stacked profile of the static assets. For this purpose, an optimization technique is used to minimize the
YSYGA2ySR @l fdzS o6& O2yaARSNAYy3I GKS o0lFGOSNEQa AYyAlQ
Finally, a flexiility offer potential is calculated as well as the maximum potential of flexibility which the

HES is able to offer during the flexibility period.

D 8.3 Dissemination LevePublic Page70of 97



GA#864048

. FlexiGrid

Flexibility Offer Potential

Select_Asset Profiles

HP Test_Data
Selected offer
ot profiles of assets
Battery l\i)p:in{nzatlon Selected offer HP profiles HP 19
ode profiles of assets . . l
- Main_Negative |{ v HP_21
Battery Function. . - =
. Battery scheduling Data_base
Negative s -
for flexibility ) » HP 23
Battery Function. Main_Positive HP_profiles —
Positive |} L T e
SOFC_profiles
l SOFC SOFC
Main SOEC_profiles profiles 1 rranient Model

Flexibility Offer | ————
Potential

. Test_Data
¢ Run_main #&=~———"—

SOEC profiles SOEC

Transient Model
Input Data

Flexibility Tracking Asset Assets Test Data
Selection Request Baselines —

Figure58 The methodology of flexibility offer potential

9 Proposedscenarios for implementation

In this test case, proposed scenarios for the implementation of the flexibility offer potential are presented
based on the timing of offering the flexibility potential, the flexibility period, and measuring the baselines,
as slown in Figure59. As shown, the DSO sends a flexibility request which is received by the cluster
manager (HES) one hour before flexibility periodhia time, the proposed algorithm of Flexibility Offer
Potential (described above) is run based on the value of request, a selection of asset types and measured
baselines of each asset. It is important to note that the baselines of different assets aseineeand

saved one hour before the requeistreceived.

After that, the maximum offer of flexibility potential by the HES along with its price is sent to the DSO. If

the DSO accepts the flexibility offered by HES, at the beginning of flexibility peeéoduster manager

619{0 sAfft GKSY m0 &aSyR GKS NBfS@lIyld AyLdzi D NALI o6
aeadsSvya laadzvAya GKSe gAatf F2ft2¢6 GKS LINBRNCGESR f
in order to counter disrepancies between real and predicted load profiles of these static assets.

D 8.3 Dissemination LevePublic Page71of 97



FlexiGrid GA#864048

Power

Request is received by HES Flexibility Period
4 » , and Flexibility Potential is ! .
The measured baselines offered for next hour (One hour)
of assets
(One hour)

Flexibility Offer Potential

Time
Figure59 Timing of offering the flexibility potential

 Outcomes

In this section, the proposed algorithm of flexibility offer potential is run by considering the different
values of requests and asset baselines. The participating assets in this test case include three heat pumps
(hp_19, hp_21, and hp_23), P2G systen@HGS and SOEC), and a battery bank. The baselines of these
assets are considered as input data for the algorithm. The outputs of the algorithm are categorized based
on the value of request and they are presentedFigure60 and Figure61 for negative and positive
requests respectively.

In Figure60, although all request values are negatitleey are presented as positive to provide a better
understanding. In this figure, the flexibility profiles provided by each asset are shown as well as the total
flexibility offer by the sum of all assets.
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Figure60 The potental of HES flexibility offers for Negative Value of Request

In Figure6l, all of request values are positive and the flexibility offers provided by assdt are shown
as well as the total flexibility offer by the sum of all assets.
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Figure61 The potential of HES flexibility offers for Positive Value of Request
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9 Discussion

As it can be observed in above figures, tineposed algorithm for flexibility offer potential is effective in
predicting the amount of flexibility offer in response to the DSO request within the proposed timing. The
baselines and initial states of the assets were measured and saved one hour thefflexibility period.

When the request is negative, the cluster manager (HES) tries to offer the flexibility by increasing the
power consumption of its assets: hp_19, hp_21, hp_23, power to gas system (SOEC) and battery. In this
case and when the valuef sequest is-50 kW,-100 kW and evenl150 kW, the HES flexibility offer
predicted by algorithm, can cover all the energy requested by the DSO during the one hour of flexibility
period (50 kwh, 100 kwh and 150 kWh, respectively). But in the case whereghest is-200 kW, the

HES cannot totally cover all of energy requested from DSO but only 84.58 % of total requested energy. In
this case, as it shown in above figure, HES uses maximum capacity of its assets to offer the flexibility (for
example the battey is charged at each time step within its maximum power charging limit and maximum
SOC limit.

When the request is positive, the cluster manager (HES) tries to offer the flexibility by consuming less
power and/or producing the power with its own assetp: 19, hp_21, hp_23, power to gas system (SOFC)
and battery. In this case and when the value of request is 10 kW and 20 kW, the HES flexibility offer which
is predicted by the algorithm, can cover all the energy requested from DSO during the one hour of
flexibility period (10 kWh and 20 kWh). But in the case where the request is 50 kW or higher than 200 kW,
the HES cannot totally cover all of energy requested from DSO; it can cover 90.54% and 22.63% of total
requested energy respectively. In this case, ds ghown in above figure, the HES uses the maximum
capacity of its assets to offer the flexibility (for example the battery is discharged at each time step within
its maximum power discharging limit and minimum SOC limit.

Overall, the results suggest th#éhe proposed algorithm can effectively predict the flexibility offer
potential of the assets in response to DSO requests, thereby enabling it to produce a reliable flexibility
offer of the integrated system.

3.2.2.6 TC 8.2 Communication with OIKEN

91 Description of the test case

This test case aims to test the communication between HES and OIKEN usiB§LiE#platform
developed by Emax in WP7.

9 Proposed scenarios for implementation

In this scenario, the wholdeiibility exchange is tested using tB&LEXlatform, as described in TC8.2 of
deliverable D8.1. The flexibility exchange process implemented ok fiud Xlatform works with offers

and requests. OIKEN, the local DSO, produces a forecast every hou itsiraveryday operation to
estimate its balancing needs and then posts a flexibility request ok Bid=Klatform. Following this HES
generates a flexibility offer. In order to do so, HES makes a flexibility potential prediction aiming to
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generateanoB NJ 6 KAOK Aa |a Oft2asS la LRaarofsS (42 hLY9bQa
its load imbalance.

 Outcomes

The whole communication process was successfully tested. Some insights are given here even if a more
detailed description of the process provided in D7.3, as this deliverable focuses on the platform. In its
current configuration, theEFLEXplatform hosts different accounts for DSOs and flexibility service
providers (FSPs). The FSP can then easily add an offer using either an onlit@r formy uploading an

Excel file. An example of flexibility request / offers posted by OIKEN / HES is proviigdret2.
Basically, it allows thBSO to specify a period, a location, a volume and a price. For the FSP, additional
specifications are available:

- Asset / asset type: Allows one to select the asset with which the offer will be performed.
This is used mainly during the validationESLEXeeds to know which data have to be
considered.

- Bid deadline: Allows one to specify a deadline before which one needs to have received
the flex offer acceptance confirmation.

hLY | 9

Please fill out the form below Please fill out the form below

Location Asset
Valais - ] {Energypolis_Camp... -

{weekdays
Date from
{2023 03-10

Location When
Valais - l {weekdays ~ ]

Date from Date to

023-03-10 - l {2023-03—10 -

i
E
(s 7 [ v
i
EN

j

Battery storage

2023 03-10 -

Deadline
2023-03-10 - l

Grid node ]

® < O K ® < O

-] [om
-] [
" o p'zus o
[+
[

Il

Figure62:Example oflexibility request (left) and flexibility offer (right)

Once the flex request and offer have been posted, the DSO can match the interesting offers and buy them
(seeFigure63).

Active requests m

Figure63: Flex request / offer matching
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Following this step, both DSO and FSP receive a confirmation by email that the offer was accepted (see
Figure65). Finally, once the delivery perioch$ ended, the DSO has the opportunity to validate the

transaction and thus to pay the FSP.

EFLEX

Dear,
Your offer has been accepted by .

Offer code: CHFSP195012S00FF23
From date: 2023-03-10

To date: 2023-03-10

From time: 13:55

To time: 14:10

Day type: weekdays

Price per kwh: 0.15€

Volume: -15.0 KW

Kind regards,

eFlex support team

Figure64: Example of flex offer acceptance notification

User transaction history

Figure65: Validation of the flexibility offer

9 Discussion

The EFLEXlatform developed by EMAX behaves as expected and fulfils the needs of the demo case in
Switzerland. Offers / requests can be posted for positive or negative volumes, an intelligent matching
simplifies the choice of interesting offers and the locationhef assets is considered.

However, a few aspects can be discussed:

- Initially, HES / OIKEN had planned to use (and had developed) an API to post flex offers /
requests, in order to automate the exchange. An example of automated flex request / offer
posting is provided ifFigure66. Offers / requests are posted every hour. Unfortunately, it is
not possible to integrate this process into tlig=-LEXlatform, notably due to constraints
linked to the use of blockchain technology. This represents a large disadvantage as it does not
allow for a regular exchange of flexibility. Indeed, as OIKEN generates balancing need
predictions every hour, it would be toontie consuming to manually set up every request /
offer (the Excel loading simplifies the process if one wants to add multiple requests / offers at
the same time, but it does not solve the issue).
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- The platform is based on crypturrencyfor all transactions; as of now, for development
purposes, it uses dummy crypto currency (Goerli and then Sepolia test network). The use of
blockchain and cryptocurrency resaiin an overall process being rather slow : transactions
have to be performed for any event (for example, even for the edition of an offer) and are
slow.

Figure66: Example of flerequest / offer exchanged via local API

3.2.2.7 TC 8.3 Reliable flexibility offer using batteries
91 Description of the test case

Thistest case aims to demonstrate that flexibility can be offered by the batteries of the Energypolis
Campus

9 Proposed scenarios for implementation
A flexibility request of 50kW over 1 hour is posted by OIKEN. The flex offer generation algorithm computes
that a maximum of 17.36 kW during the whole hour can be offered by the batteries and the offer is posted.

The baseline of the battery is OkW. OIKEN accepts the offer and the batteries offer flexibility.

 Outcomes

The obtained results are presentedrigure67 both in terms of flex offer, flex request and battery profile.
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Figure67: Flexibility supply using the batteries

9 Discussion

As expected, the batteries react extremely fast (independently of charging /discharging) and the delivery
rate is 100%. A setpoint is sent every second, which results in an accurate control of the\dsseis

more interesting is the volume of the offer. In this case, the posted offer was really less than what was
desired by the DSO. A volume of 17.36kWh is extremely small as the batteries have a total capacity of
about 250kWh. This is a result of thnitial state of charge, which was close to the accepted limit. During

the last days, the batteries were only in the same direction (batteries were discharged), resulting in an

available volume rather small.
3.2.2.8 TC 8.4 Reliable flexibility offer usiegt pumps

9 Description of the test case

This test case aims to demonstrate that flexibility can be offered by the heat pumps of the Energypolis
Campus

9 Proposed scenarios for implementation
Heat pump of building 19 is controlled to offer flexibility to OIKEN. Two tests are performed:

1. A positive flexibility request of 50kW is posted by OIKEN. HES runs its flex offer generation
algorithm, posts an offer of 31.6kW and OIKEN accepts it.

2. A negaive flexibility request of50kW is posted by OIKEN. HES runs its flex offer generation
algorithm, posts an offer 6880.28 kW and OIKEN accepts it.

In the other test, heat pump of building 23 is controlled to offer flexibility to OIKEN. Two tet$tsrare
performed:
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3. A positive flexibility request of 35kW is posted by OIKEN. HES runs its flex offer generation
algorithm, posts an offer of 28.92kW and OIKEN accepts it.

4. A negative flexibility request 623kW is posted by OIKEN. HES runs its flex géneration
algorithm, posts an offer 6f19.33 kW and OIKEN accepts it.

At the end, all heat pumps of building 19, building 21 and building 23 are controlled to offer flexibility to
OIKEN. Two tests are performed:

5. A positive flexibility request of 65kV8 posted by OIKEN. HES runs its flex offer generation
algorithm, posts an offer of 60.95kW and OIKEN accepts it.
6. A negative flexibility request 680kW is posted by OIKEN. HES runs its flex offer generation
algorithm, posts an offer 668.95 kW and ®IEN accepts it.
1 Outcomes

The following profiles are obtained for tests 1 and 2 by heat pump of building 19

Figure68: Results of test 1
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