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Executive Summary

Task 11.3 attempts tanswer the following main questions:

1. Is the CFP platform implemented according to the specifications and requirements of the CFP plat-
form and in line with specification defined in D11.17?

2. Does the CFP platform satisfy various criteria and is able to rusr aifferent use cases for providing
balancing services to the TSO?
Toevaluate the CFP platforra combination of several methodsas usednamely functional testing, com-
puter simulations and thought experimerithese methodsvere selectively applietb the relevant areas
of validation with varying the intensity needed to enable a clear result of validadiod described within
the D11.3.

¢2 LINROS GKIG OSNILFAY FdzyOiliAazyl f Ale ,eadhduNdiofallity Y LI S
testwas dividedh Yy i 2 AYRAGARdzZ f G(GS&ada 6F2NJ SEFYLX S aSail of
O2yRdAzOGAY 3 GKS FLIINRBLNARIFGS ydzYoSNI 2F GKS aAYLI Sai
Test scenarios, the supportirtest procedures and the individual steps of validation as defined in this doc-
ument (in Chapter 2 and Appendices) are therefore the most important ones for the successful operation

of CFP platfornservices in th&€ ROSSBOgvivironment.

The validation wasgrformed byanalyzing?2 main buildingblocks the CFP standlone application and the

cyberNOC-lexibility platform.The functioning of thenain building blockbasbeen tested with respect to

the total of 16 functionalities that enable thelatformsto run. To prove that functionalities are operating
as specified (or as expected? individual elementary testseachcomposed ofvarious number of steps,

havebeen performed by the testerg\ltogether,159 stepswere testedfrom which 5 bugs were detected
that were subsequently fixedvhich is described in the Sectidri.

From thesetest resultsit can be concludethat initially 97 % of the functionalities have been in line with
specifications, whil& % havenot been suitably implementedit the final stage, once the identified bugs
have been resolvedll of the functionality of theCFPplatform is implemented as specified.

It can be concluded that despite minbugs, which were later fixedhe CFRPaggregation platform meets
the requirementsandis in line with CROSSBOW goadad is ready to be used for tHaal deployment
testing phase

D11.3 Validation infrastructure report of cooperative ownership of flexibility assets
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1. INTRODUCTION

1.1 PURBSE OF THE DOCUMENT
The content of this deliverable D11(\8alidation infrastructure report of cooperative ownershipfiekibility
assety summarise the results from the T11.P(eparation for demonstration and validation of cooperative
ownership of flexibility assets platfopnactivitiesof the Work Package 11.

Within the task 11.3it was evaluated whether th€EFP pldbrm isimplemented according to the specifica-
tions and requirementsf the CFP platform and in line withe specification defined in D11.Eurthermore,

it was investigated if th€FP platfornsatisiesvarious criteria and is able tmn under differentuse cases
for providing balancing services to the TSO

To evaluate the abovehe four main targets that wes pursued in the D11:3

1 Creating a dynamic computer simulation lmdlancing scenarios frotime TSOs and distributed re-
sources. The input signals are a valid reproduction of recorded signals used by the TSOs, while the
unitd NB &aLlRyasS Aa aAydzZ ISR Ay (GKS F2N¥Y 2F | (N
teristics

1 Defining an adequie set of test cases for validating tl@&~Pplatform. These were constructed by
considering different hypotheses regarding future scenarios and relatedlobjectives

91 Devoting particular attention to specific issues related to differeatancingservicesSeveral specific
tests were performed to ensure that th€FPplatform is able to perform under different market
settings

1 Including an evaluation of benefits & limitations of the prototypeBRplatform and upgraded Flex-
ibility platform software modules

1.2 STRUCTURE OHEDOCUMENT
The firstsubsection2.2 specifesthe basic testing environment of T11sBecified withn the WP11- more
specifically CFP architecturespiecifieshe O& 6 SNDwL5Qa 2F G(KS &aKSt F LINR RdzO
particular functionalities to fulfil the CROSBOW project gadsdilitionally,the stand-alone application CFP
which is fully integrated with the core flexibility platform. Finathg integration with theenergy assets and
the AM (Ancillary market) platform from WP10.

Nextsulsectionl.3gives an overview of the relations to the other worlkckages.Inthe suksection2.1the
methodologyof work is explainedput into three phasa: functional testing, computer simulations and
thoughtexperiments.

Chapter2 representsthe main contentof the deliverable, wihe the testing procedures anelxperimentsare
explainedand documented in the

D11.3 Validation infrastructure report of cooperative ownership of flexibility assets
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ARPENDIX ACFRandAPPENDIR¢ FLEXIBILITY PLATFORM

Chapter3 presents the results of the validation tesend its last subsectio.6 contains the discussion of
the benefits and the limitations of the present CFP platform, summarizes the overall final conglasidns
gives recommendaltions for the CFP platform.

1.3 RELATION TO OTHER WORKPACKAGES
D11.3is built uponthe results of the two previous deliverables inside the WP11: D11.1, a basic document
that specifesthe functionalities of the CFP platformand asubsequenD11.2that descrbes the implemen-
tation of the CFP platformrototype. The validation, described herein, is directly following the specifications
from the D11.2.

The WP11 integrates also with other work packagesadachnical level. More specificallywith WP10

(CROSSBOW Wholesale and Ancillary Market toolse) (Mithinthe WP1Q the Ancillary market platform
was developedo provide different electricity and balancing markets. The T11.3 is focusédedntraday

energy market and the mFRR balagcimarket.

After the establistment within the D11.3 that the CFP platform is fully functional and that the prototyped
softwareis developed and mestthe requirements according the specification, the platform will be used for
execution of theHighlevelusecases (HLU$1LUO&; more specificallydefined in the WP2These HL08

use cases will bérst deployed in WP12, tested by the external users in WRBf@8 in the end evaluated in
WP 14while satisfying the specified CFP KPIs.

The relations with other wik packagesre presented in theFigurel.

D11.3 Validation infrastructure report of cooperative ownership of flexibility assets
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WORK PACKAGE 10
WP10

CROSSBOW Wholesale and Ancillary Market toolset - AM)

¥

h 4

WORK PACKAGE 12

WORK PACKAGE 11 WP12
WP11
Integration and deployment of CROSSBOW
{Cooperative ownership of Flexibility Assets CFP) ecosystem

Specifications for cooperative ownership of
flexibility assets platform

i

WORK PACKAGE 13
WP13

Large scale demonstrabion Activihies of the
integrated CROSSBOW ecosystem

Ti1.1

k4

Development of cooperative ownership of
flexibility assets platform

h 4

T11.2

h 4

WORK PACKAGE 14
WP14

Technical evaluation and socio-economic impact
assessment

h 4

Preparation for demonstration and validation
of cooperative ownership of flexibility assets

platform T11.3

Figure 1: WP11 relations with other work packages

2. VALIDATION OF THE CFP PLATFORM
Asoutlined in the introductory sectignthe TasK 1.3 aims at validating thEFmlatform through an adequate
set of test cases constructed by considering different hypotheses regardimmusscenarios as well as con-
sidering specific issues related to diént balancing characteristics and market rules.
Searching for the answers to the two research questions defined adiogdby following the outlined tar-
gets the main two groups of scenari@gere constructedThe first one checks the functionalitiestoé CFP
platform and the cooperative daily operations, such as voting, membership management, and accounting.
The second group performs various configurations of the flexibility platform with connections to the energy
and balancing market to be tested ugidynamic computer simulations, such as performing intraday bid-
ding and intraday activation, and also other activations explained in the following sections.

Considering that such different scenarios for the validation ofGRéplatform in real environmenis com-
plex and cumbersomehe introduction of dynamic computer simulation simulatedhistorical data was
selected as the more suitable method to be used in addition to functional testing @ H#platform by the
operators (i.e. human users of thisai).

D11.3 Validation infrastructure report of cooperative ownership of flexibility assets 10
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The use cases and its populating scenarios can be characterized by the requirements of the regulatory re-
gimes in thehree main energy and balancing markkttraday energy markemFRR balancing markand
aFRR balancing market

2.1 METHODOLOGY OF WORK
Meeting the objectives of the Task 130 comprehensively validate the CFP platfogiwas achieved by
using the approaches described below.

9 Functional testing of the CFP platform by a human operator
Testers accessed tH@PF platformby accessingts graphical user interface (GUI) through a secure Virtual
Private Network (VPN) connection. They executed all available functionalities (for exangpig logsetting
up new users and their access permissions, adding and configuringmeggy assetsimporting bids, etc.).
The operators have marked the behaviour of @EPplatform that is summarized in the testing reports
available in

D11.3 Validation infrastructure report of cooperative ownership of flexibility assets 11
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ARPENDIX ACFRandAPPENDIR¢ FLEXIBILITY PLATFORM

1 Computer simulations
Functional testing of the CFP platform by operators alone is not suffifdeeiecution of certain function-
alities. Thé validation requires the use of computer simulations. Combined with functional tegtiegom-
puter simulations enable not only testing the functionalities provided by the CFP platform, beixalssire
to an environmentas similar as possible to the ontst will be encountered in redife use cases, such as
different types of activations.

This approach also enableslidation ofthe CFP platform without the need to affect the rdié¢ systems by
performing costly and cumbersomeal activations of physical resources that are not justified at this point
of the project The simulation approach is described in greater detail in the Seztton

1 Thought experiments
In part, the potential application of the develop&Rprototyped solution under thelifferent gpecific mar-
ket models is discussed by using a thought experiment. This approach was chosen to validéie Gf®
aggregation platform is able to perforefficientlyunder milder restrictions

2.2 CFP ARCHITECTURE TO BE TESTED
The details of the descriptioof the CFP is defined in the D11.2. Here, for the purpose of clarification, the
main building blocks are briefly summarised and explained.

AM <
- Market offers
- MFRR offers
I Batteries
& - Registration Integration - Monitoring
- Voting i ! - Controlling
Business - Reporting ; Flexibility platform :
users - 3rd party Integration ! p
Ny ) !
— -
perations
\\ J H Energy assets
A DR & DG

Operator

cyberGRID CFP

TSO
(simulated)

A
-

Setpoints
Figure 2: CFP architecture
TheFigure2 shows the CFP architecture and its main building blocks:

1. Flexibility platformO& 6 SNDwL 5 Q& Tdobtheslielk drofiuctiwhithfwhsiefhansdd with
the functionalities to fulfil ROSBOW project requirements

D11.3 Validation infrastructure report of cooperative ownership of flexibility assets 12
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2. CFPstandalone application, with full integration with the Flexibility platform, which enables coop-
erative business model in the daily business

3. Batteries and energy assetEnergy assets that are connected to the Flexibiligfprm
4. AM platform: Ancillary market platform (WP10) and integration with the Flexibility platform
5. TSOSimulated TSO for the purpose of sending an activation request

Within the T11.3, the focus is on the abewentioned functionalities and the buildinddzks while combin-
ing them in the set of test scenarios described later on in the document.

2.3 CFRPLATFORM
As brieflyexplainedin the introductionof this chapter, the CFP platform enables cooperatives to sell the
flexibilities from the energy assets that are owned by the members of the cooperative to the most valuable
energy or balancing market without the neéat the middleman, such as retailsnd aggregators.

The testing scenarios, described in the

D11.3 Validation infrastructure report of cooperative ownership of flexibility assets 13
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AFPENDIX A CFRakethe tester through the commonly used operations of the daily CFP busswedsas:

- Registration and approving the new member

- Adding new users to therganisations

- Creating manual votingrocedures

- hoaSNBAYy3 GKS | 002dzyGAy3 RIGF 27F dzagéddesty Sy SNH

- Observing the accounting data of tkatire pool for specific market

- Enabling M2M integration with th€EFP platform
These operations were included in the testing of the following functionalities:

1. Deploying

2. User registration

3. Voting

4. Accounting

5. Accounting overview

6. 3rd partyintegration with reporting
The test results are described in secthi.

2.4 FLEXIBILITY PLATFORM AND INTEGRATION WITH ENERGY AND BALANCING MARKET

The CFlrelatesmore to the business side of the i@g the flexibility to the market, buthe flexibility plat-
form on the other side is used for daily operati@nd activation of the energy assets based on the accepted
bids from the various markets.

During thetesting procedure®sf the flexibility platform the tester is guided to:
- Create new users in the flexibility platform which are integrated with the CFP

- Add and configure the new resources (energy assets) to the flexibility platform thaitegeated
with the CFRvhile using the dynamic computer simulations

- Creat various markets

- Create new pools (groups) used fpouping the resources into the logical groups to be used for
specific market

- Add bids to the markets anautomatic execution ofthe bids

- Creatdifferent types of activation based on the accepted hidile using the dynamic computer
simulations

- Obsenre the behaviour of resources

Theabovementionedoperations are part of the testing procedures, perfornauating thetesting of the
followingfunctionalities

1. Login
2. User management
3. Market

D11.3 Validation infrastructure report of cooperative ownership of flexibility assets



OSSbOl.IJ CROSS Border management of variable renewable energies
) and storage units enabling a transnational Wholesale market

loT-agentVARTA
Resource collector
Resources

Monitoring the resources
Controlling the resources
Bidding

10. Activations

© © N o g &

The results of the testing are explained in secoh

2.5 DYNAMIC COMPUTER SIMULATION

For the purpose ofunning the dynamic computesimulations the simulatorwill be used. The simulator
uses thecommunication interfaces (IEC 60830.04) which will be in place in tHellowing testing scenar-
ios as welbsthe final deployments in scope of WP13. The simulator enables simulattibath: the re-
sources (energy assets) on the field and the TSO local AGC peumdsas sending the appropriate setpoint
to the flexibility platform.

With the simulation tool, a combination of logidaFRalgorithms, actual hardware controls located in Slo-
venia and Austria and simulated inputs from TSOrasdurcesan be extensively tested.

In Figure3 the simulation tool is explained showing different parts of the environment. The simulation en-
vironment is placed between different physical locations (Slovenia and Austria) where communication chan-
nels (mobile and fixed) and the distance can be monitasdvell.

Signal loop

. DR&DG simulator
Flexibil latf
TSO simulator exibility platform for 10 units

RTU, Austria Server, Slovenia PLC, Austria

Figure 3: Simulation environment

2.5.1 Resource simulator

TheFigure4 below presents an RTU simulator. The simulator is divided into 2 parts. The general settings are
in the black squarest the top right corner. The resource settings are inside the colouredrsgu(on the

left).

D11.3 Validation infrastructure report of cooperative ownership of flexibility assets 15
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104 Slave  Modous 104 Master Master |P-address 10.10.50.102 IEC104 STOP . Start / Stop Send Power Values . Start / Stop
Port 2404 IEC104 activ Send Availabilities (2s) Start / St

PLCHime (ihmm:ss]  [101319 [[PECRUMNG) © acte = ot aamcimas o1 =
ASDU (unstructured) [1 Data pushing (2s) . Start / Stop Send Avail. Values . Start / Stop

) ) IEC104 Buffer usa - % Pushing Interval (ms) 2007 {=1000) Send Act. Ack (2s) . Start / Stop
Resource simulation (IEC104)
Generator 11(r)  Generator 12 (r) Generator 15 (a)

Power [MW] 4.561 10.066 4.513

Avaliability [ Toggie B Tooge W rooge

neg. Availability [ Togge [ Toage W rooge

Ppos, rel. [MW] |U.5 1 |1U

Pneg. rel. [MW] | 5 3 |0

rel. Satpoint [MW] |n 0 |0

Actvation ON . Pulse . Pulse . Pukze

Activation OFF B Puse B ruse | D

Activated o] [@ o

Act acknowtedgmt [l [@ o

Ack. Delay [s] [i5 25

Baselina [MWY] |4.-SE1 10.066 513
Actvation [MW] |U 0

Ramping

Power Simulation Parameters

Average [MW] E E
Fluctugtion pMw]  [05 s
Periods/day P E

ON

Slopa [MWis) s [pos
Noise Offcet ] [& [
Moise Amplid. [MW] IEI._ |u.5_
Noise Intervall 5] [30 e

|

T 18

ON

104 Slave  Modbus 104 Master

Figure 4: RTU simulator

The general setting&-igureb) are the configurations of the RTU.

The IP address of the VPP

The port of the VPP

IEC104 specifics

Utilization of the simulator

Toggle for stopping the IEC 104 (green 0 means it istopped)

Is IEC 104 active (green 1 = IEC 104 is active), shows if simulator has active connection with
the VPP

Data publishing (green 1 = active)

Pushing interval in milliseconds

Toggle button for sending power values of all simulator resources
Toggle bitton for sending availabilities of all simulated resources
Toggle button for sending available signals of all simulated resources

Toggle button for sending activation acknowledgment signal of all simulated resources

D11.3 Validation infrastructure report of cooperative ownership of flexibility assets 16



CROSS Border management of variable renewable energies
and storage units enabling a transnational Wholesale market

G;sbow

Master IP-address  [10.10.50.102 | IEC104 STOP [@ start/stop Send Power Values [ start/stop
Port [za0a IEC104 active [ Send Availabilities (2s) [J]  Start/ Stop
ASDU (unstructured) [T | Data pushing (2s) [ start/stop Send Avail. Values [ start/stop
IEC104 Buffer use. |_4 % Pushing Interval (ms) 2007 (=1000) Send Act. Ack. (25) IT Start / Stop

Figure 5: RTU simulator - general settings
The resource settings configure a specific reso(ffgure6). The name of the resourcel@atedabove the
configurationsinblack A ®S® aDSYSNI G2NJ mmMm ONLb 1 62@8S GKS FANAI

- The red square presents the simulated power value of a resource atimebased on the simula-
tion algorithm defined later in the resource configuration.

- The brown square presents the togdietton for enabling/disabling the positive availability of a re-
source (green 1 = available, 0 = unavailable).

- The yellow square presents the toggle button for enabling/disabling the negative availability of a
resource (green 1 = available, 0 = unavailgble

- The green square presents the number in MW of positive and negative-&nortforecast of avail-
able capacity (i.e. Generator 11 has the positive available capacity at 0.5MW and negative at 1.5MW)

- The blue square presents the configurations of a resedliring its activation.
o ANBf o { S lccarknydsetpointrécé&ivied from the VPP

o a! Ol A @I dicarenf OMdighal received by the VPP indisétat resource should fol-
low the received setpoints

o a! Ol A @I {carnf OFF Sighaisceived bythe VPP indicatthat resource should not
follow the received setpoints but continue the regulaghaviour

o a! Ol A @Ihdic&eR the state of activation, when the resource is followtmgreceived
setpoint signals (0 = not activated)

o a! 010k v 2 ¢t SR BdcHt&yhatfesource acknowledged the Activation ON signal

o a! O1 @ 5-Deéldy the acknéndedgement in seconglsimulation parameter to delay
the acknowledgement for testing various test scenarios

o &. I &St AyBSselharéaBgsc The value presents the simulated power value of short
term forecastof a resourcean reaktime

o a! Ol A @I (qAtyatiab/adtdiment value calculated on the resource indicates how
much power it provides based on the current reading

- Theblack square presents power simulation parameters of the resource

o a! @S NI 3 SAvainge abtize power
G Ct dzO{ dzI G Reguwhar fluctuatiBnéof power (in form of a sine wave)
dt S NR 2-Reridtls af ffuctuations per day

a w Y LINgfFebutton fode)activation of the ramp speed control

O O O O

a{ ft 2 LIS -damp speedaf a resource when ramping is turned ON
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0 Gb2A &S h T-tEansait deviatforsfrom normdlehaviour

0 ab2AasS ! Y LihaiRum ampitide 6f noise

o ab2AasS L-gha®é&ldteofthe caisé signal, e.g. 15 s means that the noise value is
maintained constant for 15 s before a new value is added to the regular power

Resource simulation (IEC104)

Generator 11 (r)  Generator 12 {r)

Power [MW] [4.561 [10.066
IAvaiIabiIily i Toggle i Toggle |
neq. Availability . Togale . Togale

Ppaos, rel. [MW] |U.5 |'1

Pneg, rel. [MW] |'1.5 |3

rel. Setpoint [MW] |U |U

Activation ON [l Fuse [l Fuse
Activation OFF [l Fuse [l Fuse
Activated - .

Act. Acknowledgmt. - .

Ack. Delay [s] |'15 |25
Baseline [MW] [4:561 [10-066
Activation [MW] [0 [o

Power Simulation Parameters

Average [MW] |5 |Q
Fluctuation [MW/] IU.S IU.Q
Periodsiday |2 |3
Ramping ON ON
Slope [MW/s] IU.S IU.UE
Moise Offset [MW] |U |0
Moise Amplid. [MW] IU.‘] |0.3
Moise Intervall [s] |3[J |1[J

Figure 6: RTU simulator i Resource simulation settings

2.5.2 TSO simulator

The TSO simulatisastand f 2y S | LILX A Ol GA2Yy I ¢ KA Ccfactidationsighaisiitati RA T
would be requested by the real TSO. The TSO Simulator can also receive different sets of data, which are
usually requestd by the TSO for the validation purpasesuch as: to checkrequesed activation was suc-

cessfully provided by the BSP (in our case flexibility platform).
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Figure7 shows Ul of the TSO simulator and is divided into following sections:

1. Communication
The TSO simulator uses IEC 608204 communication protocol to exchange data with the BSPs.

2. Generated setpoint
User can select between two modes: Manual or Automatic. Manual mode can be used for simulation of the
aFRR or Intraday activation, because#h& (i L2 Ay (i dzadzl f t @8 R2Say Qi OKIFy3S
canspecify the required setpoint amount in MW, for exampl&®. The TSO simulator starts sending the
setpoint in the specified pushing interval defined in the property section no. 1 lmdnistant¢ the value
R2 S &y QloveQife, ftie8z4 SNJ R2Say Qi OKIy3IS (KS @It dSo
In automatic mode the setpoint is generated based on the function ddfim¢he property section no. 3.

3. Setpoint generator properties
Various setpoinparameters can be used for automatic generation of the setpoint. The setpoint can be gen-
erated according to the function by selecting the timeframe of the high and low setpoints.

4. Validation data
Different data can be sent from the flexibility platform thet TSO. Each TSO has different requirements.
Here only afew of the main oneare presented, such as:

- Looped back setpoint signal

- Measurement; total

- Upper and lower limits

- Indicative baseline used for the aFRR
- Activation curtailed

- Status if the BSPlisady or not
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" relative Setpoint  [736 W]  — Lower Limit [ W] Lower Limit 245 MW o
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Duration tA /18 [150 [i50 15l
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Ra [ h
me-dasnrate  [0.5 ] Power (mFRR) [18616  Mw] Power (mFRR) 5057 |[MwW] Power [mFRR) [z357 Jmw
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M  Powers Baseline (mFRR) |13.n42| W] Baseline (mFRR) 9.63081 |[MW] Baseline (mFRR) |za_sr [mw]
| u«l = | Activation (mFRR) [0 [Mw] Activation {mFRR} o [Mw] Activation (mFRR) [0 [Mw]

red. Sefpoint (Loopback) IU W]

Portt. actve (mFRR) [l

rel. Setpoint (Loopback) (0 W]

Group active (mFRR) Il

rel. Sefpaint (Loopback) IU MW

Random mode . Toggie Group active {(mFRR)} -
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T [ e VPP > TSO (Unit A1) VPP -> TSO (Unit A2)

O-factor [Ea! Power 2z |mw Power [FmT mawy
Bassline 'W[MW] Baseline IW[MW]

Timeseries mode . Toggle 4 Activation ’T[MW’] Activation IO—[MW]

Scale (Amplitude) [1 W] rel. Setpoint (Loopback) [2 MW rel. Setpoint (Loapback) o |w]

Dataimported  []  Reload 3 Unit active (aFRR) [ Unit active {aFRR) =

Allow forcad SP ON Page 1 Page? | Paged

Figure 7: TSO simulator

3. RESULTABND EVALUATION

Within the platform there are several functionalities developed and different tests need to be performed for
each functionality. For more complex tests, the steps that need to be followed and testespacifiedas

well. Additionally, the expected result and evaluation criteria is specified. The test results are described for
each test, or test step, if applicable. The test results include a screenshot of the test performed and a de-
scription of the reslt, where successfulness of the performed test is explaiiée. tests cover the CFP as
well as theHexibility platform and integration with the energy and balancing markets (AM platform).

3.1 CFP PLATFORM
All the functionalities of the CFP were successfaliyed. The tests started with checking the process of CFP
deploying, creation of new user accounts and enabling access to the platform and protection of the new
accounts. New user was successfully created and was able to set password and accessTthe ©€5thg
continued with the process of accession of new members to the cooperative which are at the same time
users of the platform. When a new user/member of the cooperative wants tq goimew vote for its ac-
ceptance is automatically created and tbier users should vote. The automatic communication viaaal
with the new user for the registration and the outcome of the vote for its acceptance, was also tested. A new
member of the cooperative was successfully added by conducting vote, the usereetiee necessary in-
formation via email and was able to access the platform.
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The voting facilitates the operation of the cooperative. Therefore, the creation of new votes by the users and
administrators of the platform is very important. Theocess of voting was tested by creation of a test vote,
checking the status of the vote, and verifying the vote after it is finished. The voting process was secured by
blockchaintechnology The accounting is also essential for the operation of the cadper and financial
settlement between its members. The platform is able to show different accounting reports both for the
whole cooperative and also for the user itself. The reports contain details about the activated energy (positive
and negative), revames and expenses and can refer to the whole cooperative, for the user that is logged on
the platform and for individual assets owned by the user. The reports also can address all markets or can
refer to a particular market. During the tests all the enveshgeports were successfully created for different
timeframes. The reports were also exported in csv. format.

3.2 FLEXIBILITY PLATFORM
TheHexibility platform (VPP) was also tested, and no problems were detected during the tests. Similar to the
CFP, the logn, and user management were tested first. The platform administrator is able to create new
organisations, user permission templatasdaddor remove new users. New users were added and are able
to log in to the platform and set passwords. The managenoémiarkets within the flexibility platform was
tested next. The administrator was able to create different types of new markets (bilateral contracts market,
intraday market as well eaa-RR and mFR#Rarkets), without any problems.

VPP successfully commuaiies with different types of resources as generators, batteries, loads etc. The com-
munications between the platform and the resources were tested and it was determined that they are con-
figurable through applications for MQTT and IEC 104 protocols. Theepre¥ resources and addition of

new resources were also successfully tested. During the testing it was confirmed that the monitored values
from the resources such as active power, positive and negative capsteity,of charge$OQfor batteries

and other data, match the values at the simulated resources and changes are followed immediately. The
controlling of the resources was tested and proven to be successful. The resources are following the control
from the platform and the required changes of thpiswer were observed.

3.3 INTEGRATION WITH THE AM PLATFORM
The final part of the tests was the integration with the market (AM platform) and activation of the resources
that are available to the cooperativend canfulfil the market orders. It was shown thateahbids from the
intraday and mFRR markets that are accepted at the AM platform, are also shown on the VPP. Also bids from
intraday, aFRR and mFRR markets can be imported to the platform for testing purposes. For the intraday
bids, activations are schedul@gdmediately and activated when the time of the bid comes. For the mFRR and
aFRR bids activatipasetpoint from the TSO that is simulated is needed. The resources that will be activated
are chosen by the platform according to their price. Both positivé megative activations were tested and
successfully performed.

3.4 BUGS
During test performance the bugs of the following functionalities were discovered and also successfully elim-
inated:

1. Manualy creating vote(Test step3.1.1) returned error while creating one
¢ FIXED, wrong time format.

2. SELL intraday offéfest stepl0.1.2 resulted in the negative activation. This is not correct; the pos-
itive activation should be created.

¢ FIXED, the bug in the code, where SELL offer created negative bid.
3. The Flexibility platform was offlifdPPENDIR¢ FLEXIBILITY PLATFPRM
¢ FIXED database size was full. It was increased to support 2 years of data.
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4. mFRR activatiofFunctionality9410.2) was not fulfilled aspecified in theoffer. Offer of the bid was
8 MW, but Flexibility platform only provided 3 MW.

¢ FIXED, the particular pool did not have enough flexibility. Moving@auree to the correct pool
increased the flexibility and the activation was successful after repeating the test.

5. Issuewith aFRR bid upload to the Flexibility platfofirest ste®.3.1)
¢ FIXED, issue was in the csv file format. After correcting the csv format, the upload was fine.

3.5 RESULTS CONCLUSION
It can be concluded that the testing coveraliithe functionalities of the CFP and flexibility platform as well
asthe integration between each other andith the AM platform. After fixing some temporary problems at
the platformsall thetests were conducted successfully and the expected results were collected.

3.6 EVALUATION OF THE BENEFITS AND LIMITATIONS OF THE CHRA PLATFRO
Based on the test results of the CFP platform sevmakfits and limitationfiave been identified

These are the positive aspects:

\Y,

The platform is easy to use (e.g. adding resources, monitoring the activation) and supports heavy
computation loads (numér of connected resources).

The users can monitor the activities of their assets regarding market participation and activation
in real time. Also accounting reports with revenues are available.

The users (members of cooperative) can vote and together make decisions for the cooperative.
The security of the voting is guaranteed by using blockchain.

The CFP platform can be used in different markets, where each TSO specifies different market
rules:for example, the communication interval and gadint reception rate is flexible (1s to 4s

or higher), continuously changing gmbints (ramps) as well as steyise changing setoints are
supported, etc.

The biggest benefit is that CFP platform can adaphe reattime deviations when for example
the resource uris are not performing as expected (providing requested energy or balancing ser-
vice with deviation from the sepoint).

On the other hand, the testeiigientified that the developed CFP platform hase minor downside:

it is a complex tool that enables the operators to choose from a large variety of options, monitoring
tools and integration tools that takes some time to setup all the required parameters and options
the very first time when entering the particular market. The high number of parameters allows to
cover several different options but can also be considered as a barrier consideringfassefrom
2LISNI 02NRa LISNERLISOGA OGSO
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4. APPENDIX & CFP

No 1 - Deploying

Admin can access the CFP

app
Test procedure
Step number Step Step description
1 Once the CFP is deployed it

provides the admin creden-
tials to log in to the CFP

Expected result and evalua- | Tester Role Result
tion criteria
The user should be able to UKIM - tester The VPP login page can be accessed from the URL:
access the login page https://cfp-crossbow.cyber-grid.com
Screenshots < C @ auth-crossbow.cyber-grid.com:8088/auth/realms/cyberGRID/protocol/openid-connect/auth?client id=microservices&redirect uri=https%3A%2f%.. & % O QO @ i

CYBERGRID

Welcome to cyberNOC

Welcome back. Log into your account

cfp.admin

Don't have your login yet? F

Forgot your password?

1.2 Admin invites new users to
join CFP

Test procedure

Step number Step Step description

1 Admin creates a hew user Admin can manually create a new user by providing the requested parame-
and sends an invite ters. After creation of the user, credentials are sent to the newly created

user.

Expected result and evalua- | Tester Role Result
tion criteria
New user receives an invita- UKIM tester The admin can add new user from the Settings 7 Us-
tion (email). ers, by clicking the button Add user. After the click,

a form that should be filled with data for the new
user appears. By clicking Add user, the new user is
added to the list of users. The user receives e-mail
that his account at the platform is created.
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& cfp-crossbow.cyber-grid.com/settings/users

Screenshots

ale .
oo
Dashboard Settln gs
Users
Profile settings
Voting Users
Organizations First name
w
prg Integration &7
Accourting etar
o
Marjan
Jazt
Marija
- Christoph
CUBERGRID
< | John
& = C @ dp-crossbow.cyber-grid com/settings/users

Add user
User

First name

Petar

Password

Account
Username

petark

Organization

UKIM

Telephone

T——
Address

@ cfp-crossbow.cyber-grid.com/settings/users

Account

Usemame
petark

Organization

UKIM

Telephone

T

Address

Country

a#® 00 O

Hello, CFP ! &3

Last name Group Organization
Krstevski organization-admin UKIM

Rovtar organization-admin Sun GmbH
Hribar organization-admin Mereator d.d.
Rovtar organization-admin Mercator d.d.
Novak organization-admin Balancek
Gutschi organization-admin Sonnen GmbH
Doe organization-admin Soncna Zadruga

- a % 00 O

Last name

Krstewski

Repeat new password

Mobile phone

———

- a % 00 6

S ———
Group

User

Mabile phane

City

Skapje

Rugjer Boskovikj

Zip code

1000
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<« C & cfp-crossbow.cyber-gric.com/settings/users o a % 00 6
’Cc\ross Hello, CFP ’
i g
' Settings
Dashboar
Users
I Profile settings

Voting Users

Qrganizations First name Last name Group Organization
Integration =
Petar Krstevski user UKIM
Petar Krstewski organization-admin UKIM
Jost Rovtar organization-admin Sun GmbH
Marjan Hribar organization-admin Mercator d.d.
jost Rovtar organization-admin Mercator d.d
. Marija Novak organization-admin Baloncek
- Christoph Gutsehi organization-admin Sonnen GmbH
——
Step number Step Step description

2

New user can log in to the
CFP

User receives the invitation and by following the instructions, he can
change his initial password and log in to the CFP

Expected result and evalua-
tion criteria

Tester Role Result

User can log in to the CFP

UKIM - tester The new user can log in to the CFP. When the user is
logged in for the first time, the user profile appears
and the user should update his profile settings and
reset password.
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