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EXECUVE SUMMARY

The Regional Storage Coordination Ce(B€QRCC) is one of the products of the larggale storage solution

for the transmission network within the CROSSBOW projgw. STOCC aims to advance the optimal
coordination of centralised storage units at a national and regional level for improvement of the stability of
the system.Ths deliverable correspondsto task T6.2 of CROSSBOW Da¥d defines the internal
architecture of ST@Coutliningthe implementation detailsequiredfor successfullevelopment and teting

phase The STE&C consists ofariousinterfaces linking the ST&Cwith the storageassets with other
CROSSBOW produaeswell aother datasourcesThis docment outlinesthe STGCC internal architecture

and details the stats ofits implementationas of M22 This document will be followed by D6.3 daeM31,
wherethe final implementation of STOCwill be described.

D6.2- ICT Infrastructure for SFOC 4
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1 Introduction

This is a companion deliverable to the actual demonstrator deliverable linked to task T6.2 of CROSSBOW
DoWw.

The Regional Storage Coordination Centre {STQis one of the products of the larggale storage solution

for the transmission nsvork within the CROSSBOW project. Its main objective &ficientlyincorporate
intermittent RES generation, addressing system stabilities isagesell as improving the reliability of the
European networksThe STGCCaims to advance th optimal cooréhation of centralised storage units at a
national and regional level for improvement of the stability of the system. Also, it enables the provision of
multiples services, such as improving penetration of RES, the-lboodsr power transfer frequency and
voltage regulation.

This deliverable defines the internal architecture of ST®and outlines the implementation details for the
development and testinghase anddentifies the responsible partners.

TheSTGCCconsiss of communicationinterfaceswith the assetsfor monitoring andcontrolling the storage
installationsthat belongto the STACC, nterfadng with other Regional Control Centrethe mre STACC
application manaigg the data flows and the control sigrseind gplicatons for the business and market
actors in order to have access and interact with the - €10

This documentprovides a more detailedlescriptionof the STGCC internal architecter as well asts
implementation in thecurrent development phasén M22 This documentvill be followed byD6.3 dwe to
M31, which willdescribethe final implementation of ST&C.

1.1 Purpose of the document

The purpose of this document is to outline the STO modules and illustrate current development status.

1.2 Scope of the document

This document accompanies and documehis code and infrastructure developments related to STOas
of M22.

1.3 Structure of the document

Chapter 2 describes the ST internal architecture overall as well as its modules andCET @terfaces to
other CROSSBOW solutions, while Chapter 3 desdtieecurrent status of the implementationf the
modules.

D6.2- ICT Infrastructure for SFOC 8
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2 STQCC Internal Architecture

2.1 Introduction

In CROSSBOW WP3 deliverables, a SGAM definition of the use cases was provided, descriuiesstry

steps towards their implementation and the interactions among the different compong¢ses of soft-

ware, devices, external tools, etc.) that compose the CROSSBOW solution. These interactions were defined
in different layers: component (physidagical connectivity), communication (communication protocols)

and information (data models aridformation objects). This is an example of such diagrams:

deployment HLU3-UCO2 SGAM Communical tion Layer /

Generation Transmission Distribution DER Customer Premise

Market

TAWM_System
market platform

(S)YgRPC Market

Enterprise

Protocol: MQTT

4

>
Protocol: MQTT ©

Operation

Station

Field

Process

Figurel Example of SGAM diagram including STC
These SGAM diagrards not describe the internal architecture and composition of the individual products
or pieces oboftware.This chapter defines the internal modules of STO andnakes a step towards imple-
mentation fromthe SGAM1] model It describes what the modules of STT dowhile the subsequent
chapter 3 takes care of describing how it is being damef M22 (the date of the document delivéiry

Figure2 showsan overview of these internal modules, which are to be described in the falkpwhapters.

D6.2- ICT Infrastructure for SFOC 9



‘ CROSS BOrder management of variable renewable energies
@Sbow and storage units enabling a transnational Wholesale market

i\l
= STO-CCi
1
— 1
" |
]
1
e User Interface Grid data is updated using the netwark madel adapter H
CerTEEEr Y Algorithms requiring only the data available in |
STO-CC are to be deplayed within STO-CC !
1
i
AMASNE—— > Y :
v |
lang- § ] 1
WAMAS adapter term i
pg © ] |
(R iz |
= ; »!
c snort- Cod) . :
term g :j4—)ii§/)<—> Optimization Module H
RES-CC DB & | |
adapter Matlab !
cannectar !
o |
Network model source > |
e i
‘ Real Time Monitar ‘ ‘ Command Dispatcher ‘ |
Netwark 1
Madel L :
Adapter |
A Y Y A !
| data bus (MQTT) :
1
]
T i
- col A A VSP H
f pratocal \ ( * 1
(A adapters A I“O E adapter H
= |
]
i
________________________________________________________________________________________________________ y
I 5
anather another Bajina Badta VARTA batteries
asset asset cantroller
contraller contraller (Serbia)
Different assets can be connected using different protocol adapters
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Figure2: STOCC internal architecture

As can be seen in the previous schéimdiagram STACC product is composed by the following main units
or modules: Real Time Monitor, Command Dispatcher and Optimization Module.

The® applicationcommunicatedirectly with the Storage Data Base (long and shomnemvhich isn turn
directly connected to the User Interface

All the independent units areommunicatingamongthem through a common Internal Communication pro-
tocol, implemented. In addition, specific modules (protocol adaptensd connectors havebeen identified
and created for the adaptation to determined assets or to other CROSSBOW préihally, as the STOC
algorithms require knowledge of an #p-date grid modela provision to keep the model up to date is en-
sured through the network modeadapter

D6.2- ICT Infrastructure for SFOC 10
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2.2 Coreapplications

In principle, the maisTGCCmternal organiation isorganized liken SCADAKe eventdriven application|t
includesseverainternal and external interfacesnostlinkedto acommoninternal messageassingusthat
implements astrict and clearly defined protocpand a shorterm database holding the current system state
along with a longerm database tasked with storing the historical dajathered and derived by the
application

One should note that the STOCmodulesdepictedin the figure above do nattilize the message passing
busfor all communication exclusively. The tightly knit communication of several modules is implemented
elsewlere. The webbased graphical user interface, for instance, communicates directly with-tdrom
databaseas this is deemed more efficient and cleaner to implemeStmilarly, to lessen the burden of
communication as the use case is different, the optit@amodule communicates with long and shoerm
databases directly. In practice, thesEGBCC modules actually touch the message data bus but only indirectly
—via shortterm database and command dispatcher.

External communications handled via the meage passing bush& STEGCC can connectownstreamto
different storageassets usin@n apropriate communication protocol for each asseiff€ent protocol
adapters to adapt these to the STCL internal communication protocaie going to bemplementedand
will speak the storage asset protocol on one side, and the internalCET @rotocol o the other.

Similarly, the STQC also provides interfaces to communicate and exchange data with other CROSSBOW
products — like the communication with storageassets. In particular, the STIC will adapt to the
requirements of RESC and WAMAS

TheSTGCC algorithms requirthie network data for its operatiorandas the network configuration changes
over time, thenetwork model must be kept in synegith these tianges This effectively means the network
data is a part of the current system state, an@rovision must existo that STEC cakeepits internalgrid
model updatedand synchronizedManual synchronizingf the modelis notusable in practice aESO$ave
many systems running modelling the same netwseitkis a prerequisite for SFOC taupdate the grid model
automatically.For this reason, STOCalsoincludes a network data adapter that consusrtbe changes in
the network model and updatethe intemal STGCCmodel accordinglyThe grid changevent is triggered
by the source of truth fothe grid dataThe upto-date network modekourceand the data exchange liscal
TSO implementation dependeahd STGCCadapts to thatby reconfiguring the extead-facing part of the
network modeladapter.

2.2.1 Real time monitor

Thereal time monitor furctionality is somewhat analogous to the freamd processofunctionalityin typical
SCADA application. Its principal role is to connectghert and longterm database with the internal
message bus, and faroperly dispatch the measurements and everdgfrieved from the internal message
bus.The real time monitor is the praipal component reacting to the messages appearing on the message
bus and passing them to shadrm database for further processing and/or to letegm database for
storage.

2.2.2 CommandDispatcher

The Command Dispatcher modukdrievescommands from the shoiterm databaseand makes sure they
semanticallymatch the data model used on tiMessage Queuing Telemetry TranspeMQTT[2] data bus.
The result of an optimization algorithm might be an actiorbe performed by one of the storage systems
connected at aspecific point in time in the futurestored in the shorterm database The Command
Dispatcher modulénterprets the result angushes the corresponding commandsn the data bus at the
correct time in the future.

D6.2- ICT Infrastructure for SFOC 11
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Certain actions to be performed by conted storage systemsnight also requirenultiple commands to be
pushed on the data bus, which will also be realized in this moéifiectively, the command dispatcher then
decomposes a joint action into multiple comands. For example, storage systems mighted to be
reconfigured to realize a specific action or commands might need to be repeated continasuishg as the
corresponding action is stilkpected from the affected storage system

2.2.3 Storage Short term B and Long term DB

The information gathexd by STEGC from external sourcés stored in two differentepositories based on
its nature and subsequent use.

A shortterm data base maintains the current status of the systémterms of SCADA applicationkistis
someti mes cal | esdeasat holdptheaxwrensimagalodtihegriocess being niledeHowever,

the scope of STGQC shorterm database is wider than typically seen in SCADA systems: allak#me
measurements, alarms, asset statasd updated forecastsamong others—are sbred in this repository,
which is used to provide the system administrator with the most recent antbtgate information of the
elements managed. As the size of the information stored in this repository is redupddtes areguickly
propagated to thosenodules and actors that require them (via publ@hbscribeservice$, and it generally
supportsrapid reaction mechanisms to detected problems and requests from external actors and systems.

Forhistorical measures and data that is foreseen to grow peécalty and constantly over time, a lotgrm

data base iset up This repository is optimized to work with large amounts of data (mainly time series), and
provides mechanisms faheir managementintegration, bad data detection, reparation, and consdiila

The information in this repository can easily be queried and retrieved in both textual and graphical form, and
it is prepared to deal with large bulks of information without compromisingofisentity of resources needed

(disk space, memory, CPU, &tc.

The division of duties between the two databases is obvious as the requirements are orthegbat-
term database needs to maintain an up to date system state and react quidkdyctanges, while the long
term database principal role is to stored system performance and suppgsterioranalyses.

2.2.4 Internal communication protocol

The main technology used for communication with external sources is the MQTT. The protocol provides a
light messaging mechanism based in the pubfishscribe pattern, Were a set of clients communicate with

a central server or “broker?”, either to send or
with a string or *“anageiodscern whatimedsages théysae interbseethithe ¢

case of STQC, the clients are internal components such as Real Time Monitor and Command Dispatcher, as
well as external components facing external systems, such as storage asset adapastaM&Por WAMAS

adapter.

The STEC internal message busopcol specifies message payload validation according to message
scheme. This ensures the message payload validity and proper interfacing between different modules is
much easier to implement ardkbug.Beyond this, the Command Dispatcher modules is task#irdensuring
semantic validity of the messages being brokered.

STOCC presents a MQTT broker as the main fend to receive data from external sources and internally
redirect them to its intenal modules. The typical process to integrate informati@mt an external source is

by means of developing a gateway that is able to extract tfata the system, transform therto a common

data model, and senthem to STGCC via MQTT. These common datadels are shared by all clients and

the central system, sanformation from different sources is homogeneous and easiBnaged by any
consumer of the information. This approach also makes it easier to validate the data coming from different
sources and etect anomalous values. A preliminary version of the mesdagemodel for data ingestion by
STOCC is provided below:

D6.2- ICT Infrastructure for SFOC 12
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"id": "WVARTA_BATTERY_1",
"type": "Battery",
"refDeviceModel": "CrosshowBattery",
"dateLastValueReported™": "204®8-05T10:27:07.651Z",
"measurements”: {
"activePowet; {
"quality": 1,
"value": 0.6288300156593323,
"timestamp": "201908-05T10:27:07.6512"
h
"reactivePower": {
"quality": 1,
"value":-0.09868499636650085,
"timestamp™:"2019-08-05T10:27:07.6512"

2

h
"states": {
"status": {
"quality": 1,
"value": "connected",
"timestamp™: "201908-05T10:27:07.6512"
h
"workingMode": {
"quality": 1,
"value": "1",

"timestamp": "201908-05T10:27:07.6512"
b

2

"alarms": {

D6.2- ICT Infrastructure for STOC
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2.3 Optimization module

The proposed optimisation module for modelling STO s depicted indure 2below. The aim is to illustrate
the key input daa required for ST@C implementation, and the outputs produced to determine the
performance of ST@QC within the networkThe input data include the information regarding the
characteristic of the power system, tloperational data and the status of the tweork. The datais utilised

to conduct the optimisation 08 TGCC to find the most suitable solution according to the Hhéylel use case
(HLUC®mployed

The required input data is mainly divided into three streaof data, namely, power system data, mw
system operation and power system status. Their description is as follows.

A. Power System Data

A minimum set of data is required to model the national and regional power system employed during STO
CC implementaon. In particular, the Power Network dabacludes the network topology, voltage levels,
conductor technology (size, resistance, and maximum conductor temperature), line ampacities (during
normal and abnormal conditions) and transformers data among othEngs network data, as described
above, § retrieved from the external source of network data and kept in sync with that source. The
optimization module then considers the current data known to KO

The Storage Units data contains th&art-up costspumping/generating capacity, flow rates,arge in head
related to power pumping/generating, efficiencies and the size of the reservoir. Further details can be found
in D6.1 report Section 3.4, referring to the requirements for the SCO algorithm. The BBJnits data
provides the RES location atite amount of energy produced.

B. Power System Operation

A complimentary data is additionally required to perform the optimisation of-SGONamely, the network
demand nationally and regionally, along with their ided level of network adequacy. Tleenventional (i.e.
coal, oil, natural gas, nuclear, etc.) dRESeneration profileat a national and regional leyelndthe market
price for ancillary services such as voltage and frequency regulation. tioad&ES curtailment costs are
necessary foSTECC modelling.

C. Power System Status

The data regarding the status of the power systemlsgessential for determining the contribution of STO

CC during a regional cresser operation. In particular, since the metrk disturbances affecting the
frequency or voltage of the system provides an insight into the performance of theTgmah, thestatus of

the storage system (i.e. state of charge and operational constraints) determines the operational regimen of
STGCC.The lines statussindicate the avdable transmission capacities of the iaes for supporting the
execution of STQC during network giurbances.

D6.2- ICT Infrastructure for SFOC 14
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'Power System | [Satuéﬁo_w'eTS'y_st'eﬁ Operatidi Power System Status

||Power Networks | |Network Demand iil Network Dlsturbanczs“

|Storage Unitsg | RE®&Conv Generation || Storage Status ! \
|[Cines Statds |

! [RES Units m

Optimal Operation of Storage Units at Natiofgional LevéSTOCG

Objective Function = min (Operating Costs)
min [ £+ 4,0+ £+ £,0+(f,O+ £, O+ s+ f .0+ f i)~ ( £+ £,0))]

I
Signals to WAMAS

|Setof OutputData |
i RES Congestion Energy Storag| Operating Service i
1| Penetratio Levels Utilization Costs Provided j
- - "

Figure3: Optimisation module of STEC

Once thecomplete stream of input data is tdined, the optimisation module processes the information to

find the most suitable operational point for STTCto minimise the operating cost on the gritt is
significantly essential to mention that the minimisatiai the operating cost does natonsider the
interaction with other products from CROSSBOW such a<RE®d DIVHP, neither the real operation of

the system with the market. Indeed, ST optimisation module takes into account the interaction of-STO

CC ith the network only, to enharethe stability of the grid by providing frequency and voltage support,

and increase the penetration of RES accounting for the loading of the lines (i.e. lines congestion) at a national
and regional levelThe objective funabn used for optimising STFOGs described byEquation(1).

Objective Functior mir{ Operating Copt

min &, )+ f,4) +,0) ®E) (f.0) fout) fod) fo @ fo@) (FO)-10) @

Where,
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f,(t) = RES Curtailment Cost

f,(t) = Conventional Generation Cost

f,(t) = Transmission Losses Cost

f,(t) = Interruption Cost

f,(t) = PHS Start-Up Costs

fy ,(t) = Lost of Water During Maintenance Cost

fs ,(t) = Increase Maintenance of the Windings Cost
fs 4(t) = Increase Maintenance of Mechanicaliment Cos
fs ,(t) = Malfunction of the Control Equipmefost

fs s(t) = Lost of Water During Start-Up Cost

f,(t) = Rewenue from Voltage Regulation

f,(t) = Revenue from Frequency Regulation

The optimisationis an iterative process, which updates the power system operation and status data
periodically. The functional point is set based on service required by the TSO. As an example, Figure 2 shows
the potential services provided by SOT. The services rely thre HLUCs defined for WP6.

Storage Coordination Centre
(STGCG
R 2 ZE . 2 N - 1
i Penetration of Crossborder Frequency Voltage [
i RES Power Transfer Regulation Regulation !
|

' Provision of Multiple Services

Figure4: Potential services provided by STCC

The set of output data depicted in Figure 2 refer to the possible outputs generated by thé Salgorithm

and sentout for further utilisation. These outputs are for illustration purposes onipce they do not
represent the complete stream of outputs that will be collected during the real implementation of the model.
Nevertheless, it still provides an insight intbe variables that can be captured, that describe the
performance of STQC and th different networks. For instance, the level of RES penetration nationally or
regionally, will be determined. Also, the level of line utilization (i.e. line congestiony aldh the state of
charge of the battery will be computed. Thege of service povided (illustrated in Figure 3y STECC is
additionallyshown Theoperating cost calculation relies on the provision of the streammostfrom TSOs.

D6.2- ICT Infrastructure for SFOC 16



and storage units enabling a transnational Wholesale market

@;;Sbow CROSS BOrder management of variable renewable energies

2.4 User interface

STGCC GUI is a wedinsed application that presents in a graphical and easigrygble way all the
information coming from the assets in the fielddagenerated by the different modules of the tool.

This information is retrieved in different ways depending on its source. Foshbg-term repository, an
intermediate reactive platfom between the data base and the client (i.e. web browser) is sefhip.enables
immediate display of events, as soon as they appear in 4bort database, without the need to refresh the
view.

This layer is in charge of monitoring the changes in tha dase and automatically pushing them to the user
interface, so the rast recent changes are always presented to the administrator of the system. The historical
data in thelongterm repository is queried on request of the client by using the appropridigips and
technologies for textual and graphical representation.

The main functionalities of the GUI are presented in the next subsections.

2.4.1 Summary

Uponauthenticating intahe applicationwith the proper credentialsthe first section shown is the sumnyar
This section is broken down infour mainparts:

1 A mapshowingthe geolocated storage assetsid a summary of their statuBetailed information
on each asset can be accessed by clicking their icon.

1 On the right sidehere areKPIgproviding global syem information, such as
0 Absolute and relativetsragedecomposition (hydro storage, batteriegSP).
0 The currentdeviation of the energy in relation to the market value
0 A summary of the overalt@rageassets by type and their currestatus.

1 On the bdatom left there is agraphrepresening the evolution ofreal and forecastedproduction,
energystorage, andenergyeligible to be sold in the market. This is just a quick summary of the
section of the tool dedicated to market information.

1 On the lower rigt cornerthere is a list of active events (systatarms, messages from external
sources, etc.) to be attended by the system administrator
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0 STO-CC @ Summar Yy Portfolio Set point WebManagement ~ ® Hellorb ~

.

(QEORTETS

Storage decomposition

0.2

Deviation from market eneray
® Available @ Unavailable Not comm.
R

Assets by type/status

Leatet | Ties © Esni — Source; Exn icubed. USOA, USGS, AEX Geokiye, Getmapping, Assogrd, IGN, IGP., UPR-EGR, snd the G1 User Cammunty

Evolution of real production, storage, forecasted production and market sell energy Timestamp 1F Event

Production -+~ Forecasted production Storage Market sell energy

Figure5: STOGCC GU¢ Summary

2.4.2 Portfolio

The next section corresponds to storage assitguick summary of the elements managed by -£T0heir
main properties, and key status information is provided in tabular form:

o STO-CC @ Summary @ Portfolio # Set points Web Management ~ Hellorb =

L.l Storage assets

ID IF Type Capacity SoC Status
WARTA GER_1 Battery 53 kW 24% Connected
VARTA_GER_2 Battery 28 KW 0% Disconnected
WARTA GER_3 Battery LW 87% Connected

Figure6: STOCC GU¢ Portfolio

When a storage asset is cliek, a detail page withall the caresponding information about this asset will
appear Taking a battery as an example, the information would include

1 Status (connectedisconnected

Working modgmanual/automatic)

State of charge (%)

Maxi mum cell temperature (°C)
Active Power (kW)

= =4 =4 =4
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1 Reactie Power (kvar)

o STO-CC & Summary @ Portfolio # Set points Web Management ~ it Hellorb =

Currentvalues Historical ﬁ VARTA_G ER_l

Status: e 05 Working mode: [EETH
76%E 95%"’. - -

State of Max. cell
charge temp.
|
B 76.0 20.1
0 100 18.5 225
Active power Reactive
power
2.28 247
KW < KW ©
2.5 -0.1
0.5 45 25 15
,C Actions
Active power " Power
set point: w Cun = i control Local p-f drop v Stop v
mode
Reactive "
power set kevar Voltage
point: control Local p-Tsource v
mode

Figure7: STOGCC GU¢ Portfolio (detail)

At the bottom of this screen, the parametefset points, control modes, start/stop, etcan be configured
and sent to the corresponding battery.

Ina secondab in the section,historical dateof the asset can be querieBach metriégs shown in aedicated
chart that can be representely last hour, last dayr lastmonth:
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# Set points Web Management ~

Hellorb =

Current values Historical

| Active power
Active power DC
Charge available
Demand
Discharge available
External PV power
Max. cell temp.
Meter active power
Meter frequency
Meter reactive power
Meter voltage
Min. cell temp.
PV inverter power
PV inverter
temperature
PV inverter voltage
Reactive power

v State of charge
State of health
Woltage

&R VARTA_GER_1

Last hour Last day

Active power

18:00 7. Aug 06:00

State of charge

06/08/2019 16:45:00: 100

18:00 7. Aug 06:00

Figure8: STGCC GUt Portfolio (historical data)

Last month

-7.2
12:00

12:00

Analogous detajbages for other types asses (VSP, hydro plants, etc.) are available in the tool.

2.4.3 Set points

A dedicated section in STCC presents a register of the actiobath current (active)future (scheduledand
past performed to the assets in the systeifte information is represented i@bular formwith information

including assets affected, period of application of the set point, metrics affected (active/reactive power),

value applied (with upper and lower thresholds), the reason for applicationtfadeviation of the actual
measured value with regards to the applied set point.
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Hellorb -~

,C Set points

Current values Historical
Asset|D IF From To Limit Rationale Active Current
VARTA_GER_1 07/08/2019 19:05:30 07/08/2019 21:05:30 254LW (+- 12 kW) Downward regulation No 261 KW
VARTA_GER 2 09/08/2019 11:00:00 09/08/2019 11:35:00 120 kvar (+/- 5 kvar) Voltage control No 120 kvar
VARTA_GER_3 12/08/2019 12:42:00 12/08/2019 13:51:00 100 W (+/- B kW) Upward regulation No O kW
Show 10 rows per page Page 1 of 1

Figure9: STOGCC GU¢ Set points

In future iterations of the development of the tool, this section will be expanded with a ddtpdge for
ead sd point applicatior—including, when availableconomicand market information, among others.

2.4.4 Market intervention

Finally a dedicated section with information oimtegration with the marketwill be available, including
forecast information, regulatio prices, eligible energy for sale, etc. This sectiaa currently under
development and will be presented-along with additional changes and improvements of the application
in future WP6 deliverables

2.5 WAMAS interface

Althoughthe integrationof STO-CCwith WAMAS is not fully defined at this point of the development, some
key pointscan be described about this interaction

STOCC will present a dedicated WAMAS adapter module to manage all interaction with the external system.
The relevant data coming dm assets in the field managed by STO will be sent to an internal
communication busDifferent clients for specific funicinalities (e.g. storagenidata base, data analysiwill
consume these data, as would do the WAMAS adapter. When dww is receved, the adapter will
transform them to the agreed data model and send them to WAMAS. The adapter will also receive messages
from WAMAS (e.gsignificantgrid information,curtailment rules) and manage their integration into SCTO

for other modules to cosume.

At this point of development, it is envisioned that the WAMAS adapter will communicate with the rest of
STQOCC viaghe internal message bu®©n the WAMAS sideh¢ detailed description of the interfaces and
technologiesof the interaction between STTOC and WAMA®Ill be providedas part ofD8.3: CROSSBOW
Wide-Area Monitoring and Awareness System (WAMAS).
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2.6 StorageAsset Adapters

As indicated previously, there are two principal functions of the storage asset adapter, regardless of the
actualstorage asset type:

- from STECC to the storage asset: to respond to commands on the internalC&Tessage bus and
conwert these commands into the actual commands understandable and executable by the asset
and

- from the storage asset to STQC: to autonmously and continuously deliver updates from the asset
itself on its state and post these to internal STO message bgs that the STEZC components can
be properly informed on the asset state.

261 . F2Ayl . OGF 1ttt

The pumped hydro storage systems normailtgploy an internal SCADA system to control and operate the
power plant units and auxiliary equipment. This includes thienections and data exchange with the local
TSO. This means in any meaningfully sized PSHPP there is a communication infrastrugpieanddieing
used in the normal operational practice. It is not viable to create another, parallel communication system.

The Baji na B a-ScalepumpBdPstoriage hydro poaear glamt located in Serdéaenvisioned,

STOCC adaptefor it shouldtake advantage of the existing communication and control infrastructure, and
convert thecommands from the internal STCC bus to atandard communicatioprotocol understood by

the HPP controllerAnal ogous| vy, the Bajina Batéed tHFPPt maeaBap
SCADA system and send the relevant data upstream teC&TO

However, he existing SCADA and comnication systems aretypically legacy systemswith direct
communication restricted to the minimum necessary interfaces, with the TSO to receive the relevant
signals from the SQdispatch cengr.

TheSTOCC adapteis envisioned alinked tot h e aleca 8QADAsa a standardized protocol such as IEC
608705-104[3]. The SO-CC adapteis then able tdssuedirect commanddgor the local SCADA system
execute.

However, this setup is inappropriate at this point in timef STGCC developmentsThere are several
technological, financial and even legal obstacles to such s&hip.would amount to developing and testing

the STGCC on a live power system, which is not in acaoed, for instance, with grid codes and ENE})

rules. Forthesereasontsshe communi cation with Bajina BasSta wil|
and the protocol utized will be based on thimter-Control Center Communications Protocol (ICCP or IEC
608706/TASE.Z5]). This protocol is already utilized to exchange the data on key assets among the TSOs,
including the oprating points of key hydro power planfBhe STEC will then actually communicate with

EMS and not with the Bajina BaSta HPP directly.

Further detailon the indirect implementation are detailed in ChapteiT8isindirect configuratiorhowever
does notchange the principal design of a storage asset adagut@idl it converts the commands issued by
the command dispatcher and posted to the internal baslASE.2 (ICCP) protocol understood by the asset.
The adapter requires eonfigurationintegration efbrt to correctly map the signals in the power plant to the
ones required by SFOC
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2.6.2 VARTA Batteries adapter

The case of VARTA batteries adapterisanalogo t o t he Bajina BasSta HPP adar
with the battery on one side and with STCL on the other side. It is converting the measurements retrieved

from the battery to messages passed onthe rest of STEC, and it also retrieves camands from the

internal data bus and converts these commands to set point setting commands that the battery management
system understands. Both sides of the protocol are based on MQTT, however the interpretfagtiayload

is differentin STGCC andin VARA' s p r o p rbased irderface tditQeThatteriespsomeconversion

would benecessay.

2.6.3 VSP adapter

Transmission network

Distribution network
e I \

- BB B

P

VSP

Figurel0¢ VSP as an asset of STQ

The VSP is another CROSSB®@Wduct STECC communicatewith. By using the distrited control,
arbitrary types of storage technologies (e.g. srsallle batteries and largecale PHS) can be incorporated in
VSP. In CROSSBOW, VSP focuses on the coordination-statmaltorage uts and an aggregation of small
scale storage units INSP can be regarded as a large storage asset to be controlled HpGSTRPom the
viewpoint of STECC, the VSP is seen as another storage unit.

The VSP is designed so that it can receive a commandtlan s@erating point, similarly to an integral larger
sized storage unit. The ST communicates with the aggregator of VSP and sends commands to it thus
controlling the operating modes of VSP. At this point in time, as neitherCEI@or VSP are compldte
products, this interface only exists in a conceptitaim — however, in functional terms seen from STOT
standpoint, it defines the same functionalities as the other storage adapters.
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3 STQOCC Development Implementation

Thischapter gives thamplementationdetails asof August 2019, along with the steps taken to ensure
development viabilityThe STECC is developed in a distributed fashion by different partners. TheCETO
furthermore supposed to interact withcaual system assett TSO leveland this represents a challenging
task for the development.

3.1 TASE.2 communication with HPP

As described in chapt&.6.1above, the communication withBai na Basta HPP wi | | be
development phase, relying on the ICCP communication protocol.

For a number of reasons thisti®t possibldo implement directlywi t h  t h e B a-sotmaleciBian3 t a F
was taken to implement the communicatiavith the EMS, Serbian TSO and retrieve the required data from
there. The Serbian TSO would relay the data to the HPP.

However, no partners of the developmeteam in WP6 have a direct established communication path to the
Serbian TSO. Establishing a rmmmunication link which is a lengthy and complicated procedure.

KONCAR can establish a communi theughi Thendatd requitd franro HOP
Baj i na Ba 3 tC@garefaaually Vistble to BOP&0. K O N C A Rhusvésadrtlto relaying the data

through HOP&s well ThoughHOPS has not been included in original WP6 however their team has been
quite helpful in establishingnd maintaningthe communication channel.

The development communication scheme is depicted in the figaetew.

Bajina BasSta pu
hydro storage plant K O N CKER

. . HOPS SCADA communication adapter
Operating point from EMS, SCADA TASE.2 ABB Network Manager{ TASE.2 and mockup STGCC

SCADA, :‘> (Serbian TSO) — ) 1
Accumulation level Croatian TSO

(own TASE.2 stack)
manual entry
Figurelb: RSt @ Ay3a 2F RIGF FNBY FyR G2 . F2Ayl . FOGF @Al ¢{h& A\

3.1.1 TASE.2 Gatvay

The TASE.2 Gateway utilizes KONC /AR mapsthedataiecevdde me n
from Bajina Bas8ta t oCOntcansaalaogppesate pn ansckup mode as desaibed Gelow.

3.1.2 Mockup adapter

Besides providing the direct communication with E
BasSta HPP gateway i ncl ude smoekapbdknsuréal tha lequirad dateanco f u n
commandscorrectly pass fronand toBajina B& t aand fromthe STGCC.

The mockup adapter is a kind of “f akeCCkfRiRBéndsshe t ha
appropriate measurementsack—-d ur i ng t hat time, the KONCAR commur
communicate with actuaBajinaBa $t a at al |

This will only be used in the development phase, and the sole purpose of this mockup is to test the rest of
STGCC modules.

313 al ydzZl f Sy iGNEB F2NJ ad2N)r3S tS@St Ay .l 2Ayl
While the Bajina BasSta actual ivdgreadyaavailablg in he TSOt i
transparency platform and thus exchanged via | CCP
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represents confidential and sensitive infoation that other market players couléxploit and cause

unwanted effets to EPS and EMS with potentially large financial consequences. For instance, a market player

knowing the | evel of storage in Baj i mdlanBsargidesto i s
EMS. For this reason, the storage level will betrelayed through ICCP during the development phase.

Instead, a manual entry value, either generated by the mockup @ atj i na BasSta HRBP wi

actually has other favourableffects as it enables testing the STQO algorithms in a much widemge of
storage level values and operational points than the ones that will happen in operational practice.

3.2 Optimization moduleimplementation

The model will be developed in Mab [6] and DigSilenf7] environment considering data provided by the
relevant endusers described in Section 2.3. The implementation of the models (i.e. simulations) will be
conducted in UNIMAN facilities. The produced outden STGCCwill be shared with the endiser so that

the results can be validated.

Then, STEC will be alsoalidated through field experiments. The aim is to verify the deployed model and
algorithm for scaling up simulations for largeale demonstration. The principal purpose of the experitsen

is to enhance the existing mechanisms and practices of using amdicating the available storage units
and provide new insights on the contribution of these units to the stability of the grid at a national and
regional level.
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3.3 Userinterface implementation

In the following diagram, the different technologiesad in the implementation of the internal architecture
and the user interface of STCOC are represented:

ecralD
El
zoa ———
L1111} 4
- ) [+D
A User interface
— @ influxdb
Long term DB
© telegraf mongoDB
Short term DB
“
| |csviFTR)
akka
streams .
CSV (FTP)
A :

)

University of Manchester

BBRabbitl

MQTT (port 3881)

| @ KONCAR \J VARTA

Py
=

Disttributed storage (VSP) Hydro storage Batteries

Figurel2: Implementation details ofSTGCC GUI

As previously explained, all information coming from assets and systerti ifield is integrated by

dedicated gatewaysi mp|l ement ed by K@hht@&idliaklyraccesy/theR dafa and send
them using MQTT to a RabbitM&) broker in the ST&C server.

This information is stored both ithe short term repository (MongoDP]) for realtime evaluation and

representation and in the long term data base (IRBUB[10], with integration via TelegrgflL1]) for future
access and analysis.

Additionally, this information is forwarded to a dedicated module (developed in §2jland using Akka

[13] streams) that transforms it into CSV format and uploads it to an FTP server for UNIMAN to use it as an
input of their optimization algorithms. The results generated by thesalules are uploaded tohe FTP,
transformed by the Scala module, and sent to the RabbitMQ broker for subsequent consumption and
storage.This implementation might change in the future.
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The user interface is developed using Metdtd] (a framework over Node.j§l5]), which uses the
Distributed Data ProtocdDDPJ16] and a publisksubscribe pattern to keep the clienwéb browser) always
updated with the last changes in the data baBédferent libraries and frameworks (such as Semantid Y|
and Highchart$18]) are used for graphical representati of the system status and configuratian order
to provide the gstem administrator with the most recent updates in a friendly and enriched way.

All these modules are deployed and run as Do¢k8} containers for eaier and cleaner management and
maintenance of the system.

4  Summary

Thisdemonstrator delivershe current considerablyarly, state of development of SFOC The deliverable
descriles the STGCCarchiecture, clearing the roles and responsibilities of es@RGCCcomponent A
specificattention is paid to intefaces both internal among theSTGCCcomponents as welisthe external
oneswhere STECC interfaces with the external world and assets.

Along withthe architectural definitiorand clarifications, thigleliverable also presents the current state of
the modules developmentlt includes severaheasures taken to ensure th@oductcan be developed in a
distributed fashion, as several partners are respblesfor several different modules. These measures were
necessary to ensure the development version cepands well to the STOC that will be deployedhen
time comes for integration.
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