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conforming the platformi(e. ATP, AFAT, FST, FMCT) are included. FinpiBséntsthe first
three layers oSGAM diagramf®r the relevant Use Case Scenarios to be considered on the
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1.1 Purpose of the document

This document presents tHeLEXGRID Architectuspecified using the Smart Grid Reference
Architecture Model (SGAM) from CENENELEETSI that considers wider European
initiatives in this domain in terms of communication protocol and data modelling stasdar

The purpose of this document is to provide the tools to model the architecture of an
interoperable, secure and flexible architecture, which will consider smart grids addressing
active distribution networks with high penetration of renewable energyusces (RES)
FLEXGRID proposssyeralflexibility market architectursin order to allow DSOs (which we
consider as the core of the future smart grid architecture) to host in a high degfree
Distributed EnergyResources (DERs) and interact in an efficient way with energy sector
stakeholdersand existing energy markeia a tkeneficial way for all market participants
FLEXGRID also facilitates Energy Service Providers (ESPs) to optimally plan and operate their
energy services. Finally, independent aggregators can efficiently aggregate flexibility units
from numerous end usersna retailers can automatically derive advanced flexibility
contracts with their end clientsChe final goal of this document is to give an overview of the
major architectural concepts pursued in the FLEXGRID project and to show how they are
aligned with tte project objectives.

The FLEXGRID S/a¥chitecture is typically specified across the f88AM interoperability

layers Business, Function, Information, Communication, and Component layers. The
approach taken in FLEXGRID focuses on the technical diescapthe S/Warchitecture and

the specification of the system desigin terms of underlying infrastructure, components,
communication protocols and data model standardsvhile the functional information is
provided in a textual formThis way, the desigis modelled upon the first three technical

layer& yIFYSte aO02YLRYSYy(ués aO2YYdzyAOFGA2YyE |y

In addition to theS/Warchitecture model, new data models have been introduced to address
specific requirements of FLEXGRID serviceket#iled description of these data models is
initialized and aligned with the information layer of the architecture mqdeased on the
detailedUse Casedescriptionfrom D2.1

1.2 Scope of the document

The document covers the modelling of the pro@ct érehikecture using the European

SGAM framework, in a systematic manner that is also closely related to the architectures
already developed in othdfd2020 projectssuch as INCREASE, STORY, WISEGRID and NOBEL
GRID.

Standards and interoperable data mod&se used in the context of the FLEXGRID tools are

analysed. Furthermore, new data models have been considered in order to allow new
reasoning mechanisms in the process of automated decisions and collective awareness.
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1.3 Structure of the document

The da@ument starts with the definition of a fewainnovel smart grid architecture models
that incorporate the operation oDistribution Level Flexibility Markets (DLEMghich is the

core architectural proposal of FLEXGRID pro{&ection 2) Moreover, the document
comprises an overview on tH&/'Warchitecture definition(Section3), introducing the Smart

Grid Architecture Model, which will be used as the framework for modelling in a systematic
and unified way both th& LEXGRIDols and the Use Casdsthen continues with technical
specifications aboumechanisms fothe data interoperability(Section4). The subsequent
section5 describesin detail the architecture of the FLEXGRID téamllswing SGAM diagram
modellingfor the relevantUse Cas&cenariogUCS)As an appendix, the relatddata Model

that will be further elaborated in the context of WP6 waskinitially described.
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In this section, the definition of a few novel smart grid architecture models that incorporate
the operation of Distribution Level Flexibility Markets (DLFMs) (i.e. the core architectural
proposal of FLEXGRID project) takes place.

2.1 FLEXGRID R&I motinan

The goal of FLEXGRID is to enable energy sector stakeholders (DSOREB30OdLIcers,
retailers, energy/flexibility service providers) to: i) easily and effectively create advanced
Energy Services (ESs), ii) interact in a dynamic and efficientvittaytheir environment
(electricity grid) and the rest of the stakeholders, and iii) automate and optimize the planning
and operation of their ESs. In this way, FLEXGRID envisages secure, sustainable, competitive,
and affordable ESs. In order to facilitétettom-up investments, modern smart grids have to

cope with the challenging distribution network management. Thus, FLEXGRID develops
flexibility market architectures, which allow DSOs to: a) integrate, through an open market,
Distributed Energy ResourcéSERS) in a scalable way and, b) efficiently interact with all
energy sector stakeholderk this way, several market stakeholders from both FlexDemand

(i.e. DSOs/TSOs) and FlexSupply sides will benefit from FLEXGRID Bemacgsecifically,

in this ®ction, we present the predominant distribution network flexibility market
architectures that FLEXGRID will develop. In addition, we discuss their advantages and
RAAFR@IYyGr3Sa Ay (GSNya 2F STFFTAOASYyOe IyR
markets operation.

The integration of large amounts of DERs such as PV/Wind generation, Electric Vehicles (EVS),
Energy Storage Systems (ESS) and Demand Side Management (DSM) tools in distribution
networks, poses new challenges and opportunities for the posestor according to the
recently released Clean Energy Packaelying only on grid investments to cope up with

this new situation in Power Systems would be very expensive and consequently inefficient.
Moreover, distribution networks become theore of smart grids and their physical
constraints constitute the barrier in terms of ES cost and stability. In more detail, the volatile
and unpredictable distributed energy generation that high RES penetration introduces,
creates additional challengesatrelate to congestion, reactive power instability and voltage
issues in the distribution grid. In this new landscape, FLEXGRID focuses in four major research
threads.

The first research thread examines in depth the operation of the existing energy taarke

the evolution of energy market architectures. It unfolds around the development of
advanced market clearing algorithms able to adequately model the underlying grid and
ensure market efficiency.

lw/ t SEy 9y SiNtBsd/ecleiiradd. eu/Bf/gevs/clearenergyall-europeanspackagecompleted
good-consumersgood-growth-and-jobs-and-goodplanet2019may-22 en accessed 03 March 2020.
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The second research thread of FLEXGRID spans araieffitient aggregation of end user
flexibility assets (e.g. ESS, DSM, EVs, etc.) from Energy/Flexibility Service Providers and their
optimal and parallel use in multiple energy markets.

The third research thread focuses on the monitoring of the trangomsand the distribution
networks in smart grids and in resolving the problems that high RES penetration introduces
such as congestion issues and voltage control.

The fourth research thread relates to the optimal operation of assets that ESPs (i.e. FSPs,
Producer and consumer aggregators) dispose and the advanced planning of their
investments according to a careful examination of markets and competition.

In the rest of this section and deliverable, we focus on the first research thread and we
present three different flexibility market architectures. We emphasize in the traffe
among: i) the level of compatibility of the proposed architecture with the existing smart grid
FYR SYySNH& VYINJSGAQ I NOKAGSOG dzNB Z ous énérgyli K S
sector stakeholders (e.g. ESPs/FSPs, producers, retailers), and iii) social welfare maximization.

Note: All proposed FLEXGRID architectural variants are based on the assumption o
high RES penetration scenarios. One architecture is close to the existing sma
YEN] SGAQ | NOKAGSOUGdzNBE 'y R NB3Idz | (i 2 Ndare
mostly research proposals based on recently released Clean Energy Package guide
sections 2.2.2 and 2.2.3).

2.2Proposed FLEXGRID market architectures

FLEXGRID proposes three main market architecture varieimstirst one actseactivdy to

the existing energy markets and in this way sacrifices efficiency, but on the other hand it is
O2YLI GA6fS AGK (2RI&Qa 3N RnelenfiRes anl-gxdriS i a Q
feasible dispatch of FlexAssets that reside at the distributiotwoek by proposing a
proactivedistribution networkaware marketThe third architectur@assumes the evolvement

of the existing markets (day ahead and balancing), but offers the maximum possible smart
grid efficiency by F EAYAT Ay 3 (KS &e&addihSsbingingsbenéfitsifor all ¢ S f 1
involved actors in the smart grid ecosystem.

2.2.1 A wholesale market compatible and reactive distribution network aware flexibility
market architecture

The objective of this distribution netwot&velflexibility market (DLFM) architecture is to be
compatible with the existing regulatory frameworKhis is done bynteracting with the
existing Wholesale Market (WMaking theDayAhead Dispatch (DARs given and then
trying to deal with distributiondvel imbalances via the proposed DLRAMoreover, it is
capable of copingvith forecast inaccuracies in energy production and consumption in assets
connected to the distribution and transmission network.
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The drawback of thigpproach is the possibility ahfeasibledistribution of DADat the
distribution network levetiue to the lack of (low cost) flexibility asseféis means that local

RES assets cannot be fully utilized leading thus to undesired high RES Spiiegappens

mainly due to the fact tat distribution network constraints are not taken into consideration

Ay (2RIFeQa YIN]JSG Of SINAYy3I Y2RSta FyR2RAAU
All these lead to unsatisfied producers/consumers and -@gpiimal social welfare.
Furthermoee, in cases in which DAD is modified, spot market price in the transmission level
has to be paideading thus to undesired high-gispatch costsFinally, the absence of joint
optimization between transmission and distribution leads to lower levels aakoelfare,

which deteriorates the financial sustainability of all stakeholders.

Market Operator / Wholesale Market (WM)
Transmission Network Dispatch Algorithm (TNDA)

5\

- .. P Reactive Flexibility Market (FM)
through FM in WM

Consumers in DSO bid
through FM in WM P

istribution istribution
" DSOsends to FMO its ] Network Payment
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‘. (Flex Requests) ./ - A
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Figurel: Reactive Distribution Level Flexibility Market {BLFM)

In this architecture, the steps of the process that the reactieribility market follows are:
Step 1 Flexibility Market Operator (FMO) takes as input the WM DAD that is composed from
the power flows in the coupling point with TSO and the dispatch that concerns prosumers in
its distribution network.
Step 2 DSO sends information that suffice to model its distribution network to FMO
Step 3 Flexibility providers (e.g. aggregators/ESPs) connected to the DSO send their flexibility
asset bids to FMO.
Step 4 FMO generates Distribution Network Dispatch (DND) ufgiothe execution of an
optimization algorithm noted as Distribution Network Dispatch Algorithm (DNDA), which:

1 respects distribution network constraints (i.e. a) active/reactive power balance, b)

mitigates network congestion, ¢) accommodates voltage cantro

2C[ 9 - DwL5Q& LINRPLRAIE A& (2 Y2RSt |linwhidhaidthbhtiondadtkozky [ SO
constraints are taken into consideration.
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1 implements fundamental economic rules, which means that: distribution network
constraints will be satisfied by activating flexibility bids in the least costly manner.

Step 5 Flexibility assets are compensated for their operation according to a Digtribu
Network Payment Algorithm (DNPA) that FMO executes, wtachbe: ipaycasbid , ii) a
pricing according to the dual variables of DNDA, or iii) an auction that facilitates additional
market requirements (e.g. truthful bidding, market power mitigatietc.)
An identical process is used in (near) real time for the realization of a distribution level
flexibility market that reacts to the existing balancing market. It will take as inputs: the
imbalances from the WM (as derived from the traditional balaganarket), the DNDA and
the real time availability of flexibility assets.

2.2.2 Feasibility check of the distribution network and optimization of wholesale market
biddings through a proactive distribution network aware flexibility market architecture

In order to mitigate the drawback of the aforementioned architecture (which is the difficulty
to manage an infeasible or expensive DAD of the existing WM), FLEXGRID proposes an
optimization of biddings within a distribution network in advance (i.e. proabt)vey the
FMO. In this way, an-ariori feasible dispatch of the assets that reside in the distribution
network is ensured.

Market Operator / Wholesale Market (WM)
—)| Transmission Network Dispatch Algorithm (TNDA) ] 1

" Flexibility Service
—>»  Providers Bid in FM
(Flex Offers)

~DSO sends to FMO'its

Distribution Network Transmission

Model and Topology Network
(Flex Reguests)

Network Dispatch
Algorithm (DNDA)

Producers in DSO bid
through FM in WM

Locational Marginal Network Payment |+
Consumers in DSO bid \ Pricing Forecast Algorithm (DNPA)

through FM in WM \L (TLMP-F) \ /

Stakeholders
Market Network Market L

Figure2: Proactive Distribution Level Flexibility Market {PLFM)

On the other hand, in order to allothe FMO to operate proactively, an accurate estimation

of the Transmission Network Locational Marginal Prices (TLMPs) in the coupling point
between the DSO and TSO is required. An underestimation in TLMPs will possibly result a
demand that is lower thanhie one calculated by the Distribution Network DispatddND
(unless the FMO or the DSO pay an additional cost in order to keep the system budget
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balanced). An overestimation in TLMPs will possibly lead to a respectiveaeatation of
generation dispath (unless the FMO or the DSO pay an additional cost in order to keep the
system budget balanced).

Therefore, the steps of theroactiveDistribution Level Flexibility Market{PLFM]llustrated

in the figure above with respect to the constraints and costs that distribution network
introduces are:

Step 1 DSO sends information that suffice to model its distribution network to FMO

Step 2 Flexibility providers (e.g. ESPs/aggregatayapected to the DSO send their flexibility
asset bids (quantity, price) to FMO

Step 3 Producers connected to the DSO send their production bids to FMO

Step 4 Retailers connected to the DSO send their consumption bids to FMO

Step 5 FMO (or any other party) generates a forecast for the Transmission Location Marginal
Prices- TLMPs for the coupling point, in which DSO is connected.

Step 6 FMO generates the Digution Network Dispatch (DND) through the execution of an
algorithm noted as Distribution Network Dispatch Algorithm (DNDA), which:

1 respects distribution network constraints (i.e. a) active/reactive power balance, b)
network congestion, c) voltage cootrissues)

1 ensures fundamental economic rules, which means that: i) producers and consumers
are paid if and only if a price higher or equal with their bids is feasible and financially
sustainable for the grid, and ii) each flexibility asset will be useldga paid if its use
is mandatory in the set of assets with the minimum flexibility cost that is needed in
order to respect the distribution network constraints.

Step 7 Transmission Level Dispatch (TLD) uses as input bids according to DNDA. DNDA may
reduce the quantity in the initial bids, but it does not have the rights to reduce the bidding
prices.

Step8! FUGSNI ¢[ 5Q&4 SESOQdziAzzyr GKS 5AaGNAOdzIAZY
inputs: i) bidding prices of flexibility providers, producers andscmners, ii) Transmission

Level Dispatch (TLD) and iii) Distribution Level Dispatch (DLD) in order to derive the
compensations for all the stakeholders that bid in Stegs 2

2.2.3A cleanslate approach towards a market based smart grid architecture wagbtimal
social welfare

Novel smart grid architectures, which are able to maximize social welfare lead to: i) energy
services with lower cost for consumers, ii) more revenue streams for energy producers and
Energy/Flexibility Service Providers (ESPs/FSHsg), iii) lower operation costs for
network/system operators (i.e. TSO and DSOs). In order to achieve this in a smart grid with
very high, distributed RES and flexibility penetration, in which distribution network faces
congestion and voltage issues, anoked market architecture though an advanced
interaction between TSO and DSO is needed. In this perspective, a new market architecture
is needed, that evolves the existing architecture of the wholesale madestghead and
balancingmarket) and is notompatible with their existing versions.

The figure below presents thmarket clearingprocess of a unified energy markeét which
stakeholders in both the distribution and the transmission networks are able to trade energy
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without causingnarketimbalarcesin subsequent marketandnetwork instability problems

in other parts of the network In a nutshell, the core of the proposed market architecture is
a unified market clearing based on an iterative process (cf. yatoows in the figure beloyv
between the Market Operatorg MO (manages the Transmission Network through the
operation of the Wholesale MarketWM) and the Flexibility Market Operatar FMO
(manages the Distribution Network according to an innovative flexibility market proposed by
FLEXGRID)

TSO sends to MO its .e)u “_ IServu:e TSO Large Consumer TSO Producers bid in
P FI in WM Providers Bid in WM aggregators bid in WM WM
ower Flows in | (Flex Offers) ] ggreg | |

Market Operator /

Locational Marginal J Wriolesale Market (WM)
Pricing (TLMP)

Dispatch Algorithm
(TNDA)

a\ /}

DSU FIEHIEI'IEV SBWICE

— Providers Bid in FM =~ — h
(Flex Offers) ) istribution
Network Dispatch |

~"DSO sends to FMOits
Distribution Network l Algorithm (DNDA)

Model and Topology
\. (Flex Requests) J

Flexibility Market Operator /
Flexibility Market (FM)

DSO Producers bid in

FM
istribution
Network Payment
N DSO Retailers bid in Algorithm (DNPA)

M

Distributior Stakeholders Market Stakehc\_der Interaction =~ € ————
Market | Network Market | [ | Internal & Iterative Market Process

Figure3: Market based smart grid architecture with optimal social welfare

At each iteration of this process and according to the bids of the transmission network market
stakeholders, MO derives a time series (according tastieeduling horizon) of prices (noted

as Transmission Network Locational Marginal Prige$LMPs) for each node in the
transmission network. These nodes include the coupling points through which each
distribution network exchanges power with the transmissnetwork. FMO of each DSO area
takes as input: i) TLMPs that MO derived, and ii) the bids of the distribution level market
stakeholders. In a second step, it derives a time series of power flows (Distribution Network
Dispatch¢DND) in each node of thedtribution network and updates the coupling point
power flow time series. The termination condition of this iterative process is an identical
dispatch in the transmission and in the distribution networks in two consecutive iterations.
According to the finladispatch, the pricing in the transmission network is done with the

3 Please note that the activation of a local FlexAsset in the distribution network may cause market efficiencies
and imbalancies in the balancing market operated by the TSO.
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network is done through a payment algorithm that the FMO executes

The necessary steps fordloperation of the proposed Market Clearing Algorithm (MCA)
process are:

Step 1 DSO sends information that suffice to model its distribution network to FMO

Step 2 Flexibility Service Providers (e.g. ESPs/flexibility aggregaidnsgh are connected to

the DSO, send their flexibility asset (e.g. ESS, DSM) bids (FlexOffers) to FMO. Each FlexOffer
AyOf dzRSa (KS O2ailkdziAft Ade 7Tdgeonstmigtyy 2F GKS
Step 3 Producers connected to distribution network (e.g. RES, prosumers) send their bids
(production quantity forecast and price) to the FMO.

Step 4 Consumers connected to the distribution network (i.e. demand aggregators) send
their bids (demand for different prices) to the FMO.

Step 5 MO generates a forecast of the TLMPs for the first iteration of MCA noted as TLMP.
Step 6 In each iteration k of MCA, the sisiteps below are followed:

Step 6a Taking the nodal TLMP[K] in the couplipgint between with the TSO as input, the

FMO of each DSO generates a dispatch (noted as Distribution Network Digdait[k])

through the execution of Distribution Network Dispatch Algorithm (DNDA). DNDA should
factorize the distribution network constnais. Thus, DNDA: i) respects distribution network
constraints (i.e. a) active/reactive power balance, b) power lines capacities, c) voltage limits,

if) maximizes DND efficiency, which means that:

1 each generation asset in the distribution network will gsliproduction if the sum of
its bid and the possible unitary flexibility cost that is needed to accommodate the
distribution network flows that it introduces, is less or equal than the TLMP[K] of the
coupling point.

1 each consumption asset in the distrilbah network will buy energy if its price bid is
higher than the sum of the TLMP in the coupling point and the possible unitary
flexibility cost that is needed for the distribution network flows that it introduces.

1 each flexibility asset will be used and geid if its use is mandatory in order to reach
a dispatch able to respect the distribution network constraints with the minimum
possible flexibility cost.

1 The Power Traded (noted as PTI[k]) with the transmission network through the
coupling point is caldated.

Step 6b DLFM stakeholders are compensated for their operation according to Distribution
Network Payment Algorithm (DNPA). Various DNPAs with several requirements may take
place (e.g. budget balanced, proof to market power abuse, privacy awarg,M&or DNPA
categories that FLEXGRID will develop are: i) pay as bid, ii) pricing based on the dual variables
of the DNDA, which are derived from the execution of arg@EF model and algorithm, and

iii) pricing algorithms that exploit auction theory.

Step 6¢:The transmission network stakeholders (i.e. generators, demand aggregators, etc.)
decide their dispatch based on the corresponding nodal TLMPs[k]. The TSO calculates its
power flows based on the nodal TLMPs[k], which along with the transmissionorietw

a0l 1SK2ft RSNA yR (GKS CahdaQ RSOA&aA2ya F2NXNdz

4 This means that therenay be different prices depending on what grid leweFlexAsset isconnectedand on
which timeslot the FlexService is provided.
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Step 6d If the DND and the TND remain the same between two consecutive iterations of

MCA, then it terminates. Otherwise, TLMP[k+1] are calculated by a TLMP Uydati#éhm

(TLMPUA) (which uses as input all the aforementioned dispatches and TLMP[K]). FLEXGRID

develops various TLMPAs mainly based on the Duality Thednd Decomposition

Technique$

Step 7 The last calculation of TLMPs and the last calculatb DNPA determine the

payments of participants in the transmission and in the distribution network respectively.

The last TND and DND determine the dispatch in the two aforementioned networks.

Conclusively, the proposed MCA facilitates a-dagad and eergy balancing smart grid

management. In the latter case, MCA will operate in a differential fashion in which (instead
of production, consumption and flexibility that constitutes transport and distribution
YSGU62N]l aQ 2LISNI A2y EritdsiFledReGuesks) aldkFeNGifersgthat f

have to match the nearealtime imbalances.

Note: This section has set the research scope based on which the S/W architecture
62N] o6Aff 0S LINBaAaSYdGSR Ay (KS TFeahdealdte
with real data all the aforementioned architectures and algorithms, suchilagP Update
Algorithm, Distribution Network Dispatch Algorithm and Distribution Network Payrn
Algorithm. h this way, FLEXGRID will not only offer to future smiads the best versiol
of each of the aforementioned architectures, but it will also quantify the strengths ant
weaknesses of each one of them. Moreover, FLEXGRID plans to compare
architectures in terms of their potential with respect to the feges and the services tha
they are able offer to the ESPs/FSPs in order for the latter to optimize and constitute
investments financially sustainable.

5S. Boyd and L. Vandenbergkmnvex OptimizatigrCambridge University Press, New York, USA, 2004.
8A. J. Conejo, E. Castillo, R. Minguez, and R. Ga&ibJi NI y R X
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AReference Architecture (RARn be defined as a work product used to describe a concrete
(standard) architecture in a more abstract concept. As f@raart Grids (S&ye concerned,

the design of an RA needs to follow some particular standards (requirements) in order to be
able toproduce flexible, globally accepted models. While capable of describing the current
state of a SG, a RA needs to take into account its upgrading prospects, in order to be
functional in the years to com&®ue tothe different nature of the involved stakelddrs, a
coherent and flexible framework must be provided, where a proper categorization of all
interested parts is feasible.

Gontinuous technological advancement in the migoed (MG)and distribution networks
structure demands a more sophisticated atebtural approach. Following the universal
dominance of smargrids (SG), the integration of ICT and market doswaquires a multi
dimensional architectural structure so as to allow the participation of all stakeholders
involved.

3.1 SGAM concept and géctives

Interoperability Categories Cross-cutting Issues

( R— R —

8: Economic/Regulatory Policy
¢ b O 6 I S I T I EE
Organizational 7: Business Objectives > s
Bl |2 & [Blsh |
L 6: Business Procedures £/ 5[5 =(S5I5(2] |
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Figure4 - Interoperability Categories and Cross Cutting Issties

Based on CERENELEETSI Smart Grid Coordination Group reperthe Smart Grids
Architecture Model (SGAM) frameworkan be described as the architectural structure of a
practical methodologywhere each particulause Case ScenarfdC$ can be modelled and
analsed from different aspectsWhile modelling a UG$he most important factor is the
coherency of the wholenocess, as well as the production of an analytic and detailed object,
where the role of each stakeholder is clearly definkd.far as the general presentation of a

 https://ec.europa.eu/energy/sites/ener/files/documents/xpert_groupl_reference_architecture.pdf
8 ftp://ftp.cencenelec.eu/EN/EuropeanStaardization/Fields/EnergySustainability/SmartGrid/CGSEG_Sec_00
42 .pdf
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UGCSis concerned, three main categories interoperate between each other, while various
Cros-cutting issues (referring to relationships between the categories) need to be taken into
account.

In the SGAM frameworkhese interoperability categories are aggregated into five different
levels, theso calledSGAM layersas shown in the next figur@nteroperability Categories

and layers)As can be seen, each layer refers to a different aspect of every UC, starting from
the Business layefreferring to the business usage of the smart grid information exchanged,
the involved marketctors business bjectives, constraints, etc.), moving step by step to the
Component layer(i.e. physical layer, including all entities of smart grid, such as the system
equipment, the network infrastructure and the protection devices). Between these two, lie
the Function the Information and the Communication layer These layers refer to the)
functions implemented (functionality of UQ)) the information object and data models
exchanged between functions or actors (devices, applications, persons, organizations) and
iii) the protocols/mechanisms used for the exchange of information, respectively.

Economic / Regulatory Policy ..
. Business Layer
Business Objectives
< Business Procedures L s Function Layer
= Business Context S
D O — Information La
"5'5 Semantic Understanding "Ej' """ ) niormation Layer
== >
) Syntactic Interoperability 92
I Communication Layer
Network Interoperability
Basic Connectivity @ -—— Component Layer

Interoperation

Figure5 - Interoperability Categories and layers

Subsequentlythe interoperability layers need to be merged with another concept, the smart
grid plane, to compose the 3D SGAM framework. In the smart grid plane, an important
discriminationis made between the electrical processes (domains) and the information
management viewpoints (zones) involved in evensU®e five SGAM domains contain the
Bulk Generation domain(massive generation of electricity), thEransmission domain
(infrastructure and organization for the transportation of energy), Bistribution domain

the Distributed Electrical Resources doma(BER connected to the public disuiion grid

9 ftp://ftp.cencenelec.eu/EN/EuropeanStandardization/Fields/EnergySustainability/SmartGrid/CGSEG_Sec_00
42 .pdf
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ranging from 3 kW10.000 kW) and theCustomer Premises domairfprosumers of
electricity).

Moving on to the six SGAM zones, these are distinguished as followBrddess zongefers
to the transformation of energy and the equipment involvesi¥ollowed by the~ield zone
(protection, control and monitor equipment) which, in turn, is succeeded bystaéon zone
(areal aggregation of previous level). Next comes @peration zone(control operation
systems such as DMS/EMS), followed by Hmerprise zone(commercial aspect/e.g.
logistics, staff training, etc.) and finally tMarket zone(commercialization of the produced
energy).

32{ D!'a f I &8@8SNBQ I NOKAGSOU dzNB

The basis for SGAM is a thrdenensional framework consisting of domains, zoneslagers

at its three axes.

The domains represent the traditional layout of the electrical energy infrastructure:
Generation(generation of electrical energy in bulk quantities).
Transmissior(infrastructure and organization that transportdectricity over long
distances).

Distribution(infrastructure and organization that distributes electricity to customers).
DER(smaltscale distributed energy resources directly connected to the public
distribution grid).

Customer Premiséend-users andgroducers of electricity).

On the other hand, theones depict a typical hierarchical power system management:
Procesgphysical energy conversion and primary equipment of the power system).
Field(protection, control and monitor equipment).

Station(aggregation level for fields, e.g. for substation automation).

Operation (power system control operation in the respective domain,.e.g
DMS/EMS).

Enterprise(commercial and organizational processes, services and infrastructures
for enterprises).

Market (market operations possible along the energy conversion chain).

These two axes combine to form ti@mponentayer, which represents the physical layer,
including all system equipment, network infrastructure and protection devices. On top of the
Camponent layer, four interoperability layers are placed.
With a completed UC analysis and the developed component layer, mapping UCs in SGAM
and development of SGAM layers generally goes in the following order:
Business$ayer (business view on the informaii exchange related to smart grids).
Function layer (functions and services, including their relationships from an
architectural viewpoint).
Informationlayer (information that is being used and exchanged between functions,
services and components).
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Commuicationlayer (protocols and mechanisms for the interoperable exchange of
information between components in the context of the underlying use case,
function or service).

In this deliverable, FLEXGRID will defin8M¥architecture according to SGAM mddie the
context of WP2, choosing a relevant subset of the UCS provided on D2.1. Additionally,
FLEXGRID will follow SGAM model in its software integration process (WP6) and in the
execution of its pilots and lab experimentations (WP7).

A graphical repregeation of the SGAM framework can be seen in the figure below:

Business Objectives
Polit. / Regulat.. Framework

Business Layer

Function Layer

Interoperability
Layers

Component Layer

— %3 1,, '

Generation g
Transmission

Distribution
DER

Domains Customer
Premises

Figure6 - The SGAM Framework

3.3SGAM Toolboxor Model-Driven Architecture Specification

In order to proceed with the modelling processuse cases, their incorporation into the
SGAM Framework is necessary. This can be actualized by the useS@G A Toolbox!, a
caption of its basic architecture (V 0.2.0) being presented bdegure7 - The SGAM
Toolbox Architecture

Pftp://ftp.cencenelec.eu/EN/EuropeanStandardization/Fields/EnergySustaitdBinartGrid/CGSEG_Sec_00

42 .pdf
11 https://sgamtoolbox.org/downloads/Introductioro-SGAMT oolbox. pdf
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As can be seen above, the most important element of the architecture constitutes the SGAM
Metamodel, since it provides the necessary outputs such as the layer metambiBedsam

types, Toolboxes and Design Patterns. The SGAM model templates (used to simplify the use
of SGAM Toolbox) are also based on the SGAM Metamodel.

SGAM Toolbox Architecture

amaster documents SGAM Toolbax
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Figure7 - The SGAM Toolbox Architecturé

Regarding the description of tfeGAM Metamodelthis is extracted from the SGAM MDG
(Model Diven Generation) Technologies (i.e. files that allow users to extend Enterprise
I NI K A maofebitigapabilities to specific domains and notatodDG Technologies
seamlessly plug int&nterprise Architec{software used to define SGAM architecturé&s)
provide additional toolboxes, UML profiles, patterns, templates and other modelling
resouces. The last important component of the Toolbox architecture is the Reference Data,

12 https://sgamtoolbox.org/downloads/Introductioro-SGAMT oolbox. pdf
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which provides information regarding the Model Import/Export, as well as other important
elements. Irthe figure belowthe structure of the SGAM metamodel can be obsdrve
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|
|
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SW — Component -
Application |
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Figure8 - The SGAM Metamodéf

Starting from top, a business actor needs to achieve a goal, while this is only possible through

a business case (BC). Moving to the function layer, the-Esghkl Use Case (HLUC), which
provides a general description of an idea/requirement, uses the SGAM actors (devices,
applications, persons or organizations), while invoking a Primary Use Case (PUC). PUCs are
described by specific scenarios and address the functionality aspect of a busiaessspr

While not depicted in the diagram above, a PUC is composed by one or more Secondary Use
Cases (SUC). In the information layer, the objects, demanded to compose the scenarios
invoked for the description of PUCs (information objects) are defined dirailhe Data

Model Standards. These objects contain some type of information exchanged (e.g. a fault
report) between actors. Finally, in the SGAM Component |ayer components (electric

13 https://sgamtoolbox.org/downloads/Introductioro-SGAMT oolbox.pdf
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device, software, cables, etc.) related to the ICT afettric domains are included. The
communication between two or more components is based on various protocols, defined in
the Communication Relation.

One last obstacle that needs to be overcome in order to be able to produce UC models,
through the SGAM Toolbox, in accordance with the SGAM Framework is the accurate and
detailed transformation of UCs into objects that possess distinct Sasdd characteristics.

In other words, the development/UC mapping process needs to be clearly defined.
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Figure9 - SGAM Development Process

As shown in the figur@above the process begins with the System Analysis Phase (SAP).
During SAP, it needs to be confirmed that the UC description provides the necessary
information (objective, UC dgram, actor name and type, precondition and assumptions,
steps, information exchanged and requirements), so one can proceed with the development
of each SGAM layer. In this phase, the development of the SGAM Function and Business layer
should be implemerad so as the business actors/goals/cases can be defined. Next comes
the System Architecture Phase where the development of the Component, Information and
Communication layer is done. Finally, the Design and Development Phase referring to the
realization ofindividual systems can be actualized by any classic system engineering method,

1 https://sgamtoolbox.org/downloads/Introductiorio-SGAMT oolbox. pdf
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as it does not need to be in compliance with the SGAM Framework. Nonetheless, this
methodology is only a recommendation and slight deviations might be observed.

3.4 SGAM concgts in FLEXGRID

Architecture can be described as the fundamental concepts or properties of a system in its
environment embodied in its elements, relationships, and in the principles of its design and
evolution [ISO/IEC42019.

For simplicitysake we ae going to treat only HLUCs and one layer of their derived UCs,
calling them Use Case ScenafldCSs).

A more thorough analysis ofthe description of the related connectivity issues
(communicationlayer), an architecture field associated with the information exchanged
between parties/actors (informatiodayer) and the mapping of physical components to
logical actorgconmponentlayer)are deemed necessary

As in most modelling tools/frameworks, a compromise must be reached between the
detailed description of an entity (each SG sector) and the reduction of complexity of the
overall modelling process. In this case, a simple way to aelines enterprise is the merging
of some of the aforementioned architecture concepts into a more general corRexarding
to FLEXGR]e estimate that itsS/Warchitecture can be modellgdst using the three first
layers of the SGAM Framework:
1 Componen Layer Refers tdogical actors mapped into physical components
1 CommunicationLayer This architecture concept is responsible for the elimination of
any communication standard gaps.
1 Information Layer Refers to the data modelling and interfaces applicable in SGAM
model.

In the SGAMComponent Layerthe model transformation from the Computational
Independent Model (reflecting system and software knowledge from a business perspective)
to the Platform hdependent Model (model of a system independent of the specific
technological platform used to implement it) is represented. Firstly, logical actors have to be
mapped into physical components (applications, power system equipment, protection
devices, netwd infrastructures, computers) which must, in turn, be distributed properly
among the different SGAM domains and zones. This way, the functional information of the
system is turned intoraarchitectural model.

Explaining further the actor mapping procesgile inside the SGAM Component Layer, a
physical component must be created for each actor involved in the UC. Of course, additional
components need to be included, such as I@&tworks or individual devices (e.g. a
transformer). Subsequently, the relatie between the components selected above have to
be described and represented into the SGAM component layer.

15 https://www.iso.org/standard/50508.html
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Regarding th&€ommunicatiorLayer the communication field is closely associated with the
operational procedures of a SG. While eaxttor/component has to implement its own
separate functions, the communication beten them is essential, so that the individual
processes can be coordinated. The information collected must also be sent to a central server
so that the optimal operation dhe SG may be achievethe networks included in the overall
communication architecture should be identified.

The communication layer aims at the description of the protocols and technology involved,
so that the information exchange between different U€tois or components can be
achieved. The protocols and mechanisms included in the overall process must be mapped to
the appropriate zones and domains. As far as the development of the SGAM Communication
Layer is concerned, this is organized in three singddps. Firstly, the components are
mapped in the Communication Layer diagram. Subsequently, communication paths relations
are used to connect the different components. Last but not least, the appropriate protocols,
as well as the involved technology, atefined, in respect to every communication path.

The representation of important information related to the SG elements is the main reason
of existence of the SGAMformation Layer The functionality of a SG is based upon the
exchange of data between theactors/components involved. As seems logical, its
architectural structure must support the inclusion of all interrelated entities, as well as the
relationships between them and the different ways of interaction. This can be achieved by
addressing three bsc concepts:

1 Integration technology: The smooth operation of a SG demands the individual
contribution of many different systems and applications. These systems can be
described as sources of information production and must be connected, for the
optimization of the SG functionality. Consequently, a coupling of these separate
systems has to be performed, while the preservation of their individuality (in terms
of functionality and performance) is desired. In order for these requirements to be
met, the developnent of new interfaces, which can guarantee the semantic and
syntactic interoperability between the different systems and applications involved, is
considered. In addition to this, the presence of an integration platform is essential, so
that the new intefaces can be implemented upon and are able to communicate
between each other. The final scope of the information layer is the provision of a link
between different SGAM layers, or fieldis integration shall be performed via APlIs.

91 Data Models:Data modés can be characterized as the core of the information layer
architecture. In data model®usiness data are contained and organized in respect to
the information included, through which the communication between different SG
entities can be performed. Aar as the data description language is concerned, a top
down approach is recommended, since it provides a plurality of advantages (such as
the avoidance of useless translations or misunderstandings between different
stakeholders and the increase of syst#exibility). The most prominenstandardzed
data models are the CIM (IEC 61968, 61970 62325) and IEC (@b3@ernational
standard defining communication protocols for intelligent electronic devices at
electrical substationgjata model.

1 Interfaces:Technology independent interfaces (e.g. CIM profiles) are necessary, so
that the communication and data modekchange between different SGAM layers,
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domains and zones can be possible. While many different standards have been
developed, only some of them are recommended, taking into consideration that the
semantics and syntax should be stable as long as the systeonsidered functional.
Since the definition of new interfaces between different SGAM layers can prove quite
a challenge, the concept olfogical interfaceswas developed, aiming to the
simplification of the whole process by providiagystematic way adeveloping the
AYOIGSNFIOSaAaQ aLISOAFTFAOFGAZ2Ya Ay NBIAFNR (2
technical characteristicsT.he development of logical interfaces can be summarized
into three basic steps. At first, every 8@ust be properly analyzed. The mapping of
UGS actors to the appropriate domains and zones is performed in this step.
Subsequently, the identification of exchangeable information is performed, a process
involving the assignment of each piece of informatimnthe associated logical
interface (indicated by the dots in the logical interface cir€ligurel0). Finally, all
different specifications are merged

Market*

Operation®

Station™

M~
S
Interfaces o
Fiela* 7
Process
| _ 1 _ | " zones ofactorsand
[ Domain A nl‘ Domain B | :mplem_entahon{_:f
. ogical interface is
Domains depending on concept)

Figurel0- Concept of logical interfaces in the context of domains and zones

3.5FLEXGRID approach to SGAM
3.5.1List of FLEXGRID HLUCs and UCSs

In thissection we address the relevant UCS for the software implementatibat will be
describedon section 5 Theones selected frond2.1to be includedn the SGAM architecture
arelisted below
- HLUC O1FLEXGRID ATP offers advanced market clearing services tdetkibilty
Market Opgator6 A Y 1 SN OG A2y 06S0G6SSYy YINJSGaQ |y
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HLUC 01 UCS (Warket-based local congestion management using FLEXGRID ATP
in distribution networks using output from AGQPF model calculation as dynamic
input for ATP.

HLUC 01 UCS OB4arket-based local voltage control using FLEXGRID ATP in
distribution network operatio.

HLUC 01 UCS G4EXGRID ATP operates as a gateway to redirect local active power
flexibility to TSO platforms (interaction with existing TSO balancing markets).

HLUC 02FLEXGRID ATP offers advanced flexibility supply management services to
Energy Service Provide(ESPs)

HLUC 02 UCS HESP minimizes its OPEX by optimally scheduling the consumption
of end users, production of RES and storage assets

HLUC 02 UCS_@®SP nmimizes CAPEX by making optimal investments (i.e. optimal
siting and sizing) on RES and FlexAssets.

HLUC 02 UCS 0BSP maximizes its profits by-@gtimizing its participation in
several existing energy markets and distribution level flexibiigykets.

HLUC O03FLEXGRID ATP offers advanced flexibility demand management services
to system operators

HLUC 03 UCS @oordinated voltage/reactive power control either by aggregating
flexibility from multiple FlexAssets or through a marketsed mechaism.

HLUC 03 UCS 0ZITSGDSO collaboration for coordinated management of

I 33NB3IF SR CfSE!3448SGa YR AYyGSNI OliAzy
operation.

HLUC O4FLEXGRID ATP offers automated flexibility aggregation management
services toESPs/Aggregator@nteraction with end users)

HLUC 04 UCS OESP/aggregator efficiently responds to FlexRequests made by
TSO/DSO/BRPs by optimally orchestrating its aggregated flexibility portfolio of end
energy prosumers.

HLUC 04 UCS (&n aggregator oprates an aehoc B2C flexibility market with its
end energy prosumers by employing advanced pricing models and adnzged
mechanisms

HLUC 04 UCS ®{t SELJX 2AG4& C[9 - DwL5Q& | R@l y
YEN] SG LINAOSE | yRrRuneditefuiu@S i aQ & | as |

‘<,O<

Note: The selected UCS will be included in the S/W implementation and integration
as well as lab experimentations and pilot testing (WP7) reaching thus-@ Bttbe end of
GKS LINP2SOGQa fAFTSUAYSP® C2NJ GKS Nibvaricdd
research work will be conducted reaching thus THLaBthe end of the project.

3.5.2 List of FLEXGRID actors

Based on the wholesale marketedthe currently planned infrastructure of flexibility

Uy

markets three main userprofilesfor the FLEXGRIB®YW platformareidentified: Platform
operator, flexibility suppliers (upply side) and flexibility buyers (buy side) Every user
will log intothe platform portal andwill beredirected to the GU$pecifically
configuredaccording to the user profif@@ain requiremens.
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1 Flexibility Market Operator (FMQjser. Thisuser slall be able to see all market
activity across the various DSO regiofBis user hasa profile with adminstrative
(admin)role for the FMOitself (able to use all operationspdditionally, aegular role
will be assignedor the other usersystem OperatorsAggregators) for them to be
able to consult the data on their interactiors with the Market (selected Rad
permissions and particular operations following up and extending existing
implementations from NODES Market user descriptioiMoreover, FMO is
responsible for registering and accepting new customers and assigning roles for them
in the market. The FMO aeperatorof the platformisin charge of the
correctfunctioningand  maintenancef the ATP. In the FLEXGRID
APl thisincludesthe correctfunctioning of the marketplatform itself, identification
andnotificationof malfunctioningof the connectedtoolkits tothe responsibledeveb
pingunit based on monitoring of automated processddaurthermore, this user
incorporates administrative rights tbe tomanage the validation and settlement
process and tgerformany action required in the context of client support/customer
service.

1 FlexSupply user&rom D2.1, we identify 3 different profiles for aggregator users
(retailer, ESPand independent aggregatdrfrom FlexSupply sidewhich will be
granted to access different pages or functionalities in &&PGUI All of them will
have a&cesdor consultirgthe Marketwith a regular profileas well

0 Retailer:It should be able to run AFAT retail pricing algorithms, and visualize
the RES production and load consumption of all the FlexOwners that belong
to its portfolio.

0 ESPTheseusers should bable to register the FlexAssets in the respective
DSO zonand to run the algorithrbasedFST to evaluate the minimization
potential of the company’s CAPEX and OPEX considering the market activity.
For monitoring and validation and settlement purposesytlage also required
to upload the asset or portfolio specific production/consumption forecasts or
baselines, respectively.

o Aggregator: Aggregators” rights should be similar to the ESP. An independent
aggregator is not responsibler the balance management of the zgwehere
its assets are located.The user requirements are thus similar to those of an
Aggregator, however limited to the placement of offers from assets/ end
customers that have the same BRP. This user should bealdgin the
Automated Flexibility Aggregation Toolkit (AFAT) and run an efficient
automated flexibility aggregation algorithm.

1 FlexDemand use(®3D, TSO)From the FlexDemand sidievo users are identified.

o0 DSO:Upon registration this user has to be able to determine the spatial
extension of his grid zondy submission of geographical coordinates.
Furthermore, thisuser should be able to register congested regions (grid
locations, nodes) in the market platform, to accept/confirdexAssets as
belonging to its grid and under a particular grid location, to view baselines
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submitted/updated by the respective FlexSuppliers/ESPs, and to access
several function® in the market (Buy orders). Ultimately, the DSO should be
able to run the MCT to identify/determine potential congestion.

0 TSOThe TSO should l@ble to view/manage FlexRequests aggregated from
the connected DSOs ag@t access to related prognoses/baselines entered in
GKS 5{h t20FGA2yad CAYI firteta&@ with {he Q& 0
Distribution Level Flexibility Market (DLFM) (i.e. FlexOffers will be redirected
FNRY !¢t G2 ¢{h olFflIyOAYy3d YINJS(iZ 6K
be communicated to ATP).

3.6 List of FLEXGRID modules

Figurell - Draft FLEXGRID S/W architecture design (Mo#ith

As stated irsection 6.2 0D2.17, the FLEXGRID platform will be composed by se@évdl
modules Figurell):

§ Automated Trading PlatformATB: Itis actually the¥ NPy 4 Sy Ré¢ adeaidSy:z
various types of usersnentioned above(section 3.5.2) may login and navigate
through various Graphical User Interfaces (GUIs). There are several web APIs for the
interaction betweenthe core ATRand the various subsystem@.e. AFAT, FST and
FMCT)This module will beleveloped by ETRA.

1 Automated FlexibilityAggregation Toolkit AFAT: It is the S/W tool that integrates
the various WP3 research algorithms and will be implemented byd@CSCYAFAT
will receive a FlexRequesom ATP, will then run a retail flexibility pricing or flexibility
aggregation algorithm and will then respond with a FlexOffer to the ATRetéuter
and aggregator usewill use this toolkit.Theretailer user will also be able to run

16j.e. to match FleOffer and to place an initiator order.
"s5pudmMY GC[9-DwL5 dzaS OFaS &a0SyIFrNR2&3X NBIjdzANBYSy(ac
available online alttps://flexgrid-project.eu/deliverables.html
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