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This deliverable D7.4 from Work Package 7 of the INTERRFACE project summarizes the progress and
results of Demo Area 3 "Pd&lJ Clearing Market demonstration" Demo. It is divided into two parts and
includes Task 7.1 "DERs ini¢holesale" Demo and Task 7.2 "Spatial aggregation of Local Flexibility"
Demo. Within the context of Task 7.1, the methodological framework, the key assumptions, and the
representative model outputs are summarized. Regarding Task 7.2, the deployhente cases, and

the resultsevaluation of the demonstration, monitoring of key performance indicaamespresented

along with conclusions and recommendations derived from both demonstrators

From the perspective of Task 7.1, an applicable market platfésrming a specific feature in the IEGSA
PLATFORM, has been developed for promoting DER patrticipation in the wholesale market. The developed
prototype reflects the modeling frameworks and technologies developed in WP3 and WP4 and makes use
of numerous daa from the TSOs, DSOs, market operators, and energy suppliers for its simulations. It
provides an implementation of actual and realistic representation of the wholesale and retail markets in
the examined Soutftast Europe (SEE) region, namely Romaniaail@nd Greece. The reabrld

market operation scenarios take place in the future 2030 SEE power system, and its objective is to (i)
produce clear price signals in the market coupling, (ii) incorporate DERs flexibility potential, and engage
consumers/posumers into electricity markets. Numerous combinations of scenarios and results enable
the provision of robust conclusions and recommendations for marker development in the region.

From the viewpoint of Task 7.2, the spatial aggregation of local figxiitned at market setting delivers

new market featuresRefined spatial dimensions are introduced into the existing wholesale market
design. The holistic mathematiegdtimizationfor marketof local flexibilitiex;based on the pafturopean
dayaheadentdNH& Y I NJ S 02 dzLJ Agha Qeen deelbpedamd chnfigdr2@dR&suit the
RSY2y aid NI (A 2y Qe kgt daésigis 8 yiuncétiohality has been demonstrated in
collaboration with local parthers TRANS and DEO (Romanian TSOD&Qrespectivdy) with
demonstration partners.Out of this pilot,to include spatial dimensiorit is considered that the zonal
approach is the preferred way in the European markets, even in the case of DSO constraints, as a possible,
manageable, gradual development thie EUPHEMIAasedwholesale marketin alignment with WP3
results, flexibility is defined partly as locdlexibility capacity productfor shortterm congestion
management services as its primary grid service. Als,sameauctionbased platform withinthe
intraday timeframe provides opportunity to trade energy in a finer;ndi. time granularity while
allowing pricing of internal congestionBhistwo product approach allows integration of globB8O and

the locatDSO dimension through a joint alldica. The single optimization of energy and local flexibility
provides proper pricasignalsas an efficient way of solving grid related constraints regarding flexibility
sources on DSO level. Effects of bidding zone market outcomes analyzed, includimgothection of
costaveraging pricing (PUN pricing) for the distribution of flexibility capacity procurement tisstally

idle local flexibility is available for DSO demand but if not needed, flexibility is marketed on wholesale
level. The platform spports different market participants to access the market easily. IEGSA accelerates
and opensthis possibility of flexibility marketindor different scales of aggregatiprthrough cross
platform services from open access functions, such as FlexibilitgtRed SE@ SO interface andingle
market interface for standardized market messages.

The unifying approach in both WP7 demonstrators afi@@ NA 2 dza = OdzNNBy (it & RAaz22,
pricing to beoptimized The same product for different services apach delivers proper alignment of

the market flexibility resources cleared thus committed at the same timeframe, for the same delivery

period. Multiple use cases can be performed using a single market platform, including local flexibility
supply incetivesenergy and capacity simoultaneous bidding with linking, TSO congestion management

with market based energy product procurement.

)
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This Deliverable summarizes the experience gained during the demonstration period and provides
recommendations for improvinde panEuropean electricity market. The market effects from the active
participation of DERs in the market operation are presented and evaluated in detail.

It also summarizes the market design, the realization of such a market auction, including theamgces
optimization algorithm and IT tools of the market platform, and for the facilitation of a common approach
for TSGDSGconsumer coordinationg realized by IEGSA the prequalification steps leading ta
successful market auction adescribed in detailThe evaluation is implemented in coordination with
WP2 in customers' needs and WP3 on market design, providing recommendations on how the demo
benefits satisfy the customer needs and will be channeled into future pan EU market evolution plan.

According 6 the work package plan, the objectives of the work tare

1 Demonstrate mnovative market platformsthat promote DERs participation in wholesale
electricity markets.

91 lllustrate market coupling scenarios among RomaBialgaria and Greece featuriotgar pice
signals and DER flexibility potential.

1 Simulate effects of DS@sage of local flexibility resources on bidding zone market outcomes, by
using shadowprices to determine order clearing prices and EUPHEMIA algorithm.

9 Evaluate the proposed market platfosrto provide recommendations for the evolom of EU
electricity markets.

The origin of both demonstrators is the proven and succesfuladiegad market integration algorithm, to
be exended to SGpecific flexibility services.

Concerning Task 7.1, based the results obtained, there is significant potential for DERs' market
penetration. Apart from their participation in the balancing market, their role is also important in the
coverage of operational congestion management capacity services at both d3IsanlevelsVith the
detailed scenarios analydisr various market design and generation resourcebimations, the results
highlight the importance of power system development strategies. All EU member statesasbélilly
design theiown energy mibased on the available resources and interconnection capabilities. However,
it is important to stress thaturrent market coupling necessitate anore systematic coordination of the
overall EU electricity supply securityeasures, whichmust be executedhrough more systematic EU
monitoring of the National Energy and Climate Plans' design to form complementary energy mixes to
maximize the overall welfare. In addition, the increasing electrification of other complementary energy
sectors (e.g., heating andansport) creates additional needs for significant RES investments, which go in
line with the increased market participation of DERs.

As far as Task 7.2 is concerned, moving away from the disincentivizing gidai@eapproachis the key
result for futuredevelopments With the spread of distributed energy sourcahge socialization of the
network constraints through system usage tariffs lead to inefficient marKete advantage dahe single
market platform for different spatial dimensions is to haveraque trading platformwith concentrated
trading liquidity Additional market design features, such as linked optimization of capacity and energy
bids have been investigated, and considered and demonstrated to be readily implementable despite the
algorithmcomplexity, in a exclusive linked order type. This feature however can be further progressed
from this substitution model to a full eoptimization. Demonstration objectives addressintpe key
drawbacks are yet to be overcome in the current, wholesalaged and energpnly market design. New
technology and power systespecific constraints however apFoved to be readily introducethto the
currentmarket coupling solution, the EUPHEMIA.

To summarize Demo Area recommendations, the existing, singlensegiated European daghead
auction framework is demonstrated to be suited as a base platform for solving further power system

)
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challenges. Increased DERs pagyétibn at a parEuropean levetequires harmorged product definitions

and effective interoperability among different markets to unlock DERs full flexibility potential. To achieve
a single market solutigrconsideration of congestion management services shall betreated as an
additional market product, but product design shall be compatitite a multitude of use caseBSCand
DERspecifics can be integratedith zonal representations intthe existing, single daghead market
auction framework (EUPHEMtype market optimization). The resulting single market framework is
sensible and intdéigible for all market players and includes the DSO specific congestion management
services with welknown energy trading auction&ey enabler of sucbomplexmarket platforms is the
unified data exchange platform: IEGSA.

Demonstrators also shed light dhe aurrent SO practicesvith flexibility demand. fie firm delivery
obligation prevalent in the electricity connection contractgsulted in limited need for active network
management at leastin the case of the demonstration aaef Romania Thetraditional approach of
investing inpassiveassets to meet worst case network demansdhe sole business model of the system
operators. Regulatory framework of the Demo Areastrictly define responsibilities of each system
operator, which discourages flexibilignovations on the service demand side. Supply of marketibids
also constrained, as the bidding of market players fully cortsstinem as business sensitive processes
with high value.

General egulatorylimitations shall be lifted to enable demonstrati in operational environment and
TSODSO responsibilities shall be sdb accept a crosgonal platform in operation. TS@SO
interoperability is enabled by IEGSA platform on the technical lweherlegal andinancial incentives
are needed to move fovard in delivering additional market solutions to the operational frameworks.
Different market approached intraday market timeframe (auction based or continous trading dilemma)
and slow adoptation of local flexibility services and products specifikkeharegulations (cf. DSR
Framework Guideline for Regulation) does not foster new flexibility solutahe put in practice.

Further work with the sole aim of an integrademarket and platform approach for the various TBOO
coordination schemes is regqad to have aspecific common approacl successfuapproach to solve

the dayahead energy market integrations issue wasingle solution from the Centr#Vestern Europe
Region, where implicit auctions based integrationr@vided the necessary common guide on the
harmonization of the integration process. Single market platform for multiple grid services, distributed
resource and location specific information integration along with the key IEGSA functions and the solution
itself are an indispensable part of the commont single, collaborative System Operator market pkatform
according to the demonstrators results presented hersuch solutionsare taken forward by thehe
OneNet Horizor2020 project.

)
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1 LYGNRRdAzOGAZ2Y

This Deliverable reportie demonstration description and pilot results of the Desnbthe INTERRFACE
project, which are part of the activity of WPand in particular of Demo Area 4nEU Clearing Market
demonstration'. The Déverable refers to the activity of Tasks TIERs into Wholesaland 7.2:Spatial
aggregation of local flexibility

Within Task 7.1, a prototype has been developed, including an optimization and a forecasting toolbox. In
particular, the optimization pd@ge successively solves the ddead (with an hourly time step) and the
balancing market (with a 3fhin time step) models taking into account as inputs the forecasting outputs,
including electricity demand, PV, and wind generation forecasts. In addhi&sed on the modeling
frameworks and technologies developed in WP3 and WPA4, it considers additional services in the balancing
market, such as operational congestion management capacity at both TSO and DSO levels, as well as
different market designs refléing various TSO®SO coordination schemes. The demonstration takes
placein the power systems of Greece, Bulgaria, and Romania.

The key dayahead market (DAM) model results include: (i) Energy generatiolq B energy market
schedule, (ii) System's marginal price, (iii) Interconnection flows, and (ien@ssions. The key balancing

market model results include: (i) Balancing market energy schedule, (ii) Activated upward and downward
energy from each entity ahthe relevant market prices, and (iii) Reserve provision per type including
upward and downward FCR, aFRR, mFRR, and operational congestion management capacity at both TSO
and DSO levels and the relevant market prices.

As far as Task 7.2 is concerned, $patial aggregation of the local flexibility demonstrator focuses on a
wholesale market design that includes geolocational information to enable the collaboration of
participants regardless of their size. Refined spatial dimensions are introduced irgrigtiag wholesale
market design with a holistic mathematical formulation for optimal market outcomes and optimal use of
local flexibilitiescbased on the patturopean dayphead energy market coupling's EUPHEMIA mqdel
has been developed and configurea guit the demonstration's requirements. The demonstration takes
place in Romania with local partners TRANSDEO(Romanian $O andSCrespectively.

The EUPHEMIBased market platform that includes a local flexibility resources tool, developed infpart

the demonstration aiming towards Spatial Aggregation of Local Flexibility, aims to provide a new market
platform-based tool to further enhance coordination of local energy and flexibility needs. Zonal
aggregation representation of both TSO and DSO sfmsdoth shortterm and operational congestion
services expressed in energy and flexibility (capdmed) products has been selected, accordingly.

On this national auctioiased platform, 18nin. energy products are traded (which allows BRPs to
mitigate balancing cost). Compared to the currently predominant, icoatusly traded intraday market
products the advantage of this design is that internal 380 / DS®SO congestions are priced
according to the requirements of Capacity Allocation and Congestion Marexg Network Code. Local
flexibility is defined as an mFHRe capacity product in alignment with WP3 resutas part of an
operational congestion management service. To facilitate effective distribution of cost incurring from local
flexibility procurement, PUN pricing is extended to include not only energy but flexibility capacity products
as well.

The objectives of this work package are

U Demonstrate innovative market platforms based on WP3 and WP4 work that promote DERs
participation in wholesale etgricity markets.

U lllustrate market coupling scenarios among Romania, Bulgaria, and Greece of clear price signals
and DER flexibility potential.

)
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U Simulate effects of DS@sage of local flexibility resources on bidding zone market outcomes by
using shadow fices to determine order clearing prices and the EUPHEMIA algorithm.

U Evaluate the proposed market platforms in order to provide recommendations for the evolution
of EU electricity markets.

D7.4: ParEU Clearing Market demonstration: Final Evaluation repoigssons learnt, and
recommendations for Market Upgrade (UPRA8)

This Deliverable will summarize the results of all the demonstrators in Demo Area 3. Specifically, the
results will be reviewed in detail and evaluated. The results will be evaluatedegiéinds to specific KPIs.
Moreover, the Deliverable will include the evaluation of tested businesscases, the validation of the
proposed market framework and the assessment oftdshno-economic impact.

1/19 [ w19 T w/ae [av/ae [ /20 [ /20 Twj20 [v/z0 [ /21 [ w/1 [wja1 [v/aa [ /22 [ w2z [ wj2z2 | /22
WP7 N7

Task7.1

Task 7.2

Task7.3
e yan ol New Coordination EGSA Prototype IEGSA IT Business Evaloation Report ot o
Existing Tools, Scemes and Morket Ref?venee c wor) : Opportunities - Final Prototype Pilot and lm.pad
Services, Market L N Architecture Open Call Creation

Archi Deployment and
rchitectures Best Practices

New Services
Design

Figurel: WP7 objecties and time plan
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2.1.1 Introduction

The objective of the prototype developed is to illustrate market coupling scenarios among Romania,
Bulgaria, and Greece by highlighting clear price ssgaradl DER flexibility potential. The full model outputs
have been structured in specific formats employedha IEGSA architecture to allow elaboration and
handling by the prototype and the plotting in the IEGSA environment. Thewadd market operation
s@narios take place in the Sou#fastern European (SEE) region, including the power systems of Romania,
Bulgaria, and Greece region, aiming at: (i) provision of clear price signals in the market coupling, (ii)
incorporating DERs flexibility potential, anaigaiging consumers/prosumers into electricity markets. The
provision of numerous combinations of scenarios and results enables the provision of robust conclusions
and recommendations for niket development in the region.

The final prototype is split intchtee different modules, namely the D&head Market (DAM) model, the
Balancing Energy Market (BEM) model, and the forecasting tools (PV, wind, and demand forecasting
models). The optimization models are formulated as mikedger linear programming oneand the
General Algebraic Modelling System with the CPLEX solver will be used for their execution. The following
Figure 2depicts the interlinkage of the developed methodological framework, including the integration

of the DayAhead Market (DAM) model witthe Balancing Energy Market (BEM) model considering the
outputs of the forecasting tools (PV, wind, and demand forecasting models).

RES (Wind & PV)

Forecasting
Outputs
DAM Outputs
o ‘ -
Demand
Forecasting UpdatedRES
Outputs Up?:?reedczes::?nd (Wind & PV)
¢ Forecasting
Outputs Outputs
Congestion BEM Inputs
management
methodologyoutputs Balancing
energy market
(BEM) model

Figure2: Integration of the DayAhead Market (DAM) model with the Balancing Energy MarkeM{BE
model considering the outputs of the forecasting tools

The initial forecasts of RES generation and demand from the relevant tools and the market participants
adopted strategy comprise the DAM model's initial input data. After the DAM model's successful
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execution, the model determines the initial energy market schedule, the 4roster electricity flows,

and the resulting electricity price in each bidding area (Greece, Bulgaria, and Romania). Based on the
updated data of the forecasting tools (demanddaRES generation) and the Congestion Management
methodology, the newly submitted bids of the market participants for the balancing market, and the
thermal units' techneeconomic data (technical minimums/maximums, synchronization, soak,
desynchronization tes, minimum uptimes and downtimes, reserve capability provision per reserve
type, rampup and down limits, COemissions factor, etc.) the BEM model determines the optimal
balancing energy and reserves scheduling. The balancing market products incudpwdrd and
downward balancing energy and (b) several types of reserve capacity, including:

FCR with an upward direction,

FCR with a downward direction,

aFRR with an upward direction,

aFRR with a downward direction,

mFRR with an upward direction,

mMFRR wh a downward direction,

Operational congestion management at a TSO level with an upward direction,
Operational congestion management at a TSO level with a downward direction,
Operational congestion management at a DSO level with an upward direction, and
Operational congestion management at a DSO level with a downward direction.

<K<K <K<K KKK KL

2.1.2 DAM model

The DAM model is an optimization model that has been developed for the simulation of the EUPHEMIA
Energyonly dayahead market, according to its public description. Tlywdthm considers all the block

and complex orders available in the European Power Exchanges, which have adopted the EUPHEMIA
algorithm. The overall problem is formulated as a Mixed Integer Linear Programming (MILP) model. Its
objective is the maximizatioof the overall social welfare (total load utility minus total energy supply
cost). It is subject to a series of constraints, including demand balance and the constraints accounting for
the representation of hourly offers/bids with complex orders, bloottens, linked block orders, exclusive
groups of block orders, and flexible hourly orders.

2.1.3 BEM model

The BEM modek an optimization model that has been developed for the simulation of the balancing
market. It is anarketclearing approach that utilizesdeetailed unit commitment model, enhanced by the
specifications of the balancing market and the introduction of distributed energy resources (DERs). The
developed Balancing Energy Model (BEM) is executed for the procurement of the following services: (i)
upward and downward balancing energy, and (b) several types of reserve capacity, including upward and
downward Frequency Containment Reserve (FCR), upward and downward Frequency Restoration Reserve
with automatic activation (aFRR), and upward (spinning amgspinning) Frequency Restoration Reserve

with manual activation (mMFRR), and upward and downward operational congestion management at both
TSO and DSO levels. The objective function consists of several terms that determine the following costs:
(i) net bahncing energy cost, namely upward balancing energy cost minus downward balancing energy
revenues at both TSO and DSO levels, (ii)) FCR up reserve cost, (iii) FCR down reserve cost, (iv) aFRR up
reserve cost, (v) aFRR down reserve cost, (vi) MFRR up resstyvéri) mFRR down reserve cost, (viii)

TSO operational congestion management up cost, (ix) TSO operational congestion management down
cost, (x) DSO operational congestion management up cost, (xi) DSO operational congestion management
down cost, (xii) @rt-up cost, and (xiii) Shutown cost.

)
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2.1.4 Market design

Three (3) market design options are examined:
1. Market design A: No TSDSO coordination

Market design A has distinct requirements for operational congestion management services at both TSO
and DSO levs. In both cases, these are treated as mFRR services.

2. Market designB: TSGDSO coordinatior Integrated Operational congestion management services
at both TSO and DSO levels

In Market design B, the TSO and DSO levels' operational congestion managemérgments are
integrated into a shared requirement.

3. Market design C: TSDSO coordination¢ Integrated mFRR and Operational congestion
management services at both TSO and DSO levels

In Market design C, the mFRR agkrationalcongestion management regqements at both TSO and
DSO levels are intégrates into a shared requirement.

2.1.5 Uncertain parameters

The modeling approach is complex and highly extensive, requiring plenty of assumptions, including
economic, technical (operational), and environmental ingata for each market participant and other
systemwide related data. Apart from this, three national power systems (bidding areas) are considered,
significantly increasing the computational effort and the required information. To address this issue and
to facilitate the IEGSA platform users in constructing a desired scenario to be executed, a significant
number of predetermined and illustrative scenarios (81 in total for each market design) have been
executed, providing the option to the IEGSA platform sdermlot various scenarios (inputs and outputs)
from a wide range of a relevant model library. The input data are divided into the ones being common
into all model executions (fixed) and others that vary in each scenario (variable), constructing iaythis w

a rich set of solutions and results.

Consequently, four key indicators have been identified as the most critical, influencing the models'
outputs, and three scenarios have been assigned to ebahle 1summarizes the selected critical inputs

and the asumptions made for their assigned values. The Demo provides a set of different scenarios where
IEGSA platform users will choose different combinations of:

1. Demand patternsand climatic datg therefore, different RES generation forecasting profiles.
Thesawo input parameters are collectively formed an integrated input, namely the net electricity
demand. Three scenarios are assigned for the parameter of the net electricity demand, including
low, medium, and high scenarios.

2. CQ emissions prigethis parameer significantly affects the installed thermal units' operational
variable cost. Three scenarios are assigned for the parameter of then@€sions price, including
low, medium, and high scenarios.

3. Natural gas fuel prigethis parameter significantly impés the operational variable cost of the
installed natural gadired units. This parameter is historically subject to extreme fluctuation, in
contrast with the cost of the domestic (in each courbigding area) lignite (brown coal) or hard
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coal, whose pde is more or less constant over time. Three scenarios are assigned for the natural
gas fuel price parameter, including low, medium, and high scenarios.

Crosshorder interconnection capacitiethis parameter influences the crebsrder electricity

trade and, subsequently, the resulting energy mix in each bidding area to a significant extent.
Three scenarios are assigned for the parameter of the dvosder interconnection capacities,

including current, increased +, and increased ++ scenarios.

Tablel: Key variable input parameters in the different scenarios' formation

Input data

Scenario Description

Low net electricity demand (low demand scenaric

Low high RES generation scenario)

Net electricity demand Medium

Medium net electrgity demand (average demar
scenario + average RES generation scenario)

High net electricity demand (high demand scenari

High low RES generation scenario)
Low CQ emissions price levels (based on histori
Low
data)
CQ emissions price Medium Average CQ@ emissions price levels (based
historical data)
Hiah High C® emissions price levels (based on futl
9 projections)
Low natural gas fuel price levels (based on regic
Low
data)
Natural gas fuel price  Medium Avgrage natural gas fuel pricevids (based or
regional data)
High High natural gas fuel price levels (based on regic

data)

Crossborder
interconnection
capacities

Current levels of the crodsorder interconnection

Low (Current) capacities (based on ENTFS@ata)

Medium increased levels of the crelserder
interconnection capacities (ENT&E3 TerYear
Network Development Plan scenarios)

Medium
(Increased +)

Highly increased levels of the crdssrder
High (Increased ++ interconnection capacities (ENT&E3 Tenrvear
Network Development Plan scenarios)

2.1.6 Prototype outputs

The prototype has been executed and globally optimized using the CPLEX solver within the General
Algebraic Modeling System (GAMS). An optimality gap of 0% has been achieved in all cases and scenarios
of both DAM and BEM models' implementations. The timestep adopted is hourly for the DAM model

outputs and hakhourly for the BEM ones.

The forecasting models' outputs include:
i. DAM electricity demand forecast in each hourly time period
i.  DAM wind power output foreast in each hourly time period
iii.  DAM PV power output forecast in each hourly time period

INTERRFACE
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iv. BEM electricity demand forecast in each Hadrly time period
v. BEM wind power output forecast in each hiatfurly time period
vi. BEM PV power output forecast in each Hadurly time period

The DAM model outputs include:
i.  DAM energy supply of each supply entity in each hourly time period
ii.  DAM energy consumption of each load entity in each hourly time period
iii.  DAM energy flow from each bidding zone to other in each hourlg period
iv. DAM Stateof-energy level in each energy storage unit in each hourly time period
v. DAM charge power output of each energy storage unit in each hourly time period
vi. DAM discharge power output of each energy storage unit in each hourly time period
vii.  DAM Stateof-energy level in each EV type in each hourly time period
vii.  DAM charge power output of each EV type in each hourly time period
ix. DAM discharge power output of each EV type in each hourly time period
X.  Amount of renewable energy curtailed in each hHguime period

The BEM model outputs include:
i. BEM Power consumption of each demand entity in eachiwalfly time period
ii.  Power output of each entity in each hddburly time period
iii.  Power output of each entity during the desynchronization phase in batfthourly time period
iv.  Power output of each entity during the soak phase in eachhmalfly time period
v. Balancing energy activation with a downward direction for each entity in eacthbaify time
period
vi.  Balancing energy activation with an upward diien for each entity in each halffourly time
period
vii.  Contribution of each entity in Frequency Containment Reserve capacity with a downward
direction in each halhourly time period
viii.  Contribution of each entity in Frequency Containment Reserve capadityawiupward direction
in each hakhourly time period
ix.  Contribution of each entity in automatic Frequency Restoration Reserve capacity with a
downward direction in each halfourly time period
X.  Contribution of each entity in automatic Frequency RestoraReserve capacity with an upward
direction in each halhourly time period
xi.  Contribution of each entity in manual Frequency Restoration Reserve capacity with a downward
direction in each halhourly time period

xii.  Contribution of each entity in manual FrequgnRestoration Reserve capacity with an upward
direction in each halhourly time period
xiii.  Contribution of each entity, belonging to either TSO or DSO level, in operational congestion

management capacity with a downward direction in each-haliirly time peiod
xiv.  Contribution of each entity, belonging to either TSO or DSO level, in operational congestion
management capacity with an upward direction in each-halfirly time period
xv.  Contribution of each entity in tertiary nespinning reserve capacity in eachlfHaourly time
period
xvi.  Contribution of each entity in tertiary spinning reserve capacity in eackhloalfly time period
xvii.  Stateof-energy level in each energy storage unit in each-haifrly time period
xviii.  Stateof-energy level in each EV type in each {halirly time period

The key results have been structured in specific formats employed in IEGSA architecture to allow
elaboration and handling by the prototype and plotting in the IEGSA environment.

)
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2.1.7 Task 7.2 Summary

Within the context of WPdemonstratorsa prototype for promoting DER participation in the wholesale
market has been materialized into an applicable market platform. This prototype incorporates the
modeling frameworks and technologies developed in WP3 and WP4 and utilizes a large amount of data
from the TSOs, DSOs, market operators, and participants. It provides an implementation of actual and
realistic representation of the wholesale and retail markets in the examined SaghEurope region,
namely Romania, Bulgaria, and Greece. A detailedrggion of the whole modeling framework can be
found in Deliverable D7.1, as well as an analytical discussion of several prototype outputs has been
highlighted in Deliverable D7.2. The most representative outputs of all scenarios and cases examined are
structured in specific formats employed in IEGSA architecture to allow elaboration and handling by the
prototype and the plotting in the IEGSA environment. The provision of numerous combinations of
scenarios and results enables the provision of robust cmimhs and recommendations for marker
development in the region.

2.2 Spatial aggregation of Local Flexibility

2.2.1 Narrative of the demonstration

To specify the details of the demonstration, stakeholder requirements were identified in the early project
phases, als to set the corresponding market designs inageration with WP2 and WP3. The benefits of
such an approach for Spatial aggregation of Local Flexibility includes distribution of cost incuming fro
local flexibility procurementPUN pricing is extended faclude not only energy but flexibility capacity
products as well. The resulting market model is tuned to incentivize local flexibility by enabling local
participants to bid on a connected T830 level market. The connection of both gleb@D and local
DSO dimensia®and the joint allocation of energy and local flexibility provides proper price incentives
through couplingof different partsof trading. e actual benefits are showin Deliverable D7.3. Also,
market descripton has been elaborated to facilitate @ghdocumentation of the detailedvork on the
demonstration development. Focused work on the delivery of the IT solution of the standalone
demonstration tool, based on the prototype has been successfully carriedesutlting in a standalone

and IEGS#&onnected software tool to carry out market operation.

The EUPHEMIBased market platform including local flexibility resources tool aimprtvide a new
auction platformbased tool to further enhance coordination of &d@nergy and flexibility needs. Zonal
aggregated representation of both TSO and DSO needs for grid services expressed in energy and flexibility
products has been selected to align the market algorithm to the existing EUPHgMIAommon
European Singledy-Ahead Coupling Solution.

This supplementary energy trading and markased shorterm and operational congestion
management platforng that operates a daily run market auction on the intraday timefragovides
opportunity to trade energy in a fingl.5min. time granularity (allowing BRPs to mitigate balancing cost)
while allowing pricing of internal congestions according to corresponding Capacity Allocation and
Congestion Management Network Code. (Timing of gate closure of bid submission, auosoand
notification of participants: after the intraday scheduling process opened but before the first delivery
periods of day D, preferably atD22:00).

DSO demand of local flexibility is met with market bid matching in the demonstration as we¢jnmexht

with WP3 results on the required services and market arrangement orDS&Dcoordination it is defined

as an mFREke (same ramp up, full activation time, etc.) but strictly not a balancing capacity product,
and the market provides shoterm congestion management services as its primary grid service,
according to the stakeholder needs. To facilitate effective distribution of cost incurring from local
flexibility procurement, PUN pricing is extended to include flexibility capacity products. Wgh th
approach, the price distorting effects of flexibility needs in a small (DSO) bidding zone can be mitigated.

)
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Thus varying size of each DSO zones is equalized by the cost sharing feature enabled within the market by
PUN pricing.
The resulting market modés tuned to incentivize local flexibility by enabling local participants to bid on
an integrated marketplace, providing proper price incentives through couplirdjfferent agpects of
trading.
System use casédhave been gxified in detaito finalize IT echitecture and align functional details of the
demo specific IT prototype with the common IEGSA services. Five sub units, steps in the market processes
have been set:
1. Prequalification
2. Order book management (aggregating and verifying market orders)
3. Bid mathing, with market calculation algorithm
4. Postmatching (clearing result verification and result dissemination)
5. Settlement

IT platform planning has been carried out to realize IEGSA connection of the standalone demonstration.
Standalone demonstration solioh, custom developed in Python environment, handles bids and order
book, and also provides an interface for aggregated bids. Excel order templates are developed to facilitate
individual bidders. Automated runs of aumtis are developed and deployed inlaud-based inputoutput

feeding structure. Results are interpreted separately for settlement, publication and individual bidder (bid
and bidder ID management.)

Local implementation uses custom order book formats and standalone FSP bidding templates in
Excel/.xnl formats. Déa conversion tools are uséa productive deployment to map reaharket datasets

to the novel demonstrated market. Connection with IEGSA, and its functionalities, espbeiflfixibility
register as the key functional layer element aréyfcovering the need of enabling complete T80
consumer integration.

The standalone demo process developed is-endnd deployed. Fuized data based demonstration
runs have been successfully carried out to fully verify its mathematical soundndssoaresponding
functionality. Interface integration and development with IEGSA and direct communication with market
players (bidders on the market) is used to enhance prequalification process. Demonstratidreen
carried outand it was evaluateth 202, and presented ibeliverable 7.3 of INTERRFACE.

2.2.2 Details of the market solution for local flexibilities

Spatial aggregation of local flexibility using market platform connecting wholesale and local flexibility with
IEGSA TSDSO coordinatioiinterface ensures that orders and bids from market players are qualified

from product perspective and grid connection perspective as well. TSO and DSOs qualify the resources,
unique identifier is assigned to validate locational information and capabfiiproviding local flexibility

(upon new request for qualifying new resource from a market player or duringgfiaed open sessions

F2N) SYGdSNAy3 ySg FESEA YENJSG LI @SNEOOD /| 2YYdzy A O
coordination interface Qualified resourceandtheir identifiers are stored in the Flexibility Register.

TSO and DSOs are initializing the local flexibility market setting basic topology and connectivity data. Local
zones, boundaries areet through the TSO/DSO coordination and assigre resources. The zonal
configuration is the basis of the initialization of daily market runs.

During the daily auction steps, market players access the Market User Platform directly. Order book
manager is initialized with predefined zonal configuratma crosszonal capacities already agreed in the
TSO/DSO coordination module. Key use case of the market platform is order book management, where
market bidders can upload their bids a predefined format the orders are accessible and can be
managed, theirformats are ctecked against the requirementssing IEGSA and the market platform
functions. Prequalification requirements are croseferenced to the Flgkility Register records (via a

)
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unique identifier). This platform aggregates and handles largebeumf market orders until gate closure.
Participants submit market orders in preparation of the auction.

All market orders, bids and parameters are submitted via custom interfaces (either lpliled or
through Uls / APIgndit isensured that a singlees of input data, parameters and required settgare
passed to the order matching process. Preliminary data filtering, handling format related inconsistencies,
range and low complexity feasibility check is thus performed.

The key component of the systeis the market auction algorithm, the operating optimization. This the
acceptance of the orders, and clearing prices according to the objective function complying to the order
pricing, balance and network constraints. This bid matching calculates athgtms to be published in

the post matching process. As being a resource intensive computation with a strict running timgaémit,
solutionfirst provides any feasible solution antthen refine it to find the optimal solution. The framework

is compatble with the current, already widglkknown EUPHEMIA algorithmised to permit easier
distribution of the market design. The specialities include generalization of congestion pricing in
hierarchical, stacke bidding areas, and the realization ah efficientway of solving grid related
constraints through the usage of shadow prices (PUN pricing).

After the mathematical optimization is carried out, the market outcamimterpreted, and disaggregete

LISNJ SI OK 0ARRSNXI al Nkvdliesusiard pESitNthsl cldargRan@uniRalzhed = 6 A R
ordersvolumes are generated, along with general results of the auction (e.g. social welfare, market prices,
crosszonal exchanges). The specific algorithm ensures proper price signals for each area, both DSO and
TSO levels, incentivizing flexibility resources to participate in a single, integrated platform. Congestion
prices derived from market results provide signals for operational, sieomt and longterm network
transmission capacity management prioritization

The settlement of the allocated market bids Isad actual realization of various market series. Final
market results energy transactions are forwarded to the intraday scheduling process. The cost allocation
in the financial settlement is novel in thesghonstrator, as PUN concept is used to enable masking
underlying price differentiatin for a selected market playée.g. consumers) with market forces instead

of tariff based cost distribution. Enhanced use cases (where TSO/DSO coordination is reapzieeéd/
market bids and channelled into the general market order boaid already available for internal
congestion management with proper pricing of locations. Thus intraday redispatch, and market based
counter trading is also possible with the demonstihtearket tool. The developed tool enables the DSOs

to use the intraday flexibility pool as a tool for internal congestion management via capacity procurement

Various future use cases can be supported using the developed auction baseesanitte, energyocal
flexibility product joint optimizing solution, e.g.:
T [ 20t o1 2ylFf0 LINROAY3 (G2 AYyOSYydlA@AaAl S t20Ff Ff
supply
9 Possibility to bid simultaneously for two markets with a single resource for local FSPs
f CoyySOlGAz2y 27F {2 Glevel) ségyidhts éf Brieyonhatkgichaankling liquidity

into the smaller bidding zonesensuring no small trade volume zones are isolated, as the key
driver of market efficiency and robustness is liquidity

TSQ; congestion management via market based energy transactions

Coordination on TSOSO congestion managemeqtmultiple combinations of markebased
congestion management aimed balanced or imbalanced energy activation is pagsildes are
aligned to the need afelieving local congestions

91 Local flexibility is available for DSO demand but if not needed, flexibility is marketed on wholesale
level, with capacityenergy linking

)
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1 Exante (proactive) balancing by TSO, with scheduled energy product procurement

1 BSPs hayra possibility to balance their position on the-itn. intraday auction marke, this
provides a base liquidity on the market

2.2.3 Market runs and scenarios

The spatial aggregation of local flexibility market approach is demonstrated on the Romanian market
sdting. To reach the full depth of copiexity in suchntraday marketauctions, full historical bitevel
datasets are used to generate up to hundred thousand of individifetsofor each optimization run

CONFIGURABLE ORDER CONVERTER

1. Zones, topology and XB
capacity definition order and

network
1 DAM importer }_, /' AMPL data
2. Select DAM orders and (.dat)

partition them info zones

1 IDM importer }—D 3. Select IDM orders and

pariition them into zones

Inner " 4. Select BC orders and
database partition them into zones
{.mat)
5. Determine flexibilty
demand of DSO zones

DiId aclive
6. Improve time resolution to
- be guater-hourly \ order ID
1 BCimporter }‘) —t
— 7. Generate unigue IDs and table

mapping table (.ids)

scenario options

A

Scenario
developer

Figure3: Market senario forming in the demonstration executigmealistic market datdbased scenarios

Scenario forming

The configurable order converter has multiple realistic opgicon handling alternative dati@eding
options to the market simulation. This set of aptican form the possible range of different scenario
bases.

Based on the very wideange of available, and consistent datasets, two distinct scenario sets are defined:
o D1: continuous dataset for demomation (JarRDec 2020) to hava fixed market scenario
o using DAM, IDM, Balancing energy market bids without constraining -zoosd
congestions
o D2: dedicated dataset for ceteris jlams scenario studiedo: explore and fine tune algorithm,
market specifics and identify altertige use cases
0 MO2 localbc: BC bidders along with their orders are matched to the DSOs.
0 MO3 linkedcase: an extra energy supply bid is added to each upward BC bid in order to
test the linked order type. The linked energy and upward bids are handled irchrsiee
set, only one of them can be accepted.
o0 MO04 otmdam: only the oubf-the-money bids (meaning the bids that were not accepted
at the DAM action) are used.

D
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o MO5 improvedidm: intraday orders are modified. Prices of demand bids are changed with
[-2;+5] ElR/MWh, while prices of supply bids are changed with2] EUR/MWh (using
uniform distribution)

o0 MO06 otmbc: only the oubf-the-money BC orders are used. (The demand for BC is again

the half of the kept supplied volume.)

MQ7 tso: TSO zone exists, 10%lw@f energy bids is sorted into the TSO zone.

0 MO8 congested: (TSO zone does not exist), ATC > 0 on each border, resultifgpin 30
constraint on zonal net position.

o0 M09 morecongested: (TSO zone does not exist), fixed ATC >> 0 on each border, resulting
in 1525 constraint on zonal net position.

0 M10 morecongested: (TSO zone does not exist), fixed ATC = 0 on each border, resulting
in totally decoupled DSOs.

0 Mllunbalanced: (TSO zone does not exist), DAM orders are rearranged to make low and
high-price zones constently and supphdemand is purposefully shifted to create more
transmission demand

0 M12unbalanced: M11 + TSO exists.

(@)

More details and summary, outlining the overall aims and purpose of the scenarios are discussed in D7.3
chapters 7.2, 7.3, 7.4.

2.2.4 Advantages of the integrated market auctiom including spatial aggregation of local
flexibilities

As part of INTERRFACE Demo Area 3EBarlearing market the Spatial Aggregation of Local Flexibility
market demonstrator developed a new, EUPHEBSed market alution and corresponding market
structure to engage local flexibility resources. A new market platform is developed, along with the
necessary algorithm, and the demonstration was carried out in a single area, Romania.

The new intraday market setting demstrated the feadiility of a combined, integratednarket auction

based solution for sho#tierm and operational congestion management services, with integrated energy
and capacity products, on a 4Bin. (target model based) granularity of delivery period$fie zonal
congestion manage® y'sidRadvantages with smdlSGsized zones is offset with a local incentive to
share cost burden. Uniform pricing (PUN) based cost averaging solution is used to provide éoasmtet
solution to cover intrazonal congeson cost markups by using cost averaging for certain type of bids (e.g.
large demand). Thus a complete market solution is derived for the optimal use of local flexibility, resulting
in introduction of small scale, locally procured flexibilities in the -@6@n wholesale market design,
while creating an efficient way of solving grid related constraints on DSO level. Stakeholder, system
operator need underlined the issue of congestion management, that required an integrated mathematical
formulation, a hoktic market optimization in a single product based msdtivice optimization, linking
consumersg; DSOgTSOs.

The demonstrator aimed to and delivered a tool, to overcome key issues in the coragket that does

not fully meet the expectations of engsers, especially on the local scale. It is duly noted, that the devised
market solution is compatible with the existing market framework. It uses the EUPHEMIA desitire and
definitions, optimization framework anthe productsare either intraday energy or simple congestion
management products, with standard auction based framework and zonal prices. Thus the introduction
of local flexibilities resulted in an intelligible solution for market players. The tool is based on existing
wholesale market products, channels liquidity todbzones using a proven concept

As DSOs infrequently need active flexibifitgenerally idle local resources shall be offered to liquid
markets, instead of standalone D®@ly marlets. Optimal use of local flexibilities is thus ensured with
the TSEDSO common market auction. To ensure applicability for the DSOs, an efficient way of solving

)
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grid related constraints is delivered. The zonal approachsisplified, but mmplete DS@rid mapping
solutionfor larger areas, whitis not yet tractable to found a total nodal pricing approach. Existing zonal
approach of European congestion management practices is thus used, with proven solutions. The required
flexibility capacity for DSO to mage constraints ithus procured locally and activated by DSO.

The approach described isased on an optimization algorithm with complex functions. The
demonstration proved that the holistic mathematical formulation approach is feasible, capable
delivering optimal market outcomes, linking consumerHSOs; TSOs in a single and yet attainable
market solution for flexibility on both TSO and DSO level. Some distinctive features are thus summarized:

A Flexibility definition of the market is twofold: energy alodal capacity product

A Local flexibility is in focus, global flexibility as being capable for balancing services and
already marketed directly on wholesale ancillary services is not targeted

A Aggregation to wholesale: Pulling demand for local flexibility drom DSOs is not
enough, liquid energy market shall be reached and this is provided by the integrated
market platform

A Spatial dimension: Zonal approach on congestion management in energy markets can be
extended to include DSO level

A Pricing: Innovativeapplication of PUNike bid pricing helps alleviate cost distribution
disincentives in low liquidity local zones
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D7.47 PAN-EU CLEARING MARKET DEMONSTRATION: FINAL EVALUATION REPORT,

RECOMMENDATIONS FOR EUROPEAN MARKET UPGRADE

3 azZyAlG2NAYy3I 2F YSe t SNF2NXNI YOS LyF
3.1 Introduction

Table2 indicates the selected KPIs of the WP7 for both Demos. These include gathering the required data
to eliminate generic assumptions (applicable to both Tasks), designing realistic scenarios to provide
valuable recommendations (applicable to both Tasks),the number of possible trades due to the new
algorithm (applicable to Task 7.2).

Table2: KPIs of the WP7

7-1-1 Data gathering by
7-1 Gathering of involved partners to eliminatq 2 90% Achieved
required data generic assumptions (over th
WP7- Pilot requested data)
Deployment,
Demonstratl.on 7-2 Formation of 7-2-1 Codesign/feedback by
and Evaluation | yegjistic scenarios | partners on simulations an{ 2 60% Achieved
Demo Area 3 and results (over the total numbe eve
(pan-EU Clearing recomnendations | of scenarios)
Market)
7-3 Number of 7-3-1 With the new approach
possible trades due | such trades can bind whic| >5 trade/area Achiewed
to the new algorithm| were not ava#ble before

3.2 Task 7.1 KPI 71 Gathering of required data

The applicability of the prototype has been tested on the integrated SEE power system, including the
national power systems of Bulgaria, Greece, and Romania. In partitaprojected 2030 power
systems have been modelled by taking into account each country's- 2021 integrated energy and
climate plan.

The DAM input data include:
i.  Maximum and minimum values of the minimum acceptance ratio of each submitted block order
ii.  Maximum corridor flow between bidding zone in each hourly time period
iii.  Energy supply cost of each block order
iv.  Price of each block of the energy offer function of each supply entity pr in each hourly time period
v.  Energy supply cost of each flexible hourntger

vi.  Cost of each block of the energy offer function of each supply entity in each hourly time period t
0OekKaz Ky

vii.  Exclusive group containing block orders
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Xi.

Xii.

Xiii.

Xiv.
XV.
XVi.
XVil.
XViii.
XiX.
XX.

XXi.

Maximum decrease gradient of each supply entity imposed by a Load Gradient Order
Maximum increase @dient of each supply entity imposed by a Load Gradient Order

Parameter denoting if a child block is linked with its parental block under a tbaszd
relationship

Quantity of available energy of each submitted block order in each hourly time period

Tatal amount of required energy of each load entity in each block of its energy consumption
function in each hourly time period

Total amount of available energy of each supply entity in each block of its energy offer function
in each hourly time period

Maximum charge power output of each energy storage unit

Maximum discharge power output of each energy storage unit

Maximum and minimum energy capacity of each energy storage unit

Quantity of available energy of each submitted flexible hourly order in baahly time period
Maximum charge power output of each EV type

Maximum discharge power output of each EV type

Maximum and minimum energy capacity of each EV type

Number of electric vehicles per type in each system

The BEM input data include:

Scheduled DM power consumption from the DAM of each demand entity in each hourly time
period

Scheduled DAM power output (DAM solution) of each entity in each hourly time period

Cost of each block of the balancing energy offer function with downward direction bfpeaeer
generating unit in each halfourly time period

iv.  Cost of each block of the balancing energy offer function with upward direction of each power
generating unit in each halfourly time period
v. Cost of the offer of each entity in each hRhturly time period for operational congestion
management capacity at a DSO level with a downward direction
vi. Cost of the offer of each entity in each hhburly time period for operational congestion
management capacity at a TSO level with a downward direction
vii.  Cost d the offer of each entity in each hdiburly time period for operational congestion
management capacity at a DSO level with an upward direction
viii.  Cost of the offer of each entity in each hhburly time period for operational congestion
management capatyi at a TSO level with an upward direction
ix.  Cost of the offer of each entity in each khtiurly time period for mFRR capacity with a downward
direction
x.  Cost of the offer of each entity in each hhturly time period for mFRR capacity with an upward
direction
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xi.  Cost of the offer of each entity in each Ratiurly time period for FCR capacity with a downward
direction
xii.  Cost of the offer of each entity in each hhturly time period for FCR capacity with an upward
direction
xiii.  Cost of the offer of each entiip each hakhourly time period for aFRR capacity with a downward
direction
xiv.  Cost of the offer of each entity in each hbturly time period for aFRR capacity with an upward
direction
Xv.  Maximum power consumption of each demand entity in each-haifrly ime period
xvi.  Minimum power consumption of each demand entity in each-haliirly time period
xvii.  Systemwide requirements for operational congestion management capacity with a downward
direction at a DSO level in each Hadfurly time period
xviii.  Systemwide requirenents for operational congestion management capacity with a downward
direction at a TSO level in each Hadiurly time period
Xix.  Systemwide joint requirements for operational congestion management capacity with a
downward direction at a TSDSO level in eadhalf-hourly time period
xX.  Systemwide joint requirements for mFRR and operational congestion management capacity with
a downward direction at a TSSO level in each hdidburly time period
xXi.  Systemwide requirements for operational congestion management cityawith an upward
direction at a DSO level in each Hadfurly time period
xxii.  Systemawide requirements for operational congestion management capacity with an upward
direction at a TSO level in each Hatfurly time period
xxiii.  Systemwide joint requirements foroperational congestion management capacity with an
upward direction at a TSDSO level in each hdlburly time period
xxiv.  Systemwide joint requirements for mFRR and sht®tm congestion management capacity with
an upward direction at a TSDSO level in eadialf-hourly time period
xxv.  Systemwide requirements for FCR capacity with a downward direction in eackhbaffy time
period
xxvi.  Systemwide requirements for FCR capacity with an upward direction in eackhbatty time
period
xxvii.  Systemwide requirements for aFR capacity with a downward direction in each Hadurly time
period
xxviii.  Systemwide requirements for aFRR capacity with an upward direction in eacthdaify time
period
xxix.  Systemwide requirements for mFRR capacity with a downward direction in eacihbaffy time
period
xxx.  Systermwide requirements for mFRR capacity with an upward direction in eacthbatfy time
period
xxxi.  Charging efficiency of each energy storage unit
xxxil.  Discharging efficiency of each energy storage unit
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xxxiii.  Charging efficiency of each EV type
xxxiv.  Distarging efficiency of each EV type
xxxv.  Shutdown cost of each entity
xxxvi.  Minimum downtime of each entity
xxxvii. ~ Minimum time duration that an entity can be assigned with two successive balancing energy
activations with downward direction
xxxviii.  Minimum time duration that an efity can be assigned with two successive balancing energy
activations with upward direction
Xxxix.  Startup cost of each entity
xl.  Minimum uptime of each entity
xli.  Maximum contribution of each entity in Frequency Containment Reserve capacity with downward
direction
xlii. ~ Maximum contribution of each entity in Frequency Containment Reserve capacity with upward
direction
xliii.  Maximum output of each entity when operating under Automatic Generation Control
xliv.  Technical maximum of each entity
xlv.  Minimum output of each entity when operaiiy under Automatic Generation Control
xlvi.  Technical minimum of each entity
xlvii.  Power output of each entity when operating in soak phase
xlviii.  Maximum charge power output of each energy storage unit
xlix.  Maximum discharge power output of each energy storage unit
. Maximum targe power output of each EV type
li.  Maximum discharge power output of each EV type
li. Total forecasted renewable power output per renewable energy technology in eachcalf
time period
lii.  Energy storage level target at the end of the scheduling horizoadt energy storage unit
liv.  Energy storage level target at the end of the scheduling horizon of each EV type
Iv.  Maximum energy capacity of each energy storage unit
Ivi.  Minimum energy capacity of each energy storage unit
Ivii.  Maximum energy capacity of each EV type
Iviii.  Minimum energy capacity of each EV type
lix. Maximum contribution of each entity in tertiary nespinning reserve
Ix.  Maximum contribution of each entity in tertiary spinning reserve
Ixi. Rampdown rate of each entity
Ixii. Rampdown rate of each entity when operating undentdmatic Generation Control
Ixiii.  Rampup rate of each entity
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Ixiv. Rampup rate of each entity when operating under Automatic Generation Control
Ixv.  System forecasted imbalances in each-halfirly time period

Ixvi.  Desynchronization time of each entity

Ixvii.  Soak time of each eity

Ixviii.  Synchronization time of each entity

Ixix.  Quantity of each power capacity block of the balancing energy offer function with downward
direction of each entity in each hdiburly time period

Ixx.  Minimum amount of balancing energy activation with downward direttoffered by each entity
in each hakhourly time period

Ixxi.  Quantity of each power capacity block of the balancing energy offer function with upward
direction of each entity in each haiburly time period

Ixxii.  Minimum amount of balancing energy activation witgpvard direction, offered by each entity in
each hakhourly time period

Ixxiii. ~ Minimum time duration that each entity must provide balancing energy with downward direction
Ixxiv.  Minimum time duration that each entity must provide balancing energy with upward direction

The applicability of the prototype has been tested on the integrated SEE power system, including the
national power systems of Bulgaria, Greece, and Romania. In particular, the projected 2030 power
systems have been modeled by taking into account eaecmteg's 20212030 inegrated energy and
climate plan Specifically, taking into account the existing enaniyy and the current installed capacity of
each system and in combination with the evolution of the systia installed capacity was modeled on

a unit basis of each system fdret year 2030.

The data extraction and collection for the current installed capacity of each system was implemented in
close cooperation with the involved partners to eliminate generic assumptions, as well as a thorough
crosscheck with the publicly avaiide data on the ENTSBE)s Market Transparency Platform.

The operational data of each individual unit that was used are based on the relevant suggestions of the
involved partners (each one for the system of the country they represent) as well as therenwas a
additional crosscheck so that they are representative of those published in the international literature
(peerreviewed papers). Representative data for each technology examined are also those available in the
published ENTSE's TenYear Network Devefoment Plan (TYNDP).

Regarding RES demand and availability data, detailed data was used for each country regarding demand
forecasting (historical loads, historical temperatures, -tigye information), wind forecasting (historical
generations, historical wih speeds, historical wind directions), and photovoltaic production (historical
generations, historical temperatures, historical irradiation). Also, based on each country'2@82@1
integrated energy and climate plan, the total annual demand of each sykie2030 was taken into
account, and the demand curve was normalized accordingly.

The data for the system requirements in each type of reserve (FCR, aFRR, mFRR) were listed by the
involved partners (each for the system of the country it represents) ana walculated to 2030 based

on the evolution of the installed capacity between 202030 with relevant literature methodology.
Regarding the calculation of the requirements for operational congestion management capacity at both
TSO and DSO levels, thediilgs of the relevant study of the Octane project in the framework of the
Cascade funding of WP8 were utilized. Also, in some cases, proportional percentages of the system mFRR
requirements were used.

)
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The economic data used to design the units' offerdomsed on the assumptions of the scenarios designed
regarding the evolution of the natural gas price and the prices ofdiission allowances. Finally, the
data related to the penetration of electric vehicles in each considered system and the intercomseadt
the systems between them were drawn from ENIEB®© 10year network development plan (TYNDP)
2020.

As a result of the above, more than 90% of data is based onvadd data gathered by involved partners
to eliminate generic assumptions.

3.3 Task 7.1c KPI 72 Formation of realistic scenarios and recommendations

Four key indicators have been identified as the most critical ones, influencing the models' outputs, and
three scenarios have been assigned to each. These indicators includen{S§lons pricenatural gas fuel

price, net electricity demand (reference electricity demand minus forecasted RES generation), and
interconnection capacities. In addition, three market designs have been adopted to represent the absence
and different levels of TSDSO codlination. Consequently, 81 scenarios (all the possible combinations
of the four uncertain parameters) have been executed for each market design; thus, 243 scenarios for the
integrated SEE power system. The key results, together with representative dallasoénarios, have

been structured in specific formats employed in IEGSA architecture to allow elaboration and handling by
the prototype and plotting in the IEGSA environmérdble 3summarizes all the 81 scenarios examined

for each national power syste and market design.

Table3: Implemented scenarios for each national power system and market design

Scenario 1 Low Low Low Low 1111
Scenario 2  Medium Lowv Low Low 2111
Scenario 3 Low Low Medium Low 1121
Scenario 4 Low Low Low Medium 1112
Scenario 5 Low Medium Low Low 1211
Scenario 6 Medium Low Medium Low 2121
Scenario 7 Medium Low Low Medium 2112
Scenario 8 Medium  Medium Low Low 2211
Scenario 9 Low Low Medium Medium 1122
Scenario 10 Low Low High Low 1131
Scenario 11 Low Low Low High 1113
Scenario 12 Low Medium Low Medium 1212
Scenario 13 Low Medium Medium Low 1221
Scenario 14 Low High Low Low 1311
Scenario 15 High Low Low Low 3111
Scenario 16 Medium Low Medium Medium 2122
Scenario 17 Medium Low High Low 2131
Scenario 18 Medium Low Low High 2113
Scenario 19 Medium  Medium Low Medium 2212
Scenario 20 Medium  Medium Medium Low 2221
Scenario 21 Medium High Low Low 2311
Scenario 22 Low Medium Medium Medium 1222
Scenario 23 Low Low Medium High 1123
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Scenario 24 Low Low High Medium 1132
Scenario 25 Low Medium Low High 1213
Scenario 26 Low Medium High Low 1231
Scenario 27 Low High Low Medium 1312
Scenario 28 Low High Medium Low 1321
Scenario 2 High Low Medium Low 3121
Scenario 30 High Low Low Medium 3112
Scenario 31 High Medium Low Low 3211
Scenario 32 Medium  Medium Medium Medium 2222
Scenario 33 Medium Low Medium High 2123
Scenario 34 Medium Low High Medium 2132
Scenario 35 Medium  Medium Low High 2213
Scenario 36 Medium  Medium High Low 2231
Scenario 37 Medium High Low Medium 2312
Scenario 38 Medium High Medium Low 2321
Scenario 39 Low Low High High 1133
Scenario 40 Low Medium High Medium 1232
Scenario 41 Low Medium Medium High 1223
Scenario 42 Low High Low High 1313
Scenario 43 Low High Medium Medium 1322
Scenario 44 Low High High Low 1331
Scenario 45 High Low Medium Medium 3122
Scenario 46 High Low High Low 3131
Scenario 47 High Low Low High 3113
Scenario 48 High Medium Low Medium 3212
Scenario 49 High Medium Medium Low 3221
Scenario 50 High High Low Low 3311
Scenario 51 Medium Low High High 2133
Scenario 52 Medium  Medium High Medium 2232
Scenario 53 Medium  Medium Medium High 2223
Scenario 54 Medium High Low High 2313
Scenario 55 Medium High Medium Medium 2322
Scenario 56 Medium High High Low 2331
Scenario 57 Low Medium High High 1233
Scenario 58 Low High Medium High 1323
Scenario 59 Low High High Medium 1332
Scenario 60 High Medium Medium Medium 3222
Scenario 61 High Low Medium High 3123
Scenario 62 High Low High Medium 3132
Scenario 63 High Medium Low High 3213
Scenario 64 High Medium High Low 3231
Scenario 65 High High Low Medium 3312
Scenario 66 High High Medium Low 3321
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Scenario 67 Medium  Medium High Hidh 2233
Scenario 68 Medium High Medium High 2323
Scenario 69 Medium High High Medium 2332
Scenario 70 Low High High High 1333
Scenario 71 High Low High High 3133
Scenario 72 High Medium High Medium 3232
Scenario 73 High Medium Medium High 3223
Scenaio 74 High High Low High 3313
Scenario 75 High High Medium Medium 3322
Scenario 76 High High High Low 3331
Scenario 77 Medium High High High 2333
Scenario 78 High Medium High High 3233
Scenario 79 High High Medium High 3323
Scenario 80 High High High Medium 3332
Scenario 81 High High High High 3333

Due to significant results data, a detailed discussion and results provision of all the scenarios examined,
satisfying the requirements of KRR7 are presented in th&nnexl of that Deliverable.

3.4 Task7.2c¢ Introduction

The realization of the previously describedarket desigrt, a tailored intraday market with energy and
capacity products and refined congestion zoning for both TSO anddv&irongestiorg, wasin the

focus of thisTask Runnimg the market algorithm with several specific scenarios for the Romanian
demonstration area has been selected, and realigned as per the somewhat restricted availability of the
marketspecific but business sensitive datasets. Further datasets have beemebtauring the
demonstration runs, including full balancing market datassesertheless, the KPH-1 aimingtowards
eliminating generic assumptions hpeogressed well.

1 Spatial aggregation of local flexibilities
o Optimal use of local flexibilities: DSOs infrequently need active flexigijgnerally idle local
resources shall be offered to liquid markets
o Develop a prototype introducing local flexibilities into the existing wholesale market
intelligible for market @yers
Z Platform based on existing wholesale market products, liquidity with proven
concept, algorithm solutions
0 Create an efficient way of solving grid related constraints on DSO level
Z Complete DS@rid mapping into existing zonal approach of European cstime
management practices
Z Required flexibility capacity for DSO to manage constraints are to be procured
locally and activated by DSO
0 Holistic mathematical formulation for optimal market outcomes, linking consu&$0Os
¢ TSOs
Z A single and yet attainablmarket solution for flexibility on both TSO and DSO
level.
o Distinctive features of the demonstrated EUPHENM&ed market platform
Z Flexibility definition for market approach: energy and local capacity product

)

INTERRFACE D7.4¢ PANEU CLEARING MARKEMDNSTRATION: FINAALUATION REPORT,
RECOMMENDATIONS EDROPEAN MARKET URDHR Page32



Z Local flexibility in focus, global flexibjlialready marketed directly on wholesale
AS (balancing)
Z Aggregation to wholesale: Pulling demand for local flexibility only from DSOs is
not enough, liquid energy market shall be reached!
Z Spatial dimension: Zonal approach on congestion management iggnerkets
can be extended to include DSO level
Z Pricing: PUNike bid pricing helps alleviate cost distribution disincentives in low
liquidity local zones
Z Innovative application of introducing new, consumer orders that are matched
according to an averag&ice
o In Demo7.2 a feasible, computationally tractable yet unique mathematical approach is
developed with the associated market design to solve the integration of local flexibility to the
existing energy markets
o0 Market platform is developed and deployedtire final host environment.
0 TSO/DSO connection is realized via IEGSA platform. The qualification results and current
availability of resources are stored in the Flexibility Register
Z Prevents overbooking of flexible resources even if it participates irtipleul
markets (e.g. DAM, IDM)
Flexibility providers have a single system to report their availability
TSO/DSO have a single access point to reach the market platform for market
based congestion management services
Z Provides a standardized data exchangeriatee for the market messages

3.5 Task 7.2 KPI selectionmonitoring and assessment

<
<

As Table2 of WP7 KPIs state, along with data gathering, realistic scenarios, new trades are the key
performance areas of the market demonstrator. Fortfier monitoring of the demonstration solution,
addicitonal metrics were defined to ensure effective and timely runs of local flexibility markets, with the
YyS6 LINAOAY3I aOKSYSamOoF &ENIiK SNINR Syi2H3R 1T WYt L T
Market results were obtained, andarious metrics are defined and calculated for the demo runs as
presented inFigure 4. To present the demo run results, tii@lowing subsections discuize key finding

of the monitoring and evaluation.
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Title Horizontal Axis Filter

Tick AxisLabel

Energy clearing prices t=1.96 Price, EUR/MWh Basecase

Energy clearing prices t=1.96 Price, EUR/MWh Basecase

Additional capacity price t=1..96 Price, EUR/MWh Basecase

Upward capacity clearing prices t=1..96 Price, EUR/MW/h Basecase

Downward capacity clearing price t = 1..96 Price, EUR/MW/h Basecase

Welfare d=1.30 EUR Basecase, Linkedcase
Calculation time d=1.30 sec Basecase, Linkedcase
Energy trading volume t=1..96 Volume, MWh Basecase

Allocated upward capacity t=1..96 Volume, MW Basecase

Allocated downward capacity t=1.96 Volume, MW Basecase

Energy trading volume d=1.30 Volume, MWh Basecase, Linkedcase
Number of matched bids d=1.30 Count Basecase

Cost of allocated upward capacity t = 1..96 Cost, EUR Basecase

Cost of allocated downward capact = 1..96 Cost, EUR Basecase

System operator contribution d=1.30 Cost, EUR Basecase

System operator contribution d=1.30 Cost, EUR Basecase, Linkedcase
Net position of zones t=1..96 Volume, MWh Basecase

COMPARE SCENARIOS

Energy clearing prices t=1..96 Price, EUR/MWh  MO01-M04

Additional capacity price t=1.96 Price, EUR/MWh MO01-M04

Welfare d=1.30 EUR MO01-M04
Calculation time d=1.30 sec MO01-M04

Number of matched bids d=1.30 Count MO01-M04

Cost of allocated upward capacity t = 1..96 Cost, EUR M01-M04

Cost of allocated downward capact = 1..96 Cost, EUR MO1-M04

Figure4: The variousnetrics are defined and calculated for the demo runs

3.5.1 7-0 implicit KPIs of the realized market tool for monitoring

During the oneyear demonstration 12 scenarios were studied, one scenario for each month. Due to the
differences between them the results anet easily comparable from month by month. Detailed analysis
of the results of the market demonstration have been concluded and presented in Deliverable 7.3, specific
to the scientific results of the Spatial Aggregation of Local Flexibilities local gyicesemarket platform.
However, some further metrics have been defined and continuously monitored to check the performance
and credibility of results:
1. Calculation timeindicates whether there are any infeasibilities in the mathematical model.

Although trere were some extreme cases, as the time limit of the solver were set to 15 minutes

(900 seconds), the solution was always found before it was exceededthe whole oneyear

period demonstrated.
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Figure5: Calculation time of ezh market auctiorg all being in the 900 s time limit during the

demonstration period

2. Welfareis the objective value of the optimization. As scenarios usually altered only sligttiéy
previous case, the welfare values were expected to be in the same tdgnit was kepsteady
during the whole demonstration, as the following figure illustrates:
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Figure6: Figure Welfare of the daily market auctions

3. Feasibility of resulting energy market clearing price (MCP), including all stresseticseof
various demand and supply extremitiesn all cases the calculation converged and resulted in
overall, quarterly energy prices (here represented without the local congestion price
differentiation) still inside of acceptable price ranges, evetihécases of negative prices (as the
basecase run is centered on Calendar Year 2020 market datasets, with low pandemic demand of

the demonstrated area).

)
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Figure7: 15-min. clearing prices of all demonstrated runs of specifinages (M01M12 ¢ 35040
quarters of hour)

4. Finally, theaverage additional capacity price (ACH the last metric used for retime
monitoring. This price imdeedthe most significant value of result to demonstrate the success of
the project goal.With the exception ofa few time units in the end of the simulation, the ACPs
were always around-3 EUR/MWh.
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Figure8: (PUNpricing alike) Additional flexibility prices allocated to cleared consumer bids
¢ mostly marginal paymenhcrease observed

3.5.2 7-1 Gathering of required data

All data used for demonstration are obtained from the Romanian TSO, no sonsalavere used at all.
However,some scenarios required additional data (e.g. location of order in the power system), that were
not available at all due to privacy. These kinds of data were generated indeed but these assumptions did
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not influence the market structure. Further some stress scenarios were also defined to evaluate the
robustness of market structure when the originabbeaase data were adjusted and modified accordingly.
¢tKS aO0SyIFNAR2 RS@St2LIVSyid lt2y3 gAGK GKS gre 27
development document; circulated among TSO, D&@d market participant (aggregator generation
company ALTEO) Demonstration Partners.

3.5.3 7-2 Formation of realistic scenarios and recommendations

Spatial Aggregation of Local Flexibilities market demonstrator relies on market scenarios, coordinated
with demonstiation partners. The general framework relies on the following principlesissgecific,

both for the basecase and the modified scenarios to ensure realistic market order book depth, bid
granularity and all market specific ranges of parameters, based ofiglaexisting market datasets:

- All the input data was formed from real market data of the Romaniarat@ad market, intraday
market and balancing market. Only order transformation has been used that was necessary and
inevitable to create an input for thadvanced market with the new zonal feature.

- The Romanian DSO zones in the market simulation were created according to the current
topology. Moreover, interconnections between DBS0 zones were defined according to the
Romanian topology. TSDSO interconections are not limited as usually in reality.

- The proposed market platform uses existing market concepitss auctiontype as the current
day-ahead market, and it can be fitted to the current electricity market timing: before the
beginning of the cuent intraday market on EL, after the dayahead, balancing and schedule
formation.

- Thereis a prequalification process implemented if a new market player is willing to offer flexibility,
similarly to the currently existing balancing market accreditation.

- There is a trading platform that has similar functionalities as the existing platfQit®ovides
bid managing and checking for market participants and it runs bid validity checks (e.g. format).
System operators can provide information about availabdm$mission capacities. The market
algorithm runs also within the same time limits & tcurrently used ones providelution in
approximately 15 minutes.

- When price of input orders is changed, it is also implemented as it could have been givemyin reali
For example the order book contains most orders with the same demand and supply price as well
as with equal quantity if they were paired immediately after placement.

Figure9: Scenarios of Demonstration Spatial Aggregatibhazal Flexibility market
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