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The deliverable D6.5 from work package 6 of the INTERFACE project is the final repnnimatrizes
GKS LINPINBaa | YR NBeitaf)d NI 2FNI5EBNGARviddeBBD Y@Hparts and
includes Task 6.1ASsetenabled Local MarketsDemo and Task 6.2Blockchairbased TSSO
flexibility" Demo. From the perspective of Task ,6the electricity trading in local neighbourhoed
between consumers and local parties has beschieved. The main aims and objectives of T6.1 are
providinga data-driven, simulatiordbaseddemo of a realistic local assenabled energy market, where
transadions beneficial for the distribution grid are facilitated via dynamic pricing (Dild¥namic
network usage tariff), the state of the network is monitored by theegrated Asset Condition
Management system (IACMS), whigllows real time estimation afomponent loadability values, the
demonstration ofa local marketthat runs based on datgprovided from 3 sites (2 in Hungarg in
Slovenig, local distribution system operators are involvedpi@vide grid and consumption/production
data. Other objecties include the @ablishment ofthe theoretical and computational background of an
asset enabled Iad electricity market platform the definition ahe structure and elements of the IT
implementation the establisitment of data connectios towards the demosites (DSOs) and the
establisiment ofdata connections towards the IEG@Atform.

From the viewpoint of Task 6.%he focus waon trading flexibility services amongst TSOs, DSOs and
Flexibility service providers (FSPs). We then elabdratethe simulation methods, the current market
scenario, the problems faced by each stakeholder in the electricity market and pebpolsgions to the
problems. An emphasis on the reasoning behind the solutiasprovided, the technologywaschosen

and adetailedarchitecture of the platform waprovided. Furthermore, we presesd the results of each

demo by evaluating them based on multiple factors. We have also identified KPIs for the tasks and
provided an assessment of the achieved KPls. The-eoammic analysis and the tasks value chain is
explained. Finally, we present our thoughts, the exploitable results and lessons learnt while developing
the project.
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This deliverable D6.5 from Work Package 6 of the INTERRFACESsumjeetrizeshe results of the
following two pilots in Demo area 2: Peter-peer trading.

(1) Assetenabled local markets (T6.1)

(2) Blockchairbased TSSO flexibility (T6.2)

To deliver ehigh-quality project, the WP6 work was started in the beginning of 2019, much earlier than
the official date in the Grant Agreement in Jan 2020. Thus, progress of WPdaedvgre completed

ahead of theplan. The demonstration activities of Assstabled local maids (T6.1)took place in
Slovenia and Hungary and weeel by Elektro Ljubljana. The demonstration activities of Blockehased
TSADSO flexibility (T6.2) took plage Romania and Bulgaria ameere led by EMAX. Actively involved

were energy and IT implementation experts, representatives of various project partners and TSOs/DSOs.

1.1 INTERRFACE Obijectives

The P2P demonstration activities will contribute to achi¢iwe overall objective of the INTERRFACE
project and particularly, they addre#ise following objectives:

1. To mitigate the local grid congestions (branch overloads) and to activate the local flexibility
resources for system balancing services through innovative platforms, operated by TS@Cand D
in a coordinated manner.

2. To promote the integration of DERs into the electricity markets, demonstrate mechanisms and
platforms leading to the establishment of a seamless-gpanopean market and empower all
market participants to provide energy servigesa transparent and nediscriminatory way.

3. To test the stateof-the-art digital technologies, such as Blockchains and 10T, for-tpeeeer
energy transactions that promote local markets and smart asset management.

4. To engage consumers into electricitbyarkets with clean energy flows based on a usgerator
GrtfAlFyOSeg GGKFG 2FFasSia GKS @GFrNARAFoATAGE 2F NByY
control, distributed storage and pe¢o-peer local markets.

The objectives of WP6 are (a) to derstmate automated peeto-peer marketplace for energy exchanges
among TS@SGconsumers based on the grid assets capability, (b) to demonstrate -®$80lexibility
market platform deploying blockchalmased with smart contract and smart billing and (c)tést
compatibility level with existing power exchange platforiise whole demonstration was established in
D6.1 with the market model and use/business case setup and the IEGSA concept.

Tasks and WPs

WPE [ | >|
Task 6.1 l l

Task 6.2

<

Task 6.3 ‘
|

[ 2 o
Idemification of ) B o= IEOS5A ot aie o Busineas AL AN Ex plaltutic

- Relesor Oppartunites - wesd brvvppen et
Exicting Tools Scamsez and Marke! AN Campanants Inaget armontutian R Final Pratstype Pilet b 2
Serviees, Murket Aschitectuse Architecture Open Call N Cination
Asehi 3 A
st Prsetives
New Secvices
Decigr

Figurel: WP6 objectives and timglan
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1.2 Obijectives of ¥ P2P demo Assetenabled local markets (T6.1)

The main objectives achieved in the Asseibled local markets demo is the synthesis of a local-Reer
Peer (p2p) market that enables consumers to buy electricity from local parties thtan their local utility

and to offer their renewable (mainly household size) generation for sale to other parties in the local
neighbourhood. The secori@y objective achieved in this demo is to create the trading framework in a
way, which on the onband minimizes the undesired effects of local transactions by the application of a
dynamic network usage tariff (DNUT), facilitating transactions resulting in beneficial network flows, and
on the other hand constantly monitors critical network componerdsptovide reatime estimations
about their actual loadhbility. The latter function is performed by the integrated asset condition
management system (IACMS).

Congestion management: The DN#Bed trading facilitateonly those specifitocal transactions whose
flows alleviate network congestions. This approach in addition aims to reduce network losses and
contribute to the increased voltage stability of the distribution grid.

1.3 Objectives of 2¢ P2P dema Blockchainrbased TSO DSO flekity (T6.2)

The main objective of Blockchaimsed TSO DSO flexibility marketplace (EFLEX) is to demonstrate trading
of flexibility services amongst TSOs, DSOg-#adbility service providers (FSPsa transparent, secure

and costeffective mannerThe aim is to look for ways to help DSOs/TSOs to be more flexible and more
directly engaged in managing energy flows on the network. EFLEX strestimimeeds of both TSO and
DSO on the sae platform. The pilot demonstratiomascarried out in Bulgaria @ahRomania and the main
focusachieved arghe following:

Congestion managementDemonstratel a TSE@SO congestion management platform facilitated by
Blockchain technology providing a solution to (a) reduce the overload of network, (b) reduce investment
in costly hardware/network upgrades, or even power outages in the short term andnable
participation of distributed generators and other flexibility assets (electrical loads, storage, EVS) on the
distribution-grid level to ensure system stability

TSGDSO CoordinationDemonstratel a marketplace that (a) validates the viability of data transfer
between TSO and DSO for the future scenarios and (b) optimizes the processes and actions through
effective signalling and sound coordination by schedulingjbiity, increasing transparency and
interoperability. This is to be achieved with the support of Blockchabsed smart contracts and
distributed ledger technology.

INTERRFACE D6.5. PEEROPEER MARKETPLACE @ESTRATION: FINAIAEVATION REPORT AND
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2 13aS0 SyYylFof SR fcad@yiy WENRTFI RSK g/ &N
During the demonstratiomnf asset enabled local market@png with the necessary market design and
algorithm development,a frameworkand an IT platformsolution wasdeveloped which provides an

environmentfor important development tasks such famctional testingsensitivity anduse case analysis
The demonstrations were carried out on 4 sites from 3 DSOs:

1 Elektro Ljubjana (ELJYGradisce and Besnica,;
 MVM DEMASINKM/MVM) ¢ Zsombo;
f E.ON Détlunantali Aramhalozati Zrt, Boly.

The 3 partners had quite different dataputs for the demonstrationThe project developed a common
modelling methodand interfaced the different datasets from the DSOQ%en thedata sources were
interfaced withthe framework The integration with the IESA platform provides possibilitiestards the
extension of thisolution. This section summarizes the key developments, results and offers a discussion
on the applicabilityas well. Section 2.1 preserite elements of the architecture, Section ZRowsthe
validation procedure for the grid models, then Section Z8sents the IACMS modél,4 presents the
different scenarios that were tested, Section 2.5 covers the evaluation of the complete set of all 4 pilot
cases, Section 2.6 more specifically presehe results and the evaluation of the Slovenian pilot case,
Section 2.6 covers the results and the evaluation of the Hungarian Pilot cases and finally, Section 2.8
provides a summary and conclusions

Alocal market platform fronwasintroduced, on whih peerto-peer transactions can be executed. The
platform is basically a marketplace, where both supply and demand orders can be placed and hit by
prosumers of the network. The bidding/hitting mechanism can be manual or automatic, depending on
the preferences of a prosumer. The traditional retail market can operate in parallel with this platform,
thus allowing the participation to be voluntary. However, trading on the local market obliges the
participants to consume or produce the transacted energy.

The operation of the local market is similar to the intraday wholesale electricity market: energy (min. 1
Wh) can be traded in a continuous manner forrhiBwute periods of a day, starting from the previous day
until gate closure, which precedes physical delidgryl hour. The settlement is carried out after energy
delivery, taking market data and measurements into consideration.

2.1 Demonstration framework

The framework was creatediming towardsa fully operating structure where the infrastructure is
modeled properly, participants can make bids, and the effects of the transactions can be included in the
dynamicnetwork usagdariff calculation.
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Figure2: Modular architeture of the implementation

The modular structure of the proposed local market scheme is summarizbd figure abovewhere the

modules of the system and the information flow is depicted. The grid module, the market module, and

the bid generatorare disza 8 SR Ay RSGFAf Ay GKS F2tft2¢gAy3 adzmas
pan9 dzZN2 LISy DNAR { SNBAOS& ! NOKA (iSOl dNNERREACE [rajedtk A &
Inthe specifiause case for ass&nabled local markelEGSA stores the grid data, and the metering data
necessary for basease power flow calculations and receives the market results from the Central Market
Module. It serves the purpose of interoperability as well, therefore it also shares data to thetmarke
module and receives data of the user activity as well. Active users may submit their bids through the User
Interface of the system, while for passive participants, the bid generator simulates the bidding behavior.
The IACMS is the abbreviation for thetegrated Asset Condition Management System, which
continuously monitors the system components (e.g. lines and transformers) in order to provige up
dateloadabilitydata for the market transactions (the operatiaidetails of IEGSA, IACMS and the process

of bidding are not the subject of this studlgut presented in Deliverable 6-1dTechnical requirements

and setting of microgrid local electricity markets demdACMS technical specificatiand in D3.3
INTERRFACE System Reference Architértinee dahed lines (between the DSQgrid module and

IACMSg IEGSA)epresenta onetime data share (initialization of attributes) between the functional
elements.

C
I

2.1.1 Principles ofdynamic network usage tariff@NUT)

Every transaction induces flows on the logatwork, which can be categorized either as burdening flows,
meaning that the flows cause even greater load on lines, or relieving flows, in which case the flows reduce
pressure on the grid.

D6.5. PEEROPEER MARKETPLACE@ESTRATION: FINAIAEVATION REPORT AND
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The dynamic network usage tariff (DNg& k a2 K0 = A dentivizaiiof i# the I&al markgtQuhich

is either added to or subtracted from thetal energyclearingprice of a given orderobserved by the
corresponding bidderOn the one hand, the tariff can be consistently lower than standard network
charges, becae the transmission network is not used, thus increasing the number of local market
participants. On the other hand, it serves congestion management purposes and ensures adequate
voltage values through incentivizing such transactions (or submission ofspritk@t are advantageous

from the perspective of the grid operator.

This tariff consists of three main elements
9 deviation in nodal voltages
9 branch flows
9 and overall network loss.

For every pair of participants, and both flow directions, a DNUT value is calculated with the usage of a
representative measure of energy transaction (i.e. fixed transaction volume), thus creating a DNUT matrix
by the size of the number of prosumers. Traglbetween identical nodes (two prosumers on the same
network node) has minimal effects on the grid, which are neglected. Therefore, the diagonal of the
aforementioned DNUT matrix is set to zero. The calculations of the other elements in the matrix use the
charges mentioned above and the estimated state of the system as a result of the fixed transaction. The
charges consist of limiting and linear components. Nodal voltages are constrained to be in the nominal
+10% interval in order to ensure sufficient gtylof service, while branch currents are constrained in
order not to surpass the rated currents of the given lines of the grid (rated cunastieen determined

by the IACMS module).

The linear components account for the physical effects of entragsactions. A cost is calculated for
every node based on how much the voltage amplitude is changed, and for every line based on how much
the amplitude of the phase current is changed. Costs are also assigned to the deviation in network losses
(estimatedby line losses using calculations from line resistances and currents).

The resulting DNUT can either be positive or negative, based on how the network is affected by the
transacted energy. In the case of accepted transactions, both participants (selleuged pay 50% of
the calculated DNUT.

2.1.2 Definition of flow types

In the framework, there are three ways to handle the power flow resulting from a transaction, which are
describedbased onFig. 3. The applied methods should be selected depending on thetyabi
prosumers.
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Figure3: Excessive (red), nominated (green), unnominated (blue), and resulting physical (bold) flows in the model

In Fig. 3 a) the transaction is treated as an excessive flow (in red), which is addeda@tasted base

case. This approach assumes active consumers who react to price signals on the platform (e.g. cheap
energy generates more demand) resulting in a new energy flow. Each trade creates a new system state,
which will be the reference for furthéransactions. The DNUT matrix must be recalculated accordingly.
The stateof-the-art local market models use this approach testimate the physical effects of
transactionsThis is referenced as zebpase case (ZBC) markietoughout this document

Themethod in Fig. 3 b) considers the transaction flow to be a part of the estimated base case, thus
creating a nominated (green), and a remaining, unnominated (blue) flow. In this case, it is assumed that
the market participants trade only their forecasted exgy consumption/generation on the market
platform to gain surplus. Each trade leaves the system state unchanged, and the initial DNUT matrix
should not be updated. However, if a transaction exceeds the estimated base case, excessive flows are
introduced gmilarly to Fig. 3 a).

The mixture of these two options is applied in Fig. 3 c), which is assumed to consider prosumer behavior
more precisely. The ratio of nominated and excessive flows can be altered through the dwfeéolw

ratio. In this example hie value othis ratiois 0.2, which means that 80% of the transaction is nominated
from the base case, while the remaining part is added to the network flows

2.1.3 Market framework validationin simulations

In this section, te operation of the local market isriefly presentedand validatedthrough market
simulations for one specifiguarter hour(QH. The aim of these simulations is to show the attributes of
the local market framework. ThéBQnarket approach is used avenchmark to our method

Beforethe implementation for the national demonstration site$iet local marketonceptwas testedon

the IEEE European LV test feeder, whislcontains the neutral line. 55 loads are present in the system,
each of them connecting to one of the three phases, which introduces asymmetry in the simulations. An
SFNIKAY3 NBaAaidl yoS #ha prosumersK ¥R SotRofka thpRlSgiIaml | G
consumption/production data are shown in Figs4
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The effect of growingprosumer participation ratidPPR¢ the ratio of prosumergrading on the local
market to all prosumers in the networks evaluated through a Monte Carlonsilation for both the ZBC
approach and the local market framework single market simulation is carried out 100 times, using a
different set of orders. The participating prosumers submit exactly one order in each iteration. The change

D
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of the surplus relave to the number of participating prosumers over the course of the simulation is
depicted in Figb.

ZBC approach ' Novel framework

04 05 08 4 - ) 9 1 31 02 03 ) 4 ) & 8 07 1A 089

Prosumer participation rat Prosumer participat
Figure6: The change of surplus in the system as a result of increasing PPR in Monte Carlo simulation

In general, the surplusicreases with growing participation ratio, which translates into increasing relative
surplus curves in both cases. The rate at which the relative surplus is growing is not constant due to several
factors that are altered randomly during the simulationsisTrate is influenced by the evehanging ratio

of active producers to active consumers, and the order in which trade orders are submitted and thus
matched.

Because of the good (estimated) state of the network (considering all prosumers), on averégaee2.

higher relative social welfare value can be reached through considering the base case energy injections
compared to the ZBC approach. This is also shown i, Fitpere the average of the sum traded volumes

on the markets are depicted.

INTERRFACE D6.5. PEEROPEER MARKETPLACE @ESTRATION: FINAIAEVATION REPORT AND
LESSONS LEARNPEgEL6



1.8 T

‘\v —— ZBC approach

1.6 \ Novel framework ‘

1.4

1.2

0.8

0.6

Average traded volume (kWh)

0.4

0.2

o ‘ 1 ‘
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Prosumer participation ratio

Figure7: Mean sum traded volumes considering the two market approaches

The results show that the DNUTSs influence the market transactions in such a way that is beneficial from
the network perspective, while local generation (in a consumplieavy area) has been incentivized. It

can bealsoconcluded from the simulationthat the initial state of the system has a vast influence on
DNUTSs, and thus local trades

Regarding the novelty of thisoncept results proved the ability and viability of the proposed market
structure to fulfill the following contributions:

1 The LV market ptborm is proved to be operable parallel to a working traditional retail system.

9 The proposed DNUT structure fully considers the network state and energy flows resulting from
the transactions on the local market and the estimated base case of the retakemar
Furthermore, through DNUTS the platform is able to handle potential changes in the behavior of
prosumers (e.g. transitioning a part of their power consumption from retail to the local market
platform).

1 Instead of blocking unfavorable transactions anfshing participants for burdening trades during
the settlement process, the platform incentivizes participants before entering the transaction.
The market is not only competitive per se, but the DNUTs also promote nefvienkly
transactions for a prasmer by being lower for bids placed at favorable (e.g. neighboring) nodes.

2.2 Grid model validation

The grid module is designed to generate a unified grid representation, which helps to convert raw grid
topology information into a pralefined data structureThe model output is standardized, the numbering

of the elements is used uniformly by the other modules of the framework. This transformation guarantees
that the local market framework is independent of the network size and topology and minimizes the

malfunctions of parametrization. The grid module requires standardized input datasets as follows:

w network topology data (graph representation);
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() parameter table of line types (impedance calculation);
W attribute table of prosumers (load/generation constraints

Due to the different types of input data received from demonstration partners, the mentioned data
structures are filled with data manually, since not every demonstrator store their data in a Common
Information Model format yet. When the preliminary taskre accomplished, the execution of the grid
module starts with the buildup of the network graph representation. This representation is a definite
connection structure of the line elements with a corresponding length parameter and line type. The grid
module reads the parameter table of the line types and links the corresponding physical parameters to
the graph representation of the line. Consequently, the data used for the topology representation include
line attributes (impedance per length, length, tygefinition), transformer electrical data, switching &
protection devices, voltage, and current measurements. The developed modeMgra representation
which considers asymmetry, as it is an important factor for low voltage networks.

Then in the nexttep, the program places the prosumers on the graph according to the original topology
information. Data sources include consumer smart metering data, synthetic load profiles (where 15
minute resolution measurements are not available), distribugeheration measurements. This is
provided by two pieces of information stored in the attribute table of the prosumers: (i) linked graph
number, and (ii) the distance of the designated entity from the start node of the graph (each line element
has a start ad end node). At the end of this step, the physical parametrization of the network is
terminated, and the full grid representation can be created. For this reason, the grid module is able to
compute the admittance matrix of the network, which is essertiafurther simulations. The results are

stored in separate variables. The phase assignment of the loads is based on measurements and can be
refined with further data available in the system.

Local trading of the prosumers is only feasible if the gridastfucture can handle the market
requirements. Therefore, to calculate the base of the grid factors that are constraining the market actions,
NEtAFofS Y2RSta INB ySSRSR® ¢KS RA&A0OdzaaSR {f20SyaA
expanseof the grid is noticeable with 8 separate circuits and 154 consumers covering the whole LV side

of a transformer with 160 kVA rated power. Due to the highland environment, each circuit is relatively

long with a moderate number of junctions. In all consuroennection points, metering devices provide

active power and voltage measurements in the 3 phases, respectively. The graph representation of the

case study grid is shown in Fig. 2.

The result of the grid calculation process is twofold: it defines thesighl representation of the demo

sites andprovides an estimation for the deghead flows. The latter method is based on historical data
(statistical approach), and there is a possibility to use stochastic parameters and a higher number of
simulations tomcrease the visibility of possible customer behavior. It is important to note that estimating
the dayahead profile of consumers or prosumers is a difficult task per se, but with around 50 connection
points per LV circuit, the power flow calculations cdmddseen as representative.
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Figure8: Node connection diagramf Gradiscdocation

The modeling phase was investigated under some simplifying assumptions. Reactive power is only
available for some industrial/commercial customettserefore, in other cases it must be estimated. At

this stage, the model neglects reactive power flows. Protection devices are neglected (static numbers are
available; therefore, separated validation and marking of possible supply interruptions is defasihl

the data); transformer L¢ide voltages are 1.04 per unit, similarly to the practical settings (based on
measurements). Unbalanced calculations are considered witlwaetline representation and-ghase
transformer model based on the vector groapd impedance data.

The proposed P2P local market concept requires an accurate mapping technique of ttimeegltid

states. The grid module uses power measurements recorded in consumer connection points and a graph
based representation of the real grid estimate the actual state (and electrical parameters) of the grid.
For validation purposes, the lodtbw voltage results and the real voltage measurements are compared.
Despite the extensive availability of power measurements, a limited set of voladges were accessible.
Naturally, onephase consumers provided only one time series, and 34 piecepltdse measurements

are missing. This means that more than 75% of consumers are taken into the validation, which is
significant in the context that arM.site is investigated. While voltage time series have a 10 min resolution,
the power meters record data every 15 minutes.
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Since the proposed local market usesribute timesteps, the validation process included 48 comparable
moments in 24 hours, at the top and the bottom of every hour. The grid model accuracy compared with
reaHtime measurement set was validat on data corresponding to the 13th of August. The deviation
between realtime and simulation records are demonstrated via a heatmdapigure99. The rows of the
heatmap represent every measurement time series. The 48 columns show the simulation accuracy at a
moment with a color gradient from 0% deviation (green) to 8,6% (red), respectively. An optimistic 1%
assumed sampling error means approx ¥, deviation between real and metered daFgure9 shows

that in most cases the deviation between simulation ands@a measurements is under thisreshold.

The performance of the grid module simulation is significant and verifies that the model maps the real
grid features well. The root cause for larger deviations in the metering data is unknown, it should be
considered a significant load elementigch, which is hard to predict in the case of low number of LV
customers.

While, Figure9 introduces a general picture about the performance of the grid modktigyre10 shows

a comparison of 3 circuit endpoint node voltages. This reveasvtiitage patterns of both simulated
(triangle marked) and real measurements (solid lines). It is seen that the simulation and measured time
series have a similar fluctuation, respectively

2.3 Description of the IACMS algbhm

The Integrated Asset Conditidthanagement System aims at the highest exploitation of the components
in the physical grid and thus eliminateetwork constraints that would hinder the operation of and the
free access to the market. At the same tintiee system is avoiding unnecessary risks associated with the
outages caused by aimg equipment. These goals are achieved by the consideration of various
information about the assets and then informing the market about their availability and loadability.
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The underlying theoretical consideration is that the nominal power or ampacity of the equipment are
calculated based on worst case scenarios. Accordingly,Wehgheris considered, a much more accurate
seasonal ampacity can be calculated. Standardizgddulations, at the same time, do not take into
consideration the aging of the equipment, which would lessen their loadability.
The IACMS module is considering the differences of data stored and condition information collected by
the operators of the deo sites and is therefore prepared for lack of data.
The system consists of the following modules for all types of equipment:

1 Thermal behavior model applying statistical environmental data

1 Asset condition module limiting excessive ageing by adjustingigrenal limits

2.3.1 Transformers

The algorithm calculates the upper loadability limit for the given time interval in case of a given forecasted
ambient temperature value. The initial load ratia)I§ set to 500% of the nominal load value so that the
iterative solution approaches the final ¥alue from above, using the interval halving method. The output
is the permissible transferred power for the given time interval, which is 15 mins.
The inputs of the IACMS for transformers are as follows, source are the:DSO

1 Basic (hameplate) data: type, nominal voltages and currents, hominal powdraddoss, short
circuit loss, weight, oil weight, location
Operational history information: time in operation or installation date
Condition information: visual checks, désts, insulation resistance tests, other diagnostic
measurements

1
T

2.3.2 Overhead lines

For medium voltage power lines, the ambient adjusted line ratingl{(RAgives an optimal solution by
considering the required input data and the achievable surplus tran@misspacity. For this purpose,
the ambient temperature and solar radiation should be known along the power line route in real time,
while the wind parameters (speed and direction) are taken into consideration as constant values.
Accordingly, a surplus 10&&nsmission capacity in average can be achieved by the applicationldRAA
calculation methodology. The output of the calculation is the real time ampacity of the OHL. This value is
calculated every 15 mins.
The inputs of the IACMS for overhead linesrfrthe DS are as follows:

1 Basic (hameplate) data: type, nominal voltage and current, type and data of conductor, location

9 Operational history information: time in operation or installation date, planned height above

ground

1 Condition information: visuathecks
The inputs of the IACMS for overhead lines from C&G sensors are as follows:

1 LISA sensor detecting the damage of the conductor by electric field measurement

1 IMOTOL sensor detecting the deformation of poles by residual strain measurement

2.3.3 Cables

In case of cables, the algorithm creates a detailed thermal model for the cable structure considering losses
and thermal properties of the different layers. Using this model, plus taking into account the
environmental conditions, the permissible load can bewlalted for a given time interval. The output of

the algorithm will be the maximum permissible rating for the day that is safe for the integrity of the cable
structure.

The inputs of the IACMS for cables are as follows, source are the:DSO
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1 Basic(nameplate) data: type, nominal voltage and current, material and eseston of
conductor, resistance of conductor

1 Operational history information: time in operation or installation date, installation mode/laying
depth, soil type if buried

1 Condition ifiormation: insulation resistance measurements, diagnostic measurements

2.3.4 Summary of IACMS results

The following table contains the total excess eneafjgpwancethroughout the demonstration periods
where IACMS was active, which means a total of 7 weekxalhes equal the transmissible eneayove

the static limitsthat were made possible by the IACMS calculation, per asset type and per demonstration
site. The values were calculated by the following method: the total transmissible energy based on the
static load was subtracted from the @lttransmissible energy based on the dynamically calculated load,
considering a full loachominal voltage and a poweadtor of unityin both casesAt Zsombo, there were

no cables in the LV demonstration area.

Tablel: Excess energy allowance (total values for 7 weeks)

Besnica Zsombo Boly
Cables 11.55 MWh NA 40.59 MWh
Overhead lines 35.22 MWh 135.25 MWh 69.99 MWh
Transformers 8.47 MWh 67.37 MWh 66.72 MWh

2.4 Scenarios in the demonstration

In this demonstration, the operation of the market was simulated using artificial bids. Each bid was
described by the following parameters:

A type of the bid(supply or demand);

A index of the trading period, for which the bid is relevant;
A volume of the bid;

A submission price of the bid.

For every considered participant, bids were generated based on the historical consumption/production
data provided by the demostrators It is assumedhat every participant submits bids to the market in
two steps: First, daghead bids are submitted on the day before the trading periodXand second,
intra-day bids are submitted on the day of trading. In the case ofitinabids, it was assumebat the
prediction of consumption/production regarding the trading period is more precise than in the case of
day-ahead bids.

The demonstratiowas performed for different scenarios, listed in TaBl®SOs uploaded the data for
the analysis, then the B@as calculated, and the bid generator provided the p2p actidigydifferent
scenarios were analyzed duriagyear timespanScenario 1, 17 and 18 are the-called base scenarios
for seasons of winter, springutumn and summer respectively. Thesgenarios provide a reference for
the analysis of different considerations, which can be grouped

A Data availabilityg metering and synthetic load profiles are always available, while a feeder
metering(Summeter) is only available in Scenarip 2

A DNUT elemats ¢ loss, loadability (with or without IACMSnd voltage regulation
A Share of DNUTS€enario 3 and 4 considers different options);
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A

Scenario 15 considers symmetric conditions in the modelling;

Order typesifietering based / flexibility)

Scenaridl3 and14 analyzed a local energy storage system (only available at Zsombo site).

Table2: Scenario schedule

Number Start date End date Name (DNUT change / data availability change)
1 2021.01.04 2021.01.24 Base
2 2021.07.12 2021.07.25 Grid measurements included in the estimation
3 2021.04.2§ 2021.05.16 Shared DNUT
4 2021.05.17 2021.06.06 Fix DNUT for bidder, remaining for aggressor
5 2021.06.07 2021.06.20 Congestion management limit
6 2021.06.21 2021.07.11 Congestion managemetimit + punishment
7 2021.01.25 2021.02.21 Voltage limit in the DNUT
8 2021.02.22 2021.03.14 Voltage limit with DNUT punishment
9 2021.07.26 2021.08.15 Losses + congestion management
10 2021.03.15 2021.04.04 Losses + voltage limit
11 2021.09.06 2021.09.26 Losses + congestion management + voltage limit
12 2021.09.27 2021.10.17 Extra flexibility offers added
13 2021.10.28 2021.11.07 DSO storage use case 1
14 2021.11.08 2021.11.21 DSO storage use case 2
15 2021.11.22 2021.12.05 Asymmetryconsideration test
16 2021.12.0§ 2021.12.19 Nonranonym bids, without automatic pairing
17 2021.04.05 2021.04.25 Base case for spring
18 2021.08.16 2021.09.05 Base case for summer
DSO congestion forecast test with increased base
21 2022.01.03 2022.01.24 case flow

The following tablesummarizes the parameter settings for the simulations. The parameters were tuned
by preliminary tests to provide practicahd realistic scenarios. However, the sensitivity analysis for these
opens up further possibilitie®r this implementation.

Table3: Parameter settings for the simulations

Dimension
EUR/pu

Value
1000

Parameter name
Voltage limit cost

Description

The price for exceeding voltage limits, a
component of DNUT, is practically
unlimited and excludes orders that surpa
these limits.

Current limit cost 1000 EUR/pu The price for exceeding line loading limit
a component of DNUT, is practically
unlimited and excludes orders that surpa

these limits.
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interval (lower
bound)

Transformetimit 1000 EUR/pu The price for exceeding transformer limit

cost a component of DNUT, is practically
unlimited and excludes orders that surpa
these limits.

DNUT trading 20 pu The unit ofpowertransmission, for which

volume DNUT is calculated, is equal to 2 kW.

Per unitpower 100 w Per unit ofpowerused.

Voltage limit 0.15 pu Voltage limit that applies in both directior
and is around 35V. Going over this limit
results in additional DNUT fees.

Transformer limit 5 % Transformer loading limit. Going over thi
limit results in additional DNUT fees.

Overflow ratio 0.2 - Ratio of energy tramsission in the system
that is not part othe BC, but covered by
local market activity.

Voltage linear cost | 0.0037 EUR/pu The cost for deviation from the reference
voltage;is applicable in both directions ar
is assessed for voltages within the range
the reference voltage and the voltage lim

Current linear cost | 7.36E05 | EUR/pu The cost for deviating from the BC curre
is applicable in both directions and is
assesgefor all lines.

Loss cost 0.02 EUR/pu Cost of total system loss caused by the
transmission.

Transformer linear | 7.36E06 | EUR/pu The cost for deviating from the maximun

cost transformer loading.

Retailer purchase | 0.0156 EUR/pu Price on which theetailer purchases a un

price of energy.

Retailer selling pricel 0.0338 Eur/pu Price on which the retailer sells a unit of
energy.

Battery scenario

parameters

Voltage deviation 1 % Exceeding this voltage limit at the battery

connection point will turn on the battery i
discharge mode.

D
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Voltage deviation |4 % Surpassing the voltage limit at the batter
interval (higher connection point will activate the battery
bound) charging mode.

Maximum battery | 160 kw Nominalmaximum power of the battery.

power

Table4 summarizes thestatistical attributes which were used to evaluate the different scenarios. Since
the frameworkgives all the relevant market and grid data as an output, more descriptive attributes were
created to heab the participants in the analysis.

Table4: List of the most relevant output variables

Unit of | Variable name

measure
[%0] Maximum of line load in BC over all lines and periods
[%0] Maximum of line load in OLM over all lines and periods
[%0] Maximum of line load in ALM over all lines and periods
[%0] Expected shortfall (5%) of all line loads in BC (over all periods and lines)
[%0] Expected shortfall (5%) of all line loads in OLM (over all periods and lines)
[%0] Expected shortfall (5%) of all line loads in ALM (over all periods and lines)
[%0] Expected shortfall (5%) of worst case line loads (worst case over periods) in BC
[%0] Expected shortfall (5%) of worst case line loads (worst case over periods) in OLM
[%0] Expected shortfall (5%) of worst case line loads (worst case over periods) in ALM
[%0] Maximal loss per traded volume ratio (LpTVr) in BC (over trading periods)
[%0] Maximal loss per traded volume ratio (LpTVr) in OLM (over trading periods where (

active)

[%0] Maximal loss per traded volume ratio (LpTVr) in ALM (over trading periods)

[%0] Minimal LpTVr in BC (over trading periods)

[%0] Minimal LpTVr in OLM (owé&rading periods where OLM is active)

[%0] Minimal LpTVr in ALM (over trading periods)

[%0] Maximal change in LpTVr in ALM compared to BC

[%0] Minimal change in LpTVr in ALM compared to BC

V] Maximal voltage deviation (VD) in BC (over all prosuraedsperiods)

V] Maximal VD in OLM (over all prosumers and periods)

V] Maximal VD in ALM (over all prosumers and periods)

V] Minimal voltage deviation (VD) in BC [V] (over all prosumers and periods)

V] Minimal VD in ALM [V] (over all prosumers galiods)
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V] Average voltage deviation (VD) in BC (over all prosumers and periods)
V] Average VD in OLM (over all prosumers and periods when LM is active)
V] Average VD in ALM (over all prosumers and periods)

V] Expected shortfall (5%) of voltagewuigtion (VD) in BC (over all prosumers and perioq

V] Expected shortfall (5%) of VD in OLM (over all prosumers and periods when LM is

V] Expected shortfall (5%) of VD in ALM (over all prosumers and periods)

V] Average change in VD in Alceimpared to BC (over all prosumers and periods when
is active)
[%0] Exchanged flexible power relative to maximal transmissible power

2.5 Evaluation of the complete set of demonstrations

The 4 demonstration sites provided \alidation environment for thedeveloped market and grid
modelling methodsFigurell provides the average ratios @LMand BC traded volumes for all 3 base
caseqwinter, spring and summer), and all 4 demonstration sites.

Location comparison

fovg ratio of OLM and BC traded volume [%) Max ratic of OLM and BC traded volume [%]

ocaton
- Bl
L1 mm ombo

traded wohune [%]

BC traded vouime [%]

of OLM anyl &C

Mg raon of DLM ang

Wty Sprng Summey
Tirre

Figurell: Average ratio of ALM and BC traded volumes in the whole demonstratiaise cases

Due to the fact that the producers on theclal markets are PVs, tlseasonality clearly had a great effect
as in the summer théraded volume change is significantly larg8ite Boly (markéwith red) hadthe
biggest share of local generatidthis was the only site with MV model and a MV PV poplant),
however in thesummertimethere was decrease®@LM activity due totte high DNUThecause losses
increased on the site greatljRegarding the Slovenian demonstration sité lack of production and
therefore the lack of supply bids clearly constrained {igp trading.The traded volumes basically
confirmed theviability of the p2p markets in generand withincreasing volatility, thenarket activities
were expandedThe resultxlearly show that theavailability of local generation is an entry barri€he
consumption alsdnasseasonalitywhich alscadds to theprocesses.

One of the most importanaspectsof the introduction of the DNUT ike concept of payments different
approaches weranalysedhrough the demonstrationsThe basic concept wakdt the aggressor pays
the DNUT (Scenarig,while another solution could be a #D% share (Scenario, Zndthe DNUT can
be fixed for the bidder, and the remaining part is paid by the aggres¢iserdataset is still the whole
demonstration periodfor these scenariosHgurel?2). The tradingintensifies in the summeigspecially
when the aggressor pays the DNgJthis means, that thevailablelocal generations a tempting option
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for the local usersThe fixing of the DNUT lda to the reduction of the traded volumes, which indicates
further activityfrom p2p point of viewg i KA & YSIFya GKI G FAEAYy 3 todafoS o
marketenhancementThs predictabilitymight encourage prosumers to access the local market.

Aug ratio of ALM and BC traded volume [%]

BT traded velumne

o ALM 4t

Figurel2: Different concepts for the DNUT share

Figurel3 shows the different bid acceptances throughout the demonstration of the voltage regulation
options.4 scenarios were important from this point of view:

9 Scenario X, BC

9 Scenario & Voltage limit ¢ if a transaction would lead teiolation, it is not allowed

I Scenario & Voltage limitwith punishment feesmear the limit

1 Scenario 1@ Voltage limits and losses define the DNUT

The demonstration sites argenerallyvoltage constrained, so thislement has actual effects on the
trading (contrary to the CM, which is described laté&r)g. for the average ratio of accepted demand bids
for Scenario 1 and 8here is a clear limitation springlowever, since these results are aggregated values
for the 4 sitesthe location attributes cannot be considered. At different site analaise further aspects
are discussed in this report belovnother key conclusion is that the trading activities Enejer in the
summer, and for most of the time, the grids were not constrained by the limits.
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Voltage limit evaluation
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Figurel3: Voltage regulation aspects in the DNtJ&ffects on the bid acceptance

The next discussed parameter is the CM optioncéihe static loadability of the networkbranchesis

larger than theflows, thele arevery fewfew occurrences of congestianhowever some were present

In the future with more and more renewables, higher loadings are expected, whichnggline this

capability of the developed frameworkheseLVdemonstration sites usually have overhead line ggds

in case of cable LV grids with shorter length, loadability might be a constraining factor. Testing the
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framework at such sites would add further conctuss to these scenariofn the case of Boly, where MV
level is also considered, the situation is differearid CM has limiting effect.

CM limit test
Exp shortfall (5] of WC line oads in BC [%] Exp shorttall (5%) of WC line ioads in ALM (%)
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Figurel4: ESn CM scenarios

In Scenario 15, a symmetmgid representation was used, which resultedré@stricted market activity.
However, thegphase assignment of element is not known at the DSO sites, which makes asymmetry tough
to handle.The difference in the modeling approach is clear, howevgractically usablesset enabled
framework musbe aligned with the DSO data availabilithere is &lear potential irhandling asymmetry
properly agFigurel5describes

Effect of symmetry

Mg change in VD in ALM compared to 8C [V] Avg change in LpTVr in ALM compared to BC [%]
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Figurel5: Symmetryq asymmetry considerations
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2.6 SlovenianPilot Site

Basic requirement for running the simulatiofrem the DSO perspectiveere input data. BME as the
developer of the algorithms and programs MATLAB(licence was arranged by Elektro Ljubljana),
specified which data would be needed, in what format amolw and where should the data be available.
Elektro Ljubljana agreed to@vide all necessary data for both LV pilot sites, which comprise grid topology
and the technical parameters of lines and assets.

After having a clear picture about the grid, BME atdegratedthe smart meters data. This means, data

from the meter, whichmeasures theotal consumption and electricity quality parameters on the level of
MV/LV transformer stabn and this is so called Sumeter. Summeter measures and stores information
aboutVoltage, current, power factpactive and reacts energy(bidiredionally)in 10-minute resolution

For calculations of the load flows and voltage levels among grid branches (lines, cables) and nodes, Elektro
Ljubljana provided data from all smart meters installed on the LV grid, measuring the consumption and
production of the grid usercustomers market active participants. Both selected LV grid have a common
FSFOGdzZNBE dGKFdG FEf INARR dzZASNRa O2yySOilAzy LRAyGa |
power and energy have been collectéal, morethantwo years. Simulations were usingatsmart meters

data. Every Monday, for the past 7 days 15 min smart meters data were collected and stawed/en

where authorized participants had accesgptrform analysis.

2.6.1 Preliminary proofof-concept simulationdor Gradisce

Market simulations arearried out for two scenarios for the same day of operation:

A ScenaricAY (G KS 2NAIAYIE [+ ySie2N] Ay DNIRAOGS A:
that inject power to the grid throughout the day.

A ScenarioB: two additional, randomly selected nodese replaced by prosumers, while the
energy production profiles of existing ones were used.

In both scenarios, a base case (generation and load) is defined based on measurements, which represents
the estimated state of the network without the influence thie local market. In this article, we focus on

two of the gridrelated aspects of the market results, namely phase voltage deviations and changes in
network loss. Therefore, prosumer prices, calculated DNUT, social welfare, and other economic measures
arenot discussed. The sum of network losses in a given qulder is divided by the total traded volume

to ensure comparability between the base case, and local market results. The total traded volume is
defined as the sum of generation and consumptiorhi@ system.
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Figurel6: Comparison of relative losses for the base case and local market results in scenario 1

Figurel6 summarizes the relative losses (MWh/MWh) in ScenArit this case, the local generation is
rather low, most of the consumption is covered by the external grid. Therefore, the loss refative
consumed energy is lefavourable as the flows follow the conventional route from the medium voltage

grid through the transformer to the customers. Compared to that, the introduction of the local market
provides information on the grid state for paipants, thus showing a possibility to bid for the local
generation. These added transactions lower the relative losses as the generation is physically closer to the
consumption.

Figure 17depicts the highest and lowest voltage phase RMS values for hethdse case and the local
market results, calculated in 15 min time steps for the whole day. Despite the additional trading, the
voltage values remain in a tight zone. Although the applied dynamic tariff practically forbids voltage limit
violations, thisresult is rather due to the lack of supply bids (which come from only 2 generators). The
number of supply orders is raised by connecting two more producers to the network in Sd&nario
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Figurel8: Comparison of relative losses for the base case and local market results in S&nario

In this scenario the retave lossesKigurel8) in the base case are already lower compared to SceAario
due to the increased number of local generators, which imply less loaded network branches. This loss
ratio is further improved by té local market.
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Figure19 shows that there is still only a slight rise in voltage RMS values, meaning that the constraints
defined by the operation standards are not violated.

2.6.2 Demonstrationof use cases

Regarding th&lovenian demo sites, if we rely strictly on the original data, no trading emerged in the local
market because of the lack of productiomo generation was presenflo overcome this issu8,fictive
producerswere addedo each sitgbased on historical Pdata) to the following nodes

Simulations for different scenarios were run on one week time franmrding to Tablg, thus the results
were provided for the same period.

The results were uploaded on a weekly basis (the name of the directory incheldate of the last day
of the week), the output files were available in .xIsx and in .mat format (MATLAB) as well.

The system performs a peptocessing of the results as well, and calculates indicators, which may be of
interest during the evaluation po®ss

The basic idea of the pgrocessing was to provide integrative descriptive values, based on which the
whole evaluation may be carried out, but if needed any more detail, vakmdts were available even
on the level of single line loads or voltageels in a single period during the simulation.
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In thestats outfiles, the so called 'expected shortfall vakleS had been calculated, which is a very simple
coherent measure of risk: it stands for the expected value of the worst 5%. For exampehalyer 100
lines, and the normalized load value (between 0 and 1, whataricsfor the maximal load) is given, then

the ES is calculated this way: we take the ascending-desnending) ordering of these values and take
the average of the last BS may & useful, because traditional statistical values (like the average or the
maximum) are not always very representative, the whole distribution is on the other hand a too large
data set to analyse.

In this document, thevisualizationof the results isspecific, that for each demo site, results had been
calculated only for specific time frames and this is evident also from the graphs.

Slovenia provided topologies for two LV netwaqrkdradisce and Besnic&oth grids are from the
perspective of geograpbal location not close to each other. Slovenian pilot locations have also different
number of loads (mainly households), that is why the results are presemtedparatefigures From the
DSO perspectivaye observed also other resultsspecially intereting were the results of settlement, for
specific scenarios.

In the case of ELJ, the following scenarios were performed:

A Base case, base case summer (Scenario 1, 18)

A DNUT fix for bidder, remainder paid by aggressor (Scenario 4)

A Congestion limit + punishmr¢test (Scenario 6)

A Voltagelimit + punishment test (Scenario 8)

A DNUTcontainsloss,congestion and voltage limit values (Scenario 11)

A Extra flexibility orders (Scenario 12)

Results of the simulations were given mainly for months of January, Febragly, for months in Spring
and then again for all scenarios, results were available again for the Autumn pasdtie sceario
schedule describes (Tablg 2

2.6.3 Congestion management

Figure20and21demonstrate the effect of the congestion management mechanism built into the DNUT.
The plots show the comparison between the line loads with and without the congesigmagement
mechanism in place.

The results suggest that the congestion management meisha built into the DNUT does not have a
significant impact on the line loadls the current demonstratioron the LV levelThe line loads remain

low with only minimal fluctuations throughout the simulation (except for Besnica site whe@udier

value @n be observe)] indicating that the congestion management does not significantly affect the
overall loading. This is due to the fact that congestion is extremely raxechlV networks as line loading
rarely approaches the permitted line loading linTihis holdfor both demo sites andcrossall simulation
periods. Line loading in the winter period tends to be larger as this time is characterized by higher
consumption without solar power to balance it out.
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Figure20: Besnicdine loads with and without congestion management built into the DNUT.
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Figure21: Gradisce line loads with and without congestion management built into the DNUT.

D
INTERRFACE D6.5. PEEROPEER MARKETPLACEOESTRATION: FINAIAEVATION REPORT AND
LESSONS LEARNPRQgE37



D6.5. PEER-TO-PEER MARKETPLACE DEMONSTRATION: FINAL EVALUATION REPORT

AND LESSONS LEARNT

2.6.4 Impact of Loss in the DNUT Calculation

Figure22, 23 show different levels of penalization for loss in the DNUT calculation and the corresponding
loss per traded volume (LpTV) values. Scenarios 7, 8 show the LpTV values without considering loss in the
DNUT calculation, while scenarios 1, 10 show the LpTdésavith loss penaation in the DNUT
calculation.

While the LpTV values do change slightly when loss is considered in the DNUT calculation, the changes are
not significant and the overall pattern of the LpTV values remains the same. The reasoniéth#tithe

DNUT calculation without loss penalization already accounts for certain aspects of loss (e.g., scenarios 7
and 8 penalize voltage limit violations that strongly correlate with loss as well), so the additional
penalization for loss does not rdsin a significant change in the overall LpTV values. However, there are
small changes in the LpTV values when considering loss in the DNUT calcartattbrs effect might be
emphasized with more significant penalization of loss.

Effect of loss
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Figure22: Besnica Loss per Traded Volume (LpTV) values with and without loss built into the DNUT.
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Figure23: Gradisce Loss per Traded Volume (LpTV) values with and without loss built into the DNUT.

2.6.5 Effect of Voltage Regulation ithe DNUTon local market activity

Figures24 and 25 show scenarios representing different types of voltage regulation in the DNUT and its
effect of local market activity.

The figures demonstrate that when a voltage regulateement is built into the DNUT (scenarios 7, 8,
10), there is no significant impact on local market activity compared to the baseline scenario (scgnario 1
or compared to other scenarios without voltage regulation (scenarios 5, 6). However, when congesti
management is introduced into the DNUT (scenarios 5 and 6), there is a small but noticeable reduction in
local market activity, whicls due to the limitedvariabilityof orders in terms of congestion management
compared to order variability in terms @bltage deviationTheseeffects are based on the settings of
DNUT cost elements, as linear costs for current and voltage changes were introduced.
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Figure24: Besnica effect of active voltage regulation element built intoBMUT in terms of local market activity.
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Figure25: Gradisce: effect of active voltage regulation element built into the DNUT in terms of local market
activity.

2.6.6 IACMS effect evaluation

The objective of IACMS was to allow incesh&nergy flow through the assets, so as to not limit the
operation of the local market.
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