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9ȄŜŎǳǘƛǾŜ ǎǳƳƳŀǊȅ 

The deliverable D6.5 from work package 6 of the INTERFACE project is the final report that summarizes 
ǘƘŜ ǇǊƻƎǊŜǎǎ ŀƴŘ ǊŜǎǳƭǘǎ ƻŦ 5ŜƳƻ !ǊŜŀ н άPeer-to-ǇŜŜǊ ǘǊŀŘƛƴƎέ 5ŜƳƻ. It is divided into two parts and 
includes Task 6.1 "Asset-enabled Local Markets" Demo and Task 6.2 "Blockchain-based TSO-DSO 
flexibility" Demo. From the perspective of Task 6.1, the electricity trading in local neighbourhoods 
between consumers and local parties has been achieved. The main aims and objectives of T6.1 are 
providing a data-driven, simulation-based demo of a realistic local asset-enabled energy market, where 
transactions beneficial for the distribution grid are facilitated via dynamic pricing (DNUT ς dynamic 
network usage tariff), the state of the network is monitored by the Integrated Asset Condition 
Management system (IACMS), which allows real time estimation of component loadability values, the 
demonstration of a local market that runs based on data, provided from 3 sites (2 in Hungary, 1 in 
Slovenia), local distribution system operators are involved to provide grid and consumption/production 
data. Other objectives include the establishment of the theoretical and computational background of an 
asset enabled local electricity market platform the definition of the structure and elements of the IT 
implementation, the establishment of data connections towards the demo sites (DSOs) and the 
establishment of data connections towards the IEGSA platform. 

From the viewpoint of Task 6.2, the focus was on trading flexibility services amongst TSOs, DSOs and 
Flexibility service providers (FSPs). We then elaborated on the simulation methods, the current market 
scenario, the problems faced by each stakeholder in the electricity market and proposed solutions to the 
problems. An emphasis on the reasoning behind the solution was provided, the technology was chosen 
and a detailed architecture of the platform was provided. Furthermore, we presented 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 KPIs. The socio-economic 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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1 LƴǘǊƻŘǳŎǘƛƻƴ 

 
This deliverable D6.5 from Work Package 6 of the INTERRFACE project summarizes the results of the 
following two pilots in Demo area 2: Peer-to-peer trading. 

(1) Asset-enabled local markets (T6.1) 
(2) Blockchain-based TSO-DSO flexibility (T6.2) 

 
To deliver a high-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 WP6 and pilots were completed 
ahead of the plan. The demonstration activities of Asset-enabled local markets (T6.1) took place in 
Slovenia and Hungary and were led by Elektro Ljubljana. The demonstration activities of Blockchain-based 
TSO-DSO flexibility (T6.2) took place in Romania and Bulgaria and were led by EMAX. Actively involved 
were energy and IT implementation experts, representatives of various project partners and TSOs/DSOs. 
 

1.1 INTERRFACE Objectives 

The P2P demonstration activities will contribute to achieve the overall objective of the INTERRFACE 
project and particularly, they address the 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 TSOs and DSOs 
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 pan-European market and empower all 
market participants to provide energy services in a transparent and non-discriminatory way. 

3. To test the state-of-the-art digital technologies, such as Blockchains and IoT, for peer-to-peer 
energy transactions that promote local markets and smart asset management. 

4. To engage consumers into electricity markets with clean energy flows based on a user- operator 
άŀƭƭƛŀƴŎŜέ ǘƘŀǘ ƻŦŦǎŜǘǎ ǘƘŜ ǾŀǊƛŀōƛƭƛǘȅ ƻŦ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǿƛǘƘ ŜŦŦŜŎǘƛǾŜ ŘŜƳŀƴŘ ǊŜǎǇƻƴǎŜΣ ŀŎǘƛǾŜ 
control, distributed storage and peer-to-peer local markets. 

The objectives of WP6 are (a) to demonstrate automated peer-to-peer marketplace for energy exchanges 
among TSO-DSO-consumers based on the grid assets capability, (b) to demonstrate a TSO-DSO flexibility 
market platform deploying blockchain-based with smart contract and smart billing and (c) to test 
compatibility level with existing power exchange platforms. The whole demonstration was established in 
D6.1 with the market model and use/business case setup and the IEGSA concept. 
 

 

 

 

Figure 1: WP6 objectives and time plan 
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1.2 Objectives of 1st P2P demo - Asset-enabled local markets (T6.1) 

 
The main objectives achieved in the Asset-enabled local markets demo is the synthesis of a local Peer-to-
Peer (p2p) market that enables consumers to buy electricity from local parties other than their local utility 
and to offer their renewable (mainly household size) generation for sale to other parties in the local 
neighbourhood. The second key objective achieved in this demo is to create the trading framework in a 
way, which on the one hand 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 components to provide real-time estimations 
about their actual load-ability. The latter function is performed by the integrated asset condition 
management system (IACMS). 

 
Congestion management: The DNUT based trading facilitates only those specific local 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 2nd P2P demo ς Blockchain-based TSO DSO flexibility (T6.2) 

The main objective of Blockchain-based TSO DSO flexibility marketplace (EFLEX) is to demonstrate trading 
of flexibility services amongst TSOs, DSOs and Flexibility service providers (FSPs) in a transparent, secure 
and cost-effective manner. The 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 streamlines the needs of both TSO and 
DSO on the same platform. The pilot demonstration was carried out in Bulgaria and Romania and the main 
focus achieved are the following: 
 
Congestion management: Demonstrated a TSO-DSO 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 and (c) enable 
participation of distributed generators and other flexibility assets (electrical loads, storage, EVs) on the 
distribution-grid level to ensure system stability. 
 
TSO-DSO Coordination: Demonstrated 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 scheduling visibility, increasing transparency and 
interoperability. This is to be achieved with the support of Blockchain-based smart contracts and 
distributed ledger technology. 
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2 !ǎǎŜǘ ŜƴŀōƭŜŘ ƭƻŎŀƭ ƳŀǊƪŜǘǎ ό¢сΦмύ ς ǎǳƳƳŀǊȅ ƻŦ ŘŜƳƻƴǎǘǊŀǘƛƻƴǎ 

During the demonstration of asset enabled local markets, along with the necessary market design and 
algorithm development, a framework and an IT platform solution was developed, which provides an 
environment for important development tasks such as functional testing, sensitivity and use case analysis. 
The demonstrations were carried out on 4 sites from 3 DSOs: 

¶ Elektro Ljubjana (ELJ) ς Gradisce and Besnica; 

¶ MVM DÉMÁSZ (NKM/MVM) ς Zsombó; 

¶ E.ON Dél-dunántúli Áramhálózati Zrt. ς Bóly. 

The 3 partners had quite different data inputs for the demonstration. The project developed a common 
modelling method and interfaced the different datasets from the DSOs. Then the data sources were 
interfaced with the framework. The integration with the IEGSA platform provides possibilities towards the 
extension of this solution. This section summarizes the key developments, results and offers a discussion 
on the applicability as well. Section 2.1 presents the elements of the architecture, Section 2.2 shows the 
validation procedure for the grid models, then Section 2.3 presents the IACMS model, 2.4 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 presents the 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. 

A local market platform from was introduced, on which peer-to-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 for 15-minute periods of a day, starting from the previous day 
until gate closure, which precedes physical delivery by 1 hour. The settlement is carried out after energy 
delivery, taking market data and measurements into consideration. 

2.1 Demonstration framework 

The framework was created aiming towards a fully operating structure where the infrastructure is 
modeled properly, participants can make bids, and the effects of the transactions can be included in the 
dynamic network usage tariff calculation. 
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Figure 2: Modular architecture of the implementation 

The modular structure of the proposed local market scheme is summarized in the figure above, where the 
modules of the system and the information flow is depicted. The grid module, the market module, and 
the bid generator are discǳǎǎŜŘ ƛƴ ŘŜǘŀƛƭ ƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǎǳōǎŜŎǘƛƻƴΦ ΨL9D{!Ω ǎǘŀƴŘǎ ŦƻǊ ǘƘŜ ΨLƴǘŜǊƻǇŜǊŀōƭŜ 
pan-9ǳǊƻǇŜŀƴ DǊƛŘ {ŜǊǾƛŎŜǎ !ǊŎƘƛǘŜŎǘǳǊŜΩΣ ǿƘƛŎƘ ƛǎ ŀ ŎƻƳƳƻƴ ǇƭŀǘŦƻǊƳ ŘŜǾŜƭƻǇŜŘ ƛƴ INTERRFACE project. 
In the specific use case for asset-enabled local market, IEGSA stores the grid data, and the metering data 
necessary for base-case 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 the market 
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 the Integrated Asset Condition Management System, which 
continuously monitors the system components (e.g. lines and transformers) in order to provide up-to-
date loadability data for the market transactions (the operational details of IEGSA, IACMS and the process 
of bidding are not the subject of this study, but presented in Deliverable 6.1 - άTechnical requirements 
and setting of microgrid local electricity markets demo ς IACMS technical specification and in D3.3 
INTERRFACE System Reference Architectureέ). The dashed lines (between the DSO ς grid module and 
IACMS ς IEGSA) represent a one-time data share (initialization of attributes) between the functional 
elements. 

2.1.1 Principles of dynamic network usage tariff (DNUT) 

Every transaction induces flows on the local network, 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. 
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The dynamic network usage tariff (DNUT ς ϵκa²ƘύΣ ƛǎ ŀ ǘƻƻƭ ƻŦ ƛƴŎentivization in the local market, which 
is either added to or subtracted from the total energy clearing price of a given order, observed by the 
corresponding bidder. On the one hand, the tariff can be consistently lower than standard network 
charges, because 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 of orders) that are advantageous 
from the perspective of the grid operator. 

This tariff consists of three main elements:  

¶ deviation in nodal voltages;  

¶ branch flows;  

¶ 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. Trading between 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 quality of service, while branch currents are constrained in 
order not to surpass the rated currents of the given lines of the grid (rated current has been determined 
by the IACMS module). 

The linear components account for the physical effects of energy transactions. 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 
(estimated by 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 (seller and buyer) 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 
described based on Fig. 3. The applied methods should be selected depending on the activity of 
prosumers. 
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Figure 3: 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 added to the forecasted 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 further transactions. The DNUT matrix must be recalculated accordingly. 
The state-of-the-art local market models use this approach to estimate the physical effects of 
transactions. This is referenced as zero base case (ZBC) market throughout this document. 

The method 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 energy 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 similarly 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 defined overflow 
ratio. In this example, the value of this ratio is 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 validation in simulations 

In this section, the operation of the local market is briefly presented and validated through market 
simulations for one specific quarter hour (QH). The aim of these simulations is to show the attributes of 
the local market framework. The ZBC market approach is used as a benchmark to our method. 

Before the implementation for the national demonstration sites, the local market concept was tested on 
the IEEE European LV test feeder, which also contains 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 
ŜŀǊǘƘƛƴƎ ǊŜǎƛǎǘŀƴŎŜ ƻŦ ол Ҡ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ŀǘ the prosumersΩ ǎƛŘŜ. The network topology and 
consumption/production data are shown in Fig. 4-5. 
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Figure 4: Network model with single-phase prosumers (red ς phase a, green ς phase b, blue ς phase c, producers 
are marked by asterisks) 

 

Figure 5: Base case produced (red) and consumed (blue) energy by prosumers in the given QH 

The effect of growing prosumer participation ratio (PPR ς the ratio of prosumers trading on the local 
market to all prosumers in the network) is evaluated through a Monte Carlo simulation for both the ZBC 
approach and the local market framework. A 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 
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of the surplus relative to the number of participating prosumers over the course of the simulation is 
depicted in Fig. 6. 

 

Figure 6: The change of surplus in the system as a result of increasing PPR in Monte Carlo simulation 

In general, the surplus increases 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 simulations. This rate is influenced by the ever-changing 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 average a 2.6 times 
higher relative social welfare value can be reached through considering the base case energy injections 
compared to the ZBC approach. This is also shown in Fig. 7, where the average of the sum traded volumes 
on the markets are depicted. 
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Figure 7: Mean sum traded volumes considering the two market approaches 

The results show that the DNUTs influence the market transactions in such a way that is beneficial from 
the network perspective, while local generation (in a consumption-heavy area) has been incentivized. It 
can be also concluded from the simulations that the initial state of the system has a vast influence on 
DNUTs, and thus local trades. 

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

¶ The LV market platform is proved to be operable parallel to a working traditional retail system. 

¶ 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 retail market. 
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). 

¶ Instead of blocking unfavorable transactions or punishing 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 network-friendly 
transactions for a prosumer 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 pre-defined data structure. The 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: 

ω network topology data (graph representation); 
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ω parameter table of line types (impedance calculation); 

ω 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 tasks are 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, type definition), transformer electrical data, switching & 
protection devices, voltage, and current measurements. The developed model is a 4-wire representation 
which considers asymmetry, as it is an important factor for low voltage networks. 

Then in the next step, 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), distributed generation 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 and 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 essential for further 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 grid infrastructure can handle the market 
requirements. Therefore, to calculate the base of the grid factors that are constraining the market actions, 
ǊŜƭƛŀōƭŜ ƳƻŘŜƭǎ ŀǊŜ ƴŜŜŘŜŘΦ ¢ƘŜ ŘƛǎŎǳǎǎŜŘ {ƭƻǾŜƴƛŀƴ ŘŜƳƻƴǎǘǊŀǘƛƻƴ ǎƛǘŜ ƛǎ ƭƻŎŀǘŜŘ ƛƴ DǊŀŘƛǑőŜΦ ¢ƘŜ ǎǇŀǘƛŀƭ 
expanse of 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 consumer connection 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 the physical representation of the demo 
sites and provides an estimation for the day-ahead 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 to increase the visibility of possible customer behavior. It is important to note that estimating 
the day-ahead profile of consumers or prosumers is a difficult task per se, but with around 50 connection 
points per LV circuit, the power flow calculations could be seen as representative. 
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Figure 8: Node connection diagram of Gradisce location 

The modeling phase was investigated under some simplifying assumptions. Reactive power is only 
available for some industrial/commercial customers; therefore, 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 feasible from 
the data); transformer LV-side voltages are 1.04 per unit, similarly to the practical settings (based on 
measurements). Unbalanced calculations are considered with a 4-wire line representation and 3-phase 
transformer model based on the vector group and impedance data. 

The proposed P2P local market concept requires an accurate mapping technique of the real-time grid 
states. The grid module uses power measurements recorded in consumer connection points and a graph-
based representation of the real grid to estimate the actual state (and electrical parameters) of the grid. 
For validation purposes, the load-flow voltage results and the real voltage measurements are compared. 
Despite the extensive availability of power measurements, a limited set of voltage values were accessible. 
Naturally, one-phase consumers provided only one time series, and 34 pieces of 3-phase measurements 
are missing. This means that more than 75% of consumers are taken into the validation, which is 
significant in the context that an LV site is investigated. While voltage time series have a 10 min resolution, 
the power meters record data every 15 minutes. 
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Figure 9: Heatmap of deviation between simulation and real voltage dataset; each row shows one metering point 
(node) and each column represents one momentum from 00:00 to 23:30 with 30 min resolution 
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Figure 10: Metered (solid lines) and simulated (triangle markers) end node voltages in case of three circuits; the 
node numeration is denoted above 

Since the proposed local market uses 15-minute 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 
real-time measurement set was validated on data corresponding to the 13th of August. The deviation 
between real-time and simulation records are demonstrated via a heatmap in Figure 99. 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. 2,3 V deviation between real and metered data. Figure 9 shows 
that in most cases the deviation between simulation and on-site measurements is under this threshold. 
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 element switch, which is hard to predict in the case of low number of LV 
customers. 

While, Figure 9 introduces a general picture about the performance of the grid module, Figure 10 shows 
a comparison of 3 circuit endpoint node voltages. This reveals the voltage 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 algorithm 

The Integrated Asset Condition Management System aims at the highest exploitation of the components 
in the physical grid and thus eliminates network constraints that would hinder the operation of and the 
free access to the market. At the same time, the system is avoiding unnecessary risks associated with the 
outages caused by ageing 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, if the weather is considered, a much more accurate 
seasonal ampacity can be calculated. Standardized calculations, 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 demo sites and is therefore prepared for lack of data. 
The system consists of the following modules for all types of equipment: 

¶ Thermal behavior model applying statistical environmental data 

¶ Asset condition module limiting excessive ageing by adjusting the thermal 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 ratio (K0) is set to 500% of the nominal load value so that the 
iterative solution approaches the final Ki value 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-s: 

¶ Basic (nameplate) data: type, nominal voltages and currents, nominal power, no-load loss, short-
circuit loss, weight, oil weight, location 

¶ Operational history information: time in operation or installation date 

¶ Condition information: visual checks, oil tests, insulation resistance tests, other diagnostic 
measurements 

2.3.2 Overhead lines 

For medium voltage power lines, the ambient adjusted line rating (AA-LR) gives an optimal solution by 
considering the required input data and the achievable surplus transmission capacity. 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% transmission capacity in average can be achieved by the application of AA-LR 
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 lines from the DSO-s are as follows: 

¶ Basic (nameplate) data: type, nominal voltage and current, type and data of conductor, location 

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

¶ Condition information: visual checks 
The inputs of the IACMS for overhead lines from C&G sensors are as follows: 

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

¶ 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 be calculated 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-s: 
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¶ Basic (nameplate) data: type, nominal voltage and current, material and cross-section of 
conductor, resistance of conductor 

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

¶ Condition information: insulation resistance measurements, diagnostic measurements 

2.3.4 Summary of IACMS results 

The following table contains the total excess energy allowance throughout the demonstration periods 
where IACMS was active, which means a total of 7 weeks. The values equal the transmissible energy above 
the static limits that 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 total transmissible energy based on the dynamically calculated load, 
considering a full load, nominal voltage and a power factor of unity in both cases. At Zsombó, there were 
no cables in the LV demonstration area. 

Table 1: Excess energy allowance (total values for 7 weeks) 

 Besnica Zsombó Bóly 

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: 

Å type of the bid (supply or demand); 

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

Å volume of the bid; 

Å submission price of the bid.  

For every considered participant, bids were generated based on the historical consumption/production 
data provided by the demonstrators. It is assumed that every participant submits bids to the market in 
two steps: First, day-ahead bids are submitted on the day before the trading period (D-1); and second, 
intra-day bids are submitted on the day of trading. In the case of intra-day bids, it was assumed that the 
prediction of consumption/production regarding the trading period is more precise than in the case of 
day-ahead bids. 

The demonstration was performed for different scenarios, listed in Table 2. DSOs uploaded the data for 
the analysis, then the BC was calculated, and the bid generator provided the p2p activity. 19 different 
scenarios were analyzed during a year timespan. Scenario 1, 17 and 18 are the so-called base scenarios 
for seasons of winter, spring-autumn and summer respectively. These scenarios provide a reference for 
the analysis of different considerations, which can be grouped: 

Å Data availability ς metering and synthetic load profiles are always available, while a feeder 
metering (Sum-meter) is only available in Scenario 2; 

Å DNUT elements ς loss, load ability (with or without IACMS) and voltage regulation; 

Å Share of DNUT (Scenario 3 and 4 considers different options); 
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Å Scenario 15 considers symmetric conditions in the modelling; 

Å Order types (metering based / flexibility); 

Å Scenario 13 and 14 analyzed a local energy storage system (only available at Zsombó site).  

 

Table 2: 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 2021.04.26 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 management limit + 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 Asymmetry consideration test 

16 2021.12.06 2021.12.19 Non-anonym 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 

21 2022.01.03 2022.01.24 
DSO congestion forecast test with increased base 
case flow 

 

The following table summarizes the parameter settings for the simulations. The parameters were tuned 
by preliminary tests to provide practical and realistic scenarios. However, the sensitivity analysis for these 
opens up further possibilities for this implementation. 

 

Table 3: Parameter settings for the simulations 

Parameter name Value Dimension Description 

Voltage limit cost 1000 EUR/pu The price for exceeding voltage limits, a 

component of DNUT, is practically 

unlimited and excludes orders that surpass 

these limits. 

Current limit cost 1000 EUR/pu The price for exceeding line loading limits, 

a component of DNUT, is practically 

unlimited and excludes orders that surpass 

these limits. 
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Transformer limit 

cost 

1000 EUR/pu The price for exceeding transformer limits, 

a component of DNUT, is practically 

unlimited and excludes orders that surpass 

these limits. 

DNUT trading 

volume 

20 pu The unit of power transmission, for which 

DNUT is calculated, is equal to 2 kW. 

Per unit power 100 W Per unit of power used. 

Voltage limit 0.15 pu Voltage limit that applies in both directions 

and is around 35V. Going over this limit 

results in additional DNUT fees. 

Transformer limit 5 % Transformer loading limit. Going over this 

limit results in additional DNUT fees. 

Overflow ratio 0.2 - Ratio of energy transmission in the system, 

that is not part of the 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 and 

is assessed for voltages within the range of 

the reference voltage and the voltage limit. 

Current linear cost 7.36E-05 EUR/pu The cost for deviating from the BC current; 

is applicable in both directions and is 

assessed for all lines. 

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

transmission. 

Transformer linear 

cost 

7.36E-06 EUR/pu The cost for deviating from the maximum 

transformer loading.  

Retailer purchase 

price 

0.0156 EUR/pu Price on which the retailer purchases a unit 

of energy. 

Retailer selling price 0.0338 Eur/pu Price on which the retailer sells a unit of 

energy. 

    

Battery scenario 

parameters 

   

Voltage deviation 

interval (lower 

bound) 

1 % Exceeding this voltage limit at the battery 

connection point will turn on the battery in 

discharge mode. 
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Voltage deviation 

interval (higher 

bound) 

4 % Surpassing the voltage limit at the battery 

connection point will activate the battery in 

charging mode. 

Maximum battery 

power 

160 kW Nominal maximum power of the battery. 

 

Table 4 summarizes the statistical attributes which were used to evaluate the different scenarios. Since 
the framework gives all the relevant market and grid data as an output, more descriptive attributes were 
created to help the participants in the analysis. 

 

Table 4: List of the most relevant output variables 

Unit of 
measure 

Variable name 

[%] Maximum of line load in BC over all lines and periods  

[%] Maximum of line load in OLM over all lines and periods  

[%] Maximum of line load in ALM over all lines and periods  

[%] Expected shortfall (5%) of all line loads in BC (over all periods and lines)  

[%] Expected shortfall (5%) of all line loads in OLM (over all periods and lines)  

[%] Expected shortfall (5%) of all line loads in ALM (over all periods and lines)  

[%] Expected shortfall (5%) of worst case line loads (worst case over periods) in BC  

[%] Expected shortfall (5%) of worst case line loads (worst case over periods) in OLM  

[%] Expected shortfall (5%) of worst case line loads (worst case over periods) in ALM  

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

[%] Maximal loss per traded volume ratio (LpTVr) in OLM (over trading periods where OLM is 
active)  

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

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

[%] Minimal LpTVr in OLM (over trading periods where OLM is active)  

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

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

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

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

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

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

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

[V] Average change in VD in ALM compared to BC (over all prosumers and periods when LM 
is active) 

[%] Exchanged flexible power relative to maximal transmissible power  

 

2.5 Evaluation of the complete set of demonstrations 

The 4 demonstration sites provided a validation environment for the developed market and grid 
modelling methods. Figure 11 provides the average ratios of OLM and BC traded volumes for all 3 base 
cases (winter, spring and summer), and all 4 demonstration sites.  

 

Figure 11: Average ratio of ALM and BC traded volumes in the whole demonstration ς base cases 

Due to the fact that the producers on the local markets are PVs, the seasonality clearly had a great effect, 
as in the summer the traded volume change is significantly larger. Site Bóly (marked with red) had the 
biggest share of local generation (this was the only site with MV model and a MV PV power plant), 
however in the summertime there was decreased OLM activity due to the high DNUT, because losses 
increased on the site greatly. Regarding the Slovenian demonstration sites, the lack of production and 
therefore the lack of supply bids clearly constrained the p2p trading. The traded volumes basically 
confirmed the viability of the p2p markets in general, and with increasing volatility, the market activities 
were expanded. The results clearly show that the availability of local generation is an entry barrier. The 
consumption also has seasonality, which also adds to the processes.  

One of the most important aspects of the introduction of the DNUT is the concept of payments. 3 different 
approaches were analysed through the demonstrations. The basic concept was that the aggressor pays 
the DNUT (Scenario 1), while another solution could be a 50-50% share (Scenario 3), and the DNUT can 
be fixed for the bidder, and the remaining part is paid by the aggressor, the dataset is still the whole 
demonstration period for these scenarios (Figure 12). The trading intensifies in the summer, especially 
when the aggressor pays the DNUT ς this means, that the available local generation is a tempting option 
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for the local users. The fixing of the DNUT leads to the reduction of the traded volumes, which indicates 
further activity from p2p point of view ς ǘƘƛǎ ƳŜŀƴǎ ǘƘŀǘ ŦƛȄƛƴƎ ǘƘŜ ōƛŘŘŜǊΩǎ 5b¦¢ ƛǎ ŀ ǇƻǎǎƛōƭŜ tool for 
market enhancement. This predictability might encourage prosumers to access the local market. 

 

 

Figure 12: Different concepts for the DNUT share 

Figure 13 shows the different bid acceptances throughout the demonstration of the voltage regulation 
options. 4 scenarios were important from this point of view: 

¶ Scenario 1 ς BC 

¶ Scenario 7 ς Voltage limit ς if a transaction would lead to violation, it is not allowed 

¶ Scenario 8 ς Voltage limit with punishment fees near the limit 

¶ Scenario 10 ς Voltage limits and losses define the DNUT 
 
The demonstration sites are generally voltage constrained, so this element has actual effects on the 
trading (contrary to the CM, which is described later). E.g. for the average ratio of accepted demand bids 
for Scenario 1 and 8, there is a clear limitation spring. However, since these results are aggregated values 
for the 4 sites, the location attributes cannot be considered. At different site analysis some further aspects 
are discussed in this report below. Another key conclusion is that the trading activities are larger in the 
summer, and for most of the time, the grids were not constrained by the limits.  
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Figure 13: Voltage regulation aspects in the DNUT ς effects on the bid acceptance 

The next discussed parameter is the CM option. Since the static loadability of the network branches is 
larger than the flows, there are very few few occurrences of congestion ς however some were present. 
In the future with more and more renewables, higher loadings are expected, which will underline this 
capability of the developed framework. These LV demonstration sites usually have overhead line grids ς 
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 conclusions to these scenarios. In the case of Bóly, where MV 
level is also considered, the situation is different, and CM has a limiting effect. 

 

Figure 14: ES in CM scenarios 

In Scenario 15, a symmetric grid representation was used, which resulted in restricted market activity. 
However, the phase assignment of element is not known at the DSO sites, which makes asymmetry tough 
to handle. The difference in the modeling approach is clear, however a practically usable asset enabled 
framework must be aligned with the DSO data availability. There is a clear potential in handling asymmetry 
properly as Figure 15 describes. 

 

Figure 15: Symmetry ς asymmetry considerations 
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2.6 Slovenian Pilot Site 

Basic requirement for running the simulations from the DSO perspective were input data. BME as the 
developer of the algorithms and programs in MATLAB (licence was arranged by Elektro Ljubljana), 
specified which data would be needed, in what format and how and where should the data be available. 
Elektro Ljubljana agreed to provide 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 also integrated the smart meters data. This means, data 
from the meter, which measures the total consumption and electricity quality parameters on the level of 
MV/LV transformer station and this is so called Sum-meter. Sum-meter measures and stores information 
about Voltage, current, power factor, active and reactive energy (bidirectionally) 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 users- customers- market active participants. Both selected LV grid have a common 
ŦŜŀǘǳǊŜΣ ǘƘŀǘ ŀƭƭ ƎǊƛŘ ǳǎŜǊΩǎ ŎƻƴƴŜŎǘƛƻƴ Ǉƻƛƴǘǎ ŀǊŜ ŜǉǳƛǇǇŜŘ ǿƛǘƘ ǘƘŜ ǎƳŀǊǘ ƳŜǘŜǊǎΦ мр Ƴƛƴ Řŀǘŀ ƻŦ ŀŎǘƛǾŜ 
power and energy have been collected, for more than two years. Simulations were using real smart meters 
data. Every Monday, for the past 7 days 15 min smart meters data were collected and stored on server 
where authorized participants had access to perform analysis.  

2.6.1 Preliminary proof-of-concept simulations for Gradisce 

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

Å Scenario AΥ ǘƘŜ ƻǊƛƎƛƴŀƭ [± ƴŜǘǿƻǊƪ ƛƴ DǊŀŘƛǑőŜ ƛǎ ǳǎŜŘΣ ǿƘƛŎƘ ƻƴƭȅ Ŏƻƴǘŀƛƴǎ ǘǿƻ ǇǊƻǎǳƳŜǊǎ 
that inject power to the grid throughout the day. 

Å Scenario B: two additional, randomly selected nodes are 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 of the local market. In this article, we focus on 
two of the grid-related 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 
are not discussed. The sum of network losses in a given quarter-hour 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 consumption in the system. 
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Figure 16: Comparison of relative losses for the base case and local market results in scenario 1 

Figure 16 summarizes the relative losses (MWh/MWh) in Scenario A. In this case, the local generation is 
rather low, most of the consumption is covered by the external grid. Therefore, the loss relative to 
consumed energy is less favourable, 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 participants, 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 17 depicts the highest and lowest voltage phase RMS values for both the base 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, this result 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 Scenario B. 
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Figure 17: Comparison of minimum and maximum phase voltages for the base case and local market results in 
Scenario A 
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Figure 18: Comparison of relative losses for the base case and local market results in Scenario B 

In this scenario the relative losses (Figure 18) in the base case are already lower compared to Scenario A 
due to the increased number of local generators, which imply less loaded network branches. This loss 
ratio is further improved by the local market. 
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Figure 19: Comparison of minimum and maximum phase voltages for base case and local market results in 
Scenario B 

Figure 19 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 Demonstration of use cases 

Regarding the Slovenian demo sites, if we rely strictly on the original data, no trading emerged in the local 
market because of the lack of production, no generation was present. To overcome this issue, 3 fictive 
producers were added to each site (based on historical PV data) to the following nodes:  

Simulations for different scenarios were run on one week time frame according to Table 2, thus the results 
were provided for the same period. 

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

The system performs a post-processing of the results as well, and calculates indicators, which may be of 
interest during the evaluation process. 

The basic idea of the pre-processing was to provide integrative descriptive values, based on which the 
whole evaluation may be carried out, but if needed any more detail, values-results were available even 
on the level of single line loads or voltage levels in a single period during the simulation. 
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In the stats out files, the so called 'expected shortfall value'- ES had been calculated, which is a very simple 
coherent measure of risk: it stands for the expected value of the worst 5%. For example, if we have 100 
lines, and the normalized load value (between 0 and 1, where 1 stands for the maximal load) is given, then 
the ES is calculated this way: we take the ascending (non-descending) ordering of these values and take 
the average of the last 5.ES may be 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, the visualization of the results is specific, 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 networks, Gradisce and Besnica. Both grids are from the 
perspective of geographical location not close to each other. Slovenian pilot locations have also different 
number of loads (mainly households), that is why the results are presented on separate figures. From the 
DSO perspective, we observed also other results; especially interesting were the results of settlement, for 
specific scenarios.  

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

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

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

Å Congestion limit + punishment test (Scenario 6) 

Å Voltage limit + punishment test (Scenario 8) 

Å DNUT contains loss, congestion and voltage limit values (Scenario 11) 

Å Extra flexibility orders (Scenario 12) 

Results of the simulations were given mainly for months of January, February, rarely for months in Spring 
and then again for all scenarios, results were available again for the Autumn period, as the scenario 
schedule describes (Table 2). 

2.6.3 Congestion management 

Figures 20 and 21 demonstrate the effect of the congestion management mechanism built into the DNUT. 
The plots show the comparison between the line loads with and without the congestion management 
mechanism in place. 

The results suggest that the congestion management mechanism built into the DNUT does not have a 
significant impact on the line loads in the current demonstration on the LV level. The line loads remain 
low with only minimal fluctuations throughout the simulation (except for Besnica site where an outlier 
value can be observed), indicating that the congestion management does not significantly affect the 
overall loading. This is due to the fact that congestion is extremely rare in such LV networks as line loading 
rarely approaches the permitted line loading limit. This holds for both demo sites and across all 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. 



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

AND LESSONS LEARNT  

 

  D6.5. PEER-TO-PEER MARKETPLACE DEMONSTRATION: FINAL EVALUATION REPORT AND 
LESSONS LEARNT | Page 37 

 

Figure 20: Besnica line loads with and without congestion management built into the DNUT. 

 

 

Figure 21: Gradisce line loads with and without congestion management built into the DNUT. 
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2.6.4  Impact of Loss in the DNUT Calculation 

Figures 22, 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 LpTV values with loss penalization 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 reason for this is that the 
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 result in a significant change in the overall LpTV values. However, there are 
small changes in the LpTV values when considering loss in the DNUT calculation, and this effect might be 
emphasized with more significant penalization of loss. 

 

Figure 22: Besnica Loss per Traded Volume (LpTV) values with and without loss built into the DNUT. 
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Figure 23: Gradisce Loss per Traded Volume (LpTV) values with and without loss built into the DNUT. 

 

2.6.5 Effect of Voltage Regulation in the DNUT on local market activity 

Figures 24 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 regulation element is built into the DNUT (scenarios 7, 8, 
10), there is no significant impact on local market activity compared to the baseline scenario (scenario 1) 
or compared to other scenarios without voltage regulation (scenarios 5, 6). However, when congestion 
management is introduced into the DNUT (scenarios 5 and 6), there is a small but noticeable reduction in 
local market activity, which is due to the limited variability of orders in terms of congestion management 
compared to order variability in terms of voltage deviation. These effects are based on the settings of 
DNUT cost elements, as linear costs for current and voltage changes were introduced. 



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

AND LESSONS LEARNT  

 

  D6.5. PEER-TO-PEER MARKETPLACE DEMONSTRATION: FINAL EVALUATION REPORT AND 
LESSONS LEARNT | Page 40 

 

Figure 24: Besnica effect of active voltage regulation element built into the DNUT in terms of local market activity. 
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Figure 25: 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 increased energy flow through the assets, so as to not limit the 
operation of the local market. 




















































































