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EXECUTIVE SUMMARY 

 

The EU-SysFlex H2020 project aimed at a large scale deployment of flexibility solutions, including technical options, 

system control and a novel market design to integrate a large share of renewable electricity, maintaining the 

security and reliability of the European power system. The project results will contribute to enhance system 

flexibility, resorting bo th to existing assets and new technologies in an integrated manner, based on seven 

European large scale demonstrators (WP 6, 7, 8 and 9). The overall objective of WP6 is the analysis of the 

exploitation of decentralized flexibility resources connected to the distribution grid for system services provision to 

the TSOs (Transmission System Operator), by the means of three physical demonstrators located in Germany, Italy 

and Finland. Following the objectives of the EU-SysFlex project and of its WP6 in particular, the three demonstrators 

are being set- up in order to show how resources connected to the distribution system can help to address system 

needs by providing ancillary services to the transmission level and, at the same time, meet the requirements of 

both TSO and DSO (Distribution System Operator) while, also, improving the coordination between these two 

actors. 

 

This deliverable presents the Finnish demonstrator in EU-SysFlex. The objective of the Finnish demonstrator was  

to increase especially the use of market based concepts and virtual power plants to support the operation of the 

transmission and distribution networks. The innovative aspect was to integrate small, so far untapped flexible 

assets in medium and low voltage grid, to the aggregation processes and offer the flexibility of these assets to the 

¢{h ŀƴŎƛƭƭŀǊȅ όŦǊŜǉǳŜƴŎȅύ ǎŜǊǾƛŎŜǎ ŀƴŘ ŦƻǊ 5{hΩǎ ƴŜŜŘǎΦ ¢ƘŜ ŦƭŜȄƛōƭŜ ŀǎǎŜǘǎ ƛƴ ǘƘŜ Finnish demonstrator are an 

industrial-sized BESS (Battery Energy Storage System), customer and office scale batteries, EV (Electric Vehicle) 

charging systems and residential electricity storage heating loads. Active as well as reactive power management 

were applied as flexibility services.  

 

In the demonstration of providing active pƻǿŜǊ ǘƻ ¢{hΩǎ ŀƴŎƛƭƭŀǊȅ ƳŀǊƪŜǘǎ, it is mandatory to enable the operation 

of small assets in the flexibility markets. To reach this goal forecasting and optimization, control logics as well as 

reliable communication systems were needed. Forecasting and optimization tools were developed specifically for 

each asset type of the demonstration. The tools of an aggregator to forecast the availability of assets to operate in 

the TSO ancillary markets, define the optimal bidding sizes and times and define the available potential in the 

current and future scenario. The reactive power flexibility was applied as a proof-of-concept of the demonstrated 

local reactive power market. In this part, an additional forecasting tool was created for the use of the DSO. Virtual 

power plants aggregate decentralized assets to bigger entities. The operation required development of a suitable 

platform/systems, interfaces between assets and different systems, and interfaces to the markets.  

 

The Finnish demonstration reached important development steps where the industrial-sized BESS is operating in 

the TSO ancillary markets and multi-service provision was also demonstrated by the BESS. Remote control and 

control logic have been developed and tested for the PV power plant, customer-owned small batteries and the 

office scale battery. Several forecasting and optimization tools for the needs of an aggregator and additionally, 

reactive power forecasting tool for the DSO, were developed. The flexibility potential of electric heating loads has 
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been evaluated by simulations. A proof-of-concept of the reactive power market was demonstrated. The main focus 

ǿŀǎ ǘƘŜ ƻǇŜǊŀǘƛƻƴ ƻŦ ǘƘŜ 5{h ƛƴ ǘƘŜ ¢{hκ5{h ƛƴǘŜǊŦŀŎŜ ǎǳǇǇƻǊǘƛƴƎ ǘƘŜ ǾƻƭǘŀƎŜ ƛƴ ǘƘŜ ¢{hΩǎ ƴetwork. The results 

from the demonstration are summariserd in Table 1. 

 

Lƴ ǘƘŜ ŘŜƳƻƴǎǘǊŀǘƛƻƴ ƻŦ ǊŜǎƻǳǊŎŜǎ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅ ǎǘƻǊŀƎŜ ƘŜŀǘƛƴƎ ƭƻŀŘǎ Ǿƛŀ !aw ƳŜǘŜǊǎΣ ǘƘŜ ŘŜƳƻƴǎǘǊŀǘƛƻƴΩǎ Ƴŀƛƴ 

contribution was the further developed forecast of the controllable electricity storage heating load via AMR meters. 

Additionally, the financial profits for the aggregator and for end-ǳǎŜ ŎǳǎǘƻƳŜǊǎ ŦǊƻƳ ǘƘŜ ¢{hΩǎ ƳCww ƳŀǊƪŜǘ ǿŜǊŜ 

simulated.  For the end customers, the profits were small and this challenges the future development. The future 

of applying these loads via DSO owned AMR meters depends on the national statements of the roles, possibilities 

and obligations to various stakeholders.  

 

In the reactive power market demonstration, a proof-of-concept of the market was presented. One aim of this 

entity was the DSO in the TSO/DSO connection to respect its PQ parameters without penalties when utilizing via 

ǘƘŜ ƳŀǊƪŜǘ ǘƘŜ ŀƎƎǊŜƎŀǘƻǊΩǎ ƻǇŜǊŀǘŜŘΣ ŀƎƎǊŜƎŀǘŜŘΣ ŘƛǎǘǊƛōǳǘŜŘΣ ǎƳŀƭƭ ǊŜŀŎǘƛǾŜ ǇƻǿŜǊ ŀǎǎŜǘǎΦ !ŘŘƛǘƛƻƴŀƭƭȅ ƛƴ 9¦-

SysFlex, a forecast was created for the DSO to be able to estimate the reactive power profile in the TSO/DSO 

connection. Another achievement was the aggregatorΩǎ  ŎƻƴǎǘǊǳŎǘŜŘ ŀōƛƭƛǘȅ ǘƻ ŎƻƴǘǊƻƭ ǘƘŜ ǊŜŀŎǘƛǾŜ ǇƻǿŜǊ ŀǎǎŜǘǎΣ 

here the industrial sized BESS and inverters of the PV. For the demonstrated simulation period, the DSO reached 

some savings. However, no other costs, like payments for the aggregator or asset owners were estimated and at 

this stage creating a totally new market is not seen economically viable. On the other hand, the demonstration 

builds upon current EU targets for the development of various market based flexibility services for the needs of the 

TSOs and the DSOs.  

 

TABLE 1. THE FINNISH DEMONSTRATION KPI RESULTS 

 

NA = not applicable 

*High yearly variation 

Active power, 

simulated scenarios

Reactive power, real 

environment demo

Demo

Industrial-scale BESS 1.2 

MW, 600 kWh ("Suvilahti 

BESS")

Medium-scale BESS 120 

kW ("office-scale")

EV charging stations 

flexibility demo & 

calculated cases

Customer-scale 

batteries flexibility 

demo & calculated 

cases

Simulated scenarios: 

flexibility of electric 

heating loads via AMR 

control

Reactive power market demo

KPI Service provision
FCR-N (real market 

operation)

FCR-N (real market 

operation)
FCR-D (technical test)FCR-N (technical test) mFRR (simulation)

Q compensation (Suvilahti BESS, 

PV plant in Kivikko, Helsinki)

KPI-FIN1
Increase in revenue of the 

flexibility service provider
прмуп ϵ όпмлт ϵκƳƻύϝтслф ϵ όсоп ϵκƳƻύϝ

Estimated revenue 

ƛƴŎǊŜŀǎŜ Ґ олсс ϵ

Estimated revenue 

ƛƴŎǊŜŀǎŜ Ґ фпо ϵ

Simulated for 727 

customers, 56 415 

ϵκȅŜŀǊ ϝϝϝϝ

NA

KPI-FIN2

Decrease in penalties for 

going out of the PQ 

window

NA NA NA NA NA -16 %

KPI-FIN3
Reactive power market 

utilization factor
NA NA NA NA NA 27 %

KPI-FIN4
Flexibility service 

reliability 

0.174 (approx. 35 % of 

the offered capacity)

0.0239 (approx. 24 % of 

the offered capacity)
1.151 NA NA

Complete demo period: 405.68

Excluding single BESS error: 6.28

KPI-FIN5a
Reliability of the 

aggregation platform
NA 99,23 % Succes rate = 100 % ***Succes rate = 39,7 % NA NA

KPI-FIN5bUsability of the asset Usability = 94.8% 99,47 % NA NA NA

Suvilahti BESS: 99.5 %

Kivikko PV-plant: 100 %

Combined: 99.75 %

KPI-FIN6 Customer acceptance NA NA NA
Customer acceptance 

= 100 %
NA NA

Additional

KPI:

KPI-FIN7
Profits of service 

provision 
нннрф ϵ όнлнп ϵκƳƻύϝррто ϵ όпсп ϵκƳƻύϝϝNA сн ϵκȅŜŀǊ

Simulated for 727 

ŎǳǎǘƻƳŜǊǎΣ но нпф ϵκŀ
NA

Active power, real environment demos



FINNISH DEMONSTRATOR - MARKET BASED INTEGRATION OF DISTRIBUTED RESOURCES IN THE TRANSMISSION SYSTEM 
OPERATION 

DELIVERABLE 6.9 

 9 | 154  

**Customer profits 

***Counting only the succesfull test days 

****From manifold simulation cases, this option presented a case with max income to an aggregator and to 

customers. 

 

Industrial-scale BESS 

- Development of a set of forecasting/optimization tools to estimate the available flexibility of the LV/MV 

assets for TSO ancillary services 

- Operated in FCR-N market successfully 

- Scalable solution for future high-RES grid 

 

Medium-scale BESS 

- Successfully developed communication systems, control and optimisation logics for multi-use of the BESS 

- Successfully operated in FCR-N market, peak shaving, and reactive power compensation  

 

Customer-scale BESS 

- Controlling of individual small assets was technically hard and the demo failed to fulfil the requirements for 

FCR-N market 

- Uneconomical for customer and flexibility service provider 

 

EV charging flexibility demo 

- Successfully developed controlling logics to control charging sessions 

- Strict time requirements were not met in the FCR-D market 

 

Simulated flexibility of electric heating loads via AMR meters 

- Technical tests could not meet the requirements for mFFR market 

- Estimate of low profitability for single load 

 

Reactive power market demo 

- Technical proof of concept developed for a new market mechanism to manage reactive power in the 

TSO/DSO connection point 

- Successfully controlled the assets to provide reactive power 

 

 

Utilisation of distributed BESS (office and industrial scale) were proven to be efficient and reliable assets to provide 

ancillary services to the frequency containment reserve market operated by the Finnish TSO. The Finnish 

demonstration has shown a strong case for scalability and replicability for industrial scale BESS with new developed 

IoT platform and optimization tools. Multiuse of both industrial and office scale BESS when possible is strongly 

advised. Other demonstrated assets (residential BESS, EV chargers, residential electricity storage heating loads via 
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AMR meters) had technical and financial limitations yet to be resolved. However, in future these assets could 

provide active power flexibilities to the TSO. Especially as the power demand for EV charging increases this provides 

major possibility for flexibility service providers.  
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1. INTRODUCTION 

 

1.1 INTRODUCTION TO THE EU-SYSFLEX PROJECT 

 

The EU-SysFlex project seeks to enable the European power system to utilise efficient, coordinated flexibilities in 

order to integrate high levels of Renewable Energy Sources (RES). One of the primary goals of the project is to 

examine the European power system with at least 50% of electricity coming from RES, an increasing part of which 

from variable, distributed and Power Electronic Interfaced sources, i.e. wind and solar. Therefore the EU-SysFlex 

project aims at a large scale deployment of solutions, including technical options, system control and a novel market 

design to integrate a large share of renewable electricity, maintaining the security and reliability of the European 

power system. In order to achieve the project objectives the EU-SysFlex approach pursues the identification of 

technical shortfalls requiring innovative solutions, the development of a novel market design to provide incentives 

for these solutions, and the demonstration of a range of innovative solutions responding to the shortfalls. Other 

activities as data management analysis, innovative tool development and integration and testing of new system 

services in TSOs control centers are also included in the project approach. The project results will contribute to 

enhance system flexibility, resorting both to existing assets and new technologies in an integrated manner, based 

on seven European large scale demonstrators in Portugal, Germany, Italy, Finland, Portugal, France, and the Baltic 

states (WP 6, 7, 8 and 9). 

 

The demonstrators from different countries and have common and also some specific system needs and 

regulations. Their set-ups and frameworks were different but as they pursued the same general objectives, they 

were complementary in displaying the various possibilities for addressing system needs in the distribution and 

transmission grid with the help of distributed flexibility resources connected to the distribution grid. The Finnish 

demonstrator brought in the market aspects of providing services from distributed resources from medium and 

low voltage distribution networks. On one hand, it aggregated small distributed resources into the transmission 

level markets for frequency management. On the other hand, it introduced a market based approach for a DSO to 

purchase reactive power control resources from a local reactive power market. 

 

The variety of several demonstrators complementing each other demonstrated the possibility of using various 

flexibility resources connected to voltage levels ranging from low to high voltage in order to provide services and 

solve a set of scarcities such as frequency deviations, voltage violations and congestions. The demonstrators also 

showed different technical strategies to improve the coordination between the TSO and DSO when tackling those 

scarcities. When working hand-in-hand the demonstrators displayed the technical chain allowing to connect and 

more efficiently operate distributed assets. Furthermore, they showed how those resources can be aggregated and 

made available to the TSO and DSO both by coordination mechanisms and by using market based mechanisms. 

 

In the Finnish demonstration, the flexibilities were demonstrated to provide frequency stabilization services to the 

TSO and help the DSO manage its reactive power exchanges with the TSO. The reactive power control assists  

voltage control of the TSO. These demonstrators were both developed with a market based approach. 
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FIGURE 1. ENVIRONMENT AND SCOPE OF THE FINNISH DEMONSTRATOR 

 

 

 
FIGURE 2. SCARCITIES SOLVED BY FLEXIBILITIES IN THE FINNISH DEMONSTRATOR   
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1.2 WP6 AND DEMONSTRATOR OBJECTIVES 

 

The primary objective of WP6 is to analyse and test the exploitation of decentralized flexibility resources connected 

to the distribution grid, respecting to the needs of both DSOs and TSOs. Within the on-going current policies for the 

decarbonisation of the energy systems, RES capacities are increasing, especially in the distribution network. 

Originally, these networks were not designed to host large volumes of distributed RES generation capacity, when, 

at the same time, they have to guarantee the security and resilience of their networks. A consequence of this is 

their need for adequate leverage in their network operation in order to avoid congestions and constraints 

violations. At the same time, the amount of traditional flexibility resources, historically provided by conventional 

generation in the transmission level, decreases. Therefore, the use of flexibility resources in the distribution grid, 

to guarantee security and resilience in the transmission system operation, is increasingly asked for. This 

development states needs for comprehensively improving the TSO/DSO coordination. Additionally, the various 

flexible resources connected to the distribution network are the assets capable of providing various ancillary 

services to TSOs and DSOs at the same time covering their needs. The overall WP6 objectives were:  

¶ Improve TSO/DSO coordination 

¶ Provide ancillary services to TSOs from flexible assets connected to the distribution network 

¶ Investigate how flexibilities connected to the distribution grid can meet the needs of both TSOs and DSOs  

 

The general objective of the Finnish demonstrator is to show how small, distributed flexibility resources, i.e., such 

various size BESSes (industrial scale, office scale, customer scale), electric vehicle (EV) charging stations, residential 

electricity storage heating load and a PV plant connected to the low or medium voltage distribution network can 

be aggregated to be traded on existing TSO market pƭŀŎŜǎ ŀƴŘκƻǊ ŦƻǊ 5{hΩǎ ǊŜŀŎǘƛǾŜ ǇƻǿŜǊ ŎƻƳǇŜƴǎŀǘƛƻƴ ƴŜŜŘǎ. 

The specific Finnish demonstrator objectives were:  

¶ !ƎƎǊŜƎŀǘƛƻƴ ƻŦ ǎƳŀƭƭ ŘƛǎǘǊƛōǳǘŜŘ ŀǎǎŜǘǎ ƛƴ [± ŀƴŘ a± ƴŜǘǿƻǊƪ ǘƻ ǘƘŜ ¢{hΩǎ ŀƴŎƛƭƭŀǊȅ ǎŜǊǾƛŎŜǎ ŀƴŘ ŦƻǊ ǘƘŜ 

5{hΩǎ ǊŜŀŎǘƛǾŜ ǇƻǿŜǊ ŎƻƳǇŜƴǎŀtion needs 

¶ Forming appropriate forecasting, optimization and control signals for different flexible resources 

¶ Demonstrating the value chain of harnessing small distributed assets to the benefit of the higher voltage 

grid stability 

 

1.3 SCOPE AND OBJECTIVES OF THIS DELIVERABLE 

 

The deliverable covers the entity of the Finnish ŘŜƳƻƴǎǘǊŀǘƻǊΩǎ four years research, developments and pilots in the 

EU-SysFlex program. The objectives of this deliverable are to form the comprehensive presentation from the 

starting point of this project from the pre-SysFlex situation by building and testing the six discrete pilots up to 

analysing the results and finally making the summary with exploiting plan and future prospectives. The main 

objectives of this deliverable is to report the entity of the Finnish Demonstrator and the main part is to 

comprehensively present the pilot developments, set-up, results and future view with development needs.  
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In EU-SysFlex and WP6, the demonstrators of Germany, Italy and Finland have already together published WP6 

deliverables in which they are reporting general views of demonstrators in [1], system use cases in [2], and 

descriptions of processes and data transfers in [3]Φ Lƴ ŀŘŘƛǘƛƻƴΣ ²tс ŘŜƳƻƴǎǘǊŀǘƻǊǎΩ ŦƻǊŜŎŀǎǘƛƴƎ ŀƴŘ ƻǇǘƛƳƛȊŀǘƛƻƴ 

as well as grid simulations have been presented in the common deliverables [4], [5] and [6].  

 

1.4 STRUCTURE OF THE DOCUMENT 

 

This deliverable άFinnish demonstrator - Market based integration of distributed resources in the transmission 

system operation - 5сΦфέ reports the piloted market based - active power as well reactive power - integrations of 

distributed resources applied in the transmission system operation .  First in Chapter 2, the summary of the situation 

before the EU-SysFlex situation is presented following by the developments during the project in Chapter 3. Parts 

of these development stages, like forecasting and optimization are comprehensively reported in separate 

deliverables - however, these main points and achievements are summarized in this report.  

The main chapter of this deliverable is the Chapter 4 where all the demonstration set-ups and results are 

comprehensively reported. The Finnish demonstrator had altogether six discrete pilots. The active power 

demonstrations included five asset types and demonstrators. Each of them is reported in a separate sub-chapter. 

The reactive power demonstrations covers one sub-chapter of this report.  

At the end of this deliverable, the lessons learned, the scalability, replicability and the future questions are 

discussed.  
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2. SUMMARY OF THE PRE-SYSFLEX SITUATION 

  

2.1 STATUS-QUO, DRIVERS AND CHALLENGES ADDRESSED BY THE DEMONSTRATOR 

 

Status-quo, challenges and environment of the demonstrator 

The Finnish demonstrator is focused on market based integration of flexible assets to the TSO ancillary services. As 

the amount of renewable, intermittent and decentralized production increases in the energy system, more 

flexibility is needed. Therefore, demand response and storage solutions will play a key role in the future energy 

system.  

 

The prerequisites for an asset to participate in the reserves and balancing power markets include technical 

requirements (e.g. minimum size, activation time), market place requirements (e.g. regarding balance settlement) 

and the passing of a prequalification test. An aggregator can aggregate multiple assets, which do not fulfill the 

technical and market requirements individually, into an entity that is qualified to participate on the reserve markets. 

With the growing share of distributed small scale generation in the Nordic power system, flexible resources are 

increasingly needed for the ancillary services. Typically the assets participating in the markets are industrial-sized 

loads or generation capacities that are traded by the asset operator or by a retailer. In the future, it will be possible 

to include so far untapped small scale assets to the aggregation processes. These small scale assets can include 

battery energy storage systems of different sizes, EV charging stations, residential electric heating loads and loads 

connected to building automation (e.g. air ventilation). Assets are owned and operated by manifold owners and 

operators, like aggregators, retailers, service providers as well as  end-use customers. For example for EV charging, 

there are e.g. public, company-owned and private EV charging stations and this brings various aspects to flexibility 

analysis, forecasting, optimization and operation [7], [8], [9]. 

 

In addition to the TSO ancillary markets, the Finnish Demonstrator studies a market based concept for local reactive 

power compensation needed by the DSOs. ¢ƻ ǎǳǇǇƻǊǘ ǘƘŜ ¢{hΩǎ ƻǇŜǊŀǘƛƻƴ ƻŦ ǘƘŜ ƴŀǘƛƻƴŀƭ ǘǊŀƴǎƳƛǎǎƛƻƴ ƎǊƛŘΣ ŜǾŜǊȅ 

DSO manages the PQ window at the TSO/DSO interface (within the Finnish demonstrator 400/110 kV). The TSO has 

set the PQ windows to avoid excessive reactive power input/output between the TSO and the DSOs. The reason for 

the PQ window is to reduce the voltage violations in the TSO grid due to reactive power inputs/outputs. If the 

reactive power exceeds the window limits determined by the TSO, a penalty reactive power tariff is charged from 

the DSO.  

 

Currently in Helsinki, the control of the PQ window is mainly realised by 110 kV reactors and the on/off control of 

110 kV capacitors. In addition, a tariff structure also exists between the DSO and power tariff customers in order to 

direct and guide these bigger customers in their electricity usage of reactive power. However, the benefits of the 

tariffs between the DSO and bigger customers have remained minor because the costs of reactive power have so 

far remained low. Furthermore, no major problems have been caused to the DSO. On the other hand, DSOs could 

use other active methods to reach more reactive power compensation to manage and control the PQ window at 

the TSO/DSO interface. Flexible resources regarding reactive power exist in the distribution network, but DSOs have 
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no convenient mechanism to reach these assets. The Finnish demonstrator tackles this issue with the proof of 

concept for a reactive power market mechanism. It should be noted that the use of reactive power assets connected 

in the distribution network always needs ǘƘŜ 5{hΩǎ ǾŀƭƛŘŀǘƛƻƴ ōŜŦƻǊŜ ǿƻǊƪƛƴƎ ƻƴ ǘƘŜ demonstrated market. 

 

During the past decade Helen has been developing capabilities to integrate third party owned assets into the 

balancing markets. So far, these assets have typically been industrial-sized loads or large generation capacities. In 

EU-SysFlex, Helen is aiming at utilising the experience gained with the larger assets to harness small distributed 

assets to the markets. The main difference with small assets compared with assets that are already aggregated and 

traded today is the even higher uncertainty of the available capacity. This demonstration provides solutions to this 

challenge by developing a capacity forecasting tool of different assets for day-ahead and intraday markets. 

 

Drivers 

Different drivers, both external and internal, affect the Finnish Demonstrator: external drivers with the goal to 

integrate a higher share of RES in the system and internal drivers in the form of improved cost efficiency for the 

system overall and of increased revenue for the aggregator. Consequently, the demonstrator aims for increased 

use of market-driven concepts to support the operation of transmission and distribution networks.  

 

2.2 GOALS OF THE DEMONSTRATOR AND CONTRIBUTION TO THE WP6 AND PROJECT  

 

The general objective of the Finnish demonstrator is to show how flexibility resources, i.e. small, distributed 

resources, such as electric vehicle (EV) charging stations, large scale battery energy storage system (BESS), customer 

scale batteries, PV plant and residential heating loads, that are connected to the low or medium voltage distribution 

network, can be aggregated to be traded on existing TSO market plaŎŜǎ ŀƴŘκƻǊ ŦƻǊ 5{hΩǎ ǊŜŀŎǘƛǾŜ ǇƻǿŜǊ 

compensation needs. 

 

Specific goals of the Finnish Demonstrator:  

¶ Aggregation of small distributeŘ ŀǎǎŜǘǎ ƛƴ [± ŀƴŘ a± ƴŜǘǿƻǊƪ ǘƻ ǘƘŜ ¢{hΩǎ reserve markets and for the 

5{hΩǎ ǊŜŀŎǘƛǾŜ ǇƻǿŜǊ ŎƻƳǇŜƴǎŀǘƛƻƴ ƴŜŜŘǎ 

¶ Forming appropriate forecasting, optimization, communication channels as well as control logics for 

different flexible resources 

¶ Demonstrating the value chain of harnessing small distributed assets to the benefit of the higher voltage 

grid stability 

¶ Evaluating the business potential of the demonstrated solutions in cooperation with WP11 
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2.3 INNOVATION OF THE DEMONSTRATOR 

 

The Finnish demonstrator takes a step forward by aggregating small, so far untapped distributed assets to the 

benefit and needs of electricity network (at both TSO and DSO levels). Active as well as reactive power of the smaller 

assets are utilized by the Finnish demonstrator in the EU-SysFlex research program. 

 

Innovations in Finnish demonstrator regarding active power flexibility 

The active power of ǘƘŜ ǊŜǎƻǳǊŎŜǎ ƛǎ ŀǇǇƭƛŎŀōƭŜ ŦƻǊ ¢{hΩǎ ŦǊŜǉǳŜƴŎȅ ŀƴŘ ōŀƭŀƴŎƛƴƎ ƳŀǊƪŜǘǎΦ ¢ƻ ŀŎƘƛŜǾŜ ǘƘƛǎΣ ŀ Ǿƛǘŀƭ 

element of the project is to develop a tool that can forecast and optimize the availability of capacity from different 

resources (EV charging stations, residential heating loads, battery energy storage system) that are characterised by 

intermittency and variability. Another vital aspect is to demonstrate and define which kind of communication 

channels, systems and control logics are needed in order to aggregate and control the small assets according to the 

rules of the TSO ancillary markets. 

 

As some of the distributed resources are typically owned by third parties (e.g. customer scale batteries), this 

demonstrator also develops new cooperation concepts between an aggregator/retailer and the asset owners. 

 

Innovations in Finnish demonstrator regarding reactive power compensation 

For reactive power, a former comprehensive research of reactive power management reported the drastically 

changed reactive power situation in Finland that has also been measured and observed by the DSO of the Finnish 

demonstrator (Helen Electricity NetworkΣ ƘŜǊŜ ǿǊƛǘǘŜƴ ŀǎ άIŜƭŜƴ 5{hέ), the Finnish TSO (Fingrid) and extensively 

in Finland. There is going on an apparent and remarkable change in the reactive power characteristic from 

consumption towards production of reactive power. Therefore, a new market based concept for reactive power 

compensation is tested in the EU-SysFlex to widen the supply and availability of new type of reactive  power 

resources, now owned by third parties. For aggregators and asset owners this solution might offer new business 

opportunities.   

 

2.4 EXPECTED RESULTS AND KPI 

 

This chapter gives an overview of the expected results of the Finnish demonstration. The chapter also summarizes 

the Demonstrator specific KPIs. 

 

Expected Results 

¶ Aggregation of so far untapped distributed assets in the low and medium voltage network and 

demonstration of flexibility service provision 

¶ Suitable interfaces to connect small distributed assets to the aggregation platform to create a virtual 

power plant 

¶ Forecasting and optimization tools to estimate the availability of the distributed assets to the TSO 

ancillary services 

¶ Proof of concept for a reactive power market mechanism 
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¶ Evaluation of flexibility market operation schemes and business models  

¶ Increased use of market-driven concepts to support the operation of transmission and distribution 

networks 

 

Key Performance Indicators (KPIs) 

The KPIs of the Finnish demonstrator are presented in D10.1 Report on selection of KPIs for the demonstrations 

[10]. The Finnish demonstrator is testing the following services: 

¶ Active power flexibility provision to TSO ancillary (frequency) services (FCR-N, FCR-D, mFRR) 

¶ Reactive power flexibility provision to support the DSO to stay within the limits of PQ window and 

eventually to support the TSO in the voltage control of HV network 

The KPIs of the Finnish demonstrator are presented below: 

KPI n°1 

KPI name Increase in revenue of the flexibility service provider FIN  

Main objective 
Calculation of the total increase in revenue by providing new services with a 

specific set of resources compared to the BaU services and resources.   

KPI Description 
The Revenue is calculated by multiplying the provided power by the price of the 

service summed over a set of resources and a set of markets/services.  

Unit ϵ 

Formula 

 

Ὑ  ╟ ▼ȟ╪ȟ◄ ȢⱫ▼ȟ╪ȟ◄

╣

◄╪ɴ═▼ɴ╢

 

 

where 

S is the set of available markets/services 

A is the set of available resources 

t is one of the T time periods considered 

╟ is the realized power exchanged  

 ̄is the price  

  

Target value Estimated costs of operating the flexibility 

Baseline 

scenario 
Operating with the existing pre-SysFlex capacities 

Smart-Grid 

scenarios 

With EU-SysFlex innovations. Horizon: demo period 

Operating the resources on other markets, or on a combination of markets. 
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KPI n°2 

KPI name 
Decrease in penalties for going out of the PQ 

window 
KPI ID  

Main objective 
Estimate the value of the market that is being developed in the project for the 

DSO 

KPI Description 

Calculating the cost of being out of the PQ window with and without the market 

support. The costs consist of two parts which are related (when being out of the 

window) to the 1) reactive power, 2) reactive energy.  

Unit % 

Formula 

ὅ  ὅ 
ὅ 

 

The invoicing period is a month and the measurement data is hourly PQ data. 

Only those hours exceeding the PQ limits are taken into account, however, during 

a month, the 50 highest exceeding hours are free of charge and out of 

consideration. For those hours of interest, the costs include 1) the cost of reactive 

power and 2) the cost of reactive energy.  

 

ὅ ὅ  ὅ  

 

For power cost: For those k hours exceeding the PQ limits, the 51st highest 

absolute value of Q determines the cost of power.  

 

ὅ ὧ ɝzὗ   

 

*ҟQ51st max is the amount of reactive power exceeding the PQ limits of the 51st 

highest hour [MW] 

(*accurated definition compared to KPI definition presented in D10.1 Report on 

the selection of KPIs for the demonstrations)  

 

For energy cost:  For those (k-50) hours exceeding the PQ limit are taken into 

account, the exceeding reactive energy is the penalized energy.  

 

ὅ  ὧ ᶻ ȿЎὉȿ 

where 

ὅ is the cost for deviating from the allowed Q band when operating BaU ώϵϐ 

ὅ  is the cost for deviating from the allowed Q band when Q market is used 

ώϵϐ 
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ὅ  is the cost for reactive power [ϵϐ 

ὧ  is the unit price for reactive power ώϵκa²ϐ 

ὅ  is the cost for reactive energy ώϵϐ 

ὧ  is the unit price for reactive energy ώϵ/MWh] 

Ὧ is the number of hours when exceeding the PQ limits during a month   

ҟQ51st max is the amount of reactive power exceeding the PQ limits of the 51st 

highest hour [MW] 

ɝὉ is the sum of reactive energy exceeding the PQ limits [MWh] 

 

Target value Less than zero 

Baseline 

scenario 
w/o EU-SysFlex (compensators) 

Smart-Grid 

scenario 
with EU-SysFlex innovations. Horizon: demo period 

 

KPI n°3 

KPI name Reactive power market utilization factor KPI ID  

Main objective 
The goal is to measure the need for such a market and estimate the value for the 

aggregator 

KPI Description 
Calculation of the number of hours that the market is being used to compensate 

the reactive power during the test period 

Unit % 

Formula 

ВὬ

Ὕ  
Ͻ  Ϸ 

 

where 

ВὬ is the number of hours that the market is being used to compensate the 

reactive power  

Ὕ   is the number of hours during the test period (in the demonstration 

one month)   

Target value >0 

Baseline 

scenario 
No baseline 

Smart-Grid 

scenario 
with EU-SysFlex innovations. Horizon: demo period 
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KPI n°4 

KPI name Flexibility service reliability  KPI ID  

Main objective Difference between the offered bids and the realized power exchanges. 

KPI Description 

The root mean squared error (RMSE) between the bid power exchanges and the 

realized ones. This error includes forecasting errors, but also the other sources of 

errors in the system (e.g. communication failures, asset owner overriding the 

ŎƻƳƳŀƴŘΣ Χύ  

Unit MW 

Formula 

ὙὓὛὉ
В ὖȟ ὖ ȟ   
╣
◄

Ὕ
 

where 

t is one of the T time periods considered 

╟╡ is the realized power exchanged  

╟║○ is the power accepted (or validated) from the bid on the market  

Target value Towards 0.  

Baseline 

scenario 
No baseline 

Smart-Grid 

scenario 
with EU-SysFlex innovations. Horizon: demo period 

 

KPI n°5a 

KPI name Reliability of the aggregation platform KPI ID  

Main objective 
The goal is to measure how reliably the platform delivers and receives 

information 

KPI Description Calculating the hours that the communication is travelling through the platform 

Unit % 

Formula 

═╥Ϸ
╣╬▫□
╣▫▬

Ϸ 

where 

╣╬▫□ [s] is the total duration in which all the aggregation platform is working 

correctly as defined in the demonstration specifications. 

╣▫▬ [s] is the total operational time of the aggregator during the tests carried out. 

Target value ═╥Ϸ ὼ%, as good as possible 

Baseline 

scenario 
No baseline 

Smart-Grid 

scenario 
With EU-SysFlex. Horizon: demo period 
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KPI n°5b 

KPI name Usability of the asset KPI ID  

Main objective The goal is to measure asset usability 

KPI Description Calculating the hours that the asset is available and usable for operation 

Unit % 

Formula 

═╥Ϸ
╣╬▫□
╣▫▬

Ϸ 

where 

╣╬▫□ [s] is the total duration in which asset is working correctly as defined in the 

demonstration specifications. 

╣▫▬ [s] is the total operational time of the asset during the tests carried out. 

Target value ═╥Ϸ ὼ%, as good as possible 

Baseline 

scenario 
No baseline 

Smart-Grid 

scenario 
With EU-SysFlex. Horizon: demo period 

 

KPI n°6 

KPI name Customer acceptance KPI ID  

Main objective 

The goal is to have an attractive service that encourages the customers to give 

permission to use their resources (eg. electricity loads or battery storages) by the 

aggregator/utility company 

KPI Description 

Measuring how well customers will engage to take part in grid stabilization. KPI 

can additionally be supported by conducting an interview with a defined group 

of customers, eg. key customers.  

Unit % 

Formula 

╪╬╬▄▬◄▄▀ ╬▫▪◄►╪╬◄▼

▫██▄►▄▀ ╬▫▪◄►╪╬◄▼
Ͻ Ϸ 

  

Target value 15% ς 25% 

Baseline 

scenario 
No baseline 

Smart-Grid 

scenario 
With EU-SysFlex innovations. Horizon: demo period 
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KPI n°7 

KPI name 
Profits of service provision (revenues of service provision-costs of 

service provision) 
FIN  

Main objective 
Calculation of the benefit for the customers when they are provided new services 

with a specific set of resources compared to the BaU services and resources.   

KPI Description 

The Revenue is calculated by multiplying the provided power by the price of the 

service summed over a set of resources and a set of markets/services and 

subtracted the cost of grid service and energy retail.  

Unit ϵ 

Formula 

 

Ὑ Ὕ ὙὝ ὅὝ 

 

where 

ὅὝ ὅ Ὕ ὅ Ὕ  ὅ Ὕ 

ὅ Ὕ ὖ ὲ“ ὲ 

ὅ Ὕ ὖ ὲ“ ὲ 

 

Rnet is net income for the customers 

R is revenue from the markets (see KPI1) 

C is cost for the customers arisen from cost of grid tariff and energy tariff 

CgridE is cost for the customers arisen from energy in the grid tariff 

CgridP is cost for the customer arisen from demand in the grid tariff 

Cspot is cost for the customer arisen from spot based energy tariff 

 

╟  is the realized power exchanged  

 ̄is the price  

  

Target value 
Estimated costs of operating the flexibility by taking into account the grid tariff 

and energy tariff 

Baseline 

scenario 
Operating with the existing pre-SysFlex capacities 

Smart-Grid 

scenarios 

With EU-SysFlex innovations. Horizon: demo period 

Operating the resources on other markets, or on a combination of markets. 
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3. DEVELOPMENTS DURING THE PROJECT 

 

In this chapter, the systems (hardware and software) that were developed, purchased, installed or run during the 

project are described. During the four years of EU-Sysflex, many tools have been developed and assessed and 

multiple software solutions tested. Some of these software solutions remain in use post-SysFlex and some were 

only needed and evaluated during the demonstration project without direct post-SysFlex use. In general, the 

developments during the project are tools and software solutions that enable the use of small to medium scale 

assets to provide flexibility for the TSO or the DSO. This includes forecasting tools that estimate the available 

flexibility from different kinds of distributed small scale assets as well as a forecasting tool to estimate the need of 

reactive power compensation for a DSO. In addition to forecasting tools, the developments include optimization 

tools that create optimal bidding strategies for distributed assets. Furthermore, the whole ICT-environment had to 

be developed in order to use these distributed assets for providing flexibility. This included testing a new 

aggregation platform (pilot project) with a third party as well as expanding the abilities of an existing IoT platform 

that Helen uses as part of its ICT-systems.  

 

In the next chapters, these developments are described more in detail. Chapter 3.1 presents an overview of the 

whole development work realized during EU-SysFlex in a visual form. Chapter 3.2 describes the developments 

regarding the communication systems and interfaces between different systems. Chapters 3.3 and 3.4 describe the 

forecasting and optimization tools developed during EU-SysFlex. Moreover, the forecasting and optimization tools 

have been described in depth in the dedicated deliverables D6.2: Forecast: Data, Methods and Processing. A 

common description [4] and D6.5: Optimization tools and first applications in simulated environments [5]. 

 

3.1 OVERVIEW OF THE DEVELOPMENT WORK REALIZED IN THE DEMONSTRATOR 

 

The overview of the Finnish demonstration of both active and reactive power demonstrations is shown in Figure 3. 

The main development was done in the aggregation platforms and the integrations between the aggregation 

platforms, assets and other systems. All of the aggregation platforms had development or were new platforms 

tested during the project. All of the assets were existing before the project as were the integration platform, IŜƭŜƴΩǎ 

trading systems and TSO ancillary markets. Additionally, new development was required between IŜƭŜƴΩǎ ǘǊŀding 

systems and the integration platfrom which required a DMZ data intregration software in order to transfer market 

operation data from the IoT platform. All of the BESSes and EV chargers operated in active power demontrations 

and the Suvilahti BESS together with the PV plant operated in the reactive power market demonstration. 
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FIGURE 3. OVERVIEW OF THE DEVELPOMENTS IN SYSTEMS AND INTERFACESES IN THE FINNISH DEMONSTRATION 

 

After the EU-SysFlex project, the work discontinued with the DES aggregation platform as it was replaced with the 

IoT platform. In addition, as DEMS and Virta Energy Platform were not HelenΩs property, upgrades and development 

are required by the owner. 

 

3.2 COMMUNICATION SYSTEMS AND INTERFACES DEVELOPMENT 

 

In this chapter, all active and reactive power communication systems and interfaces are presented. Pre-existing and 

new developed interfaces are described separately for every asset. 

 

Large scale BESS 

A large scale BESS was installed on-site and it was used in different studies prior to EU-SysFlex. During EU-SysFlex 

the large scale BESS was connected to an aggregation platform and operated through it. The aggregation platform 

was in use and connected to IŜƭŜƴΩǎ ŜƴŜǊƎȅ ǘǊŀŘƛƴƎ ǎȅǎǘŜƳǎ prior to the project. Figure 4 shows the interfaces and 

communication systems of the large scale BESS. 

 

The interfaces  between the Programmable Logic Controller (PLC) local control and the aggregation platform were 

already existing. In addition, the aggregation platform had active ƛƴǘŜǊŦŀŎŜǎ ǘƻ IŜƭŜƴΩǎ 9ƴŜǊƎȅ ǘǊŀding systems prior 

to EU-SysFlex. New development was done in the data transmission interface ŦƻǊ ǘƘŜ .9{{ ǘƻ ƻǇŜǊŀǘŜ ƛƴ ǘƘŜ ¢{hΩǎ 

active power frequency reserve markets. 
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FIGURE 4. LARGE SCALE BESS 

 

In reactive power tests, the large scale BESS operated according to manual reactive power set points saved into the 

BESS PLC and thus no new interfaces were developed for the reactive power tests.  

 

Office scale BESS 

The office scale BESS was a new system installed in an office building. New communication systems and interfaces 

were taken into use for the BESS to operate. The BESS was connected to an IoT device via Modbus TCP and the IoT 

device to the IoT cloud platform using mobile internet connection. The use of Modbus allowed the device to use 

standardised Modbus protocol for reading from and writing to Modbus registers. The IoT device had been 

developed to function with the specific cloud service and it was purchased from the IoT platform provider. The IoT 

device itself only transfered data between the BESS and the cloud and all operational logic was built into the IoT 

platform. In the IoT platform, there were different user interfaces where users could create dashboards and logics. 

 

During EU-SysFlex different dashboard views were developed to enable easy use for the BESS operator. In addition 

to dashboard views, operational logics were developed to enable the different functions defined for the office scale 

BESS. These functions enabled the BESS to control the smart office power consumption with peak shaving logic and 

to participate in the FCR-N market operated by the Finnish TSO Fingrid as well as compensate the buildings reactive 

power. The logics for BESS operation were developed in house in Helen. 

 

Other interfaces consisted of an integration platform, a new developed DMZ (demilitarized zone) of trading systems 

and energy trading systems as presented in Figure 5. During EU-SysFlex a DMZ of trading systems was developed 

in oder to transfer market and real-time data between the IoT platform and energy trading systems. The DMZ is 

mandatory for the IoT platform to be operated as an aggregation platform for decentralized assets. The DMZ of 

trading systems was developed by a subcontractor. 
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FIGURE 5. OFFICE SCALE BESS 

 

Customer scale BESS 

Small scale residential BESSes were owned by the customers. The BESSes were connected to the DES aggregation 

platform that was under development by Tieto a Finnish software company. Operational logics for BESS control 

were developed to the aggregation platform by the subcontractor. Figure 6 illustrates the interfaces between the 

customer scale BESSes and the used aggregation platform. This aggregation platform was a third platform 

developed by Tieto and used by Helen in EU-{ȅǎCƭŜȄ ŀƴŘ ƛǘ ǿŀǎ ŎƻƴƴŜŎǘŜŘ ǘƻ IŜƭŜƴΩǎ integration systems. 

 

 
FIGURE 6. CUSTOMER SCALE BESS 

 

Electric Vehicle (EV) charging stations (Virta) 

Aƴ ŜȄƛǎǘƛƴƎ ǳǎŜǊ ƛƴǘŜǊŦŀŎŜ ό¦Lύ ŎŀƭƭŜŘ ±ƛǊǘŀ 9ƴŜǊƎȅ tƭŀǘŦƻǊƳ ŀƴŘ ƛǘΩǎ ōŀŎƪ-end were used for the EV charging 

demonstration. This platform handled communication between the UI and the charging points. Figure 7 shows the 

interfaces of the EV charger demonstration. The EV charging demonstration used charge points which were 

installed prior EU-SysFlex for the customers. In total, eight private AC chargers at a smart office environment and 

ƻƴŜ IŜƭŜƴΩǎ ǇǳōƭƛŎ 5/ Ŧŀǎǘ ŎƘŀǊƎŜǊ ǿŜǊŜ ǳǎŜŘ in the demonstration. 
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A new control logic was developed for demand response by Virta Ltd. in cooperation with Helen. The developed 

logic enabled to limit charging power to the connected charge point fleet. In addition, a user interface section was 

created for the control logic to the existing Energy Platform UI where the user could enable and disable the use of 

the logic and insert setpoint parameters. The developed control logic was called FCR step function. The parameters 

to the FCR step function were frequency activation limit, frequency deactivation limit, time delay and power 

limitation. The FCR step function was developed to match the Finnish TSO CƛƴƎǊƛŘΩǎ C/w-D technical requirements. 

In addition to user input parameters, grid frequency and charging power of charge point fleet were other input 

parameters for power reduction logic. 

 

 
FIGURE 7. EV DEMO SET-UP 

 

Electric Vehicle (EV) charging stations (Wapice 3rd party) 

In addition to the EV charging control demonstration with Virta, another charge point control demonstration was 

done with a 3rd party. In this demonstration, the complete flow from an IoT platform UI to a single charge point was 

developed. The interfaces are shown in Figure 8. An OCPP (open charge point control protocol) charger was installed 

on a customers site and the charger was connected to an open source charge point controlling OCPP capable 

platform. Additionally, the charge point controlling platform was integrated with an IoT platform. To the IoT 

platform simple UI dashboard was created which enabled users to set desired charging current limitations. 

 

 
FIGURE 8. EV2 DEMO SET-UP 
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PV plant reactive power 

The Kivikko PV power plant was used for reactive power control during the EU-SysFlex project. The PV power plant 

was connected to an IoT platform with an IoT device prior to the reactive power compensation demonstration. New 

interfaces and control logics were developed for controlling the reactive power shown in Figure 9.  

 

 
FIGURE 9. PV POWER PLANT Q-POWER 

 

3.3 FORECASTING  

 

Forecasting is a crucial part of any flexibility activity but it is further emphasized in the case of small scale and 

distributed assets. Small scale assets cannot provide enough flexibility on their own, so they have to be aggregated 

into a pool that is then used for flexibility provision. In order to successfully bid flexibility to e.g. a specific market 

place and operate the pool in response, forecasting is needed. During EU-SysFlex, different sets of forecasting tools 

were developed by VTT based on the data provided by Helen. These forecasting tools encompass three tools related 

ǘƻ ŀŎǘƛǾŜ ǇƻǿŜǊ ǘƘŀǘ ŀǊŜ ŀƛƳŜŘ ŦƻǊ ŀƴ ŀƎƎǊŜƎŀǘƻǊΩǎ ƴŜŜŘǎ ŀƴŘ ƻƴe tool related to reactive power that serves the 

DSO needs. The different forecasting tools are described in detail in the EU-SysFlex deliverable D6.2: Forecast: Data, 

Methods and Processing. A common description. the following paragraphs give a short summary of each tool. 

 

Forecasting tool for households with electric heating having storage (hot water tank) 

The electric heating of the households can be controlled via the AMR systems (Automatic Meter Reading). The tool 

forecasts the heating needs for houses with a hot water storage unit used for space heating and domestic hot water. 

The storage is large enough so that charging once per day for a couple of hours is enough to load up enough heat 

for the whole day. The forecasting tool forecasts the heating needs throughout the day but can also predict how 

the heating system will react to changes and commands resulting from the operation of the AMR-connected 

switches. The tool also predicts the available times and amounts for up and down regulation, which could be bid to 

the TSO ancillary services (studied market mFRR). The tool has been utilized in the simulated case scenarios 

presented in Chapter 4.1.6 and in ANNEX I. 
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Electric Vehicle (EV) charging stations 

The forecasting tool is used as a basis by an optimization tool in order to bid the capacity available from a set of 

public EV charging stations to the flexibility markets. The forecast is intended to give an estimate of how much 

capacity can be made available for specific markets by estimating the usage of the EV charging stations. In this case, 

the target markets are the frequency containment reserves (FCR) markets. 

 

Customer-owned small scale batteries 

The tool is made in the context of individual households owning PV panels and a battery, with its primary use being 

to store and use locally as much of the PV production as possible. The objective of the forecast is to identify how 

much of the batteries capacity has to be reserved for that purpose and cannot be used to be bid on other markets. 

 

PQ window compliance tool 

The tool is a preliminary step in the operation of the DSO managed reactive power market. The question that needs 

to be solved is to know how much additional reactive power services the DSO should procure from the 

demonstrated market in order to minimize the costs charged by the TSO when the exchanges between the 

distribution and transmission networks are out of bounds of the permitted active (P) to reactive (Q) power ratio, 

referred to as the PQ window. 

 

3.4 OPTIMIZATION  

 

In the Finnish Demonstration, optimization is closely related to forecasting and often it can be difficult or even 

impossible to consider them as separate functionalities. During EU-SysFlex, two optimization tools have been 

developed in cooperation with VTT. Both are related to the operational and bidding strategy of assets on the 

frequency regulation markets, and have been developed for the need of the aggregator. These two optimization 

tools are described in detail in the dedicated EU-SysFlex deliverable D6.5: Optimization tools and first applications 

in simulated environments. the following paragraphs give a short summary of both tools.  

 

Battery Energy Storage System (BESS, rated 1.2 MW and 600 kWh) 

As a result of tests in which the BESS was operated continuously with its maximum capacity, it has been noticed 

that the BESS is very often running itself completely full or completely empty. This is not efficient and hence 

optimization measures have to be applied. There is an incentive to stop providing the FCR services at specific times 

and instead charge or discharge the battery in order to bring it back closer to a SOC (State Of Charge) of 50 %. In 

the optimization, a balance must be found between the benefits of allowing the BESS to provide its services during 

more time periods on one hand and the costs of running the battery as well as imbalance costs on the other. Finding 

this balance is where the optimization process can take place. Therefore  forecasting tool aims to minimize the 

impact of the times when the battery is unable to provide frequency containment reserves (FCR-N) and to find 

optimal bidding price/strategy to maximize the income from the FCR-N market.  
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EV charging stations 

The optimization tool uses the forecasting tool as a basis. Its objective is to determine how much power the 

aggregator should bid on the markets. In order to maximize the revenues from providing the service, the 

optimization algorithm has to find the balance between the increased revenues due to bidding and providing higher 

amounts of frequency products with the cost of being charged penalties for failing to provide the promised services. 

As a result, the tool gives an optimal power curve that shows available flexibility for each hour of the day (i.e. 

bidding curve). The tool shows available capacity to be bid for FCR-N and FCR-D. FCR-D is the best market for 

άǊŜƎǳƭŀǊ ƻƴŜ-ǿŀȅέ ŎƘŀǊƎƛƴƎ ǎǘŀǘƛƻƴǎΣ ǎƛƴŎŜ the market is only for up regulation. 
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4. DEMONSTRATION SET-UP AND RESULTS 

 

This chapter describes the different field tests conducted during EU-SysFlex as well as their results. The chapter is 

divided into sub-chapters for each individual demonstration. First, demonstrations and field tests regarding active 

power are presented and after that the demonstrations regarding reactive power.  

 

4.1 ACTIVE POWER DEMONSTRATION  

 

Active power field tests include five different demonstrations: three battery demonstrations, EV charging station 

demonstration and the AMR control demonstrations. The set-up and results of these demonstrations are described 

in the following chapters. 

 

4.1.1 SUVILAHTI LARGE SCALE BESS DEMO 

 

Introduction 

A Battery Energy Storage System (BESS, 1.2 MW and 600 kWh, ±900 kvar) located in Suvilahti, Helsinki (referred 

later ŀǎ ά{ǳǾƛƭŀƘǘƛ .9{{έύ has provided a research platform for Helen since August 2016. The purpose of purchasing 

the battery was to demonstrate the multi-functionality of the battery and its technical capability to provide services 

for several stakeholders. To learn the best practises in the operating environment of the battery, its limitations and 

to identify possible needs to make changes to the regulations, also local DSO (Helen DSO) and the Finnish TSO 

όCƛƴƎǊƛŘύ ǇŀǊǘƛŎƛǇŀǘŜŘ ǘƘŜ ά{ǳǾƛƭŀƘǘƛ .9{{ ǊŜǎŜŀǊŎƘ ǇǊƻƧŜŎǘέ. In addition to the own research project of the battery 

(which started in August 2016 and ended in August 2019), the battery has operated as a research platform in two 

EU funded research projects, EU-SysFlex and mySMARTLife [11]. The next subchapters will describe the testing 

phase of the battery as well as the operation of the battery in the FCR-N market. The operation of the BESS in the 

FCR-N market has been one of the key objectives of the EU-SysFlex Finnish Demonstration. 

 

 
FIGURE 10. BATTERY ENERGY STORAGE SYSTEM IN SUVILAHTI, HELSINKI. SOURCE: HELEN LTD. 
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The infrastructure of the Suvilahti BESS is in two containers: one container has the battery cells, inverters and 

control devices and the other has the transformers and the MV (medium voltage) switchgear. The normal operation 

for the BESS is to produce or consume 1.2 MVA, but it has capability to be operated with a maximum apparent 

power of 1.8 MVA for up to 30 seconds. The Suvilahti BESS is connected to medium voltage (10 kV) network and it 

is in the same grid connection point with a PV power plant (380 kWp) and two electric vehicle charging stations. 

 

The smart grid entity of Suvilahti is supplied by a MV feeder from the Suvilahti 110/10 kV substation, which is one 

of the 25 primary substations of the local DSO. The substation has two main transformers with nominal rating 31.5 

MVA and 47 medium voltage feeders. The loading density in this area is high and thus, the lengths of the feeders 

of the distribution network are short. The local power system is strong with a short circuit power of 230 MVA on 

the MV side. 

 

4.1.1.1 TESTING PHASE 

 

Helen tested different operations of the Suvilahti BESS during the testing phase and as a part of different research 

projects that the battery participated in. The main research questions were  

1) How to provide ancillary services to TSO, such as reserve power in FCR-N market 

2) Iƻǿ ǘƻ ƛƳǇƭŜƳŜƴǘ ǇŜŀƪ ǇƻǿŜǊ ǎƘŀǾƛƴƎ ŀƴŘ ŜƴŜǊƎȅ ǘƛƳŜ ǎƘƛŦǘƛƴƎ ŦƻǊ ǘƘŜ 5{hΩǎ ƴŜŜŘǎ ǎǳŎƘ ŀǎ ǎƳƻƻǘƘƛƴƎ out 

PV production, shaving dynamic office electricity consumption loads and shaving the metro acceleration 

and braking peak powers from neighboring substation  

3) How to provide voltage control and reactive power compensation services to the local DSO 

During the research and testing phase, various frequency control characteristics with different power-frequency 

curves, SOC target values, dead bands, and recovery (charging or discharging) power values were tested. During 

the testing phase, operation according to FCR-N and FCR-D market rules were also tested.  

 

Furthermore, multioperations of the battery were tested which included e.g. simultaneous use of FCR and voltage 

regulation and either voltage regulation or reactive power compensation depending on the time of the day in 

addition to the frequency control, which was active all hours. More information on the different tests of the battery 

can be found in [12], [13] [14]. 

 

Outocomes of the testing phase 

One of the most promising applications for the Suvilahti BESS is the participation in the ¢{hΩǎ ǊŜǎŜǊǾŜ ǇƻǿŜǊ 

markets, namely FCR-N or faster markets. Advantages of a BESS for FCR operations include extremely fast reaction 

time. The reaction time of a BESS to achieve full power is few hundreds of milliseconds compared to traditional 

ǊŜǎŜǊǾŜ ǇƻǿŜǊ ǎǳǇǇƭƛŜǊǎΩ ǘŜƴǎ ƻŦ ǎŜŎƻƴŘǎΦ ¢Ƙƛǎ ƛǎ ōŜƴŜŦƛŎƛŀƭ ŀǎ ǘƘŜ ƛƴŜǊǘƛŀ ƻŦ ǘƘŜ ǇƻǿŜǊ ǎȅǎǘŜƳ ƛǎ ŜȄǇŜŎǘŜŘ ǘƻ 

decrease in the future as renewables replace traditional power generation. Therefore, battery energy storage 

systems would also be suitable assets to operate in the fastest markets, like FFR, which is targeted to handle 

situations of low inertia. The FFR started operations in May 2020 in Finland. 
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During the testing phase of the battery, if the battery operates continuously according to a control curve of the 

FCR-N market, it was noted that the battery is reaching its capacity limits and either being too full or too empty 

resulting in a failure of delivery. Therefore, there would be lost revenue from ancillary service markets if the battery 

is operated continuously in the market, i.e. all hours are bid and accepted. According to the tests, the availability of 

a BESS for market operations was higher when there was within a wider dead band an active SOC control with a 

ǊŜŎƻǾŜǊȅ ǇƻǿŜǊΦ IƻǿŜǾŜǊΣ ǘƘŜ {h/ ƳŀƴŀƎŜƳŜƴǘ ǎƘƻǳƭŘ ōŜ ŦƛǘǘŜŘ ǘƻ ǘƘŜ ǘŜŎƘƴƛŎŀƭ ǊŜǉǳƛǊŜƳŜƴǘǎ ƻŦ ǘƘŜ ¢{hΩǎ 

frequency markets in order to operate successfully and avoid penalties. A need to define a suitable bidding logic 

was identified and one of the tools of the EU-SysFlex Finnish demonstration tackles the issue of how to operate the 

BESS optimally in the FCR-N market to maximize revenues. 

After the technical research and testing phase, the next step was to build suitable communication channels and 

control logics for the battery in order to start business operation in the FCR-N market. The next subchapter 

describes the operation of the battery in the FCR-N market. 

 

4.1.1.2 DEMONSTRATION SET-UP 

 

During the end of 2019 and beginning of 2020 the communication interfaces and control logic of the Suvilahti BESS 

were finalized. The battery has been operated in the FCR-N market since the end of January 2020. The BESS is 

ŎƻƴƴŜŎǘŜŘ ǘƻ IŜƭŜƴΩǎ ŎǳǊǊŜƴǘ ŀƎƎǊegation platform via standard IEC 104 - connection. The aggregation platform 

ŎƻƳƳǳƴƛŎŀǘŜǎ ǿƛǘƘ IŜƭŜƴΩǎ ǘǊŀŘƛƴƎ ǎȅǎǘŜƳΣ ǿƘƛŎƘ ƛǎ ǘƘŜ ƭƛƴƪ ǘƻ ǘƘŜ ¢{h ŀƴŎƛƭƭŀǊȅ ƳŀǊƪŜǘǎΦ Lƴ ǘƘŜ ŎŀǎŜ ƻŦ {ǳǾƛƭŀƘǘƛ 

BESS, the aggregation platform does not include any calculations or control logic regarding the frequency 

regulation. It merely sends an activation signal to the BESS which states, whether or not the bid for the current hour 

was accepted by the TSO. The actual control logic of the battery is located on the local computer of the BESS. If the 

bid was accepted, the BESS receives this information from the aggregation platform and follows the correct control 

curve defined on the local computer. If the bid was not accepted, the hour is used for the BESS to recover towards 

the SOC of 50 %.  

 

4.1.1.3 RESULTS 

 

Apart from short maintenance periods the BESS has been offered to the FCR-N market every hour. However, the 

revenue has fluctuated significantly between individual months because of the price volatility in the hourly market. 

The Finnish TSO Fingrid maintains two different markets for both FCR-N and FCR-D. There is a yearly market, where 

the price is set for the whole year, and an hourly market, where the prices as well as acquired volumes vary for 

each hour depending on the demand and supply. In Figure 11, the hourly prices and volumes for FCR-N in Febuary 

2020 are depicted. In February 2020, ǘƘŜ ǇǊƛŎŜ Ƙŀǎ ǾŀǊƛŜŘ ōŜǘǿŜŜƴ л ŀƴŘ млл ϵκa²κƘΦ  
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FIGURE 11 FCR-N HOURLY PRICES AND VOLUMES IN FEBRUARY 2020 [15] 

 

The amount of penalties has also fluctuated between different months. Some penalties can be explained by faults 

and communication errors, which have led to situations where the bids have already been sent to the TSO but the 

battery was unable to provide any regulation. Examples of such situations include inverter failures, which occur 

from time to time, failure of the communication link between the BESS and the aggregation platform or the freezing 

of information flow on the local computer of the BESS or aggregation platform. In addition to these events, some 

penalties occur every day due to the limited energy capacity of the battery. If the battery is either too full or too 

empty, it cannot provide enough regulation according to the frequency. These penalties are very hard to forecast 

and they vary more or less randomly depending on the grid-frequency. It is also important to note that the revenues 

and penalties go hand in hand. If a FCR-N provider fails to provide the energy promised on the market, they must 

pay a penalty that is equal to the revenue. Thus, if the hourly prices are high, also the penalties occuring during 

those hours will be higher.  
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4.1.1.4 KPI RESULTS  

 

The industrial scale-ŘŜƳƻƴǎǘǊŀǘƛƻƴ ƛǎ ŜǾŀƭǳŀǘŜŘ ǘƘǊƻǳƎƘ YtLΩǎ мΣ п, 5b and 7 of the Finnish demonstrator. 

 

KPI1 Increase in revenue of the flexibility service provider 

The industrial scale BESS participated ŘǳǊƛƴƎ ǘƘŜ ŘŜƳƻƴǎǘǊŀǘƛƻƴ ǘƻ ǘƘŜ ¢{hΩǎ ǇƻǿŜǊ ǊŜǎŜǊǾŜ ƳŀǊƪŜǘ. The increase 

in revenue was gained from operating in the reserve market in February to December in 2020. From the market 

data it was found out that the BESS could deliver appriximately 80 % of the hours during the test period. The yearly 

increase in revenue can be calculated as: 

 

 
Ὑ ὖȟȟ “zȟȟ

ᶲᶲ

 
 

 

where 

S is the set of available markets = FCR-N 

A is the set of available resources = 1 BESS 

T is the amount of hours bidded to market = 8760 h (8016 test period) 

P is the realized power exchanged = 0.5 MW (* 80 % delivery) 

 ̄is the price (FCR-N average hourly price on the hourly market during operation) = 22.00 ϵκa²,h 

 

Thus, the theoretical maximum increase in revenue calculated is 77 088 ϵ per year (6 424ϵκƳƻύ. Real operation in 

market and increase in revenue is shown in Table 2 and it is clearly seen that the revenue is much lower then the 

calculated maximum. 

 

In the summer of 2020, the battery has operated on the FCR-N market for 5 whole months. Based on this period, 

the revenue that the BESS is able to create for the aggregator is roughly 100 - нлл ϵκŘŀȅ όYtL ƴƻΦмύ Σ ŘŜǇŜƴŘƛƴƎ ƻƴ 

the market prices and grid-frequency fluctuations. However, on top of this, some costs incur with the reserve 

operation. The BESS that is owned by the aggregator represents a connection point to the grid like any other MV-

customer. This means that the aggregator needs to pay a distribution fee as well as an energy fee for the charged 

electricity. For the electricity that is discharged from the battery, the aggregator is being remunerated, so in the 

end the energy fee consists of the losses that happen in the battery. Usually a customer also needs to pay the 

electricity tax for the energy that is consumed [16]. The Suvilahti BESS, however, is exempt from this obligation 

since it is a battery that is directly connected to the distribution grid, and no electricity is being discharged directly 

into consumption.  
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TABLE 2. REVENUE OF SUVILAHTI BESS IN 2020 

 

 

The revenue from Suvilahti BESS in 2020 was 451уоΣур ϵ and on ŀǾŜǊŀƎŜ ǘƘŜ ǊŜǾŜƴǳŜ ǿŀǎ пмлтΣсн ϵ ǇŜǊ ƳƻƴǘƘΦ 

The result indicates that the revenue increase is rather good. The difference between the calculated increase in 

revenue and actual revenue is mainly due to misbehavior of the BESS and issues with the aggregation platform. 

However, variation in revenue is high as Fingrid purchases flexibility services only when needed. One aspect is that 

frequency containment reserve purchasing is dependent on weather conditions. For example in May 2020, snow 

melting caused major flooding risk in the north of Finland and thus hydro power plants were not able to participate 

to the frequency containment reserves with high volume thus increasing the price Fingrid purchases the flexibilities 

from the market.  

 

KPI4 Flexibility service reliability 

The reliability of the service that the battery provides is evaluated in KPI no. 4 of the Finnish demonstrator 

(Flexibility service reliability). In this KPI, the RMSE (Root mean squared error) between the hourly accepted bids 

and the realized power exchanges is calculated. Table 3 below summarizes the results of the calculations between 

February and June 2020. As it can be noticed, the RMSE varies quite a lot even on a monthly basis, although most 

of the bigger differences are evened out. The big RMSE in April, for example, is partly explained by some trouble in 

the communication between the systems. In May, however, the error is simply based on the grid-frequency and 

unwanted situations where the battery has drifted to being either full or empty.  

 

 

 

 

 

2020

January -

February 2901,00ϵ

March 4552,28ϵ

April 628,48ϵ

May 7468,21ϵ

June 5596,75ϵ

July 7681,46ϵ

August 2439,34ϵ

September 3051,45ϵ

October 3743,91ϵ

November 6174,86ϵ

December 946,11ϵ

Total 45183,85ϵ

4107,62ϵκƳƻƴǘƘ
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TABLE 3 RMSE OF THE SUVILAHTI BESS POWER EXCHANGES IN THE FIRST HALF OF 2020 

2020 RMSE Unit 

January - 
 

February 0.144682 MW 

March 0.116094 MW 

April 0.194919 MW 

May 0.156629 MW 

June 0.204595 MW 

 

The Suvilahti BESS operated in the FCR-N market in the year 2020. In Table 4 below, the RMSE of the operation (KPI 

no. 4) is calculated again for the whole year. As it can be seen, there are no major changes in the RMSE error values 

between the first and the second half of the year. On average the RMSE is 0.174 MW which represents approx. 35 

% of the offered capacity.  

 

TABLE 4 RMSE OF THE SUVILAHTI BESS POWER EXCHANGES BETWEEN FEBRUARY AND DECEMBER 2020 

 

 

In December, the BESS malfunctioned and it thus failed to provide flexibility services and because the BESS was 

bidded to the reserve market the RMSE increased. There were several issues in the end of December and before 

noticing and fixing the problems the BESS was sold to the market for sevelar days. 

 

KPI5b: Usability of the asset 

The BESS in Suvilahti sends messages of error situations (e.g. inverter failure, stop, shutdown). The usability of the 

asset has been calculated based on the error messages of the BESS. The usability of the asset is calculated from 

February 2020 to December 2020. During that time the BESS operated in the FCR-N market of the TSO. The usability 

is calculated from 

 

2020 RMSE Unit

January -

February 0,144682 MW

March 0,116094 MW

April 0,194919 MW

May 0,156629 MW

June 0,204595 MW

July 0,201959 MW

August 0,183107 MW

September 0,190589 MW

October 0,149168 MW

November 0,124184 MW

December 0,248676 MW

Average 0,174055 MW
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where 

╣╬▫□ [s] is the total duration in which the asset is working correctly as defined in the demonstration specifications 

and ╣▫▬ [s] is the total operational time of the asset during the tests carried out. Suvilahti BESS was operating as 

expected approximately 7599 h during the test period of 8016 h. Thus, the usability of the asset was 
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The usability of the asset was not as high as expected as the BESS had several failure situations. This is due to poor 

design and programming of the BESS. However, the downtime did not significantly affect the revenue and profits 

gained except when the BESS malfunctioned in the end of December. 

 

KPI7 Profits of service provision 

Suvilahti BESS operated Ƴƻǎǘ ƻŦ ǘƘŜ ȅŜŀǊ нлнл ƛƴ CƛƴƎǊƛŘΩǎ C/w-N market and operation with the BESS in the market 

began in February. Table 5 presents the revenue from the reserve market, service provision of aggregation platform, 

distribution energy and power costs and the net profit from the year. The net profit is calculated from 

 

 Ὑ Ὕ ὙὝ ὅὝ  

 

where 

 ὅὝ ὅ Ὕ ὅ Ὕ  ὅ Ὕ 

ὅ Ὕ ὖ ὲ“ ὲ 

ὅ Ὕ ὖ ὲ“ ὲ 

 

 

A total net profit of 22 нрф ϵ ǿŀǎ ƎŀƛƴŜŘ ŦǊƻƳ ǘƘŜ ŜƭŜǾŜƴ ƻǇŜǊŀǘƛƻƴŀƭ ƳƻƴǘƘǎΦ ¢ƘŜ ȅŜŀǊ нлнл ǿŀǎ ŀ ƎǊŜŀǘ ȅŜŀǊ ŦƻǊ 

flexibility services in the FCR-N market as the hourly market prices were high from May to the end of June. 

Additionally, during these three months almost half of the revenue was gained. 
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TABLE 5. PROFIT OF SUVILAHTI BESS IN FCR-N MARKET OPERATION 

 

 

The earned net profit is decent. However, the net profit would have been greater if the aggregation platform would 

not have failed in the end of the year. Additionally, state of charge optimizing would decrease penalties in the FCR-

N market avoiding situations when the BESS depleats or is fully charged and no longer can maintain reserve power 

and thus increase profit. Notably, the power tariff is a big cost while operating the BESS as seen in Table 5. 

 

4.1.2 CUSTOMER SCALE BATTERIES 

 

Introduction 

Customer ǎŎŀƭŜ ōŀǘǘŜǊƛŜǎ ǿŜǊŜ ǇǳǊŎƘŀǎŜŘ ōȅ IŜƭŜƴΩǎ ŎǳǎǘƻƳŜǊǎ ǘƻ ǘƘŜƛǊ ǇǊŜƳƛǎŜǎΦ ¢ƘŜ ŎǳǎǘƻƳŜǊǎ ƘŀǾŜ ǎƻ ŦŀǊ ōŜŜƴ 

forerunners as the BESS prices have been high and technology has become viable finally in the past several years. 

All the BESSes involved in the demonstration were combined with residential PV. In addition, the customers 

voluntarily participated to the demonstration. In total 13 residential BESSes were used in the demonstration. The 

maximum power of the BESSes varied from 1.5 kW to 5.5 kW with an average output of 3 kW charging and 

discharging. 

 

 

4.1.2.1 DEMO SET-UP 

 

The first field tests with the customer scale batteries were conducted in December 2019 during a two-week period. 

The aim of the demonstration was to connect all household batteries to an aggregation platform and control them 

2020 wŜǾŜƴǳŜ ώϵϐ

Service 

ǇǊƻǾƛǎƛƻƴ ώϵϐ

Distribution, 

ŜƴŜǊƎȅ ώϵϐ

Distribution, 

ǇƻǿŜǊ ώϵϐ

January - - - -

February 2901,00 -435,15 -373,7 -1512,48

March 4552,28 -682,84 -235,73 -912,64

April 628,48 -94,27 -154,34 -916,32

May 7468,21 -1120,23 -163,18 -942,08

June 5596,75 -839,51 -169,93 -1387,36

July 7681,46 -1152,22 -169,99 -816,96

August 2439,34 -365,90 -166,74 -732,32

September 3051,45 -457,72 -246,83 -1637,6

October 3743,91 -561,59 -286,86 -1126,08

November 6174,86 -926,23 -332,24 -2005,6

December 946,11 -141,92 -445,15 -1413,12

average 4107,62 -616,14 -249,52 -1218,41

Total 45183,85 -6777,58 -2744,69 -13402,56

Profits 22259,0225ϵ

2023,55ϵκƳƻƴǘƘ
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as a pool according to the frequency regulation (FCR) rules of the Finnish TSO Fingrid. The aggregation platform 

used for this was the aforementioned new and piloted aggregation platform (DES, distributed energy solution) that 

was provided by Tieto, a Finnish IT software and service company.   

 

The demonstration included 13 household batteries with an energy capacity ranging from 1.5 kWh to 16 kWh. The 

maximum power output of the batteries was on average 3 kW. Thus, the overall maximum flexibility that could be 

provided was around 40 kW. However, this is not enough to satisfy the minimum requirement of the TSO, which is 

0.1 MW on the FCR-N market. Thus, the batteries were not actually bid to the flexibility market but only controlled 

according to the rules.  

 

The demonstration set-up was as follows: All 13 batteries were connected via REST API to the piloted aggregation 

platform. This way the platform could send as well as receive information, such as charging/discharging power and 

SOC from the batteries. The platform had a built-in logic, how to control the pool of batteries according to the real-

time frequency of the power system. In order to avoid causing too much inconvience to the owners of the batteries 

at this stage, the batteries were controlled only for a single hour each day for the duration of approx. two weeks. 

The control hour was chosen randomly for each day. Table 6 below presents the control hours.  

 

TABLE 6 CONTROL TIMES OF THE CUSTOMER SCALE BATTERIES DURING THE DEMONSTRATION PERIOD 

13.12.2019: 6:00 - 7:00 20.12.2019: 15:00 - 16:00 27.12.2019: 3:00 - 4:00 

14.12.2019: 10:00 - 11:00 21.12.2019: 6:00 - 7:00 28.12.2019: 6:00 - 7:00 

15.12.2019: 11:00 - 12:00 22.12.2019: 16:00 - 17:00 29.12.2019: 10:00 - 11:00 

16.12.2019: 4:00 - 5:00 23.12.2019: 3:00 - 4:00 30.12.2019: 8:00 - 9:00 

17.12.2019: 9:00 - 10:00 24.12.2019: 4:00 - 5:00 31.12.2019: 1:00 - 2:00 

18.12.2019: 8:00 - 9:00 25.12.2019: 18:00 - 19:00  

19.12.2019: 18:00 - 19:00 26.12.2019: 15:00 - 16:00  

 

The main goal of the demonstration was to observe the performance of the aggregation platform as well as the 

response of the customers. Customers were informed beforehand of the demonstration phase, and afterwards 

their feedback was collected. Most of the customers did not notice the demonstration having effect on their BESS 

operation and only a couple who looked more into detail notice the some of the test days. All of the customers 

were satisfied with the demonstration. 

 

The control logic of the batteries was built into the aggregation platform and no changes to the local software or 

control logic of the batteries were required. This is important considering the scalability and feasibility of such 

flexibility operations in the future. If changes to the local software or hardware are required, the costs of setting up 

the flexibility readiness of small scale batteries rise immediately. The aggregation platform also had the ability to 

estimate the available flexibility of the battery pool according to the usage history. 
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4.1.2.2 RESULTS 

 

In general, the demonstration phase with the customer scale batteries was successful. The batteries were 

successfully connected to the aggregation platform and controlled according to the pre-defined schedule and the 

grid-frequency. However, some challenges and shortcomings were also identified and important lessons were 

learned during the test period. Figure 12 below presents the state of charge of the individual batteries in the 

aggregated pool during one single control hour (28.12.2019: 6:00 - 7:00). This is a good example of the successful 

operation of the battery pool. Apart from one battery (uppermost graph), all batteries are empty at at the beginning 

of the control hour. During the control hour, the batteries start charging and their SOC rises (down-regulation). 

During this particular control hour this is well visible because the frequency remained above 50,05 Hz for a long 

time. The frequency of the same hour is depicted in Figure 13. 

 

 

 
FIGURE 12 STATE OF CHARGE OF ALL PARTICIPATING BATTERIES DURING A SINGLE HOUR - 28.12.2019 06:00-07:00. 

 

 


































































































































































