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EXECUTIVE SUMMARY 

The deliverable D6.6 Evaluation & Analysis Report summarizes the results of activities executed within WP6 
System integration and validation, specifically within T6.4 Assessment of the integrated systems and validation. 

The document presents detailed definitions of Key Performance Indicators (KPI) that will be used for 
evaluation of operation of GIFT integrated systems implemented at demonstration sites. In this sense, the 
document and the activities within T6.4 represent a transition in evaluation of GIFT system operation from 
laboratory environment (subject of T6.2 Interoperability and integration lab test) to real-world environment. 

Preliminary definitions of KPIs are presented in deliverables D2.1 Use-case, architecture definition and KPIs 
definition and D3.11 Visualisation Software Specification, while the deliverable D3.12 Visualisation Software 
Prototype presents guidelines for their visualisation. The present deliverable further details the definitions, 
taking into account actual functionalities of GIFT solutions implemented at demonstration sites, and actual 
availability of input information needed for calculation and presentation of KPIs. 

The aim of KPIs is to monitor the main impacts of GIFT project, which are classified into 5 categories: 

 Achieve highly integrated and digitalised smart grids (6 KPIs), 

 Developing RES-based systems cheaper than diesel generation (5 KPIs), 

 Reduce significantly fossil fuel consumption (5 KPIs), 

 Large scale replication on the same island and others with similar conditions (5 KPIs), 

 Enhance autonomy for islands that are grid connected with the mainland (4 KPIs). 

For each KPI a detailed specification is elaborated, containing the following attributes: 

 Goal of KPI, 

 Calculation method with specification of input data and their origin, 

 Entity (GIFT component or actor) that calculates the KPI, 

 Target values of KPI to be achieved during demonstration period, 

 Visualisation parameters (where the KPI is presented, mode of presentation, applicability of time 
aggregation or location aggregation), 

 Guidelines for interpretation of results (where applicable). 

The scope of assets (grid components, flexible and non-flexible prosumers) from which the data will be 
collected to calculate individual KPIs will be identified and analysed within WP7 Demonstration 1 - Hinnøya 
island cluster, task T7.2 Deployment of the solutions, and WP8 Demonstration 2 - Procida, task T8.2 
Deployment of the solutions. 

The project KPIs are visualised on 8 dashboards of the Data Analytics and Visualization application. The 
presentation of individual KPIs on dashboards is organised according to technological entities, such as 
operation forecasting, storage performance, reduction of energy consumption, solutions replicability, and 
project dissemination. The visualisation enables the operators a quick overview of current GIFT system 
operation (performance of implemented solutions) and monitoring of historical evolution of KPIs over the 
selected time period. 

The KPI definitions and visualisation, as described in this document, enable a unified monitoring of operation 
of integrated GIFT systems implemented at demonstration sites, and continuous verification of achievement 
of GIFT project goals. The results of operation monitoring with associated KPIs will be presented in 
deliverables D7.3 Data analysis report for Hinnøya island cluster demonstration and D8.3 Data analysis report 
for Procida demonstration. 
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Acronym Definition 
LV Low voltage 
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TERMS 

In the document, the terms listed below are written in italic. 

Actual load 
Prosumer’s (or xEMS’s) actual consumption or production during certain time interval(s). It is represented by 
a single time series of basic time intervals, where positive values indicate the actual production and negative 
values the actual consumption. 

Aggregation (Time aggregation, Location aggregation) 
Summing up of KPIs or input values for their calculation to enable calculation and presentation of KPIs that 
extend over several time intervals (time aggregation), or that contain results of several prosumers, load areas 
or grid nodes (location aggregation). Prior to aggregation, the input data must be subject to time interval 
alignment. 

Contracted flexibility (or Traded flexibility) 
Flexibility (modification of load in relation to initially planned load) required by VPS to be executed, on 
condition that the requirement was accepted by xEMS; represents the needs of the system to exploit xEMSs’ 
flexibility. It is calculated for each prosumer (xEMS) for basic (15-minutes) time intervals and represented by 
a single time series, where positive values indicate the requirement for increase of production or reduction 
of consumption, and negative values the requirement for increase of consumption or reduction of 
production. The values can be further aggregated in terms of time (covering several time intervals) or load 
area (covering several prosumers). 

Contracted load 
The load required by VPS to be followed by prosumer (xEMS), on condition that the requirement is accepted 
by prosumer (xEMS). Positive values indicate production; negative values indicate consumption. 

Default time interval 
A time interval with duration of 15 minutes, which begins exactly at any of full hour’s quarters (00:00:00 + 
n*15 minutes, where “n” is an integer value). 
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Executed flexibility 
Actual execution of requirement for modification of load; it represents the demand response that was 
actually provided by xEMS (prosumer). The values are calculated as a difference between actual load and 
prosumer’s most probable load as calculated by VPS based on past measurements (D4.1 [2], section 2.2.1). 
It is calculated by VPS for each prosumer (xEMS) for basic time intervals and represented by two time series 
(separately for increase of production or reduction of consumption, and for increase of consumption or 
reduction of production). The values can be further aggregated in terms of time (covering several time 
intervals) or load area (covering several prosumers). Indirectly, the executed flexibility represents the quality 
of xEMS in execution of demand response requests (in an ideal case, the executed flexibility should equal 
contracted flexibility). 

Initially offered flexibility 
Flexibility potential offered by xEMS for certain time interval(s), without any impact of contracted (traded) 
flexibility; represents the initially planned ability of xEMS to support the system operation. It is calculated for 
each prosumer (xEMS) for basic (15-minutes) time intervals and represented by two time series (separately 
for ability to increase production or reduce consumption, and to increase consumption or reduce 
production). The values can be further aggregated in terms of time (covering several time intervals) or load 
area (covering several prosumers). 

Initially planned load 
Prosumer’s (or xEMS’s) planned consumption or production for certain time interval(s), without any impact 
of contracted flexibility. It is represented by a single time series, where positive values indicate the planned 
production and negative values the planned consumption. The values can be further aggregated in terms of 
time (covering several time intervals) or load area (covering several prosumers). 

Time interval 
One time slot characterised by a single value of variable. The default duration of time interval is 15 minutes. 

Time interval alignment 
Mathematical treatment of energy variables whose time interval differs from the default one (15 minutes), 
or whose validity does not begin exactly at the beginning of any of the default time intervals. The variable’s 
value is distributed among default time intervals according to the percentage of time interval’s duration 
within individual default time intervals. Time interval alignment is applied to enable aggregation. 

Time period 
Several consecutive time intervals. 

 

  



 

8 

1. INTRODUCTION 

1.1. SCOPE OF DELIVERABLE 

The subject of D6.6 Evaluation & Analysis Report, which summarizes the achievements of T6.4 Assessment 
of the integrated systems and validation, are criteria for evaluation of results achieved by implementation of 
GIFT technical solutions and organisational activities. The document defines methods for monitoring the 
quality of GIFT system operation, by means of Key Performance Indicators (KPI) determined in project 
Description of the action (DoA [1], part B, section 2.1.1). 

The present deliverable further details the definitions set in DoA [1] and other project deliverables (see 
section 1.2), taking into account the actual scope and functionalities of GIFT solutions implemented at the 
demonstration sites, and actual availability of information needed for calculation and presentation of KPIs. 

The KPIs, calculated as defined in D6.6, will be used for analysis of project impact and for verification of 
achievement of project goals, which will be executed during the demonstration period (M43 – M54) within 
WP7 Demonstration 1 - Hinnøya island cluster (T7.3 Collection and data analysis) and WP8 Demonstration 
2 - Procida (T8.3 Collection and data analysis). 
 

1.2. BACKGROUND 

The list of KPIs to be monitored is defined in DoA ([1], part B, section 2.1.1). 25 KPIs are classified into 5 
categories; each category represents one of the main impacts to be achieved by the GIFT project: 

 Category 1: Achieve highly integrated and digitalised smart grids (6 KPIs), 

 Category 2: Developing RES-based systems cheaper than diesel generation (5 KPIs), 

 Category 3: Reduce significantly fossil fuel consumption (5 KPIs), 

 Category 4: Large scale replication on the same island and others with similar conditions (5 KPIs), 

 Category 5: Enhance autonomy for islands that are grid connected with the mainland (4 KPIs). 

Within the deliverable D2.1 ([3], sections 2.1 and 2.4) the responsibility for each KPI was assigned to project 
partners and KPIs were mapped to individual use-cases. 

The deliverable D3.11 ([4], section 3.2) further details the definition of KPIs by determination of calculation 
methods and mode of visualisation (tables, various types of charts) to be applied to each KPI. The document 
also contains requirements related to user interface (section 4.3) for insertion of input values for individual 
KPIs (if applicable, i.e., if the inputs are not acquired automatically) and for presentation of results, which is 
designed in the form of 8 dashboards of the Data Analytics and Visualisation application (DAV): 

 Dashboard 1: Demand, Generation and Flexibility Forecast Performance Monitoring; 

 Dashboard 2: Storage Performance Monitoring; 

 Dashboard 3: Flexibility Range of EV Charging; 

 Dashboard 4: Reduction of Fuel/Electricity for Heating and Cooling & Related GHG Emission; 

 Dashboard 5: Congestion Prediction Performance; 

 Dashboard 6: Flexibility Impact Assessment; 

 Dashboard 7: Solution Replicability KPIs; 

 Dashboard 8: Project Dissemination KPIs. 

The deliverable D3.2 ([5], Chapter 9) gives requirements for APIs to be used for data exchange between DAV 
and other GIFT components (via ESB), which shall be used for automatic retrieval of data needed for 
calculation of KPI values and their presentation. 
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Finally, the Deliverable D3.12 ([6], sections 3.4 – 3.11) describes the details about the presentation of KPIs 
on individual dashboards. 

Further details about KPIs linked to individual GIFT components are given in respective deliverables, which 
deal with technical specifications of components: 

 D3.3 [7], section 6.6: description of improvements linked to specific KPIs that are subject of 
Observability System and grid model; 

 D4.2 [8], Chapter 5: details about KPI calculation methods related to operation of VPS; 

 D4.3 [9], Chapter 3: required information for calculation, terms used in KPI calculation; 

 D4.4 [10], Chapter 9: details about KPI calculation methods related to operation of VPS; 

 D5.2 [11], sections 4.4 and 5.4: details about KPIs related to operation of EVC EMS and FEMS; 

 D5.3 [12], sections 5.3 and 6.4: details about KPIs related to operation of Observability System; 

 D5.4 [13], sections 9.1.8, 9.2.8, 9.3.8 and 9.4.9: economic information needed for calculation of KPIs. 

  

1.3. GIFT SYSTEM ARCHITECTURE 

The GIFT system architecture (Figure 1) is shown to enable the reader to better understand the technological 
components involved in processes related to KPI calculation and of relations (communications) between 
them. System components are presented in green (Grid IT platform), blue (VPS system) and yellow 
(prosumers – EMSs) boxes; external data sources and field devices are marked with grey colour. 

 
Figure 1: GIFT system architecture 
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1.4. STRUCTURE OF DELIVERABLE 

The introductory Chapter 1 gives information about the scope of the present document, the already executed 
project activities related to KPIs, and GIFT system architecture.  

Chapters 2 to 6 correspond to categories of KPIs (as listed in section 1.2). For each KPI, a detailed specification 
contains the following attributes: 

 Goal of KPI, 

 Calculation method with specification of input data and their origin, 

 Entity (GIFT component or actor) that calculates the KPI, 

 Target values of KPI to be achieved during demonstration period, 

 Visualisation parameters(where the KPI is presented, mode of presentation, applicability of time 
aggregation or location aggregation), 

 Guidelines for interpretation of results (where applicable). 

Chapter 7 summarizes the content of the document and describes further actions related to monitoring and 
evaluation of project results. 
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2. CATEGORY 1: ACHIEVE HIGHLY INTEGRATED AND DIGITALISED SMART GRIDS 

The KPIs associated to the Category 1 Achieve highly integrated and digitalised smart grids are used to 
evaluate the impact of GIFT system functionalities linked to improvement of grid operation in terms of: 

 reduction of peak load and congestions with avoided curtailment of energy supply to final customers 
and subsequent financial benefits for DSO, 

 execution of flexibility (executed flexibility compared with the contracted flexibility) 

 prediction of congestions, 

 accuracy of prediction of grid operation at prosumer and substation level. 

The Category 1 consists of 6 KPIs; their basic characteristics are presented in Table 1: 

Table 1: KPIs of Category 1 Achieve highly integrated and digitalised smart grids 

Key Performance Indicator (No., name) Measurement unit Target value 

1.1 Benefit for DSO Reduced cost of congestion avoidance 0,5 M€/MW 

1.2 Avoid congestions: reduction of peak 
demand  

Reduction of actual peak demand 
compared to the predicted one > 15 % 

1.3 Distribution grid stability through 
responsiveness of flexibility services 

Executed flexibility compared to 
contracted flexibility > 75 % 

1.4 Likelihood of Prediction of congestion 
(voltage/power-flow limit violation) 

Frequency of correct prediction of 
occurrence of congestion 

see section 2.4.2, 
Table 2 

1.5 Accuracy of forecasts at prosumer, 
MV/LV transformer or substation level 

Normalized Root Mean Square Error 
(NRMSE) < 10 % 

1.6 
Overall effectiveness of complete 
system in kWh for DSO – avoided 
curtailment 

percentage of avoided curtailment  ≥ 50 % 

 

2.1. KPI 1.1 BENEFIT FOR DSO 

The goal of KPI 1.1 Benefit for DSO is to assess the impact on DSO’s investment cost if the congestion of lines 
or transformers is avoided due to operation of GIFT system. In this case the planned grid reinforcements are 
not needed any more or are postponed, which results in DSO’s financial benefit. 

2.1.1. Calculation method 

Long-term prediction of consumption growth on Hinnøya island cluster will serve for assessment of future 
maximum power needed to supply the island’s consumers. The need for additional power sources is 
calculated as a difference between the capacity of existing supply cables that connect the island with the 
mainland, and the expected (predicted) maximum power.  

The KPI calculation is executed for two scenarios for provision of new power sources: 

 construction of a new power supply cable, and 

 installation of back-up diesel generator(s). 

Calculation of cost avoided due to GIFT implementation considers: 

 investment cost needed in scenario without GIFT: purchase, installation and commissioning of cables 
or diesel generators and appurtenant equipment (transformers, switchyards) with related civil works; 
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 investment cost needed in scenario with GIFT: purchase, installation and commissioning of storage 
capacities and of appurtenant equipment (transformers, switchyards) with related civil works. 

The avoided cost is calculated as a difference between investment cost in scenarios with and without GIFT. 

2.1.2. Provision of input data and calculation of KPI value 

Long-term prediction of consumption growth on Hinnøya island cluster is executed by Digital Twin. 

HLK will define the solutions for both investment scenarios, assess the associated costs and calculate the KPI. 

The estimated KPI value is 500 €/kW. Real values will be presented in D7.3 Data analysis report for Hinnøya 
island cluster demonstration. 

2.1.3. Visualisation of results 

For KPI 1.1 the visualisation is not foreseen. The KPI is represented by one value (€/MW) which is calculated 
once and does not change during the demonstration period. 

 

2.2. KPI 1.2 AVOID CONGESTIONS: REDUCTION OF PEAK DEMAND 

The KPI 1.2 Avoid congestions: Reduction of peak demand is intended for monitoring the impact of 
implementation of demand response actions on the load of cables supplying the island (critical assets). 

In general, the Demand Response (DR) schemes (in GIFT carried out in the form of execution of assets’ 
flexibilities) do not reduce the total consumption over a certain time period but shift the consumption from 
certain time intervals (typically the ones when congestion is predicted) to others with more favourable grid 
operation conditions. Thus, the peak load of cables supplying the island is reduced compared to prediction, 
and the load pattern becomes more flattened than originally predicted (without execution of flexibilities). 

In D3.11 [4], section 3.2.1, two methods for calculation of KPI 1.2 are proposed, both linked to operation of 
critical assets (e.g., submarine cables): 

 The KPI1.2a illustrates how flat is the critical asset’s daily load curve (load flattening indicator: average 
load divided by maximum load), 

 The KPI1.2b illustrates the critical asset’s maximum load compared to its nominal (rated) load (maximum 
load indicator). 

2.2.1. Calculation method 

The formulas for calculation of KPI 1.2 are as follows: 

𝐾𝑃𝐼 . =
𝑃

𝑃
 

𝐾𝑃𝐼 . =
𝑃

𝑃
 

where the variables have the following meaning: 

 Pavg .... average load of critical asset during the observed time period, 

 Pmax ... actual peak load of a critical asset during the observed time period, 

 Pnom ... nominal (rated) load of a critical asset. 

2.2.2. Acquisition & storage of input data and calculation of KPI value 

The calculation of KPI is based on hourly time intervals. 

Actual load data needed for calculation of hourly values of actual load are available in Data Repository. 
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The average load of a critical asset during a certain time period (Pavg) is calculated as an average of related 
hourly load data. The maximum load of a critical asset during a certain time period (Pmax) is calculated as a 
maximum of related hourly load data. The nominal load of a critical asset (Pnom) is known to demonstration 
sites’ leaders and reported to Data Repository. 

The shortest interval for calculation of KPI is one week. 

The target value of KPI 1.2 is 15 %. 

2.2.3. Visualisation of results 

After the user selects (on DAV’s GUI) the time period for KPI presentation (From Date / To Date), the DAV 
extracts the relevant inputs from Data Repository for visualisation. 

Weekly KPI values are presented on DAV’s GUI, Dashboards 5 and 8 ([6], sections 3.8 and 3.11) in the form 
of a line chart with two lines (one for each KPI) for each asset (cable), which extend over the selected time 
period. 

Below the line chart on Dashboard 5, the last valid values of four KPIs (two KPIs for each of both assets) are 
presented on four gauge charts. 

 

2.3. KPI 1.3 DISTRIBUTION GRID STABILITY THROUGH RESPONSIVENESS OF FLEXIBILITY 
SERVICES 

The initially proposed method for evaluation of responsiveness of flexibility services (D2.1 [3], section 2.1; 
D3.11[4], section 3.2.1) was linked to the timing of execution of flexibility. The executed flexibility was 
determined as a difference between prosumers’ actual load and planned load (the latter to be calculated by 
VPS based on historical data on prosumer’s actual load). 

Further analysis (D4.4 [10], section 4.1) revealed that the proposed method does not describe the operational 
characteristic of the VPS and associated xEMSs, but rather the technical characteristics of prosumers’ loads. 
In addition, the proposed quantification of target values (linked to execution of flexibility within certain time 
frames up to 24 hours) does not reflect the expected operation of integrated GIFT system, where the 
requirements for adaptation are issued for the periods that usually does not extend over 8 hours in the future. 

Therefore, it was decided to abandon the monitoring of the time needed for execution of flexibility, and to 
focus on the quality of execution of flexibility by comparing executed flexibility with contracted flexibility. 

2.3.1. Calculation method 

The formulas for calculation of KPI 1.3 are as follows: 

𝐾𝑃𝐼 . =
𝐸 .

𝐸 .
 

𝐸 . = 𝐸 − 𝐸  

The variables in the formulas refer to xEMS’s controllable units (i.e., under control of xEMS) and have the 
following meaning: 

 Eflex.executed  ......  executed flexibility, 

 Eflex.contracted  ....  contracted flexibility, 

 Eplanned  ............  initially planned load, 

 Econtracted .........  contracted load. 
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2.3.2. Acquisition & storage of input data and calculation of KPI value 

The KPI is calculated for each xEMS and only for those 15-minute time intervals for which the requirement 
for adaptation was issued by VPS (i.e., when the Eplanned ≠ Econtracted). 

The data on executed flexibility (Eflex.executed) for each xEMS and each time interval are calculated by VPS (see 
D4.1 [2], section 2.2.1). The input data for calculation of contracted flexibility are acquired from data 
exchange between xEMS and VPS (via FA) according to the specification of xEMS protocol ([10], section 3.2.2): 

 Eplanned: HTTP Post message (sent by xEMS to FA), information package flexibilityData, parameter 
defaultSchedule (in conjunction with parameters defaultScheduleStart and intervalLength); 

 Econtracted: HTTP Response message (sent by FA to xEMS), information package demandSchedule, 
parameter scheduledEnergy (in conjunction with parameters startTime and intervalLength); under 
condition that the request for adaptation is accepted by xEMS (the HTTP Post message, sent by xEMS 
to FA, doesn’t contain the information package demandSchedule linked to the information package 
demandSchedule received from FA). 

To enable aggregation, the input data (Eflex.executed, Eplanned and Econtracted) are subject to time interval alignment. 

The calculation of aggregated KPI is executed by summing up the relevant values of Eflex.executed and Eflex.contracted, 
followed by application of formula for KPI calculation presented in section 2.3.1. 

The values of Eflex.executed and Eflex.contracted are calculated by VPS and stored to Data Repository. 

The target value of KPI 1.3 is 75 %. 

2.3.3. Visualisation and interpretation of results 

On DAV’s GUI the user can select the following inputs for presentation of KPI 1.3: 

 Location: name of the demonstration site (Hinnøya island cluster or Procida); 

 Prosumer: prosumer’s or load area’s name; 

 Observed time period: in the form of From Date / To Date; 

 Granularity: time aggregation period (hour, day, week, month) for presentation of results. 

After the user selects the inputs, the DAV extracts from Data Repository the data needed for calculation of 
KPI values (Eflex.activated and Eflex.contracted), calculates the results and presents them on DAV’s GUI, Dashboards 6 
and 8 ([6], sections 3.9 and 3.11) in the form of a bar chart with one value for each variable for each selected 
time aggregation (granularity) period. 

On the right of the chart on Dashboard 6, a gauge chart presents a single KPI value valid for the entire selected 
time period. 

Interpretation of results: the KPI well under 100 % signifies that the operation of xEMS(s) and field devices is 
unreliable (unavailability of load control), or that the flexibility potential offered by xEMS(s) is overestimated. 

 

2.4. KPI 1.4 LIKELIHOOD OF PREDICTION OF CONGESTION 

The goal of KPI 1.4 Likelihood of prediction of congestion is to monitor the accuracy of prediction of grid 
congestions and violations of node voltage limits. In this sense, the KPI illustrates the performance of 
Observability System’s algorithms in terms of detection of violation of grid operation limits in the near future. 

2.4.1. Calculation method 

Based on forecast of energy demand and generation received from Prediction System, the Observability 
System estimates the grid state and predicts the occurrence of critical grid operation conditions (in further 
text: events) in terms of: 
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 Event type: congestion or voltage limits violation; 

 Location: transformer or line in the case of congestion, grid node in the case of voltage limits violation; 

 Occurrence time: when (in which timestep ) the event is predicted. 

Detection of events is executed between the present time and t + 8 hours with a 15 minutes timestep. To 
evaluate the performance of the event detection within this time horizon, the KPI is calculated for state 
estimation (t0), short-term forecast (t + 4 h) and mid-term forecast (t + 8 h) for state estimation (t0), short-
term forecast (t + 4 h) and mid-term forecast (t + 8 h). 

Four different metrics are used to assess the quality of the event detection compared with actual conditions 
of grid operation (see D5.3 [12], section 5.3): 

 Accuracy: % of time where the event detection is right 

𝐾𝑃𝐼 . . =
𝑇𝑃 + 𝑇𝑁

𝑇𝑃 + 𝑇𝑁 + 𝐹𝑃 + 𝐹𝑁
 

 Specificity: % of time where no flexibilities are requested while there is no issue 

𝐾𝑃𝐼 . . =
𝑇𝑁

𝑇𝑁 + 𝐹𝑃
 

 Precision: % of time where there is an issue while flexibilities have been requested 

𝐾𝑃𝐼 . . =
𝑇𝑃

𝑇𝑃 + 𝐹𝑃
 

 Recall: % of time where flexibilities are requested while there is an issue 

𝐾𝑃𝐼 . . =
𝑇𝑃

𝑇𝑃 + 𝐹𝑁
 

where the variables have the following meaning: 

 TP ...... True Positive: number of correctly predicted events (the forecasted issue occurs); 

 TN  .... True Negative: number of correctly predicted non-events (non-forecasted issue does not occur); 

 FP ...... False Positive: number of uncorrectly predicted events (the forecasted issue does not occur); 

 FN ..... False Negative: number of uncorrectly predicted non-events (a non-forecasted issue occurs). 

The KPIs are calculated per event type, location and time horizon. 

2.4.2. Acquisition & storage of input data and calculation of KPI value 

Number of events (predicted and actual) is identified by Observation System on weekly basis. This allows the 
calculation of weekly number of TP, TN, FP and FN, which are further classified by event type (Congestion or 
Voltage Limit Violation) and time horizon (t0, t + 4 h, t + 8 h). 

The KPI 1.4 thus consists of 24 values per week (4 metrics * 2 event types * 3 time horizons). 

After the end of each week, the 24 previously mentioned values are stored by Observability System to Data 
Repository.  

The target values of KPI 1.4 for individual event types and prediction time horizons are presented in Table 2: 

Table 2: Target values of KPI 1.4 

Event Type Metric 
Prediction time horizon 

Explanation 
t0 t + 4 h t + 8 h 

Congestion 
Accuracy 90 % 85 % 80 %  

Specificity 90 % 85 % 80 %  
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Event Type Metric 
Prediction time horizon 

Explanation 
t0 t + 4 h t + 8 h 

Congestion 
Precision 10 % 5 % 5 % Impact of the hypothesis: often the flexibilities are 

activated not to solve an issue 

Recall 99 % 95 % 90 % Hypothesis : Congestion must be avoided, OBS must be 
good (99 %) at not missing a congestion 

Voltage 
Limits 

Violation 

Accuracy 95 % 90 % 85 %  
Specificity 95 % 90 % 85 %  

Precision 70 % 65 % 60 % Impact of hypothesis: flexibility must be activated when 
necessary --> 2/3 flexibilities are usefully activated 

Recall 80 % 70 % 60 % Hypothesis: VLV is less critical --> some VLV can be missed 

2.4.3. Visualisation of results 

After the user selects (on DAV’s GUI) the time period (From Date / To Date) and metric (Accuracy, Specificity, 
Precision, Recall) for KPI presentation, the DAV extracts the relevant weekly KPI values from Data Repository 
for visualisation. 

Weekly KPI values are presented on DAV’s GUI, Dashboard 5 ([6], section 3.8) in the form of two line charts 
(one for each event type – Congestion and Voltage Limits Violation), each with 3 lines (one for each prediction 
time horizon) that extend over the selected time period. 

 

2.5. KPI 1.5 ACCURACY OF FORECASTS AT PROSUMER, MV/LV TRANSFORMER OR 
SUBSTATION LEVEL 

The KPI 1.5 Accuracy of forecasts at prosumer, MV/LV transformer or substation level is intended for 
evaluation of quality of Prediction System’s operation by monitoring the accuracy of prediction of energy 
consumption and production, both active and reactive. The KPI is calculated at the level of individual assets 
or load sub-areas (fed from the same transformer or substation). 

2.5.1. Calculation method 

The forecast horizon ranges from 10 minutes up to 48 hours ahead (with a 10 minutes resolution). The KPI is 
computed for each timestep. 

Initially, two methods were proposed for assessment of accuracy of prediction: Mean Absolute Percentage 
error (MAPe) and Normalized Root Mean Square error (NRMSe). Further investigation revealed that a high 
share of actual values will equal 0, which makes the calculation of MAPe impossible. Therefore, it was decided 
to apply only the NRMSe method, with results expressed in percentage of the maximum actual value present 
in the records: 

𝐾𝑃𝐼 . _ ( ) =
100

𝑚𝑎𝑥(𝐸 . )

∑ 𝐸 . − 𝐸 . ( )

𝑁
  

𝐸 . = 𝐸 . + 𝐸 . .  

where the variables have the following meaning: 

 N .................... number of samples (timesteps) regarding the respective forecast horizon (each timestep 
ahead), 

 n .................... sequential number of timestep (n=1 for the first timestep, n=N for the last timestep), 
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 En.actual ............ actual value of consumption or production at each timestep, 

 t ..................... forecast horizon (example: t=1 represents the KPI1.5_NRMSe for 10 minutes ahead 
prediction; t=12 represents the KPI1.5_NRMSe for 2 hours ahead prediction), 

 En.forecasted(t)  ..... forecasted value of consumption or production at each timestep, 

 En.metered  ......... metered value of consumption or production at each timestep, 

 En.flex.executed ..... executed flexibility at each timestep. 

2.5.2. Acquisition & storage of input data and calculation of KPI value 

Consumption and production forecasts (for individual timesteps) are calculated by Prediction System. 

To enable location aggregation, the input data (En.forecasted(t) and En.flex.executed) linked to individual assets or 
prosumers are subject to time interval alignment. 

Final (hourly; time aligned) input data related to prediction (Eh.forecasted(t)) for individual assets or prosumers 
are calculated for one-hour time intervals by averaging the values from six associated timesteps. 

Final (hourly; time aligned) input data linked to metered consumption and production (Eh.metered) are stored 
(in the form of values aggregated at substation level) in Data Repository in the GIFT MDMS data service and 
are accessible to Prediction System. 

Final (hourly; time aligned) input data linked to executed flexibility (Eh.flex.executed) are calculated by VPS and 
made available to Prediction System under request message. 

Final input data (Eh.metered, retrieved from Data Repository, and Eh.flex.executed, received from VPS) allow the 
Prediction system to calculate the actual consumption and production (Eh.actual) for individual assets or 
prosumers in one-hour time intervals, according to the equation presented in section 2.5.1. 

Prediction System calculates the KPIs on weekly basis, for each prediction time horizon and for each Asset 
(see section 2.5.3), and stores the calculated values to Data Repository. 

The target value of KPI 1.5 is < 10 % for all prediction time horizons. 

2.5.3. Visualisation of results 

On DAV’s GUI the user can select the following inputs for presentation of KPI 1.5: 

 Location: Hinnøya island cluster or Procida; 

 Asset: name of asset, prosumer or load area; 

 Observed time period: in the form of Date (which actually means the week of the selected day). 

After the user selects the inputs for visualisation, the DAV extracts from Data Repository the relevant KPI 
values linked to active energy. The values are presented on DAV’s GUI, Dashboard 1 ([6], section 3.4) in the 
form of a line chart with one line that presents the KPI values for each prediction time horizon. 

The values of KPI 1.5, linked to reactive energy, are not visualised on DAV’s dashboards. The results will be 
presented in deliverables D7.3 Data analysis report for Hinnøya island cluster demonstration and D8.3 Data 
analysis report for Procida demonstration. 

 

2.6. KPI 1.6 OVERALL EFFECTIVENESS OF COMPLETE SYSTEM FOR DSO – AVOIDED 
CURTAILMENT 

The KPI 1.6 Overall effectiveness of complete system for DSO – avoided curtailment presents the impact of 
GIFT system on reduction or avoidance of energy supply curtailment (load shedding) by comparison of 
avoided curtailments (represented by executed flexibility) with curtailments that would be needed without 
DR actions implemented within GIFT (represented by flexibility potential required by DSO to be executed). 
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2.6.1. Calculation method 

The formula for calculation of KPI 1.6 is as follows: 

𝐾𝑃𝐼 . =
𝐸 .

𝐸 .
 

where the variables have the following meaning: 

 Eflex.executed ......... executed flexibility in positive direction (increase of production or decrease of 
consumption); applicable only for time intervals where such action is required by DSO; 

 Eflex.requiredDSO  .... flexibility potential in positive direction (increase of production or decrease of 
consumption) required by DSO (Observability system) to be executed; the value 
represents the amount of curtailed energy that would be needed without 
implementation of DR. 

2.6.2. Acquisition & storage of input data and calculation of KPI value 

The KPI is calculated for individual load areas where the reduction of consumption or increase of generation 
is required to avoid or reduce the need for curtailment of power supply (load shedding). 

The data on executed flexibility (Eflex.executed) for each xEMS and each time interval are calculated by VPS (see 
D4.1 [2], section 2.2.1). 

The input data for calculation of flexibility potential required by DSO are acquired from requests for 
adaptation sent by Observability System to VPS according to specification of data exchange between the two 
mentioned components ([10], section 2.3.1.1): 

 Eflex.requiredDSO: HTTP Post message (sent by Observability system to VPS), information package flexOffer, 
parameter flexOfferProfileConstraints (in conjunction with parameters locationID, startAfterTime and 
numSecondsPerInterval). The value is calculated as the difference between the parameters 
flexOfferProfileConstraints.constraintList.upperBound and .lowerBound. The value is calculated only 
for time intervals where the parameter flexOfferProfileConstraints.constraintList.lowerBound is < 0. 

To enable aggregation, the input data (Eflex.requiredDSO and Eflex.executed) are subject to time interval alignment. 
Calculation of aggregated KPI is executed by summing up the relevant values of Eflex.requiredDSO and Eflex.executed, 
followed by application of formula for KPI calculation presented in section 2.6.1. 

Values of Eflex.executed and Eflex.requiredDSO for individual default time intervals are calculated by VPS and stored to 
Data Repository. 

The target value of KPI 1.6 is > 50 %, meaning that curtailment of more than a half of energy that would be 
required to be curtailed (without DR actions) was avoided by GIFT system operation. 

2.6.3. Visualisation and interpretation of results 

On DAV’s GUI the user can select the following inputs for presentation of KPI 1.6: 

 Location: name of the demonstration site (Hinnøya island cluster or Procida); 

 Observed time period: in the form of From Date / To Date; 

 Granularity: time aggregation period (hour, day, week, month) for presentation of results. 

After the user selects the inputs, the DAV extracts from Data Repository the data needed for calculation of 
KPI values (Eflex.executed and Eflex.requiredDSO), calculates the results and presents them on DAV’s GUI, Dashboards 
6 and 8 ([6], sections 3.9 and 3.11) in the form of a bar chart with one value for each variable for each selected 
time aggregation (granularity) period. 

On the right of the chart on Dashboard 6, a gauge chart presents a single KPI value valid for the entire selected 
time period. 
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Interpretation of results (KPIs aggregated at demonstration site level): 

 High value of KPI 1.6 (close to 100 %): (almost) all critical situations in grid operation, detected or 
predicted by DSO, were successfully avoided due to execution of xEMSs’ flexibility. In general, this 
signifies that there is sufficient flexibility present in the system; 
o with high values of KPIs 3.3 and 4.4 (ratio between contracted flexibility and initially offered 

flexibility is close to 100 %; see sections 4.3 and 5.4): in the near future a lack of flexibility in the 
system might be expected; 

 Low value of KPI 1.6 (well under 100 %): a significant share of critical situations in grid operation, 
detected or predicted by DSO, was not avoided by execution of xEMSs’ flexibility. In general, this 
signifies that there is a lack of flexibility in the system; 
o with low values (well under 100 %) of KPIs 3.3 and 4.4 (ratio between contracted flexibility and 

initially offered flexibility; see sections 4.3 and 5.4): the flexibility in the system exists but is not 
exploited. The reason might be in low prices offered by DSO to xEMSs for execution of flexibility; 

o with high values (close to 100 %) of KPIs 3.3 and 4.4 (ratio between contracted flexibility and initially 
offered flexibility; see sections 4.3 and 5.4): there is a lack of flexibility in the system; 

o with low value (well below 100 %) of KPI 1.3 (ratio between executed flexibility and contracted 
flexibility; see section 2.3): a sufficient amount of flexibility might exist in the system, but the actual 
modification of load upon DSO’s request was not executed by xEMSs. 
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3. CATEGORY 2: DEVELOPING RES-BASED SYSTEMS CHEAPER THAN DIESEL 
GENERATION 

The KPIs associated to the Category 2 Developing RES-based systems cheaper than diesel generation are used 
to evaluate the ability of GIFT system to reduce production from diesel generation units (which can be used 
for provision of basic energy supply or as a back-up energy source executed during deteriorated conditions 
of grid operation) by deployment of energy storage units, increasing the potential to install RES and provision 
of DR services.  

The Category 2 consists of 5 KPIs; their basic characteristics are presented in Table 3: 

Table 3: KPIs of Category 2 Developing RES-based systems cheaper than diesel generation 

Key Performance Indicator (No., name) Measurement unit Target value 

2.1 Storage power capacity installed kW 40 kW HBr battery 
30 kW SEH 

2.2 Storage energy capacity installed kWh 
 

250 kWh HBr battery 
2000 kWh SEH 

2.3 Storage cost €/kWh (of discharged energy) ≤ 0,10 €/kWh 

2.4 Possible RES integration in the grid % > 10 % 

2.5 Electricity load adaptability level Energy demand variation with 
respect to peak demand (%) ≥ 15 % 

 

3.1. KPI 2.1 STORAGE POWER CAPACITY INSTALLED 

The KPI 2.1 Storage power capacity installed is intended for monitoring the evolution of installed power of 
real storage facilities (HBr storage, and Smart Energy Hub – SEH) and for evaluation of its availability during 
the demonstration period. 

3.1.1. Calculation method 

Two KPI values will be monitored during the demonstration period: 

 Installed discharge power capacity (in kW), 

 Availability of storage power (in %). 

The installed storage system discharge power capacity (or ‘rated storage power capacity’) at a certain time 
point (KPI2.1_installed) is calculated as the sum of rated discharging power of all storage components that are 
installed, commissioned, tested, and put in operation from a certain time point on. 

Availability of storage power (KPI2.1_availability) represents the time availability of installed storage system 
during a certain time period: 

𝐾𝑃𝐼 . _ =
𝑇

𝑇
 

where the variables have the following meaning: 

 Tavailable ... total time of availability of storage system's power during the time period (independently of 
actual operation; the system should be available to operate within the GIFT system); 

 Ttotal ........ duration of time period. 
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3.1.2. Acquisition & storage of input data and calculation of KPI value 

Input data for installed discharge power capacity are acquired by storage technology providers when 
individual storage device is installed, commissioned, tested, and put in operation at demonstration site. The 
values remain constant until new values are acquired (i.e., as soon as system modifications are made). 

In the DoA [1], the target value of KPI 2.1 for the total installed power capacity is set to 160 kW (50 kW HBr 
storage, 110 kW SEH). For the HBr battery, this target power is applicable for charging power. During 
discharging, a lower power is expected and a 40 kW target is applied. As for the SEH, changes of systems’ 
configuration and adaptation to actual on-site conditions reduce the target value to 30 kW (5 kW Hydrogen 
component, 25 kW electric battery). 

Availability of storage power is calculated for weekly time intervals. The input information Tavailable for 
calculation is derived from data on operation of storage system (sum of duration of system states “charging”, 
“discharging” and “standby”, and excluding “alarm safe states” and “maintenance stops”), generated by the 
storage BMS. The weekly values of KPI2.1_available are calculated by storage technology providers. 

Calculation of aggregated KPI related to availability (KPI2.1_available) during the selected time period or during 
the entire demonstration period is executed by averaging the weekly values of KPI. 

Data about installed discharge power capacity (KPI2.1_installed, with associated date) and weekly values of 
KPI2.1_available (availability of storage power) are communicated on regular basis by storage technology 
providers to Data Repository. 

3.1.3. Visualisation of results 

On DAV’s GUI the user can select the following inputs for presentation of KPI 2.1: 

 Location: name of the demonstration site (Hinnøya island cluster or Procida); 

 Asset: name of storage device or load area; 

 Observed time period: in the form of From Date / To Date (the Dates actually mean the week of the 
selected Date). 

After the user selects the inputs for KPI presentation, the DAV extracts the relevant inputs from Data 
Repository and calculates the KPI values for visualisation. 

On Dashboard 8 ([6], section 3.11), the value of installed storage power capacity (in kW) is presented over 
the time by means of one target line and one actual line. 

The KPI values linked to availability of storage power are presented on DAV’s GUI, Dashboard 2 ([6], section 
3.5) on a bar chart, where the time resolution and presentation is a week. The bars extend over the selected 
time period. The maximum value for a bar is 100 %. Below the chart, a single value of KPI2.1_available, valid for 
the entire selected time period is presented on a gauge chart. 

 

3.2. KPI 2.2 STORAGE ENERGY CAPACITY INSTALLED 

The KPI 2.2 Storage energy capacity installed is intended for monitoring the evolution of installed energy 
capacity of real storage facilities (HBr storage and Smart Energy Hub – SEH) and for evaluation of its 
availability during the demonstration period). 

3.2.1. Calculation method 

Two KPI values will be monitored during the demonstration period: 

 Installed storage energy capacity (in kWh), 

 Available storage energy capacity (in %). 
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Installed storage energy capacity (or ‘rated storage energy capacity’) at certain time point (KPI2.2_installed) is 
calculated as the theoretical energy storage capacity, based on targeted thresholds (such as, in the case of 
HBr storage, the target pressure or concentration of bromine components in the electrolyte liquid) of 
installed storage devices that are commissioned, tested, and put in operation from a certain time point on. 
This is calculated as the potential electrical energy output (after conversion systems). 

In case there are limiting factors, which prevent the installed storage energy capacity to be fully used, the 
energy capacity is reduced accordingly. Due to this, the available storage energy capacity (KPI2.2_available) can 
be limited. 

The KPI represents the energy availability of installed energy storage modules as from specified moments in 
time: 

𝐾𝑃𝐼 . _ =
𝐸

𝐸
 

where the variables have the following meaning: 

 Eavailable ... energy capacity as measured by solution providers at specific points in time by making a full 
charge and discharge cycle, 

 Erated ....... rated storage energy capacity during the time period. 

3.2.2. Acquisition & storage of input data and calculation of KPI value 

Information about installed (rated) energy capacity (Erated) is acquired by storage technology providers when 
an individual storage device is installed, commissioned, tested, and put in operation at demonstration site, 
or when technical or physical upgrades to the storage system are made. 

In the DoA [1], the target value of KPI 2.2 for the total installed energy capacity is set to 375 kWh (250 kWh 
HBr storage, 125 kWh SEH). Due to changes of systems’ configuration and adaptation to actual on-site 
conditions and needs, the final target value for the SEH is set to 2000 kWh (1950 kWh Hydrogen component, 
50 kWh electric battery). 

The available energy capacity (Eavailable) will be measured at specific moments in time when it is considered 
valuable to make an energy capacity check. To obtain values for this, the technology providers will 
periodically make a practical test and obtain data to derive the value of Eavailable. This can be done by a full 
energy swing to test full kWh capacity or by a partial swing (which sufficiently proves the potential) together 
with extrapolation. 

Data about installed energy capacity (KPI2.2_installed, with associated date) and values of KPI2.1_available (available 
energy capacity) are communicated on regular basis by storage technology providers to Data Repository. 

3.2.3. Visualisation of results 

On DAV’s GUI the user can select the following inputs for presentation of KPI 2.2: 

 Location: name of the demonstration site (Hinnøya island cluster or Procida); 

 Asset: name of storage device or load area; 

 Observed time period: in the form of From Date / To Date (the Dates actually mean the week of the 
selected Date). 

After the user selects the inputs for KPI presentation, the DAV extracts the relevant inputs from Data 
Repository for visualisation. 

The KPI values linked to storage energy capacity are presented on DAV’s GUI, Dashboard 2 ([6], section 3.5) 
in the form of overlapping bars per time period. The bars extend over the selected time period. One bar 
represents the target storage energy capacity (the bar in background), one bar represents the rated storage 
capacity (the second bar) and one bar represents the available storage energy capacity (the top bar). 
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3.3. KPI 2.3 STORAGE COST 

The goal of KPI 2.3 Storage cost is to estimate the costs of deployment and operation of real storage systems 
during their lifetime, expressed as an average cost per energy discharged from the storage (€/kWh). 

In GIFT, two real storage systems are implemented: HBr storage and SEH. The technology of each system is 
different, and consequently also the deployment and operation costs. Therefore, the value of the KPI 2.3 will 
be calculated for each system separately. 

The estimation of costs will consider only the deployment and operation costs linked exclusively to storage 
systems themselves, and will not consider external influences, such as: 

 Costs and benefits that derive from operation of storage systems in different environments: country 
specific legislation and regulations linked to connection of systems to the grid, grid usage fees, 
avoidance of penalties for non-flexible final customers, incentives for deployment and operation of 
flexible systems, and similar; 

 Costs and benefits that derive from ownership of storage systems and their usage for different 
purposes (business cases): remuneration of DSO to prosumers for provision of flexibility services, 
avoided penalties to be paid by DSO for non-delivered energy, benefits due to different energy prices 
during individual tariff periods, and similar. 

The calculation of the KPI value does consider inputs, which depend on actual installation site and mode of 
operation of battery systems. Therefore, this KPI value does not enable conclusions on its own and an 
interpretation of results is required in which we must consider the specifics of the GIFT installation sites and 
operation under demonstration conditions (see section 3.3.3). 

3.3.1. Calculation method 

The storage cost is expressed in €/kWh and considers the investment and operation costs. The formula is a 
representation of the so called LCoS (Lifecycle Cost of Storage) formula: 

𝐾𝑃𝐼 . =
𝐸𝐼𝐶 + 𝑂𝐼𝐶 ∗ 𝐹 . + 𝑀𝐶 +  𝑂𝐶

𝐸 .
 

where the variables have the following meaning: 

 EIC ........... equipment investment cost (costs of supply, installation, testing and commissioning of 
commercially ready storage system), 

 OIC ........... other investment cost (such as costs for civil works, connection to grid and permits), 

 Fcc.country .... specific ratio related to construction costs in the country, 

 MC ........... maintenance cost during equipment lifetime, 

 OC ............ operation cost (energy losses) during equipment lifetime, 

 Edis.LT ......... estimated total energy discharged from the storage system during equipment lifetime. 

Total discharged energy (Edis.LT) during equipment lifetime is calculated as: 

𝐸 . =
𝑇

𝑇
∗ 𝐸 . ∗ 𝐹  

𝐹 =
𝐸𝑛𝑒𝑟𝑔𝑦 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑖𝑛 𝑟𝑒𝑎𝑙 𝑏𝑢𝑠𝑖𝑛𝑒𝑠𝑠 𝑐𝑎𝑠𝑒 [𝑘𝑊ℎ]

𝐸𝑛𝑒𝑟𝑔𝑦 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 𝑖𝑛 𝑡ℎ𝑒 𝑑𝑒𝑚𝑜 𝑐𝑎𝑠𝑒 [𝑘𝑊ℎ]
 

where the variables have the following meaning: 

 Edis.demo ... energy exchanged for discharging (incl. parasitic power) during demonstration period, 

 TLT .......... equipment’s lifetime, 
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 Tdemo ....... duration of demonstration period, 

 Fuimp ....... factor for expected usability improvements when comparing expected utilisation with demo 
case utilisation. In the demo case there will be reduced usability of energy transfer due to 
the fact that business cases still need to be tuned and that operations therefore, at least 
initially, will be sub-optimal due to standstill, protocol tuning, sub-optimal energy system 
understanding, algorithm tuning, etc. Therefore, this factor will consider the energy 
throughput capability for a real business case compared with the energy throughput in the 
demo case. This factor may vary depending on the business case projections and does have 
a subjective component. Therefore, a wider explanation of the figures will be required during 
reporting on reached KPI value. 

Operation cost during equipment lifetime (OC) is calculated as follows: 

𝑂𝐶 = 𝐸𝑃 . ∗  𝐸 . ∗  1 − 𝜂 .  + 𝐸𝑃 . ∗ 𝐸 . ∗  1 − 𝜂 . + 𝐸𝑃 ∗  𝐸   

𝐸 . =
𝑇

𝑇
∗ 𝐸 . ∗ 𝐹  

where the variables have the meaning as described above, and: 

 EPch.wavg .... energy price (€/kWh) as weighted average on all charging time intervals during the 
demonstration period, 

 Ech.LT ......... energy exchanged for charging (incl. parasitic power) during equipment lifetime, 

 ηch.wavg ...... charging efficiency as weighted average, 

 Edis.LT ......... energy exchanged for discharging (incl. parasitic power) during equipment lifetime, 

 ηdis.wavg...... discharging efficiency as weighted average, 

 EPavg ......... energy price (€/kWh) as weighted average, 

 Epar ........... parasitic energy usage, 

 Ech.demo  ..... energy exchanged for charging during demonstration period. 

3.3.2. Provision of input data and calculation of KPI value 

The information on equipment investment cost (EIC), maintenance cost (MC) for storage systems and 
equipment’s lifetime (LT) is provided by technology providers (ELS and SYL). Other investment cost (OIC) and 
maintenance cost (MC) for other equipment (connection to the grid) are estimated by demo site leaders (HLK 
and PRO) based on inputs (required civil works, grid connection rated power, required maintenance during 
lifetime) from technology providers. Operation cost (OC) is calculated by storage solution providers based on 
estimated energy prices during equipment lifetime (provided by HLK and PRO) and on data about 
equipment’s operation (average energy losses, charge efficiency, discharge efficiency and discharged energy 
during demonstration period) provided by storage technology providers. 

The target value of KPI 2.3 is < 0,10 €/kWh. Real values will be presented in D7.3 Data analysis report for 
Hinnøya island cluster demonstration and D8.3 Data analysis report for Procida demonstration. 

The results will be compared with maximum admittable cost to understand whether the implementation of 
storage devices would be economically feasible, calculated as estimated DSO’s cost for non-delivered energy 
(penalties paid to final customers; in €/kWh; the value is provided by HLK and PRO/SAP). 

3.3.3. Visualisation and interpretation of results 

For KPI 2.3 the visualisation is not foreseen. The KPI is represented by one value (€/kWh), which is calculated 
once at the end of demonstration period. 
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Interpretation of results: the results are based on some inputs, which depend on the actual installation sites 
(GIFT demonstration sites) and mode of operation of the battery systems (operation in demonstration 
environment). Therefore, the interpretation must consider that for other locations and for operation under 
other conditions the following inputs can vary from the ones used for calculation: 

 Investment costs linked to various works and services, such as civil works, connection to grid and 
acquisition of permits, 

 Energy prices used for calculation of costs linked to energy losses of storage systems, 

 Change of storage cost with future developments, 

 The utilisation rate as to be expected in certain use-cases, 

 Discharged energy during equipment’s lifetime. 

The amounts to be used for calculation of this KPI are estimated by extrapolation of known values to the 
equipment’s lifetime, or by means of values, reached during the demonstration period. 

Operation during the demonstration period will not take place in optimum operation conditions; several tests 
will be conducted during operation, and shutdowns and limitations of operation will be required for upgrades 
and testing. Consequently, the calculated KPI value is expected to be higher (i.e., less favourable) than the 
one valid for operation under optimum operational conditions. 

 

3.4. KPI 2.4 POSSIBLE RENEWABLE INTEGRATION IN THE GRID 

The KPI 2.4 Possible renewable integration in the grid illustrates the potential increase of local RES production 
(which results in increased self-consumption ratio of the local grid) enabled by the GIFT DR solutions. 

In D3.11 [4], section 3.2.2, two methods for calculation of KPI 3.4 are proposed: 

 On a use case basis: share of energy production from RES in total energy demand; 

 On a pilot basis: share of consumed production from RES (as a sum of local production from RES and 
load area’s energy exchange of energy produced in RES) in total energy demand. 

In fact, the second proposed method does not describe the capability to integrate additional RES at 
demonstration locations; favourable results can be achieved also by importing energy from RES (which is 
done on energy market and does not reflect the results of GIFT). Therefore, the KPI is based on the approach 
that actually involves the potential to increase RES integration due to implementation of GIFT (the first 
proposed method described in the previous paragraph, extended to entire demonstration sites – Hinnøya 
island cluster and Procida respectively – as the observed load area). 

In addition, the selected method only indicates the maximum possible RES production and does not reflect 
the impact of GIFT system implementation; the formula for calculation of the KPI is therefore amended in 
the way to represent the potential impact of GIFT. 

3.4.1. Calculation method 

Possible (maximum feasible) level of production from RES does not directly depend on energy production 
potential of RES, but on RES maximum (installed) power. Actual power of RES production can vary over a very 
wide range (from zero to maximum power) in an unpredictable, unstable way that can endanger the 
operation of the grid. The maximum RES production that can be integrated in the grid is thus not limited by 
the amount of energy that can be produced by RES, but by installed RES power. Therefore, the determination 
of possible integration of RES production in the grid must be based on the maximum power of RES that is 
feasible to be installed without endangering the stability of grid operation. 

The KPI value is calculated as follows: 
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𝐾𝑃𝐼 . =
∆𝐸 _

𝐸 _ .
 

where the variables have the following meaning: 

 ΔERES_f .......... maximum feasible increase of RES production, enabled by implementation of GIFT, 

 ERES_f.actual  .... maximum feasible RES production without implementation of GIFT. 

3.4.2. Acquisition & storage of input data and calculation of KPI value 

The maximum feasible increase of RES production (ΔERES_f) depends on maximum feasible increase of RES 
installed power (ΔPRES_f) enabled by implementation of GIFT (calculated within the process of determination 
of KPI 3.4 – see section 4.4.1). Based on the value of ΔPRES_f, and environmental (wind, insolation – solar 
irradiance) and spatial conditions, NTNU and ARMINES will determine the most favourable mix of individual 
types of RES and their energy production potential. 

Assessment of maximum feasible RES production without implementation of GIFT (ERES_f.actual) will be done by 
NTNU and ARMINES in the same way as in the case of determination of maximum potential increase of RES 
production (ΔERES_f), but with consideration of the value of PRES_f.actual (see section 4.4.1) as input. 

The target value of KPI 2.4 is > 10 %. 

3.4.3. Visualisation of results 

On DAV’s GUI, the results linked to calculation of KPI 2.4 are depicted on Dashboard 8 ([6], section 3.11) on 
a bar chart with two values representing the feasible share of RES production (with and without GIFT) in total 
energy demand. 

 

3.5. KPI 2.5 ELECTRICITY LOAD ADAPTABILITY LEVEL 

The KPI 2.5 Electricity load adaptability level gives information about technical and operation properties of 
field devices controlled by xEMSs in terms of their ability to provide DR services to DSO (i.e., to offer flexibility 
that can be executed upon DSO’s request). 

The original formula for calculation of the KPI (D3.11 [4], section 3.2.2) was further elaborated in D4.4 [10], 
section 4.3. The analysis of the actually available data from individual locations (prosumers) at demonstration 
sites revealed that the information about total prosumer's measured energy (which is needed for calculation 
of the KPI according to the formulas from D4.4 [10]) is not always available. Therefore, this parameter is 
replaced by planned load of controllable units (field devices) that provide DR services. 

3.5.1. Calculation method 

The KPI 2.5 is calculated for positive (ability to increase production or reduce consumption) and negative 
(ability to increase consumption or redefaultduce production) load adaptability level: 

𝐸 = 𝐸 − 𝐸  

𝐸 = 𝐸 − 𝐸  

𝐾𝑃𝐼 . =
𝐴𝐵𝑆 𝐸

𝑀𝐴𝑋 𝐴𝐵𝑆 𝐸 , 𝐴𝐵𝑆 𝐸 + 𝐸
=

𝐴𝐵𝑆 𝐸 − 𝐸

𝑀𝐴𝑋 𝐴𝐵𝑆 𝐸 , 𝐴𝐵𝑆(𝐸 )
 

𝐾𝑃𝐼 . =
𝐴𝐵𝑆 𝐸

𝑀𝐴𝑋 𝐴𝐵𝑆 𝐸 , 𝐴𝐵𝑆 𝐸 + 𝐸
=

𝐴𝐵𝑆 𝐸 − 𝐸

𝑀𝐴𝑋 𝐴𝐵𝑆 𝐸 , 𝐴𝐵𝑆(𝐸 )
 

where the variables have the following meaning: 
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 Eflex+ ........ initially offered flexibility in positive direction; corresponds to controllable load’s ability to 
increase production or reduce consumption in relation to Edefault; 

 Eflex- ........ initially offered flexibility in negative direction; corresponds to controllable load’s ability to 
increase consumption or reduce production in relation to Edefault; 

 Emax ........ maximum energy that can be produced (Emax > 0) or minimum energy that can be consumed 
(Emax < 0) by controllable load; 

 Emin ......... minimum energy that can be produced (Emin > 0) or maximum energy that can be consumed 
(Emin < 0) by controllable load; 

 Edefault ..... planned energy production or consumption of controllable load; Edefault > 0 for production 
and Edefault < 0 for consumption. 

The value of the KPI can vary from 0 to 2. Values higher than 1 signify that the device is able to operate in 
production (Emax > 0) or consumption (Emin < 0) mode. In GIFT, such devices are HBr Storage and SEH. 

3.5.2. Acquisition & storage of input data and calculation of KPI value 

The KPI is linked with initially offered flexibility. The input data for its calculation are acquired on time interval 
basis from flexibility offers sent by xEMS to VPS (via FA) according to the specification of xEMS protocol ([10], 
section 3.2.2): 

 Emax: HTTP Post message, information package flexibilityData, parameter adaptationPotential.max (in 
conjunction with parameters startAfter and intervalLength); 

 Emin: HTTP Post message, information package flexibilityData, parameter adaptationPotential.min (in 
conjunction with parameters startAfter and intervalLength); 

 Edefault: HTTP Post message, information package flexibilityData, parameter defaultSchedule (in 
conjunction with parameters defaultScheduleStart and intervalLength). 

The input data for calculation of the KPI at prosumer’s (xEMS’s) level during a certain time interval are 
determined by summing up the values of Emax, Emin and Edefault respectively of individual flexibility offers linked 
to the prosumer (xEMS). 

Values of Emax, Emin and Edefault for each time interval and each xEMS are calculated by VPS and stored in VPS 
database. 

To enable aggregation, the input data Emax, Emin and Edefault are subject to time interval alignment. 

Determination of inputs for calculation of an aggregated KPI value (for a time period or/and for a load area 
consisting of several prosumers) shall not be done by simple summing up of relevant input values (Emax, Emin 
and Edefault). Such approach could lead to irregular results (aggregated KPI can be higher than any of lower 
level KPIs) in the case when the values of Emax, Emin and Edefault of individual time intervals or prosumers have 
different signs (+ or -), i.e., when the flexibility range (between Emin and Emax) extends below and above zero. 
To avoid this irregularity in aggregation, the elements of formula for KPI calculation (section 3.5.1): 

 numerators: ABS(Eflex+) or ABS(Eflex-), and  

 denominators: MAX[ABS(Edefault),ABS(Emax)] or MAX[ABS(Edefault),ABS(Emin)] 

valid for individual time intervals and individual prosumers must be summed up and only afterwards applied 
in formula for KPI calculation. 

The input data for calculation of the KPI are calculated by VPS and stored to Data Repository. 

The target value of KPI 2.5 is > 15 %. 

3.5.3. Visualisation of results 

On DAV’s GUI the user can select the following inputs for presentation of KPI 2.5: 

 Location: name of the demonstration site (Hinnøya island cluster or Procida); 
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 Prosumer: prosumer’s or load area’s name; 

 Observed time period: in the form of From Date / To Date; 

 Granularity: time aggregation period (hour, day, week, month) for presentation of results. 

After the user selects the inputs, the DAV extracts from Data Repository the data needed for calculation of 
KPI values (KPI2.5+ and KPI2.5-), calculates the results and presents them on DAV’s GUI, Dashboard 6 ([6], 
section 3.9) in the form of a bar chart with four values (KPI numerator and denominator; positive values for 
KPI2.5+, negative values for KPI2.5-) for each selected time aggregation (granularity) period. 

On the right of each chart, a gauge chart presents a single KPI value valid for the entire selected time period. 
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4. CATEGORY 3: REDUCE SIGNIFICANTLY FOSSIL FUEL CONSUMPTION 

The KPIs associated to the Category 3 Reduce significantly fossil fuel consumption present the impact of 
operation of GIFT system on consumption of fuel by back-up (emergency) systems and systems for heating 
and cooling. This impact is achieved by implementation of real and virtual storage systems which reduce the 
need for production from fossil fuel-based generation and enable integration of larger share of RES in the 
local grids. 

The Category 3 consists of 5 KPIs; their basic characteristics are presented in Table 4: 

Table 4: KPIs of Category 3 Reduce significantly fossil fuel consumption 

Key Performance Indicator (No., name) Measurement unit Target value 

3.1 Reduction consumption for 
back-up energy system % ≥ 15 % 

3.2 Flexibility range at average 
occupancy of charging spots 

Percentage of charging load variation (without 
violation of user needs) compared to planned load +10 % / -30 % 

3.3 Demand response generated by 
virtual energy storage 

Energy demand variation with respect to peak 
demand (%) > 15 % 

3.4 Capability of integrating large 
share of renewables 

Safe increase (%) of installed capacity compared 
to initial capacity (with no available DR) +10 % 

3.5 Reduction of fuel for heating and 
cooling & related GHG emission 

Percentage of captured heat from primary 
processes for included prosumers ≥ 10 % 

 

4.1. KPI 3.1 REDUCTION CONSUMPTION FOR BACK-UP ENERGY SYSTEM AND RELATED GHG 
EMISSION 

The KPI 3.1 Reduction consumption for back-up energy system and related GHG emission is used to monitor 
the energy needed to be produced by back-up systems (e.g., diesel generators) with and without the 
implementation of GIFT system. The avoided back-up systems’ energy production is evaluated also in terms 
of avoided GHG emission. 

4.1.1. Calculation method 

The KPI is calculated as the ratio between the avoided energy production of back-up systems (due to GIFT 
system operation) and their required production without GIFT system in operation: 

𝐾𝑃𝐼 . =
𝐸 .

𝐸 .
=

𝐸 . − 𝐸 .

𝐸 .
= 1 −

𝐸 .

𝐸 .
 

where the variables have the following meaning: 

 Ebkp.avoided ..... estimated energy that should be produced by back-up systems during the demonstration 
period but was not produced due to execution of flexibility of other prosumers, 

 Ebkp.required .... energy produced by back-up systems during the reference periods in the past (without 
operation of GIFT system); 

 Ebkp.actual ....... actual energy produced by back-up systems during the demonstration period. 

In addition, the emission of GHG from back-up systems avoided due to GIFT operation will be calculated 
according to the formula: 

𝐺𝐻𝐺 = 𝐸 . ∗ 𝑘 = 𝐸 . − 𝐸 . ∗ 𝑘  

where the variables have the following meaning: 
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 GHGavoided .... avoided emission of GHG from back-up systems due to GIFT operation (tons), 

 Ebkp.avoided ..... estimated energy that should be produced by back-up systems during the demonstration 
period but was not produced due to execution of flexibility of other prosumers, 

 kGHG ............. estimated emission of GHG from back-up systems per unit of energy production (tons / 
MWh), 

 Ebkp.required .... energy produced by back-up systems during the reference periods in the past (without 
operation of GIFT system), 

 Ebkp.actual ....... actual energy produced by back-up systems during the demonstration period. 

4.1.2. Acquisition & storage of input data and calculation of KPI value 

The KPI is calculated for the entire demonstration site. 

The input data about energy produced by back-up systems in the past (Ebkp.required) are known to 
demonstration site leaders. Actual values of Ebkp.required will be defined by extracting the values from reference 
periods (that match with the duration and season of demonstration period) of years 2020 and 2021 and 
communicated to Data Repository. 

The input data about actual energy produced by back-up systems during the demonstration period (Ebkp.actual) 
are stored in Data Repository. 

Information about the emission of GHG per unit of energy production of back-up systems (kGHG) will be 
provided by operators of back-up units installed at demonstration sites, and inserted to Data Repository. 

The target value of KPI 3.1 is > 15 %. 

4.1.3. Visualisation of results 

The results of KPI 3.1 calculation are presented on Dashboard 8 ([6], section 3.11) in the form of a bar chart 
with values of actual and required production of back-up systems. 

In addition, the total values of avoided production from back-up systems with associated reduction of GHG 
emissions from the beginning of demonstration period are presented in textual form. 

 

4.2. KPI 3.2 FLEXIBILITY RANGE AT AVERAGE OCCUPANCY OF CHARGING SPOTS 

Originally, the KPI 3.2 Flexibility range at average occupancy of charging spots was intended to monitor the 
flexibility potential (initially offered flexibility) of EV charging field devices compared to their planned load. 

The evolution of calculation method for KPI 2.5 Electricity load adaptability level (section 3.5, introduction, 
and 3.5.1) resulted in the formula, which matches the approach originally intended for calculation of KPI 3.2. 
Therefore, the KPI 3.2 will not be calculated as a separate KPI; the results will be calculated and presented 
within the frame of KPI 2.5 by selecting (see section 3.5.3, “Prosumer”) any of the EVC-EMS. 

 

4.3. KPI 3.3 DEMAND RESPONSE GENERATED BY VIRTUAL ENERGY STORAGE IN 
DEMONSTRATED USE CASES IN THE PROJECT 

The KPI 3.3 Demand response generated by virtual energy storage gives information about the level of 
exploitation of flexibility potential offered by xEMSs. 

4.3.1. Calculation method 

The original formula for calculation of KPI (D3.11 [4], section 3.2.3) was further elaborated in D4.4 [10], 
section 4.5, where the KPI is defined as a ratio between contracted flexibility and initially offered flexibility: 
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𝐾𝑃𝐼 . =
𝐸 .

𝐸 .
 

The variables in the formulas refer to xEMS’s controllable units (i.e., under control of xEMS) and have the 
following meaning: 

 Eflex.contracted ..... contracted flexibility, 

 Eflex.offered ......... initially offered flexibility. 

The KPI is calculated for positive (ability to increase production / reduce consumption) and negative (ability 
to increase consumption / reduce production) initially offered flexibility with associated contracted flexibility: 

𝐾𝑃𝐼 . =
𝐸 .

𝐸 .
=

𝐸 − 𝐸

𝐸 − 𝐸
; 𝑤ℎ𝑒𝑛 𝐸 > 𝐸  

𝐾𝑃𝐼 . =
𝐸 .

𝐸 .
=

𝐸 − 𝐸

𝐸 − 𝐸
; 𝑤ℎ𝑒𝑛 𝐸 < 𝐸  

where the variables have the following meaning: 

 Eflex.contracted+ .... contracted flexibility in positive direction (requirement to increase production or reduce 
consumption in relation to Edefault), 

 Eflex.offered+ ........ initially offered flexibility in positive direction (ability to increase production or reduce 
consumption in relation to Edefault), 

 Econtracted.......... contracted load, 

 Edefault ............. planned energy production or consumption of controllable load (Edefault > 0 for 
production and Edefault < 0 for consumption), 

 Emax ................ maximum energy that can be produced (Emax > 0) or minimum energy that can be 
consumed (Emax < 0) by controllable load, 

 Eflex.contracted- .... contracted flexibility in negative direction (requirement to increase consumption or 
reduce production in relation to Edefault), 

 Eflex.offered- ........ initially offered flexibility in negative direction (ability to increase consumption or reduce 
production in relation to Edefault), 

 Emin ................. minimum energy that can be produced (Emin > 0) or maximum energy that can be 
consumed (Emin < 0) by controllable load. 

4.3.2. Acquisition & storage of input data and calculation of KPI value 

The KPI is calculated for each xEMS. 

The input data for calculation of KPI are acquired from data exchange between xEMS and VPS (via FA) 
according to the specification of xEMS protocol ([10], section 3.2.2): 

 Econtracted: HTTP Response message (sent by FA to xEMS), information package demandSchedule, 
parameter scheduledEnergy (in conjunction with parameters startTime and intervalLength); on 
condition that the request for adaptation is accepted by xEMS (the HTTP Post message, sent by xEMS 
to FA, doesn’t contain the information package demandSchedule linked to the information package 
demandSchedule received from FA); 

 Edefault: HTTP Post message (sent by xEMS to FA), information package flexibilityData, parameter 
defaultSchedule (in conjunction with parameters defaultScheduleStart and intervalLength); 

 Emax: HTTP Post message (sent by xEMS to FA), information package flexibilityData, parameter 
adaptationPotential.max (in conjunction with parameters startAfter and intervalLength); 

 Emin: HTTP Post message (sent by xEMS to FA), information package flexibilityData, parameter 
adaptationPotential.min (in conjunction with parameters startAfter and intervalLength). 
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To enable aggregation, the input data (Econtracted, Edefault, Emax and Emin) are subject to time interval alignment. 

Calculation of aggregated KPI is executed by summing up the relevant values (Eflex.contracted+ and Eflex.offered+ 
respectively; Eflex.contracted- and Eflex.offered- respectively), followed by application of formula for KPI calculation 
presented in section 4.3.1. 

Values of Eflex.contracted+, Eflex.contracted-, Eflex.offered+ and Eflex.offered- are calculated by VPS for each xEMS and individual 
default time intervals and stored to Data Repository. 

The target value of KPI 3.3 is > 15 %.  

4.3.3. Visualisation and interpretation of results 

On DAV’s GUI the user can select the following inputs for presentation of KPI 3.3: 

 Location: name of the demonstration site (Hinnøya island cluster or Procida); 

 Prosumer: prosumer’s or load area’s name; 

 Observed time period: in the form of From Date / To Date; 

 Granularity: time aggregation period (hour, day, week, month) for presentation of results. 

After the user selects the inputs, the DAV extracts from Data Repository the data needed for calculation of 
KPI values, calculates the results and presents them on DAV’s GUI, Dashboard 6 ([6], section 3.9) in the form 
of a bar chart with four values (Eflex.contracted and Eflex.offered; positive values for KPI3.3+, negative values for KPI3.3-) 
for each selected time aggregation (granularity) period. 

On the right of each chart, two gauge charts (one for KPI3.3+ and another for KPI3.3-) present a single KPI value 
valid for the entire selected time period. 

Interpretation of results by DSO (KPIs aggregated at demonstration site level): 

 High value of KPI 3.3 (over 90 %): a major share of offered flexibility was required to be executed. In 
general, this signifies that there is (or might be expected in the near future) a lack of flexibility in the 
system; 

 Low value of KPI 3.3 (under 50 %): only a minor share of offered flexibility was required to be executed. 
In general, this signifies that there is sufficient flexibility present in the system; 
o with low value (well under 100 %) of KPI 1.6 (ratio between executed flexibility and flexibility needed 

to be executed to avoid critical situations in grid operation; see section 2.6): the flexibility in the 
system exists but is not exploited. The reason might be in low prices offered by DSO to xEMSs for 
executed flexibility. 

Interpretation of results by xEMS operators (KPIs at prosumer level): 

 If the value of KPI 3.3 at prosumer level is significantly lower than the KPI value aggregated at 
demonstration site level, the reason might be the high price required for executed flexibility by xEMS 
(compared with prices required by other xEMSs); 

 If the value of KPI 3.3 at prosumer level is significantly higher than the KPI value aggregated at 
demonstration site level, the reason might be the low price required for executed flexibility by xEMS 
(compared with prices required by other xEMSs). 

 

4.4. KPI 3.4 CAPABILITY OF INTEGRATING LARGE SHARE OF RENEWABLES 

The KPI 3.4 Capability of integrating large share of renewables illustrates the potential to install new local 
RES production units due to implemented GIFT DR solutions. 

In D3.11 [4], section 3.2.3, two methods for calculation of KPI 3.4 are proposed: 
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 Power of new non-renewable production units (whose installation would be required, but is avoided 
due to reduction of peak demand reached by GIFT) divided by total installed power; 

 Increase of maximum feasible installed power of RES with implementation of GIFT solutions divided by 
maximum feasible installed power of RES without implementation of GIFT solutions. 

In fact, the first proposed method does not describe the capability to integrate additional RES; it deals with 
reduction of peak demand due to implementation of GIFT solutions (which is subject of KPI 1.2, section 2.2) 
and with consequent avoidance of necessity for installation of new production units. Therefore, the KPI is 
based on formulas that actually involve the potential to increase RES integration due to the implementation 
of GIFT (the second proposed method described in the previous paragraph). 

4.4.1. Calculation method 

The calculation of KPI is based on maximum RES installed power feasible to be integrated into the power grid 
without endangering a stable grid operation. 

It is a well-known fact that the energy production of RES (in particular of photovoltaic units and wind 
generators) is quite unpredictable and unstable, which introduces additional risk in grid operation in terms 
of power balancing (assurance of permanent, instantaneous equilibrium between production and demand). 
This risk is mitigated by installing and operating additional backup units as a power reserve explicitly intended 
for covering the unpredictability and instability of RES production. 

The methodology for calculation of KPI 3.4 considers the approach that is followed by DSOs and TSOs 
(Transmission System Operators) for determination of maximum allowed share of RES in the power systems: 

 Up to a certain share (%PRES_f in the formulas below) of installed power of RES units in the total power 
installed in the system (or in the system’s peak demand), the unpredictability and instability of RES 
production is covered by existing backup units. Until this share is reached, installation of additional 
backup units (explicitly intended for covering the unpredictability and instability of RES production) is 
not required when new RES units are installed; 

 When the share of installed RES described above (%PRES_f) is reached, the system operators require an 
additional backup power to be provided within the power system for every newly installed RES unit. 
The power of required additional backup units is expressed as a percentage (%Preq.backup in the formulas 
below) of rated power of newly installed RES units. 

The KPI value is calculated as follows: 

𝐾𝑃𝐼 . =
∆𝑃 _

𝑃 _ .
 

where the variables have the following meaning: 
 ΔPRES_f ......... maximum feasible increase of RES installed power, enabled by implementation of GIFT, 

 PRES_f.actual  .... maximum feasible RES installed power without implementation of GIFT. 

The maximum feasible RES installed power depends on the maximum share of RES in load area’s peak 
demand that is allowed to be installed without additional backup units, and on backup power which is 
required to be installed together with installation of additional RES to ensure a stable grid operation. 

For determination of maximum feasible installed power of RES without implementation of GIFT (PRES_f.actual), 
no additional backup units (required to be provided when new RES units are installed) are considered: 

𝑃 _ . =
𝑃 . ∗  %𝑃 _

100
 

where the variables have the following meaning: 

 Pmax.predicted ... predicted peak load (i.e., without DR provided by GIFT)) during the demonstration period, 

 %PRES_f ......... maximum allowed (feasible) RES installed power without additional power backup 
(expressed as percentage of predicted peak load). 



 

34 

Increase of feasible RES installed power enabled by implementation of GIFT (ΔPRES_f) is based on peak load 
reduction (which is considered as available additional backup power) due to GIFT implementation: 

∆𝑃 _ =
100 ∗ 𝑃 . − 𝑃 .

%𝑃 .
 

where the variables have the following meaning: 

 Pmax.predicted  .. predicted peak load (i.e., without DR provided by GIFT) during the demonstration period, 

 Pmax.actual  ...... actual peak load (i.e., with DR provided by GIFT) during the demonstration period, 

 %Preq.backup ... required backup power, expressed as percentage of new RES installed power. 

4.4.2. Acquisition & storage of input data and calculation of KPI value 

Load prediction is calculated by Prediction System, which will extract the predicted peak load (Pmax.predicted) for 
the observed period and communicate the result to NTNU. 

Actual load data are stored in Data Repository and are accessible to NTNU, which will extract the actual peak 
load (Pmax.actual) for the observed period. 

The value of maximum feasible RES installed power without power backup expressed as percentage of 
predicted peak load (%PRES_f) will be determined by NTNU and ARMINES based on identified peak load during 
the demonstration period, and by using the optimization solution for the given energy system. 

The percentage of newly installed RES power which is required to be provided as backup power (%Preq.backup) 
will be determined by NTNU and ARMINES by applying the same approach as described in the paragraph 
above. 

The target value of KPI 3.4 is +10 %. 

4.4.3. Visualisation of results 

On DAV’s GUI, the result linked to calculation of KPI 3.4 are depicted on Dashboard 8 ([6], section 3.11) on a 
bar chart with two values representing the feasible share of installed RES power (with and without GIFT) in 
total installed power. 

 

4.5. KPI 3.5 REDUCTION OF FUEL/ELECTRICITY FOR HEATING AND COOLING & RELATED GHG 
EMISSION 

The KPI 3.5 Reduction of fuel/electricity for heating and cooling & related GHG emission is used to monitor 
the thermal energy produced by Smart Energy Hub (SEH), the reduction of energy consumption of the heating 
system it is coupled with, and possible related GHG emissions. The avoided thermal energy production by 
the heating/cooling system (which is replaced by thermal energy delivered by SEH) can be evaluated in terms 
of avoided electrical consumption if the system uses electricity, or avoided fuel (natural gas, …) consumption 
if the system uses natural gas (in which case it would associate avoided GHG emission). 

4.5.1. Calculation method 

Three variables will be monitored during the demonstration period: 

 Thermal energy produced by the SEH (in kWhth), 

 Thermal energy produced by the prosumer’s existing heating/cooling system (in kWhth), 

 Energy consumption of prosumer’s existing heating/cooling system (in kWh). 

The KPI is calculated as a difference between the energy consumption of the prosumer’s existing 
heating/cooling system not coupled to the SEH, and the energy consumption of the prosumer’s existing 
heating/cooling system coupled to the SEH: 
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𝐾𝑃𝐼 . = 𝐸 . . − 𝐸 . .  

𝐸 . . = 𝐸 . . ∗
𝐸 . . .

𝐸 . . . ∗ 𝑘 .
 

where the variables have the following meaning: 

 Esupply.HC.theoretical ... energy consumption of prosumer’s heating/cooling system (without SEH), 

 Esupply.HC.rated ......... energy consumption of prosumer’s heating/cooling system (coupled with SEH), 

 Eth.prod.HC.rated ........ thermal energy produced by the prosumer’s heating/cooling system (coupled with 
SEH), 

 Eth.prod.SEH.rated ....... thermal energy produced by SEH, 

 kEth.losses................ coefficient of thermal losses between the thermal energy produced by the SEH and 
received by the heating/cooling system from the SEH. 

In addition, if the SEH is coupled with a fuel system, the emission of GHG is avoided due to thermal energy 
provided by the SEH. It will be calculated according to the formula: 

𝐺𝐻𝐺 = 𝐸 . . . ∗ 𝑘 . ∗ 𝑘  

where the variables have the meaning as described above, and: 

 GHGavoided .... avoided emission of GHG from fuel system due to thermal energy provided by SEH (tons), 

 kGHG ............. estimated emission of GHG from fuel system per unit of energy production (tons / MWh). 

4.5.2. Acquisition & storage of input data and calculation of KPI value 

The KPI is calculated for the SEH in conjunction with prosumers to whom the SEH delivers the thermal energy. 

The data about thermal energy delivered to prosumers by the SEH (Eth.prod.SEH.rated) are known to the SEH EMS 
and will be communicated on an hourly basis to Data Repository. 

The coefficient of thermal losses (kEth.losses) will be calculated by storage solution provider and inserted once 
into Data Repository. 

The data about thermal energy delivered by the existing heating/cooling system (Eth.prod.HC.rated) and 
prosumer’s total energy consumption (Esuppy.HC.rated) will be known to prosumers (the system is not installed 
yet). They will be acquired by demonstration site leaders and communicated on regular basis to Data 
Repository. 

Information about the emission of GHG per unit of energy production of other systems (kGHG) will be provided 
by relevant suppliers and communicated to demonstration site leaders. 

The calculation of aggregated KPI valid for a time period is executed by summing up the relevant values of 
Esupply.HC.rated, Ethprod.HC.rated and Eth.prod.SEH.rated, followed by application of formula for KPI calculation presented 
in section 4.5.1. 

The target value of KPI 3.5 is > 10 %. 

4.5.3. Visualisation of results 

On DAV’s GUI the user can select the following inputs for presentation of KPI 3.5: 

 Location: name of the demonstration site (Hinnøya island cluster or Procida); 

 Asset: prosumer’s or load area’s name (Smart Energy Hub); 

 Observed time period: in the form of From Date / To Date (the Dates actually mean the month of the 
selected Date). 
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The results of KPI 3.5 calculation are presented on Dashboard 4 and Dashboard 8 ([6], sections 3.7 and 3.11) 
in the form of a stacked bar chart with monthly values of thermal energy provided by other suppliers, with 
corresponding monthly values of thermal energy provided by SEH added on top of each bar. 

Close to the bar chart on each dashboard, a gauge chart presents a single KPI value valid for the entire 
selected time period, with textual information about delivered thermal energy by SEH. 

On Dashboard 4, the textual information is given about the avoided emission of GHG from existing 
heating/cooling system (GHGavoided) from the beginning of demonstration period. 
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5. CATEGORY 4: LARGE SCALE REPLICATION ON THE SAME ISLAND AND OTHERS WITH 
SIMILAR CONDITIONS 

The KPIs associated to the Category 4 Large scale replication on the same island and others with similar 
conditions are used to monitor the number of involved prosumers and implemented business cases in GIFT 
demonstration sites and following islands.  

The Category 4 consists of 5 KPIs; their basic characteristics are presented in Table 5: 

Table 5: KPIs of Category 4 Large scale replication on the same island and others with similar conditions 

Key Performance Indicator (No., name) Measurement unit Target value 

4.1 Number of business cases conducted on other islands  count ≥ 2 

4.2 Number of prosumers reached by the systems 
developed in the project count ≥ 30 

4.3 Number of prosumers that could be reached in the next 
ten years count ≥ 500 

4.4 Increase of prosumer involvement Augmented DR (%) ≥ 15 % 

4.5 Number of following islands count ≥ 5 

 

5.1. KPI 4.1 NUMBER OF BUSINESS CASES CONDUCTED ON OTHER ISLANDS 

The KPI 4.1 Number of business cases conducted on other islands illustrates the number of executed detailed 
Scalability and Replicability Analyses carried out on follower islands in relation to the implementation of 
different business cases (or definition of business models and methods for their implementation), such as: 

 DR schemes (trading energy flexibilities) to support DSO’s or BRP’s activities, 

 Reduction of peak demand, 

 Integration of RES or increasing the potential for their integration. 

The relevant KPI numbers will be determined by leaders of follower islands and updated in Data Repository. 

The target value for KPI 4.1 is ≥ 2. The actual result will be presented on DAV GUI’s Dashboard 7 ([6], section 
3.10) in the form of textual information. The dashboard also contains a geographical map with indicated 
locations of individual demonstration sites and follower islands, and a table with their basic characteristics 
(Name, Location, Country, Latitude/Longitude). 
 

5.2. KPI 4.2 NUMBER OF PROSUMERS REACHED BY THE SYSTEMS DEVELOPED IN THE 
PROJECT 

The KPI 4.2 Number of prosumers reached by the systems developed in the project illustrates the number of 
prosumers (final customers, generating units and battery systems connected directly to public grid) involved 
in provision of DR services on both demonstration locations. 

The relevant KPI numbers will be determined by demonstration sites’ leaders and communicated to CRES, 
which will update the information in DAV. 

The target value for KPI 4.2 is ≥ 30. The actual result will be presented on DAV GUI’s Dashboard 7 ([6], section 
3.10) in the form of textual information. The dashboard also contains a geographical map with indicated 
locations of individual demonstration sites, and a table with their basic characteristics (Name, Location, 
Country, Latitude/Longitude). 



 

38 

5.3. KPI 4.3 NUMBER OF PROSUMERS THAT COULD BE REACHED IN THE NEXT TEN YEARS 

The KPI 4.3 Number of prosumers that could be reached in the next ten years illustrates the potential to 
involve new prosumers (final customers, generating units and battery systems connected directly to public 
grid) in the activities initiated by the GIFT activities and enabled by technical solutions developed within GIFT. 
The number is determined based on the estimation of feasible future (after the end of the project) growth 
of prosumers involved in GIFT flexibility trading schemes, which can be reached by: 

 Increase of number of prosumers involved in GIFT at demonstration sites,  

 Implementation of GIFT solutions on follower islands, 

 Implementation of GIFT solutions on other islands. 

The input information for calculation of the KPI will be given by leaders of demonstration sites and follower 
islands. Based on their information and on results of activities within WP9 Business cases in follower islands, 
(especially within T9.2 Analysis of scalability and replicability scenarios), the WP9 leader will estimate the 
number of potential new prosumers and update the information in DAV. 

The target value for KPI 4.3 is ≥ 500. The estimated number will be presented on DAV GUI’s Dashboard 7 ([6], 
section 3.10) in the form of a textual information. 

 

5.4. KPI 4.4 INCREASE OF PROSUMER INVOLVEMENT 

The KPI 4.4 Increase of prosumer involvement presents the comparison between the number of flexibility 
requests (i.e., requirements issued by VPS to xEMSs for modification of initially planned production or 
consumption) and the number of flexibility offers issued by xEMSs. Similarly to KPI 3.3 (section 4.3), the KPI 
4.4 gives information about the level of exploitation of flexibility offered by xEMSs, however not in terms of 
executed flexibility (expressed in kWh), but in terms of the number of executed flexibility offers. 

5.4.1. Calculation method 

The KPI measures the usage of the prosumers’ flexibility. It is calculated as a ratio between the number of 
offered flexibility offers and flexibility requests: 

𝐾𝑃𝐼 . =
𝑁

𝑁
 

where the variables have the following meaning: 

 Nrequests ..... number of flexibility offers sent by xEMS to VPS, 

 Noffers ........ number of flexibility requests (requirements for modification of initially planned load) sent 
by VPS to xEMS. 

5.4.2. Acquisition & storage of input data and calculation of KPI value 

The input data for calculation of the KPI are acquired from data exchange between xEMS and VPS (via FA) 
according to the specification of xEMS protocol ([10], section 3.2.2): 

 Nrequests: number of HTTP Response messages (sent by FA to xEMS) that contain the information 
package demandSchedule with parameter scheduledEnergy; 

 Noffers: number of HTTP Post messages (sent by xEMS to FA) that contain information package 
flexibilityData, parameter adaptationPotential. 

Values of Nrequests and Noffers are calculated by VPS on daily basis separately for each xEMS and stored in VPS 
database. 
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Calculation of the aggregated KPI is executed by summing up the relevant values (Nrequests and Noffers 
respectively), followed by application of formula for KPI calculation presented in section 5.4.1. 

The target value of KPI 4.4 is > 15 %.  

5.4.3. Visualisation and interpretation of results 

On DAV’s GUI the user can select the following inputs for presentation of KPI 4.4: 

 Location: name of the demonstration site (Hinnøya island cluster or Procida); 

 Prosumer: prosumer’s or load area’s name; 

 Observed time period: in the form of From Date / To Date; 

 Granularity: time aggregation period (week, month) for presentation of results. 

After the user selects the inputs, the DAV sends a query to VPS; VPS returns the relevant KPI values for 
visualisation. The results are presented on DAV’s GUI, Dashboard 6 ([6], section 3.9) in the form of a bar chart 
with two values (Nrequests and Noffers) for each selected time aggregation (granularity) period. 

On Dashboard 7 ([6], section 3.10), a gauge chart presents a KPI value valid for the entire selected time period. 

Interpretation of results by DSO (KPIs aggregated at demonstration site level): 

 High value of KPI 4.4 (over 90 %): a major share of flexibility offers was required to be executed. In 
general, this signifies that there is (or might be expected in the future) a lack of flexibility in the system; 

 Low value of KPI 4.4 (under 50 %): only a minor share of flexibility offers was required to be executed. 
In general, this signifies that there is sufficient flexibility present in the system; 
o with low value (well under 100 %) of KPI 1.6 (ratio between executed flexibility and flexibility needed 

to be executed to avoid critical situations in grid operation; see section 2.6): the flexibility in the 
system exists, but is not exploited. The reason might be the low prices offered by DSO to xEMSs for 
executed flexibility. 

Interpretation of results by xEMS operators (KPIs at prosumer level): 

 If the value of KPI 4.4 at prosumer level is significantly lower than the KPI value aggregated at the 
demonstration site level, the reason might be the high price required by xEMS (compared with prices 
required by other xEMSs) for executed flexibility; 

 If the value of KPI 4.4 at prosumer level is significantly higher than the KPI value aggregated at the 
demonstration site level, the reason might be the low price required by xEMS (compared with prices 
required by other xEMSs) for executed flexibility. 

 

5.5. KPI 4.5 NUMBER OF FOLLOWING ISLANDS 

The KPI 4.5 Number of following islands describes the total number of follower islands engaged one way or 
another in the project. This number includes the two follower islands for which the Scalability and 
Replicability Analysis studies are conducted (in relation to KPI 4.1, see section 5.1) as well as additional islands 
that are contacted by the project partners in the framework of T10.3 Exploitation and business plan. The 
latter islands provide technical information about their energy characteristics via questionnaires prepared 
for the scope of T10.3. The responses to these questionnaires are used in WP9 Business cases in follower 
islands for high-level analysis of technical requirements for these islands. 

The relevant KPI numbers will be determined by leaders of follower islands and communicated to CRES, which 
will update the information in DAV. 

The target value for KPI 4.1 is ≥ 5. Actual result will be presented on DAV GUI’s Dashboard 7 ([6], section 3.10) 
in the form of a textual information.  
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6. CATEGORY 5: ENHANCE AUTONOMY FOR ISLANDS THAT ARE GRID CONNECTED 
WITH THE MAINLAND 

The KPIs associated to the Category 5 Enhance autonomy for islands that are grid connected with the 
mainland are used to evaluate the impact of GIFT system functionalities linked to overall system operation 
in terms of level of self-consumption, grid observability, prediction of its operation and energy exchange with 
the mainland. 

The Category 5 consists of 4 KPIs; their basic characteristics are presented in Table 6: 

Table 6: KPIs of Category 5 Enhance autonomy for islands that are grid connected with the mainland 

Key Performance Indicator (No., name) Measurement unit Target value 

5.1 Lessen the burden of power grids 
through self-consumption 

Self-consumed energy compared to total 
consumption 

not 
applicable 

5.2 Grid state observability: near-real 
time and forecast 

Number of observed grid state variables 
with respect to all possible states of interest > 80 % 

5.3 Accuracy of forecasts at microgrid, 
BRP level 

Normalized Root Mean Square Error 
(NRMSE) < 5 % 

5.4 Reduce exchanged energy between 
island and mainland 

Weighted to size of pilot vs. size of complete 
island (kWh/year) ≥ 10 % 

 

6.1. KPI 5.1 LESSEN THE BURDEN OF POWER GRIDS THROUGH SELF-CONSUMPTION 

The initial approach for calculation of KPI 5.1 described in D3.11 [4], section 3.2.5 was linked to reduction of 
energy exchanged by demonstration sites with the mainland (which is an indirect consequence of increased 
self-consumption of demonstration sites), with measurement unit expressed as percentage of self-consumed 
energy. 

Further investigation and analysis resulted in the following findings: 

 The current share of local production at demonstration sites is negligible. Any comparison of historical 
self-consumption ratio with the actual one reached during the demonstration period would result in 
values that do not illustrate the impact of GIFT, but rather the uncertainty of local (RES) production 
during different time periods; 

 The increase of self-consumption could be achieved with additionally installed local generation units, 
which is, however, not the goal of the GIFT project and in addition cannot be achieved during the 
project. The potential for installation of additional RES units, enabled by achievements of GIFT project, 
is described by relevant KPIs 2.4 (in terms of energy, see section 3.4) and 3.4 (in terms of power, see 
section 4.4); 

 The increase of the self-consumption ratio could also be reached by reduction of consumption. 
However, the total energy consumption doesn’t significantly change due to the implementation of 
GIFT, where the load of active prosumers is predominantly shifted, not reduced (energy not consumed 
during certain time periods – typically during time periods with predicted congestion or low voltages – 
is consumed during later time periods). 

The operation of GIFT could contribute to the reduction of grid burden only if the predicted (without GIFT) 
power exchange is (during different time periods) in both directions (import and export). Then, during 
(predicted) importing periods the storage is discharged and reduces the import, and during (predicted) 
exporting periods the storage is charged and reduces the export. As a result, the grid burden is reduced, while 
the total energy balance and the self-consumption ratio of the island remain unchanged. As already 
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mentioned above, the local production at demonstration sites is low compared with the total consumption; 
the energy is always, during all time periods, imported from the mainland and thus the operation of storage 
systems cannot influence the average grid burden over longer time periods. 

Considering the above listed facts and explanations, it was decided not to monitor the KPI 5.1 for 
demonstration sites, because the calculation would not bring any added value in terms of illustrating the 
achievement of implementation of GIFT solutions or could even lead to wrong interpretations. However, this 
KPI could be applied in analysis (Scalability and Replicability Analysis) conducted for the follower islands as a 
part of WP 9 Business cases in follower islands. 

 

6.2. KPI 5.2 GRID STATE OBSERVABILITY: VOLTAGE AND OVERLOAD OBSERVABILITY IN 
DIFFERENT FORECAST HORIZONS 

The KPI 5.2 Grid state observability: Voltage and overload observability in different forecast horizons 
illustrates the share of grid state variables, which are estimated with sufficient accuracy to be of interest. The 
level of grid observability influences the accuracy of grid operation forecasts (KPI 1.5 – see section 2.5, and 
KPI 5.3 – see section 6.3) and consecutively the quality of prediction of congestion (KPI 1.4 – see section 2.4). 

6.2.1. Calculation method 

The KPI represents the number of observed grid state variables (voltages, loads) with respect to all possible 
states of interest (full observability). 

The full observability is considered when 100 % of the points estimated by the Observability System (voltage 
at smart meter level, which collect voltages and loads at secondary substation) are estimated with an 
accuracy higher than: 

 5 % for voltages, 

 10 % for loads at secondary substations, 

 5 % for load of cable. 

The KPIs are calculated for 3 variables listed above (KPI5.2_Voltages, KPI5.2_Secondary Substations Power, KPI5.2_Cable power), 
expressed in % and calculated according to the following formula: 

𝐾𝑃𝐼 . =
𝑁  

𝑁  
 

where the variables have the following meaning: 

 NObserved value ...... number of grid variables (voltage, loads), which are estimated by the Observability 
System and considered as observed by the previous criteria; 

 NObservable value .... number of grid variables (voltage, loads), which are estimated by the Observability 
System. 

6.2.2. Acquisition & storage of input data and calculation of KPI value 

Number of observable grid variables (NObservable values) is determined by Observability System operators based 
on available data from MDMS. This number remains unchanged until the network changes (new customers, 
expansion of the grid) or the scope of retrieved data is expanded.  

Number of observed grid variables (NObserved value) is calculated by Observability System based on number of 
observable variables, and on the reliability of their estimation by the Observability System. Calculation is 
executed on a weekly basis; calculated values of KPI are communicated by Observability System to Data 
Repository. 

The target value of KPI 5.2 is > 80 %. 
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6.2.3. Visualisation of results 

After the user selects (on DAV’s GUI) the time period for KPI presentation (From Date / To Date), the DAV 
extracts the relevant weekly values from the Data Repository and visualises the KPI values on DAV’s GUI, 
Dashboard 5 ([6], section 3.8) in the form of a bar chart with weekly values of KPI per each observed load 
area. 

 

6.3. KPI 5.3 ACCURACY OF FORECASTS AT MICROGRID, BRP LEVEL 

The KPI 5.3 Accuracy of forecasts at microgrid, BRP level is intended for evaluation of quality of Prediction 
System’s operation by monitoring the accuracy of prediction of energy consumption and production at the 
level of entire demonstration site (microgrid). 

6.3.1. Calculation method 

The forecast horizon ranges from 10 minutes up to 48 hours ahead (with a 10-minute resolution). The KPI is 
computed for each timestep. 

Two methods were proposed for assessment of accuracy of prediction: Mean Absolute Percentage error 
(MAPe) and Normalized Root Mean Square error (NRMSe). To align the approach for the KPI calculation and 
presentation of results with the similar KPI 1.5 (see section 2.5), it was decided to apply only the NRMSe 
method, with results expressed in percentage of the maximum actual value present in the records: 

𝐾𝑃𝐼 . _ ( ) =
100

𝑚𝑎𝑥(𝐸 . )

∑ 𝐸 . −  𝐸 . ( )

𝑁
  

𝐸 . = 𝐸 . + 𝐸 . .  

where the variables have the following meaning: 

 N .................... number of samples (timesteps) regarding the respective forecast horizon (each timestep 
ahead), 

 n .................... sequential number of timestep (n=1 for the first timestep, n=N for the last timestep), 

 En.actual ............ actual value of consumption or production in the microgrid at each timestep, 

 t ..................... forecast horizon (example: t=1 represents the KPI1.5_NRMSe for 10 minutes ahead 
prediction; t=12 represents the KPI1.5_NRMSe for 2 hours ahead prediction), 

 En.forecasted(t)  ..... forecasted value of consumption or production in the microgrid at each timestep, 

 En.metered  ......... metered value of consumption or production in the microgrid at each timestep, 

 En.flex.executed ..... executed flexibility in the microgrid at each timestep. 

6.3.2. Acquisition & storage of input data and calculation of KPI value 

Consumption and production forecasts (for individual timesteps) are calculated by Prediction System by 
summing up the values of individual microgrid nodes, which derive from results of forecasts for individual 
microgrid grid load areas (prosumers, transformers, substations). Final (hourly; time aligned) input data 
related to prediction (Eh.forecasted(t)) are calculated by Prediction System for one-hour time intervals by 
averaging the values from six associated timesteps. 

Data on metered consumption and production are stored in Data Repository in the GIFT MDMS data service 
in the form of hourly, time aligned values, and are accessible to Prediction System. The values relevant for 
the entire microgrid (Eh.metered) are calculated by summing up the values of individual microgrid nodes. 
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Final (hourly; time aligned) input data linked to executed flexibility (Eh.flex_executed) are calculated by VPS and 
made available to Prediction System under request message. 

Final input data (Eh.metered, retrieved from Data Repository, and Eh.flex_executed, received from VPS) allow the 
Prediction System to calculate the actual aggregated consumption and production (Eh.actual) in one-hour time 
intervals, according to the equation presented in section 6.3.1.  

Prediction System calculates the KPIs on weekly basis, for each prediction time horizon and for each Location 
(see section 6.3.3), and stores the calculated values to Data Repository. 

The target value of KPI 5.3 is < 10 % for all prediction time horizons. 

6.3.3. Visualisation of results 

On DAV’s GUI the user can select the following inputs for presentation of KPI 1.5: 

 Location: Hinnøya island cluster or Procida; 

 Observed time period: in the form of Date (which actually means the week of the selected day). 

After the user selects the inputs for visualisation, the DAV extracts from Data Repository the relevant KPI 
values. The values are presented on DAV’s GUI, Dashboard 1 ([6], section 3.4) in the form of a line chart with 
one line that presents the KPI values for each prediction time horizon. 

 

6.4. KPI 5.4 REDUCE EXCHANGED ENERGY BETWEEN ISLAND AND MAINLAND 

The KPI 5.4 Reduce exchanged energy between island and mainland describes the impact of GIFT system 
operation on the load of island’s connections with the mainland. The impact is evaluated by comparing the 
conditions after the implementation of GIFT with the estimation of conditions without GIFT.  

6.4.1. Calculation method 

The KPI value is calculated as follows: 

𝐾𝑃𝐼 . = 1 −
∑ 𝐸 . − 𝐸 ,  

∑ 𝐸 . − 𝐸 ,  

 

where the variables have the following meaning: 

 Egroup.actual ........ actual measured energy exchange of the island’s controlled group of prosumers with 
the grid; 

 Egroup.avg .......... average of the measured energy exchanged between the island’s controlled group of 
prosumers with the grid; 

 Egroup.simulated  ... simulated energy exchanged between the island’s controlled group of prosumers with 
the grid. It is calculated as a summation of the measured value and executed flexibility 
(the latter is calculated as described in section 2.3 and in D4.1 [2], section 2.2.1; 

 time interval… granularity of stored measured information (i.e., 15 minutes). 

6.4.2. Acquisition & storage of input data and calculation of KPI value 

The KPI is calculated by VPS for daily, weekly, and monthly time intervals. The calculated values are stored in 
VPS internal database. 

The target value of KPI 5.4 is > 10 %. 

6.4.3. Visualisation of results 

On DAV’s GUI the user can select the following inputs for presentation of KPI 5.4: 
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 Location: name of the demonstration site (Hinnøya island cluster or Procida); 

 Observed time period: in the form of From Date / To Date; 

 Granularity: time aggregation period (day, week, month) for presentation of results. 

The DAV queries to the data from VPS. The results are presented on DAV’s GUI, Dashboards 6 and 8 ([6], 
sections 3.9 and 3.11) in the form of a bar chart with one value for each selected time aggregation 
(granularity) period. 
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7. CONCLUSIONS 

The deliverable D6.6 Evaluation and Analysis Report describes the methods for monitoring and evaluation of 
results of GIFT integrated systems implemented at demonstration sites. Preliminary definitions of KPIs, as 
presented in deliverables D2.1 Use-case, architecture definition and KPIs definition and D3.11 Visualisation 
Software Specification, were slightly modified to be consistent with the actual conditions at the 
demonstration sites and to truly illustrate the achievements of operation of GIFT system. 

The scope of assets (grid components, flexible and non-flexible prosumers) from which the data will be 
collected to calculate individual KPIs for both demonstration sites (Hinnøya island cluster and Procida) will 
be identified and analysed within WP7 Demonstration 1 - Hinnøya island cluster (task T7.2 Deployment of the 
solutions) and WP8 Demonstration 2 - Procida (task T8.2 Deployment of the solutions). 

The results of monitoring of system operation (with associated values of calculated KPIs) will be presented in 
deliverables D7.3 Data analysis report for Hinnøya island cluster demonstration and D8.3 Data analysis report 
for Procida demonstration. 
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