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2 Demonstration activities overview 

This section provides an overview of the first-round demonstration activities conducted to test the 
RE-EMPOWERED solutions at each demo site. First, the purpose and overall goals of the 
demonstration for each pilot are outlined, and then linked to the functionalities defined in D7.1 [2] 
and the relevant ecoTools. Then, the list of the achieved UCs, including their priority classification 
and the duration of the demonstration period associated with each UC, are presented. Some of 
the use cases will be demonstrated only on the second round as indicated in the following 
sections. 
 
2.1 Purpose of the demonstration per demo site 

2.1.1 Bornholm Island 

This section presents the testing demonstration plan for the initial round of demonstrations (earlier 
referenced as round A) on Bornholm Island, focusing on the five ecoTools related to the demo 
site. The plan sets out high-level objectives and their alignment with both core and advanced 
functionalities to be tested, as detailed in D7.1 [2].  
 
The high-level targets to be achieved in Bornholm demo site are the following: 
 
Demonstration Aim 1: Confirm data sources and their integration to ecoTools 

Goal: Validate that various data sources are able to publish to ecoPlatform through MQTT. 
Data sources are required for all calculations. Ensure that necessary data streams are 
available.  

Demonstration Aim 2: Validate data integration for ecoTools.  

Goal: Confirm stable connection and demonstrate availability to subscribe from the 
ecoPlatform. All five tools should be validated. 

Demonstration Aim 3: Demand side management. 

Goal: Complete implementation of demand side management. Verify integration from ecoEMS, 
through ecoPlatform to the demand side management IoT devices. Test if control is 
functional. 

Goal: Verify compliance between ecoCommunity (accepted timeslots) and actual control. 
Goal: Evaluate how control of the demand is received by consumers. Initial consumer 

satisfaction survey to be conducted. 

 

Table 1 below presents the mapping between demonstration aims and their corresponding 
functionalities to be tested during the first demonstration round. 
 
 
Demonstration Aim   Relevant Functionalities Relevant tools 
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2.1.2.2 Gaidouromandra Microgrid 

This section outlines the testing demonstration plan for the Gaidouromandra Microgrid site during 
the first demonstration round. The plan defines high-level targets and their correlation with the 
basic and advanced functionalities to be tested, as detailed in D7.1 [2].  

The testing demonstration at the Gaidouromandra site encompasses eight key objectives, each 
designed to validate specific aspects of the microgrid implementation through the testing of 
related functionalities. 
 
Demonstration Aim 1: Validate Operational Stability of ecoMicrogrid: The primary objective 
is to demonstrate the ecoMicrogrid tool's capability to integrate with the existing power system 
infrastructure while maintaining operational stability.  

Goal: Ensuring that ecoMicrogrid can integrate seamlessly with system assets such as battery 
storage, photovoltaic (PV) inverters, and diesel generator (DG) units without 
compromising system stability. 

Goal: Validating the stability and reliability of communication between ecoMicrogrid and the 
various integrated assets, ensuring data flow and operational commands are executed 
without disruption. 

Goal: Verification of system performance under various operational conditions. 

Demonstration Aim 2: Improve observability of the system: This aim focuses on enhancing 
system monitoring and data visualization capabilities.  

Goal: Showcase the seamless integration of ecoMicrogrid with system assets, enabling 
continuous monitoring, logging, and storing of system data.  

Goal: Highlight the visualization capabilities provided by the ecoTools.  
Goal: Collecting feedback for improving the visual information provided to users and 

administrators by the ecoTools. 

Demonstration Aim 3: Optimize Energy Management of the System: Energy management 
optimization encompasses. 
Goal: Cost-effective resource allocation strategies within the microgrid 
Goal: Integration and coordination of multiple energy vectors (electrical, cooling) 
Goal: Implementation of advanced control algorithms for optimal system operation 

Demonstration Aim 4: Validate Interoperability and Data Management:  

Goal: Demonstrate the seamless integration of various ecoTools through the ecoPlatform, and 
verify efficient data storage and retrieval mechanisms using cloud server technology. 

Demonstration Aim 5: Validate Demand-Side Management:  
Goal: Implement and evaluate advanced energy monitoring and control strategies on the 

demand side, including the ecoDR system, to improve overall energy efficiency and 
reduce peak loads.  
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Demonstration Aim 6: Demonstrate Resilience and Reliability: 
Goal: Test the ecoResilience functionality to ensure uninterrupted operation of critical systems, 

especially communication infrastructure, during vario 
Goal: us simulated disruption scenarios.  

Demonstration Aim 7: Implement Dynamic Pricing Mechanisms:  
Goal: Evaluate the effectiveness of dynamic electricity pricing in influencing consumer behavior 

and optimizing overall system efficiency.  

Demonstration Aim 8: Assess Social Acceptance and Community Engagement:  
Goal: Utilize DAFNI's expertise to gauge social acceptance of the microgrid technology, 

implement community outreach programs, and provide guidance and training to local 
stakeholders.  

Table 3 presents the mapping between demonstration aims and their corresponding 
functionalities to be tested during the first demonstration round at Gaidouromandra demo site. 
 
Demonstration Aim Relevant Functionalities Relevant tools 
Demonstration Aim 1 Continuous supply to all end 

customers (security of supply) 
ecoMicrogrid 

Demonstration Aim 1 Frequency / Voltage stability ecoMicrogrid 
Demonstration Aim 1 Battery System charge / 

discharge 
ecoMicrogrid 

Demonstration Aim 1 Start / supply / stop of the diesel 
generator 

ecoMicrogrid 

Demonstration Aim 1 Active/reactive power control of 
PV generators 

ecoMicrogrid 

Demonstration Aim 1 
Demonstration Aim 2 
Demonstration Aim 4 

Uninterruptable operation of the 
communication systems 

ecoMicrogrid, ecoPlatform 

Demonstration Aim 1  Connection / disconnection of 
loads 

ecoMicrogrid, ecoDR 

Demonstration Aim 1  
Demonstration Aim 2  
Demonstration Aim 4 

Consumption data collection and 
storage 

ecoMicrogrid, ecoDR, 
ecoPlatform 

Demonstration Aim 3 
Demonstration Aim 7 

Microgrid optimal management 
of operation 

ecoMicrogrid 

Demonstration Aim 2 
Demonstration Aim 5 

Increased energy monitoring at 
demand side 

ecoMicrogrid, ecoDR, 
ecoCommunity 

Demonstration Aim 4 Platform as a service for 
dependent tools integration 

ecoPlatform 

Demonstration Aim 4 Data storage and cloud server ecoMicrogrid, 
ecoPlatform 
ecoCommunity 
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Demonstration Aim 5: Validate Demand-Side Management 
Goal: Implement and evaluate advanced demand-side energy monitoring and control 

strategies, including the ecoDR system, to enhance energy efficiency and reduce peak 
loads. 

Demonstration Aim 6: Ensure Resilience and Reliability 
Goal: Test the ecoResilience functionality to guarantee uninterrupted operation of critical 

systems, particularly communication infrastructure, under various simulated disruption 
scenarios. 

Demonstration Aim 7: Assess Social Acceptance and Community Engagement 
Goal: Conduct community outreach programs to build awareness and provide training for local 

stakeholders. 

Table 4 presents the mapping between demonstration aims and their corresponding 
functionalities to be tested during the first demonstration round in Ghoramara island. 

Demonstration Aim Relevant Functionalities Relevant tools 
Demonstration Aim 1 
Demonstration Aim 4 
Demonstration Aim 5 
Demonstration Aim 6 
Demonstration Aim 7 

The local energy system is running properly, and 
continuous power supply is ensured to all the 
houses.  

ecoMicrogrid, 
ecoDR, 
ecoConverter, 
ecoPlatform, 
ecoCommunity 

Demonstration Aim 1 
Demonstration Aim 2 
Demonstration Aim 4 
Demonstration Aim 5 
Demonstration Aim 6 

SCADA or equivalent communication system is 
working properly. All the electrical parameters are 
visible on the display unit of the control room. The 
command can be changed by the users and the 
operation of the microgrid should be changed 
accordingly.   

ecoMicrogrid 

Demonstration Aim 1 
Demonstration Aim 4 
Demonstration Aim 5 

The overload arrangement is working properly, and 
auto-disconnection and auto-reconnection takes 
place depending on the loading condition to each 
house. 

ecoDR 

Demonstration Aim 1 
Demonstration Aim 4 

Frequency / Voltage stability is ensured at the far 
end of the distribution system. 

ecoConverter 

Demonstration Aim 3 
Demonstration Aim 4 

Battery System charge / discharge is working 
properly. 

ecoConverter 

Demonstration Aim 1 
Demonstration Aim 4 

Remote data exchange is happening properly. ecoMicrogrid 

Demonstration Aim 3 
Demonstration Aim 4 
Demonstration Aim 5 
Demonstration Aim 6 

5 smart meters have been deployed, and they are 
working satisfactorily. 

ecoDR, 
ecoCommunity 

 35 streetlights have been deployed, and they are 
working satisfactorily. 
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Goal: Coordinating and integrating multiple energy vectors, such as solar PV, biogas, and 
biomass energy. 

Goal: Utilizing advanced control algorithms for achieving optimal system performance. 

Demonstration Aim 4: Validate Interoperability and Data Management 
Goal: Showcase the seamless integration of various ecoTools through the ecoPlatform. 
Goal: Verify the efficiency of data storage and retrieval mechanisms using cloud server 

technology. 

Demonstration Aim 5: Validate Demand-Side Management 
Goal: Implement and evaluate advanced demand-side energy monitoring and control 

strategies, including the ecoDR system, to enhance energy efficiency and reduce peak 
loads. 

Demonstration Aim 6: Ensure Resilience and Reliability 
Goal: Test the ecoResilience functionality to guarantee uninterrupted operation of critical 

systems, particularly communication infrastructure, under various simulated disruption 
scenarios. 

Demonstration Aim 7: Assess Social Acceptance and Community Engagement 
Goal: Conduct community outreach programs to build awareness and provide training for local 

stakeholders. 

Table 5 presents the mapping between demonstration aims and their corresponding 
functionalities tested during the first demonstration round in Keonjhar demo site. 
Demonstration Aim Relevant Functionalities Relevant tools 
Demonstration Aim 1, 
Demonstration Aim 2,  
Demonstration Aim 4,  
Demonstration Aim 5, 
Demonstration Aim 6 

Continuous supply to all end 
customers (security of supply) 

ecoMicrogrid, 
ecoPlanning, ecoPlatform, 
ecoCommunity,  
ecoDR 

Demonstration Aim 1 Frequency/ Voltage stability ecoMicrogrid, ecoDR 
Demonstration Aim 1, 
Demonstration Aim 3, 
Demonstration Aim 5 

Battery system charge/discharge ecoMicrogrid, ecoDR, 
ecoCommunity 

Demonstration Aim 1, 
Demonstration Aim 3, 
Demonstration Aim 5 

Start/ supply/ stop of the various 
energy vector such as Biomass, 
Biogas and existing system 

ecoMicrogrid, ecoDR, 
ecoCommunity 

Demonstration Aim 6 Uninterruptable function of the 
communication systems  

ecoMicrogrid, ecoDR, 
ecoCommunity 

Demonstration Aim 1, 
Demonstration Aim 2,  
Demonstration Aim 4,  
Demonstration Aim 5, 
Demonstration Aim 6, 
Demonstration Aim 7 

Consumption data collection and 
storage 

ecoMicrogrid, 
ecoPlanning, ecoPlatform, 
ecoCommunity,  
ecoDR 

Table 5 Mapping between demonstration aims and their corresponding functionalities in Keonjhar 
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2.2 Execution completion and met objectives based on the defined UCs 
This subchapter contains a comprehensive overview in the form of a table for the status and 
timeline of each secondary Use Case in the demo sites. The secondary use cases are used in 
the analysis as they are more detailed and specific than the primary Use Cases, leading to more 
efficient testing and presentation. 

2.2.1 Bornholm Island 

A checklist of the successfully achieved UCs demonstrated in Bornholm pilot site is presented 
below. 
  

Use Cases Inventory - Pilot Site Demonstration: 
Bornholm Island 

UC 
priority 

Status Timeline 

ecoEMS 
EMS_1UC1: Real time monitoring and system data 
visualization 

   

EMS_2UC1.1: Real time system monitoring and 
data acquisition and visualization 

Medium Y Sept - Oct 
24 

EMS_2UC1.2: Module manager: 
intercommunications and data exchange 

High Y Aug - Sept 
24 

EMS_1UC2: Forecasts, Unit Commitment, 
Economic Dispatch, Multi-energy optimization 

   

EMS_ 2UC2.1: Mid-term and short-term RES and 
load forecasting. Training of the Forecasting model 

High Y Sept - Oct 
24 

EMS_ 2UC2.2: Unit Commitment and Economic 
Dispatch algorithms 

High Y Aug - Sept 
24 

EMS_ 2UC2.3: Multi-energy vector management of 
operation 

High Y Dec 24 

ecoDR 
DR_1UC1: Increased energy monitoring at 
demand side 

   

DR_2UC1.1: Real time monitoring of energy 
consumption  

Medium Y Nov 24 

DR_1UC2: Integration Interfaces for Load 
Management 

   

DR_2UC2.1: Scheduling of loads Low 2nd demonstration 
round 

ecoPlatform 
PT_1UC1: Microgrid data acquisition    
PT_2UC1.1: Connect to sensors and acquire data 
through designated communication network and 
protocols 

High Y June 24 

PT_2UC1.2: Data cleansing to ensure consistency 
and human machine interface 

Medium Y June 24 

PT_1UC2: Platform as a service for dependent 
tools integration 

   

PT_2UC2.1: Facilitate data exchange between 
dependent tools 

High  Y July - Aug 
24 
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PT_2UC2.2: Facilitate access to controllable 
assets for dependent tools 

Medium Y Oct 24 

PT_1UC3: Data storage and cloud server    
PT_2UC3.1: Route the microgrid data and data 
from dependent tools to cloud database 

Medium Y Sept - Oct 
24 

PT_2UC3.2: Facilitate archived data access for 
dependent tools using API 

High Y Oct - Nov 
24 

ecoMonitor 
MN_1UC1: Ambient air quality surveillance    
MN_2UC1.1: Acquisition and transmission of air 
quality parameters data 

Low Partly Sept - Oct 
24 

MN_2UC1.2: Data processing and evaluation Low 2nd demonstration 
round 

ecoCommunity 
CM_1UC3: Outreach forum   
CM_2UC3.1: Feedback and suggestions from 
users about the tools 

Medium 2nd demonstration 
round 

CM_2UC3.2: Reporting of problem High 2nd demonstration 
round 

CM_2UC3.3: Forum to share experiences High 2nd demonstration 
round 

CM_1UC4: Guidance and Training    
CM_2UC4.1: Training material (troubleshooting) Medium 2nd demonstration 

round 
CM_2UC4.2: Easy-to-use multimedia material and 
step-by-step guides (walkthroughs) 

High 2nd demonstration 
round 

CM_1UC5: Consumption Monitoring    
CM_2UC5.1: Monitoring of heating system at load 
centers 
 

High 2nd demonstration 
round 

Table 6 Use cases status and timeline for Bornholm demo site 

2.2.2 Kythnos Island 

2.2.2.1 Kythnos Power System 

Below is a checklist of the successfully achieved Uce Cases (UCs) demonstrated in Kythnos 
power system is presented. 

Use Cases Inventory - Pilot Site Demonstration: 
Kythnos Power System 

UC 
priority 

Status  Duration 

ecoEMS 
EMS_1UC1: Real time monitoring and system data 
visualization 

   

EMS_2UC1.1: Real time system monitoring and 
data acquisition and visualization 

Medium Y Aug - Sept 
24 

EMS_ 2UC1.2: Module manager: 
intercommunications and data exchange 

High Y Aug - Sept 
24 

EMS_1UC2: Forecasts, Unit Commitment, 
Economic Dispatch, Multi-energy optimization 
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2.2.2.2 Gaidouromandra Microgrid 

A checklist of the successfully achieved Uce Cases (UCs) demonstrated in Gaidouromandra 
microgrid is presented below. 

Use Cases Inventory - Pilot Site Demonstration: 
Gaidroumandra Microgrid 

UC 
priority 

Status  Duration 

ecoMicrogrid 
MG_1UC1: Microgrid monitoring    
MG_2UC1.1: Real time microgrid monitoring and 
data acquisition 

High Y Dec 23 - 
Sept 24 

MG_2UC1.2: RES production estimation Low 2nd demonstration 
round 

MG_2UC1.3: Data concentration, storage, and 
management 

High Y Jun - Sept 
24 

MG_1UC2: Microgrid optimal management of 
operation 

   

MG_2UC2.1: Effective communication with 
controllable assets 

High Y Jun - Dec 
24 

MG_2UC2.3: Multi-energy vector microgrid 
management of operation 

High 2nd demonstration 
round 

ecoDR 
DR_1UC1: Increased energy monitoring at demand 
side 

   

DR_2UC1.1: Real time monitoring of energy 
consumption  

Medium Partly Sept - Oct 
24 

ecoPlatform 
PT_1UC2: Platform as a service for dependent tools 
integration 

   

PT_2UC2.1: Facilitate data exchange between 
dependent tools 

High Y May - Sept 
24 

PT_1UC3: Data storage and cloud server    
PT_2UC3.1: Route the microgrid data and data from 
dependent tools to cloud database 

Medium Y May - Sept 
24 

PT_2UC3.2: Facilitate archived data access for 
dependent tools using API 

Low Y May - Sept 
24 

ecoCommunity 
CM_1UC1: Dynamic pricing of electricity  
CM_2UC1.1: Displaying the dynamic pricing based 
on shape of energy profile 

High Y Oct 24 

CM_2UC1.3: Data security and privacy Medium Y Oct 24 
CM_1UC2: Scheduling and Coordination   
CM_2UC2.1: Facilitating (display) of the scheduling 
and shifting of non-critical and flexible loads 

High Y Oct 24 

CM_1UC3: Outreach forum   
CM_2UC3.1: Feedback and suggestions from users 
about the tools 

Medium 2nd demonstration 
round 

CM_2UC3.2: Reporting of problem High 2nd demonstration 
round 

CM_2UC3.3: Forum to share experiences High 2nd demonstration 
round 
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CM_1UC4: Guidance and Training   
CM_2UC4.1: Training material (troubleshooting) Medium 2nd demonstration 

round 
CM_2UC4.2: Easy-to-use multimedia material and 
step-by-step guides (walkthroughs) 

High Y Oct 24 

CM_1UC5:  Display of Energy Consumption    
CM_2UC5.1: Monitoring of electricity consumption of 
energy consumers 

High Y Oct 24 

ecoResilience 
RS_1UC3: WT Local Manufacturing and Testing     
RS _2UC3.1: Testing of Small Wind Turbines using 
Standards 

High Y Oct 24 

Table 8 Use cases status and timeline for Gaidouromandra demo site 

2.2.3 Ghoramara 

A checklist of the successfully achieved Uce Cases (UCs) demonstrated in Ghoramara pilot site 
is presented below. 

Use Cases Inventory - Pilot Site 
Demonstration: Gaidroumandra Microgrid 

UC 
priority 

Status  Timeline 

ecoMicrogrid 
MG_1UC1: Microgrid monitoring    
MG_2UC1.1: Real time microgrid monitoring 
and data acquisition 

High Y Nov 24 

MG_2UC1.3: Data concentration, storage, 
and management 

Medium 2nd demonstration round 

ecoDR 
DR_1UC1: Increased energy monitoring at 
demand side 

   

DR_2UC1.1: Real time monitoring of energy 
consumption  

Medium Y Sep - Dec 24 

DR_1UC2: Integration Interfaces for Load 
Management 

   

DR_2UC2.1: Scheduling of loads High Y Sep - Dec 24 
DR_2UC2.2: Programmable Load shedding 
controller 

High Y Sep - Dec 24 

ecoMonitor 
MN_1UC1: Ambient air quality surveillance    
MN_2UC1.1: Acquisition and transmission of 
air quality parameters data 

Medium Y Sep - Dec 24 

ecoPlatform 
PT_1UC2: Platform as a service for 
dependent tools integration 

   

PT_2UC2.1: Facilitate data exchange 
between dependent tools 

High Y Sept - Oct 24 

PT_1UC3: Data storage and cloud server    
PT_2UC3.1: Route the microgrid data and 
data from dependent tools to cloud database 

Medium Y Sept - Oct 24 
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PT_2UC3.2: Facilitate archived data access 
for dependent tools using API 

Low Y Sept - Oct 24 

ecoCommunity 
CM_1UC1: Dynamic pricing of electricity   
CM_2UC1.1: Displaying the dynamic pricing 
based on shape of energy profile 

High 2nd demonstration round 

CM_2UC1.2: Billing and payments Medium 2nd demonstration round 
CM_1UC2: Scheduling and Coordination   
CM_2UC2.1: Facilitating(display) of the 
scheduling and shifting of non-critical and 
flexible loads 

Medium 2nd demonstration round 

CM_2UC2.2: Coordination of 
communal/shared loads 

Medium 2nd demonstration round 

CM_1UC3: Outreach forum   
CM_2UC3.1: Feedback and suggestions 
from users about the tools 

Medium 2nd demonstration round 

CM_2UC3.2: Reporting of problem High 2nd demonstration round 
CM_2UC3.3: Forum to share experiences High 2nd demonstration round 
CM_1UC4: Guidance and Training   
CM_2UC4.1: Training material 
(troubleshooting) 

Medium 2nd demonstration round 

CM_2UC4.2: Easy-to-use multimedia 
material and step-by-step guides 
(walkthroughs) 

High 2nd demonstration round 

CM_1UC5: Display of Energy Consumption   
CM_2UC5.1: Monitoring of electricity 
consumption of energy consumers 

 High 
 

2nd demonstration round 

ecoResilience 
RS_1UC1: Resilient support structure for 
solar photovoltaic system with passive addon 
components 

   

RS_2UC1.1: Optimal selection of parameters High Y Oct - Nov 21 
RS_2UC1.2: Computational fluid dynamics 
and structural analysis of support structures 

Low Y Nov 21 - Mar 22 

RS_2UC1.3: Experimental validation of the 
designed structure through wind tunnel 
testing 

High Y Apr - July 22 

RS_2UC1.4: Design of resilient foundation 
for solar photovoltaic system 

Low Y Aug - Nov 22 

RS_1UC2: Improved resilient tower and 
passive mechanism for wind turbine blades 

   

RS_2UC2.1: Preliminary design of a tower 
truss structure and its optimization 

Low Y Feb - Apr 23 

RS_2UC2.2: Design of a resilient mechanism 
to reduce wind loads on blades and its 
optimization 

Low Y May - Jun 23 

RS_2UC2.3: Laboratory and field testing of 
the mechanism 

High Y Jun - Sep 23 
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RS_2UC2.4: Resilient foundation for wind 
turbine tower structure 

Low Y Sep - Dec 23 

RS_1UC3: Design, Development and 
Installation of small wind turbine from locally 
available materials 

   

RS_2UC3.1: Small Wind Turbine 
Manufacturing and installation 

High Y Sep - Nov 
24 

RS _2UC3.2 Testing of Small Wind Turbines 
using Standards 

Low 2nd demonstration round 

ecoConverter 
C_1UC1: Development and control of power 
electronic converters 

   

C_2UC1.1: Development and control of 
power electronic converters  

High Y  Mar - Sept 24 

C_2UC1.2: Testing and on-filed 
demonstration of the power electronic 
converters satisfying various standards 

High 2nd demonstration round 

ecoVehicle 
VH_1UC2: Selection and customization of 
rickshaw 

   

VH_2UC2.2: Customization of the vehicle to 
the demo site requirements 

High Y Mar 24 

VH_1UC3: Onboard energy management for 
e-Boat 

   

VH_2UC3.1: PV Integration with e-Boat High Y Aug 24 
Table 9 Use cases status and timeline for Ghoramara island demo site 

 

2.2.4 Keonjhar 

A checklist of the successfully achieved Uce Cases (UCs) demonstrated in Keonjhar pilot site is 
presented below. 

Use Cases Inventory - Pilot Site Demonstration: 
Gaidroumandra Microgrid 

UC 
priority 

Status  Timeline 

ecoMicrogrid 
MG_1UC1: Microgrid monitoring    
MG_2UC1.1: Real time microgrid monitoring and data 
acquisition 

High Y Oct - Dec 
24 

MG_2UC1.3: Data concentration, storage, and 
management 

High Y Oct - Dec 
24 

MG_1UC2: Microgrid optimal management of 
operation 

   

MG_2UC2.2: Multi objective microgrid management - 
Optimization of Energy Production, Storage and 
Purchase 

High 2nd demonstration 
round 

ecoPlanning 
PN_1UC1: 7-Year Energy Planning    
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ecoCommunity 
CM_1UC1: Dynamic pricing of electricity    
CM_2UC1.2: Billing and payments Medium Partly Dec 24 
CM_1UC2: Scheduling and Coordination    
CM_2UC2.1: Facilitating(display) of the scheduling 
and shifting of non-critical and flexible loads 

Medium Partly Dec 24 

CM_2UC2.2: Coordination of communal/shared loads Low 2nd demonstration 
round 

CM_1UC3: Outreach forum    
CM_2UC3.1: Feedback and suggestions from users 
about the tools 

Medium 2nd demonstration 
round 

CM_2UC3.2: Reporting of problem High Y Oct - Nov 
24 

CM_2UC3.3: Forum to share experiences Medium Y Oct - Nov 
24 

CM_1UC4: Guidance and Training    
CM_2UC4.1: Training material (troubleshooting) Medium 2nd demonstration 

round 
CM_2UC4.2: Easy-to-use multimedia material and 
step-by-step guides (walkthroughs) 

High Y Oct - Nov 
24 

ecoVehicle 
VH_1UC2: Selection and customization of rickshaw    
VH_2UC2.2: Customization of the vehicle to the demo 
site requirements 

High Y May 24 

Table 10  Use cases status and timeline for Keonjhar demo site 
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Figure 2 Hourly electrical load forecast of Bornholm for hourly updates 

 
Figure 3 Hourly wind farms forecast of Bornholm for hourly updates 

In the next figure, data referring to community engagement after the pre-DAS is depicted. 
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Figure 4 Hourly electrical load engagement from community in Bornholm demo site 

 
EMS_ 2UC1.2: Module manager: intercommunications and data exchange 

 
The primary objectives of this use case were to assess and test data integrity, the data exchange 
process, and identify potential issues with data corruption or connection failures. A secondary 
goal was to evaluate the operational efficiency of the ecoEMS integrated database architecture 
and the speed of data transfers. 
The integrated database is designed to receive data from the ecoPlatform, preparing it for 
visualization (as detailed in the previous use case) and for the Unit Commitment functionality 
described in subsequent use cases. 
Once data are pulled and transformed in the application's back end, the schema of the integrated 
database, where the data are stored, is illustrated in the following two figures. The database 
includes both static tables, which rarely change (e.g., data like the cost of each generation unit or 
renewable curtailments), and dynamic tables that update every hour, such as forecasts, data from 
Neogrid devices, and Unit Commitment updates. 
The integrated database architecture ensures immediate tool responses, minimizing data delays, 
and facilitates debugging by allowing identification of failures related to database connections, 
raw data from source systems, algorithms, or the ecoEMS framework itself. 
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Figure 5 Database architecture from integrated in ecoEMS framework database 

 
Figure 6 Database table from integrated in ecoEMS framework database showing the pre Day Ahead Scheduling 

output for ecoCommunity 

EMS_ 2UC2.1: Mid-term and short-term RES and load forecasting. Training of the 
Forecasting model 

 
The ecoEMS requires daily forecasts of renewable energy generation and consumption to provide 
a day-ahead (DA) scheduling solution. These forecasts, which span 24 hours, are generated once 
per day. Using these daily forecasts, ecoEMS creates a DA schedule and subsequently performs 
co-optimization, transitioning to a closer-to-real-time (RT) scheduling approach. For this second 
step, ecoEMS relies on hourly updated forecasts, which provide updated 24-hour projections 
every hour. 
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To meet these requirements, the forecasting models are divided into daily and hourly forecasts, 
which are developed for PV power and wind power generation as well as electric and heat load 
consumption. These models are pre-trained and deployed to continuously generate the necessary 
forecasts. As outlined in Work Package 3, the forecasts are tailored to fulfill the specific needs of 
ecoEMS. Eight distinct datasets have been created to accommodate both daily and hourly 
updated forecasts for RES and load consumption as shown in Figure 7. 
 

 
Figure 7 Structure of eight datasets for daily and hourly updated RES and load forecasts. 

For the use case, data were collected from the Bornholm demo site for each forecast type, 
analyzed, and prepared for training a deep learning model described in Work Package 5. These 
generated forecasts are sent to the ecoPlatform under a separate dataset. It is worth noting that 
while some datasets were gathered directly from Bornholm, they did not entirely align with the 
exact ecoEMS field. To address this, realistic adjustments were made to ensure the data 
represents the operational field accurately. 
 
EMS_ 2UC2.2: Unit Commitment and Economic Dispatch algorithms 

 
The goals of the final Use Case for the ecoEMS were to a) prepare daily the UC simulation with 
input of forecasts, community engagement and Neogrid devices, b) run the pre Day Ahead 
Scheduling, send the orders and visualize the output and c) run the Day Ahead Scheduling on 
hourly step with 24 hours horizon, to optimize the dispatch orders according to the updated input 
and maximize the flexibility. 
For all the parts, ecoEMS can run autonomously, as the data are being fetched from ecoPlatform 
on specified times, after they have been uploaded from other sources, and followingly, simulations 
are run and the orders are being published to ecoPlatform to be available for the rest ecoTools. 
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To define feasibility, if an ecoTool fails to publish data on time, ecoEMS uses the last fetched data 
that had been published. 
Firstly, according to the forecasts, renewable surplus is calculated, and available flexible demand 
slots are being published to ecoPlatform, waiting for community engagement. 
 

 
Figure 8 Available slots for flexible consumption according to ecoEMS pre-DAS calculations 

Following that, together with the forecasts updates and the engagement community, data from 
Neogrid devises are subscribed from ecoPlatform, getting the return temperature of the heating 
water as well as the volume flow. All these data are being updated on hourly basis, and the 
Economic Dispatch runs on a rolling window of 24 hours horizon, publishing optimal dispatch 
orders for the imports/exports, CHP, wind farms, PVs, as well as the temperature adjustment for 
the Neogrid devices, according to the acceptable levels.  
 

 
Figure 9 ecoEMS displaying the suggested setpoints to the units 
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EMS_ 2UC2.3: Multi-energy vector management of operation 
 
This UC focuses on the development and demonstration of the ecoEMS as a tailored solution for 
rural electrification, utilizing various energy vectors to ensure a 24/7 power supply at a low cost. 
The system integrates electrical energy resources with district heating systems, co-optimizing 
their operation to determine the most effective actions for achieving optimal performance. 
As part of the ecoEMS, advanced optimization techniques are employed for integrated energy 
planning. To accomplish this, a multi-service co-optimization model is implemented, which 
considers diverse energy vectors and conversion technologies, including electric power and 
heating. The optimization framework aims to achieve efficient multi-energy utilization across the 
entire spectrum of energy vectors, targeting the most economical operation while meeting a wide 
array of operational, security, and availability constraints. 
A key mechanism for achieving these objectives is the scheduling of different energy vectors by 
leveraging their flexibility. In the pilot cases, this flexibility is realized through the use of electric 
boilers for hot water production, hot water tanks, and electric heaters. These flexible energy 
sources are strategically managed to optimize performance, contributing to the overall efficiency 
and cost-effectiveness of the system. 

3.1.1.2 ecoDR 

 
As stated in D7.3 [3], the ecoDR device could not be installed directly at the Bornholm Energy 
and Utilities (BEOF), as it did not meet mandatory EU requirements and required a controlled 
environment. As a result, the device was relocated to DTU, which offers both a compliant 
laboratory setting and secure testing facilities within the same climatic region, ensuring safe setup 
and operational reliability. ecoDR is currently being connected through the internet with 
ecoPlatform and the Bornholm demo-site, minimizing the impact of this relocation on the project 
activities. 
 
DR_2UC1.1: Real time monitoring of energy consumption  

Following the deployment of ecoDR in the DTU laboratory, the router connection has been 
successfully established, enabling data transfer via the router.  
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Figure 10 ecoDR deployed in DTU 

The ecoDR device can measure sixteen different parameters and transfer them via the router, in 
addition to capturing discrete data readings. The table below provides a complete list of the data 
readings supported by ecoDR. 
 

 
Table 11 Complete list of ecoDR readings 

 
The router has been successfully connected to the ecoDR, and the configurations showed in 
Figure 11 and Figure 12 have been completed to facilitate the transfer of ecoDR data readings to 
the Teltonika (router) interface. 
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Figure 11 Configuration of router that communicates with ecoDR  (1) 

 

 
Figure 12 Configuration of router that communicates with ecoDR  (2) 

 
With the configurations completed, the test case demonstrates the measurements of ecoDR. To 
understand the representation of these measurements shown in Figure 13, Table 11 serves as a 
reference guide. 

 
Figure 13 Test connection where data are read successfully from ecoDR 

The next step involves transmitting these measurements from the router interface to the 
ecoPlatform during the second demonstration round. 
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Figure 15 Pipeline wrangling the raw SCADA data to the specific needs of RE-EMPOWERED 

PT_2UC1.2: Data cleansing to ensure consistency and human machine interface 

The ecoPlatform is designed to manage and process time series data, which consists of time-
value pairs. In this system, a time series is referred to as a data stream, and its individual 
elements, the time-value pairs, are called datapoints. Each datapoint must be a floating-point 
number. Related data streams are grouped into a dataset, which forms the fundamental hierarchy 
for organizing and providing context to the time series data stored within the ecoPlatform.  

To submit data into the ecoPlatform, users must utilize the platform's MQTT or HTTP APIs. These 
APIs facilitate interaction between data providers and consumers and ensure secure data 
transactions. Every dataset is owned by a provider, who is exclusively authorized to submit data 
for their datasets. Providers may represent an organization, a team, or an individual. They are 
responsible for building and maintaining the tools interfacing with the ecoPlatform APIs. While 
providers can submit data only to their own datasets, they have read-only access to datasets 
belonging to other providers. Figure 16 illustrates a temperature plot of the outlet electric boiler 
as displayed on the ecoPlatform, which is an efficient way of visualizing the data in the data 
stream.  

 

Figure 16 Temperature of the outlet electric boiler on ecoPlatform. 
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Before submitting time series data, datasets and data streams must first be created via the 
ecoPlatform web UI. Any user with access to the web UI can create datasets, becoming their 
respective owners. Dataset owners can manage data streams, assign additional dataset owners, 
and define critical attributes such as data bounds and silence periods. The MQTT topic in each 
message identifies the dataset to which the data belongs. Each message contains a single 
timestamp and its corresponding datapoint value. For daily data uploads, separate data streams 
are created for each hour within the same dataset, ensuring granular and consistent time series 
data management. Figure 17 shows a sample view of the ecoPlatform dataset configuration. 

 

Figure 17 Screenshot of ecoPlatform dataset configuration showing minimum and maximum value bounds and 
maximum silence settings. 

Once data is submitted, the ecoPlatform's data pipeline processes the incoming data. Its primary 
tasks include: 

Sanitizing: Validating and cleaning incoming data to ensure quality. 
Filtering: Discarding invalid data that does not meet the specified criteria. 
Storage: Saving valid data into a time series database for long-term access and analysis. 

Dataset owners can define minimum and maximum bounds for their data streams. Datapoints 
falling outside these limits are marked as invalid and discarded, triggering a value alarm. 
Additionally, owners can specify a maximum silence period for data streams. If no valid datapoints 
are received within this period, a silence alarm is generated. Owners can subscribe to receive 
email notifications for these alarms, with a limit of one notification per hour to avoid spam. Figure 
18 shows how the ecoPlatform notifies dataset owners of observed alarms, such as value alarms 
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or silence alarms. The email contains details including the dataset name, the data stream name, 
the type of alarm, the timestamp, and the corresponding value of the datapoint that triggered the 
alarm. This feature ensures that dataset owners can promptly address data irregularities, 
maintaining the integrity of time series data. 

 

Figure 18 Example of an email notification from the ecoPlatform alarm system. 

By implementing these robust data cleansing and management protocols, the ecoPlatform 
ensures high-quality data storage and seamless communication between various ecoTools, 
including ecoEMS, ecoCommunity, ecoDR, ecoMonitor, forecasting services, and edge devices. 
This approach establishes a reliable foundation for further analytical processing and system-wide 
interoperability. 

PT_2UC2.1: Facilitate data exchange between dependent tools 

The ecoPlatform provides two API interfaces, MQTT and HTTP, tailored for different use cases: 

The MQTT API allows providers to publish and subscribe to data. It is particularly suitable 
for scenarios where subscribers must receive immediate notifications when new data is 
published. 
The HTTP API supports the bulk transfer of data, offering a reliable option for uploading 
larger datasets. 

In Figure 19, the trained PV forecasting model generates hourly forecasts and sends them to the 
ecoPlatform using the MQTT API on an hourly basis. 
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Figure 19 Hourly PV power forecast generation and sending them to the ecoPlatform using MQTT API. 

The relevant tool leaders and partners at Bornholm site including ecoEMS, ecoCommunity, 
ecoDR, ecoMonitor, forecasting services, and edge devices mainly use MQTT API to 
communicate with each other through the ecoPlatform.  
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PT_2UC2.2: Facilitate access to controllable assets for dependent tools 
As mentioned in PT_2UC2.1 the ecoPlatform facilitates data exchange between various assets 
and tools through either MQTT API or HTTP API. This functionality is used to connect controllable 
assets like electric boilers, district heating units and an electric heater. 
 
Asset: Electric boiler 
The task for ecoPlatform is to facilitate data being published by ecoEMS and stored in the 
platform. Afterwards the utility company subscribes to the platform using one of the mentioned 
API functionalities. In the case of the electric boilers the MQTT API is used. The messages 
received through MQTT are then captured by an internal data lake (Company Data Platform) and 
distributed to a program (OPC Router) which enables the final integration to the electric boilers. 
 

 
Figure 20 Diagram illustrating the pathway from ecoEMS to control of the electric boilers at the heat plant 

Asset: District heating units 
As with the electrical boilers the task for ecoPlatform is to facilitate data flow between other 
sources and connection nodes. In the case of control of the district heating units a temperature 
adjustment is calculated in ecoEMS and provided for the given timestamp given through 
ecoCommunity application. The IoT device from Neogrid can attach MQTT data sources and a 
connection to ecoPlatform is thereby possible. 

 
Figure 21 Diagram illustration the pathway from ecoCommunity to the IoT device for control of the district heating unit 

supply temperature (on the secondary side) 

PT_2UC3.1: Route the microgrid data and data from dependent tools to cloud database 
 
As already documented in PT_2UC2.1 and PT_2UC2.2, data from various assets/tools have 
successfully either subscribed or published data to and from the ecoPlatform and its database. 
 
PT_2UC3.2: Facilitate archived data access for dependent tools using API 

 
The ecoPlatform exposes an HTTP API that facilitates batch import and export of data points. 
This capability is particularly beneficial for tools that generate data periodically or require 
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Figure 23 ecoMonitor readings for air quality metrics. 

Concerning transmission of data, the connection between ecoMonitor and the router is managed 
after the configurations and only one reading could be read. Efforts are taking place to remotely 
receive all the readings. 
 

 
Figure 24 Configuration of router that communicates with ecoMonitor  (1) 
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Figure 25 Configuration of router that communicates with ecoMonitor (2) 

 
MN_2UC1.2: Data processing and evaluation 

 
After deployment, the ecoMonitor was connected to the router for data reading. While the 
connection attempt was successful with a single reading, the system failed to retrieve data when 
multiple readings were attempted. The issue resulted in a failure message indicating a request 
error as shown in Figure 26. The root cause of this problem is yet to be identified but it is expected 
to be resolved during the second demonstration round. 

 
Figure 26 ecoMonitor's attempted connection to the router for multiple data collection 

3.1.1.5 ecoCommunity 

The deployment of the tool is completed as described in D7.3. Its demonstration will be presented 
in D7.5.  
 
CM_2UC3.1: Feedback and suggestions from users about the tools 

 
This Use Case will be demonstrated in the 2nd demonstration round. 
 
CM_2UC3.2: Reporting of problem 

 
This Use Case will be demonstrated in the 2nd demonstration round. 
CM_2UC3.3: Forum to share experiences 

 
This Use Case will be demonstrated in the 2nd demonstration round. 
 
CM_2UC4.1: Training material (troubleshooting) 
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This Use Case will be demonstrated in the 2nd demonstration round. 
 
CM_2UC4.2: Easy-to-use multimedia material and step-by-step guides (walkthroughs) 

 
This Use Case will be demonstrated in the 2nd demonstration round. 
 
CM_2UC5.1: Monitoring of heating system at load centers 

 
This Use Case will be demonstrated in the 2nd demonstration round. 

3.1.2 List of adaptations for demonstration round 2 

Regarding ecoEMS and concerning the flexibility usage provided by the electric boilers, during 
demonstration round 1, a fixed temperature adjustment of 5 degrees Celsius was provided to all 
Neogrid devices. In demonstration round 2, the goal is to target and achieve dispatching orders 
about the temperature adjustment that are tailored to each device, according to each water return 
temperature. The ecoCommunity tool will be demonstrated in the 2nd round, while no adaptations 
are needed for ecoPlatform. For ecoMonitor, the receiving of all the data readings and transfer to 
the ecoPlatform will be addressed in the second demonstration round. The ecoDR is connected 
to the router and sending its readings to the router interface; the next step is sending these 
measurements from the router interface to the ecoPlatform as well as implementing load 
scheduling feature during the second demonstration round. 
 
3.2 Kythnos Island 

3.2.1 Report of the demonstration round 1 activities 

This section presents the status of the use cases for the Kythnos Power System and 
Gaidouromantra Microgrid. 

3.2.1.1 Kythnos Power System 

3.2.1.1.1 ecoEMS 

ecoEMS is an energy management system (EMS) aiming at optimizing the overall performance 
of isolated and weakly interconnected energy systems by increasing the share of RES. The goal 
of ecoEMS is the full exploitation of the RES potential at reasonable costs in isolated electricity 
systems. For the scope of the first round of the demonstration phase, following the completion of 
the deployment phase, the target is to make a batch of full runs of the tool, in order to assess its 
functionality, target any technical issues and proceed to fixes for the finalization and preparation 
of the final demonstration phase round two.  
The first round of demonstration process was to run the ecoEMS for the period of one week, ie 
29th of August until 4th of September of 2024, collect all the data (the input of the algorithm as well 
as the results of the algorithm), validate them and assess the set of use cases that have been 
designed for the tool.  
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The integrated database is scheduled to receive data from the source database that thermal 
generation data and load data are stored every minute, as shown in the following picture, and 
manipulate them in order to aggregate these data in hourly and quarter hourly intervals, to prepare 
them for the visualization of the previous use case, as well as for the Unit Commitment 
functionality that is described in the next use cases.  
 

 
Figure 31 Database table where Kythnos's actual generation and actual load are stored per minute 
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Figure 32 Database table where Kythnos's actual generation and actual load are raw data are transformed in hourly 

granularity 

Since the data have been pulled and transformed in the backend of the application, the integrated 
database schema, where they are stored, is shown in the next two pictures. There are both static 
tables where the data are rarely being modified, since the contain data that do not get any often 
alterations, e.g. the technical datasheets of the installed generation units, as well as tables that 
change every quarter of the hour or every hour, such as the forecasts and SCADA tables. The 
architecture of the integrated database provided not only instant responses of the tool, minimizing 
any data delay, but also the availability to debug and find if any failure had to do with the 
connections to the databases, the raw data from source databases and algorithms, or with the 
ecoEMS framework itself.  
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period the PV forecasts performed poorly, as the clouds and the unstable weather was not 
depicted in the forecasts.   
 

 
Figure 35 Assessment of electrical load forecast (above) and PV forecast (below) 

EMS_ 2UC2.3: Unit Commitment and Economic Dispatch algorithms 
 
The goals of the final Use Case for the ecoEMS were to a) prepare daily the UC simulation with 
input of forecasts and thermal generators, b) run the simulation, send the orders and visualize the 
output and c) run the economic dispatch simulation, update the orders and visualize the output. 
For the first part, the user of ecoEMS defines and checks the technical datasheet of the thermal 
units which are depicted in the following pictures, such as the operational conventional unit 
requirements, which comprise to the minimum and maximum intertemporal constraints, the 
ramping limits, the fuel consumption and CO2 emissions factors, fuel costs, CO2 emissions 
allowance, etc.   
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Figure 36 Page from ecoEMS displaying the operational conventional units data input 

 
Figure 37 Page from ecoEMS displaying the cost parameters, such as the price of fossil fuels 

Following that, together with the forecasts and the uncertainty as shown in the previous use case, 
the user may define the reserve requirements as well as the constraint violation merit order, which 
actually defines what slack variables will be enabled in the algorithm and with what order in order 
to find a feasible solution.  
 

 
Figure 38 Page from ecoEMS displaying the order that constraints shall be raised in order to find a feasible solution 
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Figure 44 Page from ecoPlanning displaying the installed capacity of PVs in an electrical system model 

 
Figure 45 Page from ecoPlanning displaying the units and their technical datasheet 

 

 
Figure 46 Page from ecoPlanning displaying the units and their merit order 
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Figure 49 Report output from ecoPlanning displaying the energy mix over the selected horizon simulated 

 

 
Figure 50 Report output from ecoPlanning displaying the aggregated results and the general parameters over the 

selected horizon simulated 
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Figure 51 Report output from ecoPlanning displaying the annual conventional and RES production over the selected 

horizon simulated 

 
Figure 52 Report output from ecoPlanning displaying the aggregated results for conventional units (fuel, hours, 

emissions) over the selected horizon simulated 
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Figure 57 Report output from ecoPlanning  - Hosting Capacity displaying conventional and RES units technical 

results over the simulated scenarios 

 

 
Figure 58 Report output from ecoPlanning  - Hosting Capacity displaying various RES units results  over the 

simulated scenarios 

 
PN_2UC3.1: Electrical models, demand peak models & interconnections design, RES & 
Load estimation 

 
Due to technical bugs of the front end this use case was not thoroughly assessed in the scope of 
the demonstration round 1 and will be examined analytically at the demonstration round 2.  
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demand response activity that is integrated in the imported load curve, alternates these KPIs in 
regard with the load curve without the demand response integration.  
 

 
Figure 63 Report output from ecoPlanning  - DR displaying aggregated results over the simulated scenario 
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Figure 72 illustrates the number of entries per table within the SQL Server database, highlighting 
the distinction between measurement data (depicted in red) and application/system control data 
(shown in blue).  

 

Figure 71 Snapshot of the Measurement data table illustrating 
stored numeric values from various assets. 

 

Figure 72 Summary of SQL tables that 
highlights the number of records per table. In 
red the measurement data table. In blue the 
application/system control data tables. 

 
 
MG_2UC2.1: Effective communication with controllable assets 

 
The MG_2UC2.1 use case focuses on establishing reliable communication between the 
ecoMicrogrid platform and controllable assets within a microgrid environment. This phase of the 
project emphasizes the validation of data flow to vital components, specifically the diesel 
generator and HVAC systems. 
 
Description of Activities 
 
The primary objective of this phase was to validate the comprehensive data flow from the 
ecoMicrogrid platform to controllable assets, ensuring that operational set points and associated 
data are effectively communicated to and actuated by the diesel generator and HVAC systems.  
 
Key activities conducted during this phase included: 
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CM_2UC1.1: Displaying the dynamic pricing based on shape of energy profile 
The use case aimed to display dynamic pricing information. The screenshots of the pricing module 
are shown below. 

 
Figure 78 Screenshots of ecoCommunity Dynamic Pricing Module for Gaidouromandra demo site: (Left) Forecasted 

pricing for next set of hours. (Right) pricing variation during the previous day 

A red-green pricing band indicates the high-low forecasted pricing for the following hours. The 
forecast is updated every hour based on the data received from ecoMicrogrid. It provides 
consumers with an indication of whether or not they should use the noncritical loads. The module 
aims for voluntary control over the consumption of the consumers, so that the energy system 
stays stable and efficient. 
  
CM_2UC1.3: Data security and privacy 

The data security and privacy are considered as important requirement for the tool. The access 
to the tool is restricted through username and password. The user will have to enter the login 
credentials when they are using the tool on a new device. 
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Figure 79 Screenshots of ecoCommunity login page for Gaidouromandra demo site (Left) login page (Right) error 

message for invalid credentials 

The user can change the login password anytime from the user profile if they feel that their 
password has been compromised. Apart from that, any read/write to the cloud database is also 
restricted with authentication. This avoids access or corruption of the cloud database through 
external sources.  
A privacy and information statement and consent form are displayed on the tool interface when a 
new user logs in to the tool for the first time. 
The user access is managed by the demo site administrator using the Users modules. The module 
lists all the users in the demo site and is able to control the access of the users. 
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Figure 80 Screenshots of ecoCommunity user module for Gaidouromandra demo site (Left) list of users (Right) user 

details 

A total of four consumers and two administrators were included to the tool user database during 
the first round of demonstration. 

 
CM_2UC2.1: Facilitating (display) of the scheduling and shifting of non-critical and 
flexible loads 

The use case was demonstrated by indicating a set of time slots which can be booked by the 
consumers for the use of noncritical consumer loads. In case of Gaidouromandra the consumers 
utilized this facility to book time slots for the use of water pumps based on the available energy  
The screenshots of the booked time slot from the consumer user interface and the increase in 
energy consumption during that period are shown in the following screenshots. 
















































































































































