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the step up from laboratory scale 
to engineering scale and the 
determination of scaling factors 
that will enable design of the 
operating system. The prototype 
should be capable of performing 
all the functions that will be 
required of the operational system. 
The operating environment for the 
testing should closely represent 
the actual operating environment 

 
TRL5 Laboratory scale, 

similar system 
validation in relevant 
environment 
 

The basic technological 
components are integrated so that 
the system configuration is similar 
to (matches) the final application in 
almost all respects. Examples 
include testing a high-fidelity, 
laboratory scale system in a 
simulated environment with a 
range of simulants and actual 
waste. Supporting information 
includes results from the 
laboratory scale testing, analysis 
of the differences between the 
laboratory and eventual operating 
system/ environment, and analysis 
of what the experimental results 
mean for the eventual operating 
system/environment. The major 
difference between TRL 4 and 5 is 
the increase in the fidelity of the 
system and environment to the 
actual application. The system 
tested is almost prototypical. 
 

TRL4 Component and/or 
system validation in 
laboratory environment 
 

The basic technological 
components are integrated to 
establish that the pieces will work 
together. This is relatively "low 
fidelity" compared with the 
eventual system. Examples 
include integration of ad hoc 
hardware in a laboratory and 
testing with a range of simulants 
and small scale tests on actual 
waste. Supporting information 
includes the results of the 
integrated experiments and 
estimates of how the experimental 
components and experimental test 
results differ from the expected 
system performance goals. TRL 4-



 

 

 

 

 Deliverable 8.3: Report on TRL Monitoring and Planning                                         [16]                                                                             
 

6 represent the bridge from 
scientific research to engineering. 
TRL 4 is the first step in 
determining whether the individual 
components will work together as 
a system. The laboratory system 
will probably be a mix of on hand 
equipment and a few special 
purpose components that may 
require special handling, 
calibration, or alignment to get 
them to function. 
 

Research to 
Prove 

Feasibility 
 

TRL3 Analytical and 
experimental critical 
function and/or 
characteristic proof of 
concept 

Active research and development 
(R&D) is initiated. This includes 
analytical studies and laboratory-
scale studies to physically validate 
the analytical predictions of 
separate elements of the 
technology. Examples include 
components that are not yet 
integrated or representative tested 
with simulants. Supporting 
information includes results of 
laboratory tests performed to 
measure parameters of interest 
and comparison to analytical 
predictions for critical subsystems. 
At TRL 3 the work has moved 
beyond the paper phase to 
experimental work that verifies 
that the concept works as 
expected on simulants. 
Components of the technology are 
validated, but there is no attempt 
to integrate the components into a 
complete system. Modeling and 
simulation may be used to 
complement physical 
experiments. 
 

TRL2 Technology concept 
and/or application 
formulated 
 

Once basic principles are 
observed, practical applications 
can be invented. Applications are 
speculative, and there may be no 
proof or detailed analysis to 
support the assumptions. 
Examples are still limited to 
analytic studies. Supporting 
information includes publications 
or other references that outline the 
application being considered and 
that provide analysis to support 
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Tested in intended environment close to 
expected performance. 

TRL7 Demonstration system. 
Operating in operation environment at pre-
commercial scale. 

TRL8 First of a kind commercial system. 
Manufacturing issues solved. 

Production TRL9 Full commercial application. 
Technology generally available for all 
consumers 

 
Table 4 below provides additional descriptive terms within the context of TRL. 

Table 4: Additional TRL descriptive terms 

Term Description  

Breadboard Integrated components that provide a representation of a 
system/subsystem and that can be used to determine concept 
feasibility and to develop technical data. Typically configured for 
laboratory use to demonstrate the technical principles of immediate 
interest. May resemble final system/subsystem in function only. 

High Fidelity Addresses form, fit, and function. A high-fidelity laboratory 
environment would involve testing with equipment that can simulate 
and validate all system specifications within a laboratory setting) 

Low Fidelity A representative of the component or system that has limited ability 
to provide anything but first-order information about the end product. 
Low-fidelity assessments are used to provide trend analysis 

Model A functional form of a system, generally reduced in scale, near or at 
operational specification. Models will be sufficiently hardened to 
allow demonstration of the technical and operational capabilities 
required of the final system 

Operational 
Environment 

Environment that addresses all the operational requirements and 
specifications required of the final system to include 
platform/packaging 

Prototype A physical or virtual model used to evaluate the technical or 
manufacturing feasibility or military utility of a particular technology 
or process, concept, end item, or system 

Relevant 
Environment 

Testing environment that simulates both the most important and 
most stressing aspects of the operational environment. 

Simulated 
Operational 
Environment 

Either (1) a real environment that can simulate all the operational 
requirements and specifications required of the final system or (2) a 
simulated environment that allows for testing of a virtual prototype. 
Used in either case to determine whether a developmental system 
meets the operational requirements and specifications of the final 
system 
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3.4 ecoDR  

3.4.1 Technology overview 

ecoDR is the tool focused on the development of advanced metering infrastructure (AMI) with 
inbuilt load controller and protection functionalities. Additionally, to measurement and billing 
of household energy consumption, ecoDR facilitates remote monitoring and control of non-
critical loads based on user preference. Over-current protection functionalities are included in 
the smart meter to make it work as an over-current relay.  

This tool is available to communicate with ecoMicrogrid to access services such as demand-
side management and implement scheduling of critical/non-critical loads via load shedding. If 
the renewable energy generation is not enough to cover the demand, the tool can create limits 
to the power and energy demand of all non-critical consumptions. It limits fairly the 
consumption of all consumers, avoiding situations of overload or blackouts. 

Advanced functionalities integrated into the developed meters include an inbuilt 
programmable load and energy limiter, load-shedding controller, and two output ports for 
critical and non-critical loads. Additionally, the meters offer management of non-critical loads 
through scheduling and control based on commands from the ecoMicrogrid.  

The standard features of ecoDR include a static single-phase, two-wire energy meter with 
various parameters available for measurement, such as Irms, Vrms, active energy, power 
factor, apparent power, and load. The smart meters also come equipped with a visible 
indicator for poor power factor, an LCD for display, and support for MODBUS communication 
protocol. 

As illustrated in Figure 4, the ecoDR consists of hardware modules such as AC-DC converter 
to fulfil power requirements various electronic modules, voltage and current sensing units, 
switching modules consisting of 2 relays, transistors and other required circuit which provides 
the opportunity to turn on/off power derived from critical and non-critical port whenever 
needed, real time clock module to create timestamped data packets and a ethernet based 
communication module to communicate with ecoMicrogrid.   

 

Figure 4: Key system components of the ecoDR tool 
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3.6.2 Technology applications 

The developed ecoConverter tool can be applied in hybrid solar PV and wind based microgrid 
applications. Withing the scope of RE-EMPOWERED project, this technology is being 
demonstrated in Ghoramara demonstration site. 

3.7 ecoMonitor  

3.7.1 Technology overview 

ecoMonitor is a tool to develop a portable digital control platform, with multiple sensors and a 
microcontroller-based processing unit to monitor real-time different ambient air quality 
parameters, such as the concentration of CO, NO2, SO2, O3, PM2.5 and PM10 microparticles, 
as well as ambient temperature and relative humidity. The sensor readings are submitted to 
other ecoTools such as ecoMicrogrid and ecoPlatform, for their processing and analysis. 

It is battery-powered with solar panel-based charger units, and it is aimed to be used in remote 
environmental monitoring. The sensor readings are processed in real time in the control 
platform and the data are transmitted by suitable communication protocols to a data platform 
for remote monitoring, display and analysis. 

In addition to remote monitoring, the tool features a local display unit with color indication, 
which alerts the local community once any of the air quality parameters exceed the maximum 
allowable limit. The inbuilt battery system provides 2 days autonomy when there is no PV 
production. 

Figure 7 illustrates the major constituent parts of ecoMonitor. 

 

Figure 7 Major Components of ecoMonitor 

In the core, there is a MCU which is interfaced with a number of sensors. All the sensors are 
obtained from commercial sources suitable for outdoor applications. 

A digital control platform is responsible for collecting real-time data from the ambient air quality 
monitoring sensors. The platform gathers data from sensors and other sources for further 
processing. A robust communication network enables seamless data transmission between 
ecoMonitor and central control station via Ethernet unit using MODBUS protocol. Figure 8 
shows the digital control platform block (shaded region) depicting major components.  
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Figure 9 Block level diagram of ecoCommunity depicting two main subsystems and interoperability 

The mobile application is the key component of the ecoCommunity tool which acts as the 
interface to the users of the energy community. The modules and tasks performed by the 
application depend on the type of users. Communication with other ecoTools is facilitated 
through ecoPlatform tool using MQTT. The communication with external services and the 
cloud database utilizes API. 
The advanced features of ecoCommunity is presented in Table 7.  

Table 7: Key functionalities of ecoCommunity Tool 

Features Description and Objective 

Pricing/Status 
Indication  

The tool displays a red-green signal indicating the forecasted energy 
prices/ system status for the upcoming hours. The red indicates a 
higher energy price/ low energy availability, and the green indicates 
a low energy price/ high energy availability. Users can utilize this 
indication to decide whether to connect their loads. In the case of 
users who are billed using the dynamic pricing plan, the information 
will be utilized while generating their bills. 

DSM communal 
load time slot 
booking 

The usage of the communal loads in the demo site is coordinated 
among the users. The tool displays a set of time slots for using the 
communal load which can be booked by users. This avoids conflicts 
in usage and better utilization of the load. 

DSM flexible 
private load time 
slot booking 

Based on the available energy in the system, the user can book the 
time slots for using their large private non-critical or flexible loads. 

DSM thermal load 
control  

Based on the available renewable resources, the ecoEMS tool 
controls the heating demand of the users. Using ecoCommunity tool, 
the user can accept or reject this control for various time slots. 

ecoPlatform

ecoCommunity

Cloud Database

Payment Gateway 
Service

ecoTools

Mobile 
Application

(Administrator)

MQTT (ESB)

API

API

IMD Weather 
Notifications

Mobile 
Application

(Manager)

Mobile 
Application
(Consumer)

API API

API
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MQTT (ESB)
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3.10.2 Technology applications 

The cyclone resilient support structures for PV and wind can be deployed in locations such as 
coastal regions having high cyclonic velocities as the free movement of solar panels frame in 
PV system and lowering of monopole (to remove or lock wind turbine blades) reduce wind 
loads on structures which increase the life span of these systems. It can also be installed at 
locations having moderate and low wind profiles with lesser capital cost by reducing the size 
of the support structures. Within the scope of RE-EMPOWERED project, these are being 
deployed in Ghoramara demo site. 

The LMSWT can be deployed for power generation in remote areas for battery charging and 
home lighting applications, either in standalone mode or in hybridization with PV. Within the 
scope of RE-EMPOWERED project, the 1st  LMSWT has been deployed and demonstrated in 
Kythnos (Gaidouromandra). The 2nd LMSWT has been transferred to Ghoramara for 
deployment. 
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 The following figures  Figure 15, Figure 16 and Figure 17 illustrates the performance of EMS 
module of ecoMicrogrid under different scenarios.  

 

 
Figure 15: BES Active Power and SoC measured at 13/07/2023 (scenario 1). 

 
Figure 16: BES active power and SoC at 16/07/2023 (scenario 2) 
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Figure 21 Database table where Kythnos's actual generation and actual load are stored per minute 

 
Figure 22 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 scheme, where they are stored, is shown in the next two pictures. There 
are both static tables where the data are rarely being modified, since they contain data that 
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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.  
 

 
Figure 23 Database architecture from integrated in ecoEMS framework database 

 

 
Figure 24 Database table from integrated in ecoEMS framework database showing the forecast of PVs 

In the context of mid-term and short term RES and load forecasting functionality of ecoEMS, 
data were collected and analyzed from the integrated database, for the aforementioned time 
interval, and compared the forecasts with the actual values, i.e. load and PV forecasts 
compared with the actual values, as shown in the next two figures. It can be noticed that the 
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4.3 ecoPlanning 

4.3.1 Current stage of development 

The performance of the developed ecoPlanning tool was initially validated at ICCS-NTUA. It 
was subsequently applied at two sites: the Kythnos demo site in Greece and Keonjhar in India.  

4.3.2 Test results, analysis and validation data 

Following the successful completion of the development, the ecoPlanning tool was applied at 
the Kythnos microgrid in Greece and Keonjhar in India. 

In Kythnos, the ecoPlanning tool was tested to validate its key functionalities. To test data 
collection and storage functionalities, the integrated database is scheduled to store data from 
the front end corresponding to the annual RES and load curves or importing data through the 
SQL management studio. 

Since the data has been collected and transformed, the integrated database schema, where 
they are stored, is shown in the next two figures. They all are static tables in the meaning that 
they do not change dynamically, but only if the user creates or imports data. Also, the data is 
rarely being modified, since the contain data that do not get any often alterations, e.g. the 
technical datasheets of the installed generation units. 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 database 
or the raw data, or within the ecoPlanning framework itself.  

 
Figure 26 Database architecture from integrated in ecoPlanning framework database 
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Figure 30 Page from ecoPlanning displaying the installed capacity of PVs in an electrical system model 

For validation of optimization algorithm for mid to long term horizon (1 to 7 years), for hourly 
Unit Commitment, maximizing RES penetration and securing normal operation, as shown in 
the next pictures, a graph of the annual energy mix is exported, as well as a list of tables 
providing information about the aggregated results of annual thermal and RES production, 
fuel consumption, CO2 emissions, the input general parameters, the hours of operation of 
thermal units and various costs.   
 

 
Figure 31 Report output from ecoPlanning displaying the energy mix over the selected horizon simulated 
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Figure 33 ecoDR installed in Gaidouromantra 

  

 

Figure 34 The display of ecoDR in Gaidouromandra  

Similarly, at Ghoramara demo site, the real time monitoring of energy consumption was 
validated by installing one ecoDR tool at the demo site and connecting the electrical 
appliances (such as lights and fans) of the high school as load. As can been seen in the below 
figure, the real time data of electrical parameters such as voltage, current, energy consumption 
are being monitored and displayed. 
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Figure 35 ecoDR (top left of the left picture) installed at Ghoramara and ecoDR monitoring load threshold data 

 
Figure 36 ecoDR monitoring energy consumption for connected load 

The load scheduling functionality was validated by issuing a load ON/OFF command to a load 
connected to the non-critical port of the ecoDR device. The figure below demonstrates that 
upon receiving load scheduling commands, such as a disconnect instruction, there is no 
energy consumption recorded for loads connected to the non-critical port. 
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Figure 38 Process diagram illustrating the dataflow from SCADA to ecoTools 

 

 
Figure 39 Pipeline wrangling the raw SCADA data to the specific needs of RE-EMPOWERED 

The ecoPlatform is also designed to manage and process time series data, which consists of 
time-value pairs. 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. Figure 40 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 40 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. Figure 41 
shows a sample view of the ecoPlatform dataset configuration. 

 

Figure 41 Screenshot of ecoPlatform dataset configuration showing minimum and maximum value bounds and 
maximum silence settings. 

Figure 42 Figure 42 shows how the ecoPlatform notifies dataset owners of observed alarms, 
such as value alarms 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. 
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Overall, the ecoPlatform tool exhibited a high level of maturity, successfully achieving the 
project's targeted TRL of 8.  

4.6 ecoConverter 

4.6.1 Current stage of development 

The performance of the developed ecoConverter tool was initially validated in the laboratory 
of IIT Kharagpur. It has then been planned for field validation at Ghoramara demo site in India.   

4.6.2 Test results, analysis and validation data 

Following the successful development, prototypes of PPC and plug-and-play type inverter 
have been developed in laboratory at 10 kW power level. Photographic views of these 
prototypes are shown in Figure 43. Using these prototypes of PPC and inverter, a Microgrid 
is developed for the testing of various RE-EMPOWERED developed ecoTools.  

   
Figure 43: (a) Prototype of plug-and-play type dc-ac inverter (b) Prototype of PPC. 

 
To overcome the issue of partial shading, a Particle Swarm Optimization (PSO) based method 
was proposed  which has capability to find out the global peak at less time with good accuracy. 
Performance of the PSO based search algorithm is shown in Figure 44. The hardware of the 
microgrid is initially tested in grid-connected mode. The current waveforms are sinusoidal 
containing THD. 

 

      
Figure 44: (a) Searching of global power peak using PSO (b) Error in searching the global peak 
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The monitoring process was successfully validated. During the first demonstration period, all 
AQI parameters were found to be within permissible limit. This outcome demonstrated the 
effective operation of the ecoMonitor platform in monitoring environmental parameters.  

Overall, the ecoMonitor tool was successfully demonstrated in field operation with a high 
degree of reliability, thereby successfully achieving project goals and demonstrating TRL 7. 

4.8 ecoCommunity 

4.8.1 Current stage of development 

The performance of the developed ecoCommunity tool was initially validated in the ICL 
London. It was subsequently tested in field trials at Gaidouromandra (Kythnos), Bornholm and 
Keonjhar. It was partly tested at Ghoramara, India.  

4.8.2 Test results, analysis and validation data 

Following the successful development, the first round of demonstrations of the ecoCommunity 
tool in Gaidouromandra (Kythnos) demo site was conducted on 8th October 2024. To validate 
the functionality of displaying dynamic pricing information, a pricing module has been 
developed whose screenshot is provided below. 

 
Figure 49 Screenshots of ecoCommunity 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. 
Data security and privacy is considered as an 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 50 Screenshots of ecoCommunity login page for Gaidouromandra demo site (Left) login page (Right) error 

message for invalid credentials 

A total of four consumers and two administrators were included to the tool user database 
during the first round of demonstration. 
The functionality of facilitating(display) of the scheduling and shifting of non-critical and flexible 
loads 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. 

 
Figure 51 Screenshots of flexible load booking use case in Gaidouromandra demo site (Left) consumer interface 

showing the booking details (Right) consumer consumption during the booked period 
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Figure 53: Hardware Results without PFC. 

The hardware results of DC bus voltage with pre charging and pulse charging is shown in 
Figure 54. 

 

 
Figure 54: DC Bus Voltage with pre charging and pulse charging. 

The hardware results of PLL are shown in Figure 55Figure 55: Hardware Results of 
PLL.Figure 55: Hardware Results of PLL.. The pink color waveform indicates the supply 
voltage followed by the other desired waveforms.  
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Figure 56 Preliminary design with numerical simulations. The structure had some low-frequency oscillations 

It is observed that the mechanism was working fine for many flow velocities with both head 
and tail wind conditions. It was noticed that the experiments with angle sections at the vertical 
support experienced some vibrations during the activation of the mechanism. Further, it is 
noticed that supporting the solar panels through only solar PV frame have induced bent of 
panels at extreme wind conditions (See above structure). Hence, the vertical support is made 
with a box structure with stiffeners and a rectangular frame is attached with each PV panel for 
ensuring stability.   
 

 
Figure 57: Final fabricated prototype of the solar PV support structures being installed at Ghoramara demo site. 

Following the successful development of hybrid support structure for wind turbine under 
ecoResilience tool, its performance was validated at Ghoramara demo site. The following 
figure shows the hybrid structure installed at Ghormara demo site. 
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Figure 58: Installation of tower at testing at CSIR-CMERI & demo site, Ghoramara for power generation. 

Correspondingly, after the successful manufacturing of LMSWT system under ecoResilience 
tool at NTUA with the student team, it was then installed in December 2022 at the demo site 
of Gaidouromantra on Kythnos island, along with project partner DAFNI, as part of the RE-
EMPOWERED project. During the installation workshop, ICCS-NTUA researchers and DAFNI 
staff, along with students from the mechanical engineering school of the NTUA, marked the 
footprint of the tower on the site, placed the tower anchors and concrete blocks, installed the 
tower and guy wires, raised the small wind turbine, and connected it to the local micro-grid of 
Gaidouromantra (Figure 59). 

  

Figure 59: The LMSWT installed in the microgrid (left), Inverter, over-voltage protection and dump loads (right) 
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5 Conclusions  
The primary goal of this document is to systematically assess and document the maturity of 
the 10 developed ecoTools namely ecoMicrogrid, ecoEMS, ecoPlanning, ecoDR, 
ecoPlatform, ecoConverter, ecoMonitor, ecoCommunity, ecoVehicle and ecoResilience within 
the framework the RE-EMPOWERED project. This evaluation provides insight into the tools' 
technical and commercial readiness and identifies gaps or next steps to promote further 
development toward market deployment and scalability. 

Each ecoTool was assessed using the TRL framework, which ranks from TRL 1 (basic 
principles observed) to TRL 9 (fully operational in relevant environment). The assessment 
involved laboratory level prototype testing and pilot implementations. For TRL evaluation, the 
self-assessment questionnaire based TRL evaluation process has been adopted.  In this 
process, the ecoTool developers were provided with a set of questions comprising of 4 parts 
(general questionnaire, ecoTool specific questionnaire, top level questionnaire and detailed 
questionnaire). The questionnaire was distributed to ecoTool developers for completion, and 
the filled-in responses were obtained for evaluation. 

The summary of the findings and TRL assessment are provided below: 

The ecoCoverter and ecoVehicle tool were successfully developed and validated in a relevant 
environment representing field conditions, thereby achieving TRL of 5, which however is lower 
than the target TRL of 8. These tools are progressing toward field demonstration but need 
further refinement in robustness. 

The cyclone resilient support structure for PV and hybrid support structure for wind under 
ecoResilience tool have undergone rigorous design and analysis phases, with prototype 
development, testing, and implementation at demonstration sites like Ghoramara Island in 
India. This part of the ecoResilience tool was successfully developed and validated in a 
relevant environment representing actual operational scenario, thereby achieving TRL of 6 
(i.e. the target TRL). 

The other part of ecoResilience tool, i.e. the small wind turbine system, was successfully 
manufactured and tested in collaboration with local communities and academic collaborations. 
Workshops, such as one held in 2024 at CSIR-CMERI in India, emphasized practical 
construction techniques and the use of simple, durable designs. The wind turbine was 
validated in Gaidouromantra (Kythnos), demonstrating feasibility for deployment in real-world 
conditions. This part of ecoResilience tool was successfully demonstrated in field operation 
with a high degree of reliability, thereby successfully achieving TRL 7. This is higher than the 
target TRL of 6. 

The ecoCommunity tool was successfully deployed and demonstrated in an operational 
environment in several demo-sites thereby successfully achieving TRL 7, which is higher than 
the target TRL of 6. 

The ecoPlatform (A) tool was successfully deployed and demonstrated at the Bornholm demo-
site allowing the interoperable operation of several ecoTools and other assets. The achieved 
TRL is 8, which is also the target TRL. 

The ecoDR tool has undergone both laboratory testing and field demonstration at project 
demonstration sites Ghoramara in India and Gaidouromandra microgrid in Kythnos Island in 
Greece. In particular, during field trials, ecoDR was tested for its measuring precision and 
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accuracy for electric power, voltage and current, and its advanced functionalities, e.g., 
maximum power and energy threshold, variable cut off delay and non-critical load scheduling 
using actual load. Tests were also conducted to assess the bi-directional communication 
between the ecoDR and the ecoMicrogrid. The demonstration of the ecoDR tool at the 
Gaidouromantra microgrid successfully validated its real-time energy monitoring capabilities. 
Overall, the ecoDR tool demonstrated a high degree of reliability, successfully achieving 
project goals and demonstrating TRL 7 (i.e. the target TRL). 

The ecoMonitor tool has undergone both laboratory testing and field demonstration at project 
demonstration sites in Ghoramara and Kythnos microgrid in Greece. During the first 
demonstration period, all AQI parameters were found to be within permissible limit. Overall, 
the ecoMonitor tool was successfully demonstrated in field operation with a high degree of 
reliability, thereby achieving project goals and demonstrating TRL 7 (i.e. the target TRL). 

The ecoMicrogrid tool was rigorously tested in two phases: HIL laboratory testing was followed 
by implementation and fully successful field demonstration at the Gaidouromandra microgrid 
(Kythnos) and Keonjhar demo site. Field testing results demonstrated the tool's capacity to 
optimize energy scheduling and improve system reliability in real world scenarios. Overall, the 
ecoMicrogrid tool exhibited a high level of maturity, successfully achieving TRL 7 (i.e. the 
target TRL).  

ecoEMS tool has undergone rigorous testing and deployment at both Bornholm in Denmark 
and the Kythnos power system in Greece to demonstrate its effectiveness in real world 
scenarios. The tool supported a high-penetration renewable energy environment, enhancing 
grid flexibility and demand response management. This demonstration ensured the ecoEMS 
tool was robust, effective, and capable of addressing real-world challenges in energy 
management. Overall, the ecoEMS tool exhibited a high level of maturity, thereby achieving 
TRL 7. This is lower than the target TRL of 8. 

The ecoPlanning tool was demonstrated in the Kythnos power system and Keonjhar demo 
site. The tool has undergone initial testing and real-world application in line with the project's 
goals. The tool helps to optimize the energy mix and resource planning for the area, 
considering various long-term factors. Overall, the ecoPlanning tool demonstrated a high 
degree of reliability, robustness, and the capability of addressing real-world challenges, 
thereby successfully achieving project goals and demonstrating TRL 9 (i.e. the target TRL). It 
should be noted that the start TRL of ecoPlanning was 9, as it was a mature solution that has 
been updated and expanded in RE-EMPOWERED. 

Table 10 compares the TRL achieved for each ecoTool with the target TRL level according to 
the Grant Agreement (GA). The table also includes the starting TRL level of each ecoTool. 

Table 10: TRL achieved versus target TRL 

ecoTool name ecoTool 
type 

Starting TRL 
(GA) 

Target TRL 
(GA) 

TRL achieved 

ecoMicrogrid Hardware 5 7 7 
ecoEMS Software 6 8 7 

ecoPlanning Software 9 9 9 
ecoDR Hardware 6 7 7 

ecoPlatform Software 5 8 8 
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ecoConverter Hardware 5 8 5 
ecoMonitor Hardware 4 7 7 

ecoCommunity Software 3 6 7 

ecoVehicle Hardware 5 8 5 
ecoResilience Hardware 3 6 6-7 

 
 
  



https://www.nasa.gov/directorates/somd/space-communications-navigation-program/technology-readiness-levels/
https://www.nasa.gov/directorates/somd/space-communications-navigation-program/technology-readiness-levels/
https://www.dst.defence.gov.au/sites/default/files/basic_pages/documents/TRL%20Explanations_1.pdf
https://www.dst.defence.gov.au/sites/default/files/basic_pages/documents/TRL%20Explanations_1.pdf
https://www.cto.mil/wp-content/uploads/2023/07/TRA-Guide-Jun2023.pdf
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Annex 
A. TRL Self Assessment Questionnaire Completed by ecoTool Developers 
 
In this section, a self assessment questionnaire corresponding of each ecoTool was prepared 
to evaluate various aspects of ecoTools. The questionnaire was divided into four parts: 
General questionnaire covering basic questions applicable to all ecoTools, ecoTool specific 
questionnaire focusing on unique features and functionalities of each ecoTool, top level 
questionnaire aimed at determining anticipated TRL and detailed questionnaire includes in-
depth queries for a comprehensive assessment. The questionnaire was distributed to ecoTool 
developers for completion, and the filled-in responses are attached. 
 
 
A.1: ecoMicrogrid 

Part A: General questionnaire 

Sl. No. Item Information 

1. ecoTool Name 
ecoMicrogrid 

2. Principal Investigator(s) 
(ecoTool lead) 

Athanasios Vasilakis, Dimitris Lagos 

3. Principal Investigator Institute ICCS/NTUA 

4. Participating Institute(s) (other 
collaborators) 

PROTASIS, IISC 

5. Starting TRL 5 

6. Anticipated Ending TRL 8 

7. Current Status 6-7 

8. Actual Ending TRL NA 

9. Date 01/02/2024 

Part B: ecoTool specific questionnaire 

1. Technology Description 

A) What is the technology?. 

Information/Answer 
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F) Which is the problem which should be solved by the ecoTool? 

 

2. Describe the various constituent parts of the technology. How do they fit together and 
interact with one another? 

What are the subsystems and components of the technological system? What is the status 
of those subsystems and components?  

Information/Answer 
 

Information/Answer 
All the software components of ecoMicrogrid have been concluded. Here is the list of the main 
modules with a short explanation: 

A. Data Connector: The Connector component establishes direct connections to the 
microgrid devices using various protocols such as DNP3, IEC 61850MMS, and 
Modbus. Once configured, the Connector can either pull data from these systems or 
subscribe to updates, enabling the retrieval of real-time data from the microgrid 
devices. 

B. Communication Data Processor (CDP): The CDP component is responsible for 
converting the data from the protocol-specific format to the internal data model of 
the ecoMicrogrid system. It processes and transforms the incoming data and writes 
it to the SQL Storage Device for further analysis and utilization. 

C. EMS module: This module is responsible for ensuring the optimal operation of the 
microgrid, coordinating the control and optimization algorithms to maximize 
performance. 

D. Forecast module: The Forecast module utilizes meteorological and static data to 
provide accurate forecasts for renewable energy sources (RES) within the microgrid. 
Additionally, it offers load forecasting based on historical data, enabling better 
planning and utilization of available energy resources 

E. Load Scheduling: The Load Scheduling module calculates various time slots available 
for flexible private loads as part of Demand-Side Management (DSM) strategies, 
optimizing the utilization of available energy. 

F. Outage detection module: This module detects power outages within the microgrid 
and identifies their location, allowing for timely response and maintenance. 

G. Dynamic Pricing: The Dynamic Pricing module calculates in real-time the levelized 
cost of electricity of the microgrid over a multi-hour time horizon. By considering the 
energy mix, it enables effective pricing strategies within the microgrid. 

H. Storage Device: The Storage Device plays a crucial role in archiving and data storage 
within the ecoMicrogrid system. It serves as an intermediary component that 
separates the activities of the Data Concentrator from the High-Level Functions. The 
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2. Principal Investigator(s) 
(ecoTool lead) 

Anirudh Kumar, Santu Kr Giri, Siddheswar Sen 

3. Principal Investigator Institute CSIR-CMERI 

4. Participating Institute(s) (other 
collaborators) 

ICCS-NTUA, ICL, DTU, PROTASIS, IIT BBS, VNIT & IISc 

5. Starting TRL TRL 6 

6. Anticipated Ending TRL TRL 7 

7. Current Status TRL 7 

8. Actual Ending TRL TRL 7 

9. Date 31/01/2024 

 

Part B: ecoTool specific questionnaire 

1. Technology Description 

A) What is the technology?. 

B) Have preliminary engineering designs for system components been developed? 

C)  Have drawings, diagrams, outlines, or other conceptual aids been prepared? 

Information/Answer 

The ecoDR tool technology is basically an advanced metering infrastructure (AMI) with inbuilt 
load controller and protection functionalities. In addition to measurement and billing of 
household energy consumption, it facilitates remote monitoring and control of non-critical 
loads based on user preference. This tool will be capable to communicate with 
ecoCommunity tool to access services such as demand-side management, to implement 
control of non-critical loads via load shedding. 

Information/Answer 

Yes 

Information/Answer 

Yes 



 

 

 

 

 Deliverable 8.3: Report on TRL Monitoring and Planning                                         [113]                                                                             
 

D)  Are there remaining technical or design-related challenges? Please describe. 

E) Which will be the proposed/expected outcome of the ecoTool? 

F) Which is the problem which should be solved by the ecoTool? 

 

 

 

2. Describe the various constituent parts of the technology. How do they fit together and 
interact with one another? 

What are the subsystems and components of the technological system? What is the status 
of those subsystems and components?  

Information/Answer 

No 

Information/Answer 

Smart Meter 

Information/Answer 
Real time and remote monitoring of energy consumption data and centralized control of 
output ports of energy meters 

Information/Answer 

Figure A1 shows the block diagram of smart meter developed by CSIR- CMERI. Below we have 
detailed each block of ecoDR. 
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Figure A1:Block diagram of ecoDR 

AC-DC converter: It is used in ecoDR to fulfill power requirement of various electronics module, 
most probably 12v for switching module and 5v for the rest of element of ecoDR. Considering the 
limitation of other system which are coupled with ecoDR and ambient condition, there is a high 
possibility for having very wide fluctuations in the input voltage of ecoDR. So it is much necessary 
for the ecoDR to use an AC-DC converter with wide input voltage range. For our intended purpose, 
an AC input voltage range of 110v ~ 275V has been selected. Therefore an AC-DC converter with 
12v and 5v output voltage with 1Amp current rating is sufficient for fulfilling power requirements 
of ecoDR. 

 

Figure A2: Schematic for power and switching unit of ecoDR 

Voltage Sensing Unit: This unit is used in ecoDR for sensing AC voltage. Voltage sensing unit consist 
of sensors (ADE7953) for voltage sensing and additional signal condition circuitry which is helpful 
for micro-controller to convert analog signal to equivalent digital signal. 

AC
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.  

Figure A3(a): PCB for voltage and current sensing unit of ecoDR 

Current Sensing Unit: This unit is used in ecoDR for sensing AC load current. Current sensing unit 
consist of current sensor module (50A:50mA) and addition signal condition circuitry which is helpful 
for micro-controller to convert analog signal to equivalent digital signal. Based on this sensed signal 
micro-controller compute energy and power to perform various task relation to load controller, 
energy and power measurement. 

 

Figure A3(b): Schematic for current and voltage sensing unit of ecoDR 
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3. Describe the envisioned deployment of this technology. 

A) Where will this technology be deployed? 

Switching Module: It is an actuation module, consisting of 2 relay, transistors and other required 
circuit which is helpful to turn on/off power derived from critical and non-critical port whenever 
needed. 

Real Time Clock Module: For real time pricing, it is needed to create timestamped data packets. So, 
this RTC module has been incorporated to fulfill time measurement requirements. Data packet is 
further transmitted by communication module to ecoMicrogrid. 

 

Figure :A3(c) Schematic for RTC, USB and FRAM unit 

Communication Module: A system related to energy measurement never be advanced without 
capability of communication because it is the era of networking, in modern technology everyone is 
trying to develop a system which is capable to connect various system directly or indirectly. Our 
system has been incorporated with Ethernet unit to communicate with ecoMicrogrid so that 
measured energy and other parameter so transmitted to ecoMicrogrid from ecoDR. 

Figure A3(d) : Schematic for communication unit 

Information/Answer 
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C)  How representative is the test environment to the intended operational environment? 

 

5. How has the integration of the various components and systems been tested?  

If experiments have not been conducted, how will their expected functionality be confirmed, 
both individually and in combination? 

 
                                        Figure A4: Second PC emulating ecoMicrogrid 
To check load limiting functionality, two electric loads (kettles of 1.3 kW and 1.5kW) were 
used at output side of the smart meter. To check accuracy for voltage measurement 
autotransformer of (0 to 260V) has been used as power source at source side of the smart 
meter and the measurement of voltage and current of developed energy meter was 
validated using GENUS ACHOOK- 1080 measurements. Figure 2 shows a block diagram for 
experimental setup. 

 
                                       Figure A5: Block diagram for experimental setup 
 

Information/Answer 
To a great extent 
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6. Has a demonstration of the full technology been conducted, or a prototype constructed? 

A) What was the scale and setting of the demonstration, compared to the envisioned 
deployment of this technology? Was this demonstration indicative of how the final 
technology may be expected to perform in the field? 

B) Have computer simulations for system design, construction, or operations been 
conducted? Have case studies been conducted for other components of non-hardware or 
software technologies? Please describe the results. 

7. How has the user community been included in the technology development process? 

A) Have usability experiments been conducted or prototypes deployed to intended 
users? 

B) If prototypes have been produced and field tested with the intended end users, do those 
users use the technology as intended? If not, how has it been adapted? 

 

C)  If feedback from these users about the technology has been received, how has the 
technology been revised (if at all) to address this feedback? 

Information/Answer 
Yes 

Information/Answer 
Yes 

Information/Answer 
Yes 

Information/Answer 
Yes 

Information/Answer 
Yes 
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Part C: Top level questions for determining anticipated TRL 

Information/Answer 
Feedback for tool was satisfactory, so no revisions were needed to address the feedback. 

Sl. No. Questions Feedback 
TRL1: 

Basic principles & 
research 

 

Have the basic process technology process principles been 
observed and reported? 

 

Yes                      No 

If Yes, then basis and Supporting Documentation: 
 
There is a considerable amount of published research on smart meters and related technologies. 
Researchers and organizations worldwide have explored various aspects of smart meters, including 
their design, functionality, security, and impacts on energy efficiency. Here are a few key research 
papers and publications that delve into smart meter technologies: 
 
1) Title: "Advanced Metering Infrastructure for Future Smart Grid: A Review" 
Authors: A. A. Khan, S. M. Zubair, and N. Javaid 
Published in: Energies, 2015 
This paper provides a comprehensive review of advanced metering infrastructure (AMI) and its role in 
future smart grids. It covers communication protocols, security, and potential challenges. 
 
2) Title: "Smart Metering System for Efficient Energy Management in Smart Grid" 
Authors: Yang Xiao, Student Member, IEEE, Bin Xiao, Senior Member, IEEE, and Xuemin (Sherman) 
Shen, Fellow, IEEE 
Published in: IEEE Transactions on Industrial Informatics, 2015 
 
3) Title: "A Survey on Smart Metering and Smart Grid Communication" 
Authors: M. A. A. Ghani, A. B. M. Shawkat Ali, and I. Y. Soon 
Published in: Journal of King Saud University - Computer and Information Sciences, 2017 
The paper presents a survey on smart metering and communication technologies in smart grids, 
discussing various communication protocols and their efficiency. 
 
4) Title: "Security in the Advanced Metering Infrastructure of the Smart Grid" 
Authors: A. C. Squicciarini, C. You, and F. Kuhlmann 
Published in: IEEE Transactions on Dependable and Secure Computing, 2011 
This paper focuses on the security aspects of advanced metering infrastructure in smart grids, 
discussing potential threats and proposing security solutions. 
 
5) Title: "A Comprehensive Survey on Demand Response in Smart Grid: objectives and mechanisms" 
Authors: A. Y. Abdelaziz, A. S. Mohamed, and A. I. Khalil 
Published in: Renewable and Sustainable Energy Reviews, 2016 
The paper explores the role of demand response in smart grids and its connection to smart metering 
technologies. 
 





 

 

 

 

 Deliverable 8.3: Report on TRL Monitoring and Planning                                         [122]                                                                             
 

1 Receive load scheduling 
command from 
ecoMicrogrid. 

ecoDR receives load scheduling data from ecoMicrogrid and accordingly 
controls the non-critical output port. 

2 Receive load limiting 
command from 
ecoMicrogrid. 

ecoDR receives load limiting data from ecoMicrogrid and stores it locally at a 
location in its non-volatile memory. For load limiting ecoDR disconnects critical 
and non-critical load via switching module on the event of overload. 

3 Data transmission to 
ecoMG 

Time stamped energy data sent to ecoMicrogrid from ecoDR (approx. once in 
10 minutes). 

4 On board voltage 
measurement 

In ecoDR, it has voltage sensing unit and arrangement to measure the supply 
voltage. 

5 On board current 
measurement 

In ecoDR, it has a current sensing unit and arrangement to measure the load 
current. 

6 On board time & date 
measurement 

In ecoDR, RTC unit measures time & date. 

7 On board computation of 
power 

Based on measured voltage and current, power is computed locally. 

8 On board computation of 
energy 

Based on derived power and time interval energy is computed. 

9 time stamp packet creation As ecoMicrogrid platform needs time stamp data,  ecoDR creates time stamped 
energy data using computed energy and measured time-date. 

10 Load scheduling based on 
stored data 

non-critical load is scheduled by controlling switching module on the event of 
receiving load scheduling command from ecoMicrogrid. 

11 Programmable Load 
limiting based on stored 
data 

Based on stored data in non-volatile memory for load limiting threshold, 
received from ecoMicrogrid, total load (critical + non-critical) is limited by 
controlling switching module. 

12 Ethernet based Integrated 
communication module 

Data and commands are exchanged between ecoMicrogrid and ecoDR using an 
Ethernet based integrated communication module. 

13 Power failure ecoDR ensures integrity of data in non-volatile memory on power failure by 
saving important data at top priority basis. 

 

 

 
TRL4: 

Components 
validated in 
laboratory 
environment 

 

Has laboratory-scale testing of similar equipment systems 
been completed in a simulated environment? 

 

Yes                        No 

 

If Yes, then basis and Supporting Documentation: 

Development boards energy metering ASIC was developed and was interfaced with central microcontroller 
development board . Then this system was tested in laboratory in simulated environment. 
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TRL5: 

Integrated 
components 
demonstrated in 
a laboratory 
environment 

 

Has bench-scale equipment/process testing been 
demonstrated in a relevant environment? 

 

Yes                        No 

 

If Yes, then basis and Supporting Documentation: 

Development boards for power supply, real time clock, non-volatile memory, energy metering ASIC, central 
microcontroller were developed/procured and interfaced with each other. Then this system was tested in laboratory 
in simulated environment. 
TRL6: 

Field or full-scale test 
demonstrated in 
relevant 
environment 

 

Has prototypical engineering scale equipment/process 
testing been demonstrated in a relevant environment? 

 

Yes                        No 

 

If Yes, then basis and Supporting Documentation: 

Deliverable 4.1 details the result for testing for the developed prototype of ecoDR 

 

TRL7: 

Fully integrated 
outcome 
demonstrated in 
operational 
environment 

 

Has the actual equipment/process successfully operated in 
the relevant operational environment (cold commissioning)? 

 

Yes                        No 

 

If Yes, then basis and Supporting Documentation: 

Deliverable 4.1 details the result for testing for the developed prototype of ecoDR. 

 

TRL8: 

Outcome proven in 
operational 
environment 

 

Has the actual equipment/process successfully operated in a 
limited operational environment (hot commissioning)? 

 

Yes                        No 

 

If Yes, then basis and Supporting Documentation: 
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1. ecoTool Name ecoPlatform 

2. Principal Investigator(s) 
(ecoTool lead) 

Guangya Yang, Aysegul Kahraman 

3. Principal Investigator Institute DTU 

4. Participating Institute(s) (other 
collaborators) 

ICCS-NTUA, BV, IIT KGP, CSIR-CMERI, IISc, IITD, ICL 
 

5. Starting TRL 3 

6. Anticipated Ending TRL 6 

7. Current Status 5 is completed.   

8. Actual Ending TRL NA 

9. Date 30.06.2024 

 

Part B: ecoTool specific questionnaire 

1. Technology Description 

A) What is the technology?. 

B) Have preliminary engineering designs for system components been developed? 

C)  Have drawings, diagrams, outlines, or other conceptual aids been prepared? 

 

Information/Answer 

The technology is a lightweight, cloud-based platform that ensures secure and reliable data 
processing, exchange and handling of heterogeneous data between various tools.  

Information/Answer 

Yes, the architecture design has been developed and confirmed with the project demo site.  

Information/Answer 

Yes, the required visualizations have been executed as a follow-up to the design. 
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3. Describe the envisioned deployment of this technology. 

D) Where will this technology be deployed? 

 

E)  What is the operational environment for this technology (at the point of implementation)? 

 

ecoPLatform A+B

UI and ApplicationsCommunication and Storage

ecoEMS

ecoMicrogrid

ecoCommunity

DHP IoT EDGE*

SERVICE BUS Communication
Monitor

Storage
Authentication 
and Permission 
Management

UI and 
Visualization

Data Processing
API

Batch upload 
and download

MQTT 

 
 
Communication monitoring is conducted through logs for tracking message delivery and alarm 
notifications for missing messages and connection losses. The platform also offers data storage, 
allowing received data from other tools across demo sites to be stored until a specified limit. 
Access to the platform is based on the assigned permissions, enabling operators to visualize site 
specific data                                                              and send alarms and notifications related to 
system operations.  
The service bus facilitates communication between tools, supporting two data flow options: 
streaming and batch.  
In the streaming option, messages are formatted in JSON with parameters such as ID and value 
(integer, float, or string).  
In the batch option, data from other tools is sent to the ecoPlatform in CSV format (timestamped 
integer, float, or string). Data can be stored, or tools can request data via API using parameter 
identifiers. Relevant ecoTools within a specific demo site can publish, store, and retrieve data 
only within that group or demo site environment. 

Information/Answer 
ecoPlatform-A will be deployed at the Bornholm demo site. 

Information/Answer 
The platform operates in environments that require specifically real time data exchange 
between the multiple sites to conclude a one or more task.  
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D) Have computer simulations for system design, construction, or operations been 
conducted? Have case studies been conducted for other components of non-hardware or 
software technologies? Please describe the results. 

7. How has the user community been included in the technology development process? 

D) Have usability experiments been conducted or prototypes deployed to intended 
users? 

E) If prototypes have been produced and field tested with the intended end users, do those 
users use the technology as intended? If not, how has it been adapted? 

F)  If feedback from these users about the technology has been received, how has the 
technology been revised (if at all) to address this feedback? 

 

Part C: Top level questions for determining anticipated TRL 

 

Information/Answer 
NA 

Information/Answer 
Demo site leader and relevant ecotools connected and tested with dummy data. Further tests 
will be conducted, but targeted users/costumers have not been included yet.  

Information/Answer 
NA 

Information/Answer 
From the other ecotool leaders has not been reported any specific issue with respect to the 
completed tests.  

Sl. No. Questions Feedback 
TRL1: 

Basic principles & 
research 

 

Have the basic process technology process principles been 
observed and reported? 

 

  Yes                      No 

If Yes, then basis and Supporting Documentation: 
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TRL2: 

Application 
formulated 

 

Has an equipment and process concept been formulated? 

 

Yes                      No  

If Yes, then basis and Supporting Documentation: 

 

TRL3: 
Proof of concept  
 

Has equipment and process analysis and proof of concept 
been demonstrated in a simulated environment? 

 

Yes                       No 

 

If Yes, then basis and Supporting Documentation: 

 

 

 
TRL4: 

Components 
validated in 
laboratory 
environment 

 

Has laboratory-scale testing of similar equipment systems 
been completed in a simulated environment? 

 

Yes                        No 

 

If Yes, then basis and Supporting Documentation: 

 

 

TRL5: 

Integrated 
components 
demonstrated in a 
laboratory 
environment 

 

Has bench-scale equipment/process testing been 
demonstrated in a relevant environment? 

 

Yes                        No 

 

If Yes, then basis and Supporting Documentation: 

 

TRL6: 

Field or full-scale test 
demonstrated in 
relevant 
environment 

 

Has prototypical engineering scale equipment/process 
testing been demonstrated in a relevant environment? 

 

Yes                        No 
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TRL 9 
Achieved 

Actual system proven through 
successful mission operations. 

     

 

 

A.6: ecoConverter 

Part A: General questionnaire 

Sl. No. Item Information 

1. ecoTool Name ecoConverter 

2. Principal Investigator(s) 
(ecoTool lead) 

Dr. Suman Maiti 

3. Principal Investigator Institute IIT KGP 

4. Participating Institute(s) (other 
collaborators) 

IIT BBS 

5. Starting TRL TRL-4 
 

6. Anticipated Ending TRL TRL-6 

7. Current Status Testing in the Lab Environment 

8. Actual Ending TRL TRL-6 

9. Date 31/07/2024 

 

Part B: ecoTool specific questionnaire 

1. Technology Description 

A) What is the technology? 

 

 

Information/Answer 

This ecoConverter tool is a dc-dc and dc-ac converter set which has a rating of 10kW. There are 
basically 3 input energy vectors integrating PV String, Wind Turbines and a battery bank (along with 
suitable converters) and a dc-ac Converter which is connected to a grid. 
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B)  Have preliminary engineering designs for system components been developed? 

C)  Have drawings, diagrams, outlines, or other conceptual aids been prepared? 

D)  Are there remaining technical or design-related challenges? Please describe. 

E) Which will be the proposed/expected outcome of the ecoTool? 

F) Which is the problem which should be solved by the ecoTool? 

2. Describe the various constituent parts of the technology. How do they fit together and 
interact with one another? 

What are the subsystems and components of the technological system? What is the status 
of those subsystems and components?  

Information/Answer 

Yes. 

Information/Answer 

Yes. 

Information/Answer 

No. 

Information/Answer 

DC-DC and DC-AC Converter set. 

Information/Answer 
We can store the energy in the battery bank and deliver the power as per the requirement. 

Information/Answer 
A 10 kW microgrid system is fabricated in the laboratory, in the framework of RE-EMPOWERED 
project, which will be deployed to Ghoramara island for demonstration. Several eco-tool- 
developed in the project will be validated in the framework of this hardware. The microgrid can 
integrate three different energy sources, i.e., solar, wind, and energy storage, and is able to feed 
islanded ac loads. Multiple power peaks may be generated under the presence of partial shading 
which may not be tracked accurately by a conventional P&O MPPT method. To address this issue, 
a Particle Swarm Optimization (PSO) based MPPT search algorithm is proposed that can find the 
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If experiments have not been conducted, how will their expected functionality be confirmed, 
both individually and in combination? 

6. Has a demonstration of the full technology been conducted, or a prototype constructed? 

E) What was the scale and setting of the demonstration, compared to the envisioned 
deployment of this technology? Was this demonstration indicative of how the final 
technology may be expected to perform in the field? 

F) Have computer simulations for system design, construction, or operations been 
conducted? Have case studies been conducted for other components of non-hardware or 
software technologies? Please describe the results. 

7. How has the user community been included in the technology development process? 

G) Have usability experiments been conducted or prototypes deployed to intended 
users? 

H) If prototypes have been produced and field tested with the intended end users, do those 
users use the technology as intended? If not, how has it been adapted? 

I)  If feedback from these users about the technology has been received, how has the 
technology been revised (if at all) to address this feedback? 

Information/Answer 
Yes 

Information/Answer 
Yes 

Information/Answer 
Yes 

Information/Answer 
Yes 

Information/Answer 
Yes 

Information/Answer 
Feedback is satisfactory. 
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Part C: Top level questions for determining anticipated TRL 

Sl. No. Questions Feedback 
TRL1: 

Basic principles & 
research 

 

Have the basic process technology process principles been 
observed and reported? 

 

Yes                      No 

If Yes, then basis and Supporting Documentation: 

There is a considerable amount of published research on smart meters converters technologies. 
Researchers and organizations worldwide have explored various aspects of converter topologies, including 
their design, functionality, and efficiency. Here are a few key research papers and publication regarding 
our technologies: 
 

1. J. M. Carrasco et al., "Power-Electronic Systems for the Grid Integration of Renewable Energy 
Sources: A Survey," in IEEE Transactions on Industrial Electronics, vol. 53, no. 4, pp. 1002-1016, 
June 2006, doi: 10.1109/TIE.2006.878356.  
Summary: In this paper, new trends in power electronics for the integration of wind and 
photovoltaic (PV) power generators are presented. A review of the appropriate storage-system 
technology used for the integration of intermittent renewable energy sources is also introduced. 
 

2. N. Femia, G. Petrone, G. Spagnuolo and M. Vitelli, "Optimization of perturb and observe maximum 
power point tracking method," in IEEE Transactions on Power Electronics, vol. 20, no. 4, pp. 
963-973, July 2005, doi: 10.1109/TPEL.2005.850975. 
Summary: In this paper it is shown that, in order to limit the negative effects associated to the 
above drawbacks, the P&O MPPT parameters must be customized to the dynamic behaviour of the 
specific converter adopted. 
 

3. B. Subudhi and R. Pradhan, "A Comparative Study on Maximum Power Point Tracking Techniques 
for Photovoltaic Power Systems," in IEEE Transactions on Sustainable Energy, vol. 4, no. 1, 
pp. 89-98, Jan. 2013, doi: 10.1109/TSTE.2012.2202294. 
Summary: In this paper, a detailed description and then classification of the MPPT techniques have 
made based on features, such as number of control variables involved, types of control strategies 
employed, types of circuitries used suitably for PV system and practical/commercial applications. 
 

4. E. Isen and A. F. Bakan, "10 kW grid-connected three-phase inverter system: Control, simulation 
and experimental results," 2012 3rd IEEE International Symposium on Power Electronics for 
Distributed Generation Systems (PEDG), Aalborg, Denmark, 2012, pp. 836-840, doi: 
10.1109/PEDG.2012.6254098. 
Summary: In this study, implementation of a 10kW three-phase grid-connected inverter system is 
discussed. The system includes a high voltage dc-link, a two-level inverter and filter inductances. It 
is observed that at 9 kHz switching frequency, 650V dc-link voltage and 10 kW output power, the 
total harmonic distortion of the grid current is less than 3.4%, and power factor is higher than 0.99. 
 

5. Thanh-Vu Tran, Tae-Won Chun, Hong-Hee Lee, Heung-Geun Kim and Eui-Cheol Nho, "Control for 
grid-connected and stand-alone operations of three-phase grid-connected inverter," 2012 
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International Conference on Renewable Energy Research and Applications (ICRERA), 
Nagasaki, Japan, 2012, pp. 1-5, doi: 10.1109/ICRERA.2012.6477348. 
Summary: This paper describes a simple grid current control method for the grid-connected 
operation, and inverter voltage control method based on the phase locked loop (PLL) for the 
intentional islanding operation at the three-phase grid-connected inverter. 
 

6. G. E. Mejía-Ruiz, J. R. Rodríguez, M. R. A. Paternina, N. Muñoz-Galeano and A. Zamora, "Grid-
Connected Three-Phase Inverter System with LCL Filter: Model, Control and Experimental 
Results," 2019 IEEE PES Innovative Smart Grid Technologies Conference - Latin America 
(ISGT Latin America), Gramado, Brazil, 2019, pp. 1-6, doi: 10.1109/ISGT-LA.2019.8895017. 
Summary: This paper implements a grid-connected two-level three-phase inverter with both active 
and reactive power flow capabilities. This inverter is an effective power electronic interface for 
renewable energy systems. The system has been implemented using a NI SB-Rio development 
board, a high voltage DC-link, a Phase Locked Loop (PLL) algorithm, and a LCL filter. 
 

7. K. Tan and S. Islam, "Optimum control strategies in energy conversion of PMSG wind turbine 
system without mechanical sensors," in IEEE Transactions on Energy Conversion, vol. 19, no. 2, pp. 
392-399, June 2004, doi: 10.1109/TEC.2004.827038. 
Summary: In this article, the possibility of adopting the PMG in the onboard dc grid instead of the 
WRG is studied. The power extraction strategy is mentioned in this document for the diode bridge 
PMSG interface. 
 

8. H. Wang, C. Nayar, J. Su and M. Ding, "Control and Interfacing of a Grid-Connected Small-Scale 
Wind Turbine Generator," in IEEE Transactions on Energy Conversion, vol. 26, no. 2, pp. 428-434, 
June 2011, doi: 10.1109/TEC.2011.2116792. 
Summary: This paper describes how these converters incorporate maximum power point tracking 
based on its power feed to the grid at different wind speeds. Using the permanent magnet 
generator voltage, grid current, and grid voltage samples, the proposed system achieves an 
enhanced dynamic behaviour.  

 

 

TRL2: 

Application 
formulated 

 

Has an equipment and process concept been formulated? 

 

Yes                      No 

If Yes, then basis and Supporting Documentation: 

A 10 kW microgrid system is fabricated in the laboratory, in the framework of RE-EMPOWERED project, 
which will be deployed to Ghoramara island for demonstration. Several eco-tool- developed in the project 
will be validated in the framework of this hardware. The microgrid can integrate three different energy 
sources, i.e., solar, wind, and energy storage, and is able to feed islanded ac loads. Multiple power peaks 
may be generated under the presence of partial shading which may not be tracked accurately by a 
conventional P&O MPPT method. To address this issue, a Particle Swarm Optimization (PSO) based MPPT 
search algorithm is proposed that can find the global peak with good accuracy in less time. The use of PPC 
and plug-and-play type converters in the microgrid makes it more efficient and flexible. 
 
This tool is deployed because it has these features: 


























































































































