
IP 1.1.3 - Reliability evaluation of PV modules 
and systems

IP 1.6.3 - MVDC / LVDC-based renewables 
systems for enhancing stability and efficiency

IP 1.3.2 - Large-scale IRE generation for 
improving system reliability and stability

Effective system stability assessments and feasible enhancement technologies are 
critical for the long-term stability and sustainable development of renewable 
energy (RE) in power systems. Grid-forming inverters and converters for 
photovoltaic (PV) and wind power plants will provide stability to power systems. 
Additionally, compared to alternating current (AC) systems, direct current (DC) 
systems are more efficient and cost-effective for integrating RE into grid and/or 
interconnecting them. Additionally, AI-assisted solutions also offer significant 
potential in RE applications. Demonstration projects of RE systems based on the 
above innovative solutions are showcased in this factsheet.

Renewable systems for enhancing 
stability and efficiency

October 2024, Brazil – CEM15/MI-9

Pillar 1 
Affordable and 

Reliable VRE

GPFM Innovation Priorities in scope:

6

10
Projects covering 
these IPs are reported 
in the GPFM National 
Pilots report

Case studies 
reported in the 
factsheet

GPFM Roadmap Action Plan 2022-2024
National Pilots Report

Factsheet P1-01

For further details on GPFM Innovation Priorities (IPs):

https://mission-innovation.net/wp-content/uploads/2021/11/Power-Mission-Joint-Roadmap-of-Global-Innovation-Priorities.pdf
https://explore.mission-innovation.net/wp-content/uploads/2022/09/Green-Powered-Future-Mission-Action-Plan-2022-2024-1.pdf
https://explore.mission-innovation.net/wp-content/uploads/2023/07/MI-GPFM-%E2%80%93-National-Pilots-Report-2023.pdf


China

Case Study #3 800MW Offshore Wind Power Flexible 
HVDC Transmission Demo Project

Link to case study’s 
detailed description

The 800MW offshore wind power project of China Three Gorges Renewables 
(Group) Co., Ltd is located in the Huangsha Ocean area of Rudong County, 
Jiangsu Province. The total installed capacity is 800 MW, with a total of two 
hundred 4 MW wind turbines installed. The project has proposed a flexible 
high-voltage direct current (HVDC) transmission system to efficiently 
transmit the offshore wind power to shore. The system’s overvoltage and 
insulation coordination design improved the safe and stable operating 
margin of the system under complex working conditions. The compact, 
lightweight equipment body design and interface coordination scheme also 
further reduced the size and weight of the offshore converter station.

Spain

This project aims to develop and validate a full-scale hybrid storage 
system combining lithium-ion batteries and ultracapacitors, managed by a 
control system to operate in synchronous grid-forming mode and provide 
the same services as a Synchronous Compensator. The new storage 
system will connect to the high voltage transmission grid in the Lanzarote-
Fuerteventura electricity system, at Mácher 66 kV substation, and will 
operate as an integrated grid asset, offering various services to ensure the 
safe operation of the electricity system and increased integration of 
renewable energies. The system has a capacity of 16 MW, contributing to 
grid stability and renewable energy integration.

Case Study #5 VisynC: Development of a hybrid 
                                      energy storage system

Link to case study’s 
detailed description

India

The “RE-EMPOWERED” project aims to develop and demonstrate novel tools 
for complete energy solutions for islanded/isolated communities. The tools 
include ecoPlanning Microgrids, Advanced Energy Management, ecoDR 
optimization, ecoCommunity engagement, ecoResilience for PV/wind, and 
ecoVehicle for e-mobility. All of these tools and solutions will be 
demonstrated in four demo sites with weak or non-existing grid, two in 
Europe (Denmark and Greece), and two in India (Ghoramara Island and 
Keonjhor). Additionally, hardware solutions will be upgraded and 
demonstrated, including dedicated converters, EVs and boats, cyclone-
resistant PV and locally manufactured wind turbines, etc. 

Case Study #6 RE empowering European and Indian 
                                      communities (RE-EMPOWERED)

Link to case study’s 
detailed description

ChinaLink to case study’s 
detailed description

Italy

New machine learning techniques can be adopted to develop diagnostic 
tools powered by Artificial Intelligence algorithms for PV Failure Detection and 
Diagnosis (FDD). When multiple faults or malfunctions that have similar 
consequences on the PV plant performances occur simultaneously, FDD 
algorithms have difficulties to correctly identify them. This case study focuses 
on studying the effect of a combination of different faults or malfunctions on 
the PV plant parameters to develop a model for their detection. The focus 
was on the overlapping effects of short circuit bypass diode and the increase 
of series resistance due to cell degradation, since data shows that this was 
the failure combination leading to the higher level of uncertainty.

Link to case study’s 
detailed description

1066
GW/yr

Annual RE power 
capacity additions 

from 2023 to 
2050 under the 
1.5°C scenario

91%
Source: IRENA

Share of RE in 
electricity 

generation by 
2050 under the 
1.5°C scenario

https://www.irena.org/Digital-
Report/World-Energy-Transitions-
Outlook-2023 

Key metrics
To remain on a 1.5°C pathway 
by 2030, RE efficiency 
improvements must double and 
be driven by efficient 
technologies.
1. More energy efficient 

technologies to reduce 
energy intensity, 
complemented by structural 
and behavioral changes.

2. A holistic approach, backed 
by systemic innovation to 
transform existing 
structures and systems built 
for the fossil fuel era

China

Case Study #4 Online stability assessment and
                                      optimization of HVREPS

Link to case study’s 
detailed description

The high-proportion variable renewable energy power system (HVREPS) 
exhibits low inertia and significant random fluctuations, leading to the 
degradation of system stability. To address these challenges, an online 
stability evaluation and flexible active support control technology for 
HVREPS has been developed. Firstly, a multi-timescale renewable energy 
probabilistic prediction method was proposed to provide essential state 
parameters for stability evaluation. Then, a rapid online stability evaluation 
model based on machine learning was proposed. Finally, the "generator-
station-grid" active support control technology and related device systems 
were developed to enhance the stability of HVREPS.

With the rapid development of renewable energy generation worldwide, 
photovoltaic power generation systems are evolving towards multi-
scenario and high-efficiency directions. The photovoltaic medium-voltage 
direct current (MVDC) power generation system is a new type of system 
that efficiently collects power over a large area. It offers advantages such 
as fewer conversion stages, lower line losses, and easier integration with 
various energy sources or loads. This case study introduces briefly the key 
technologies of photovoltaic MVDC power generation systems. It also 
summarizes practical and industrial verification cases for photovoltaic 
MVDC systems.

Case Study #2  AI-based algorithms for PV plant 
                                      failure detection and diagnosis

Case Study #1 PV MVDC power generation grid 
                                      connection system

Case     studies

https://www.irena.org/Digital-Report/World-Energy-Transitions-Outlook-2023
https://www.irena.org/Digital-Report/World-Energy-Transitions-Outlook-2023
https://www.irena.org/Digital-Report/World-Energy-Transitions-Outlook-2023
https://www.irena.org/Digital-Report/World-Energy-Transitions-Outlook-2023
https://me-qr.com/HrDjpp4W
https://me-qr.com/Au0GkYlr
https://me-qr.com/9Z4sUDbb
https://me-qr.com/63O7QmSQ
https://me-qr.com/ZElthHaE
https://me-qr.com/pOPPdHpB


October 2024, Brazil – CEM15/MI-9 Green Powered 
Future Mission

Key findings

About GPFM
The Green Powered Future Mission (GPFM), launched within the second phase of the global 
initiative Mission Innovation (MI2.0), is a public-private partnership with members from MI 
countries, private sector companies and international organisations. It aims to demonstrate that 
by 2030, power systems in 
different geographies and 
climates can effectively 
integrate up to 100% variable 
renewable energies, like wind 
and solar, in their generation 
mix, and maintain a cost-
efficient, secure and resilient 
system. 

https://explore.mission-innovation.net/
mission/green-powered-future/ 

The case studies reported in this factsheet illustrate several novel tools for innovative energy 
solutions for enhancing the stability and efficiency of renewable energy systems. On the power 
generation side, photovoltaic medium-voltage direct current (MVDC) power generation systems 
offer advantages such as fewer conversion stages, reduced line losses, and greater stability. 
Lithium-ion battery and ultracapacitor hybrid storage systems could operate as an integrated 
grid asset by operating in synchronous grid-forming mode. Furthermore, several projects have 
highlighted the significant benefits of renewable energy in weak end-use grids. On the power 
system side, online assessment and optimization has been developed for stability evaluation of 
renewable energy systems, which shows the enormous potential of AI-assisted analysis 
applications. AI techniques can also be adopted to develop diagnostic tools for failure detection 
and diagnosis of PV plants, which is crucial for ensuring the long-term stability and reliability of 
the system. In terms of transmission, connecting the mainland to offshore stations using flexible 
high voltage direct current (HVDC) systems is a key factor in enhancing system efficiency.

GPFM Coalition

Public-Private

Partnership

MVDC collection and grid integration technology provides a simpler, more efficient, and 
stable solution for large scale PV power stations

Grid-forming hybrid energy storage system can provide various services to ensure the 
safe operation of electricity system and integration of renewable energies

AI enables efficient stability analysis and control optimization of power system with high 
proportion renewable energy

https://explore.mission-innovation.net/mission/green-powered-future/
https://explore.mission-innovation.net/mission/green-powered-future/
https://www.linkedin.com/company/green-powered-future-mission/


Case study #1 from factsheet P1-01

PV MVDC power generation grid 
connection system

Large scale photovoltaic (PV) power generation station is an important development for renewable 
energy generation. In conventional alternating current (AC) systems, there are issues such as 
harmonic resonance, three-phase imbalance, and reactive power compensation in the marginal 
grid. Large scale PV power generation stations are often located at the periphery of the grid, and 
stability issues related to harmonic resonance and sub-synchronous oscillations frequently arise 
when using AC grid connection technology. Therefore, there is an urgent need for a more reliable 
technical solution. Some power plants use flexible direct current (DC) transmission technology, but it 
has complex structures, multiple conversion stages, lower efficiency, and higher costs. So, it’s 
necessary to conduct research and development activities for a simple, efficient, and autonomously 
controllable new DC collection system. Medium-voltage direct current (MVDC) collection and grid 
integration technology in large PV power stations involves boosting the low-voltage direct current 
(LVDC) output from PV arrays to medium or high-voltage direct current (MVDC/HVDC) for collection 
and connection. MVDC collection and grid integration are the future trend, with fewer conversion 
stages, no harmonic resonance, and no reactive power transmission issues. It covers a wider 
collection range and longer transmission distances, reducing system equipment and cable 
requirements by over 30% and improving system efficiency by 4%-6%. This approach is more 
conducive to aggregating advantageous resources, leveraging economies of scale, reducing 
electricity generation costs, and providing a simpler, more efficient, and stable solution. 

Pillar 1 
Affordable and 

Reliable VRE

Main involved partners

Q2
2016

Q2
2020

GPFM member

TRL 7

October 2024, Brazil – CEM15/MI-9 This case study is part of the factsheet P1-01
“Renewable systems for enhancing stability and efficiency“

China
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MVDC / LVDC-based renewables systems for 
enhancing stability and efficiency IP 1.6.3

To know more about the GPFM and the factsheet series
https://explore.mission-innovation.net/mission/green-powered-future/ 

Project coordinator:

October 2024, Brazil – CEM15/MI-9

Yibo Wang

This project was supported by the National Key R&D Program “Novel DC-DC Boost Converter 
Module Based on Wide Bandgap Power Device for HVDC-connected PV Unit” (2016YFB0900205).

In 2019, the Institute of Electrical Engineering Chinese Academy of Sciences (IEECAS) established 
the world’s first ±30 kV/5 MW PV DC boosting and collection grid integration demonstration 
system in Dali city, Yunnan province. This system includes a 2 MW centralized PV DC boosting and 
collection system, as well as a 3 MW series-connected PV DC boosting and collection system. 
IEECAS also developed a ±30 kV/1 MW centralized DC converter specifically for PV DC boosting and 
collection grid integration. This converter features maximum power point tracking for PV and 
efficient DC grid connection with high voltage ratios. Third-party testing has confirmed that the DC 
converter has an input voltage range of 450 V to 850 V, a maximum DC output voltage of ±33 kV, 
a DC voltage boosting ratio ranging from 88.5 to 143 times, soft switching over a wide power range 
(20% to 100%), and a maximum conversion efficiency of 97.46%. These achievements address 
technical requirements related to wide input voltage ranges, high power, large voltage boosting 
ratios, and overall efficiency. To meet the on-site operational requirements of the system, the 
IEECAS team elevated the DC converters from Technology Readiness Level (TRL) 3 (feasibility 
validation of concepts and application ideas) to TRL 6 (completion of relevant environmental 
verification using system or subsystem prototypes).

Demonstration Validation Study of the PV MVDC system

The PV MVDC converter is a crucial component of PV MVDC grid integration systems. It serves 
functions such as maximum power point tracking, MV electrical isolation, and voltage 
transformation. The current mainstream research direction, both domestically and internationally, 
involves modular input parallelization and output series connection. 

These individual converters have a rated power 
of over 1 MW and a voltage boosting ratio 
exceeding 60 times. Furthermore, by using a 
power segmentation control strategy, three 20 
kV/500 kW PV DC converters are connected in 
series to form a ±30 kV/1.5 MW series-
connected system, achieving coordinated 
operation within the series system.

This case study is part of the Pillar 1 factsheet #1
“Renewable systems for enhancing stability and efficiency“

https://explore.mission-innovation.net/mission/green-powered-future/


AI-based algorithms for PV plant 
failure detection and diagnosis

Adopting advanced and innovative solutions that would increase photovoltaic (PV) plant overall 
efficiency while keeping a competitive levelized cost of electricity (LCOE) is paramount to meet 
national and international climate goals. A relevant option that can reduce Operative & 
Maintenance (O&M) costs for PV is to leverage the digitalization and the robotization of inspection 
activities. The failure monitoring systems of a PV plant already collect data with  proper granularity, 
but there is still much room for data analysis improvement. In fact, it is relevant to recognize not only 
the efficiency loss but also the cause of faults, alongside the consequences to the PV plant and/or 
the installed assets.
New machine learning techniques can be adopted to develop diagnostic tools powered by Artificial 
Intelligence (AI) algorithms for Failure Detection and Diagnosis (FDD). Several factors must be 
considered in the development of FDD tools for utility scale PV plants such as the possibility of 
having PV modules from different vendors, the degradation of sensors and components as well as 
the weather uncertainties/peculiarities. All these factors, and potentially others, must be duly 
considered during the development of FDD tools, in view of guaranteeing reliable and efficient 
operation of photovoltaic systems over time.

Pillar 1 
Affordable and 

Reliable VRE

Main involved partners

Q1
2023

Q4
2024

GPFM member

TRL 3-6

A: Bypass fault F: Shadowing
B: Line-line fault G: Soiling
C: Open circuit H: Hotspot
D: Low R insulation I: Degradation
E: Ground fault L: Overheating

In the figure the main kind of failures or malfunctions of 
a PV plant are presented: “bypass diode fault” due to 
thermal or electrical stresses; “line-line fault” due to 
accidental connection between two points at different 
voltage levels; “low resistance insulation” caused by 
silicone deterioration or by the presence of humidity; 
“ground fault” occurring when electricity is dispersed 
on the ground; “degradation” referring to both cell 
degradation (e.g. corrosion of the metallic contacts) 
or to the potential induced degradation; 
“overheating” occurring to the inverter due to cooling 
system failure or to the PV modules due to bad 
ventilation; “shadowing” and “soiling” as variable 
phenomena reducing PV modules performances and 
causing effects similar to faults.

October 2024, Brazil – CEM15/MI-9

Case study #2 from factsheet P1-01

This case study is part of the factsheet P1-01
“Renewable systems for enhancing stability and efficiency“

Italy
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Reliability evaluation of PV modules and systems

When multiple faults or malfunctions that have similar consequences on the PV plant 
performances occur simultaneously, Failure Detection and Diagnosis (FDD) algorithms have 
difficulties in correctly identifying them. This case study focuses on studying the effect of a 
combination of different faults or malfunctions on the PV plant parameters to develop a model for 
their detection. In the first phase, a Test facility for PV FDD was optimized. Then, faults that can 
occur simultaneously were studied and methods to detect them accurately have been 
elaborated. Thanks to the data acquired in the test facility, a labelled data repository of PV failures 
was created to train the development of digital PV O&M tools; this apparatus will also be made 
available to the scientific community interested in this topic. Models to identify and diagnose 
multiple faults, as well as to recalibrate the models to take into due consideration the aging of the 
PV technology, have also been developed.
The approach adopted to implement the model was to study the behaviour of each failure or 
malfunction to assess how to clearly identify and distinguish them. The focus was on the 
overlapping effects of Short Circuit Bypass Diode (SCBD) and the increase of series resistance due 
to cell degradation since data shows that this was the failure combination leading to the higher 
level of uncertainty. In fact, both failures produce voltage losses, but those from SCBD are 
independent of the irradiance and can be evaluated before the PV plant starts up. After this 
classification of multiple failures, the model can act on detecting other fault possibilities (ground 
fault, line-line fault, low insulation resistance, increase of series resistance).

IP 1.1.3

To know more about the GPFM and the factsheet series
https://explore.mission-innovation.net/mission/green-powered-future/ 
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STD: Standard

October 2024, Brazil – CEM15/MI-9 This case study is part of the factsheet P1-01
“Renewable systems for enhancing stability and efficiency“

Project website: Project coordinator: RSE - Italyhttps://www.rse-web.it/en/projects/integrated-
high-efficiency-photovoltaic-project/

https://explore.mission-innovation.net/mission/green-powered-future/
https://www.rse-web.it/en/projects/integrated-high-efficiency-photovoltaic-project/
https://www.rse-web.it/en/projects/integrated-high-efficiency-photovoltaic-project/


Case study #3 from factsheet P1-01

800MW Offshore Wind Power Flexible 
HVDC Transmission Demo Project

The 800MW offshore wind power project of China Three Gorges Renewables (Group) Co., Ltd. 
Jiangsu Branch (Nan Tong & Ru Dong) is located in the Huangsha Ocean area of Rudong County, 
Jiangsu Province. The total installed capacity is 800 MW, with a total of two hundred 4 MW wind 
turbines installed, while two 220 KV offshore booster stations, one offshore converter station and one 
onshore converter station were also constructed as supporting facilities. After the wind turbine 
generates electricity, it is connected to the offshore converter station through two 220 kV submarine 
cables. The offshore converter station rectifies the electrical energy to direct current (DC) and sends 
it to the onshore converter station through a ±400 kV DC submarine cable. The onshore converter 
station then inverts the electrical energy to 500 kV alternating current (AC) and connects it to the 
newly built Tonghai substation through a 500 kV line.

Pillar 1 
Affordable and 

Reliable VRE

Main involved partners

Q4
2019

Q4
2023

GPFM member

TRL 9

October 2024, Brazil – CEM15/MI-9 This case study is part of the factsheet P1-01
“Renewable systems for enhancing stability and efficiency“

China

1. Offshore converter station
The building scale of the Offshore converter station is 8-10 times that of the conventional offshore 
booster station, which is composed of two parts: jacket foundation and upper module. Among them, 
the split jacket foundation type and the upper block float installation have extremely high 
requirements for land and offshore installation accuracy.

The offshore installation of the split jacket 
of the lower foundation needs to be 
positioned separately, and the project 
innovatively adopted four load-bearing 
positioning auxiliary piles, which controlled 
the relative accuracy within 10 mm after 
installing of the two jackets that were 
nearly 70 m apart.

Project Highlights
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2. High-voltage, long-DC transmission submarine cable
The project used ±400 kV DC submarine cables, including two 99 km submarine cables. It has 
broken through the technical bottlenecks such as the soft joint of the low cross-linking system and 
the world's highest cable operating overvoltage of 1235 kV. Generally, the submarine cable laying 
has high requirements for offshore construction technology and quality control, especially ±400 kV 
DC submarine cable, so the laying implementation of Rudong DC submarine cable also promotes 
the development of the submarine cable laying.

3. New technology of flexible high voltage direct current (HVDC)
The converter in flexible HVDC is the voltage source converter (VSC), which is characterized by the 
use of turn-off devices (usually IGBTs) and high-frequency modulation technology. By adjusting 
the amplitude of the converter outlet voltage and the power angle difference with the system 
voltage, the output active power and reactive power can be controlled independently.
The project researched and proposed that system’s main wiring scheme was suitable for flexible 
HVDC transmission of offshore wind power, which has effectively solved the special engineering 
requirements of offshore wind power island power supply, connecting the land and offshore 
station. Meanwhile, the system overvoltage and insulation coordination design was proposed to 
improve the safe and stable operating margin of the system under complex working conditions. 
The compact, lightweight equipment body design and interface coordination scheme also further 
reduced the size and weight of the offshore converter station.

IP 1.3.2

To know more about the GPFM and the factsheet series
https://explore.mission-innovation.net/mission/green-powered-future/ 

Project coordinator:

October 2024, Brazil – CEM15/MI-9

Yu Liu

This case study is part of the factsheet P1-01
“Renewable systems for enhancing stability and efficiency“

https://explore.mission-innovation.net/mission/green-powered-future/


Case study #4 from factsheet P1-01

Online stability assessment and 
optimization of HVREPS

Renewable energy lacks active support capabilities for continuous fault crossing, voltage regulation, 
frequency control, damping, etc. This leads to rapid frequency fluctuations and complex voltage 
transient processes of high-proportion variable renewable energy power system (HVREPS) after 
faults. Consequently, there is an increased risk of wide frequency oscillations and a deterioration in 
the stability level of HVREPS. The assessment of online stability serves as a crucial foundation for 
gauging the system's stability level and devising an effective control strategy. However, due to the 
intricate and dynamic operating conditions of HVREPS, conventional methods exhibit inadequate 
timeliness, thus failing to meet the operational requirements. The present study introduces a novel 
probabilistic prediction technology for renewable energy. Building upon this foundation, offline 
training and online evaluation methods are employed to achieve rapid stability assessment. Then 
the "generator-station-grid" flexible multi-level collaborative active support control technology was 
employed to optimize the stability of the HVREPS.
Multi-time scale probability prediction of renewable energy generation provides data support for 
system stability evaluation and control optimization. A rapid online stability assessment method 
based on machine learning is proposed for HVREPS to achieve swift updates in stability assessment 
under complex and variable operating conditions. 

Pillar 1 
Affordable and 

Reliable VRE

Main involved partners

Q1
2012

Q4
2021

GPFM member

TRL 9

October 2024, Brazil – CEM15/MI-9 This case study is part of the factsheet P1-01
“Renewable systems for enhancing stability and efficiency“

China

The proposed multi-stage 
collaborative flexible active 
support control technology for 
the "generator-station-grid" 
addresses the scenario of 
insufficient stability margin, 
with the aim of achieving 
transient support such as 
frequency, voltage, damping, 
continuous fault crossing 
control and suppression of 
broadband oscillation, which 
comprehensively improves the 
stability level of HVREPS.
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A medium and long-term wind power prediction method based on a regular non-complete beta 
function and a distributed photovoltaic power prediction method based on data enhancement 
were proposed. The changing trend of the load side and power generation side was simulated by 
constructing two neural networks, namely the load strategy network and the power generation 
strategy network, in order to achieve online stability evaluation. Improving the active support 
capability of wind farms by integrating frequency full trajectory optimization, multi-mode dynamic 
voltage support and subsynchronous oscillation suppression. The control of wind turbines was 
realized by applying over-speed/variable pitch energy storage, continuous fault ride-through and 
equivalent inertia control algorithms. Considering the safety margin and reactive power 
coordinated output and based on the DC voltage deviation characteristics of the converter 
station, the multi-objective master-slave hierarchical voltage optimization was realized.

IP 1.3.2

To know more about the GPFM and the factsheet series
https://explore.mission-innovation.net/mission/green-powered-future/ 

Project coordinator:

October 2024, Brazil – CEM15/MI-9

Large-scale IRE generation for improving system 
reliability and stability

Zongxiang Lu

AI enables efficient stability analysis and control optimization of HVREPS

Significant accomplishments through the implementation of data-driven 
analysis and control for stability
The error of the proposed multi-temporal scale wind power supply capacity prediction method is 
less than 4%, which is 31% lower than that of the traditional method. The evaluation accuracy of the 
stable evaluation method is more than 98%, and the evaluation speed is increased by 97%. The 
inertia response speed of the wind turbines/wind farm is increased by 60% and 50%, and the 
reactive power response time is shortened by 61.7% and 60%, respectively. The reactive power 
margin and voltage safety margin are increased by 87.5% and 15%, respectively, which reduces the 
system network loss, stabilizes the voltage fluctuation, and reduces the maximum frequency drop 
of 42.8% when wind power participates in frequency regulation.

On-line monitoring system Wind turbine 
pitch system

Wind farm 
VSG6.0 Wind farm EMSConverters and 

control cabinets

This case study is part of the factsheet P1-01
“Renewable systems for enhancing stability and efficiency“

https://explore.mission-innovation.net/mission/green-powered-future/


Case study #5 from factsheet P1-01

VisynC: Development of a hybrid 
energy storage system

Spain's Energy Storage Strategy aims to meet the targets in the National Integrated Energy and 
Climate Plan (PNIEC) and the Long-Term Decarbonization Strategy by increasing energy storage 
capacity from 8.3 GW in 2021 to around 20 GW by 2030. This significant boost is essential for 
achieving renewable integration goals. The island systems (Balearic and Canary Islands) are 
particularly crucial for energy storage installations due to their isolated nature and limited grid 
interconnection, which hampers renewable energy penetration.
Energy storage solutions play a vital role in integrating renewable energies by offering various 
services to the electricity system. These services range from rapid, high-power responses lasting 
seconds or minutes to longer-duration, energy-intensive responses lasting 30 minutes to hours. This 
versatility improves the economic viability of storage systems. However, relying on a single 
technology like lithium-ion often leads to either oversizing or premature degradation. Hybrid 
storage, which combines different technologies, can address these issues by optimizing the 
response to diverse electricity system needs. For example, hybridizing lithium-ion batteries with 
ultracapacitors, known for their fast power response, is a promising approach.
This project aims to develop and validate a full-scale hybrid storage system combining lithium-ion 
batteries and ultracapacitors, managed by a specific control system for synchronous grid-forming 
mode. The system will connect to the high voltage transmission grid in the Lanzarote-Fuerteventura 
electricity system at the Mácher 66 kV substation. 

Pillar 1 
Affordable and 

Reliable VRE

Main involved partners

Q4
2024

Q4
2028
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TRL 6

October 2024, Brazil – CEM15/MI-9 This case study is part of the factsheet P1-01
“Renewable systems for enhancing stability and efficiency“

Spain

Operating in synchronous grid-forming 
mode, it will serve as an integrated grid 
asset, providing numerous services to 
ensure the electricity system's safe 
operation and support increased 
renewable energy integration. This 
project tackles the dual challenge of 
enhancing grid stability and facilitating 
renewable energy integration, 
significantly contributing to Spain's 
energy storage and decarbonization 
goals.
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Renewable systems for enhancing stability and efficiency
Renewable Energy Sources (RES), like photovoltaic and wind, lack mechanical inertia to stabilize 
the grid during frequency disturbances, requiring new services to mimic this inertia. As RES 
increase, new technologies must enhance grid flexibility. Investigating RES solutions, like coupling 
VRE with storage systems, deploying flexible RES, and utilizing novel RES, is crucial. Integrating RES 
with Power to X (P2X) technologies can optimize energy use but faces challenges. Increased RES 
shares introduce mismatches in production and demand, necessitating long-term storage 
solutions like synthetic fuels or hydrogen.
This use case outlines the information exchanges between Transmission System Operators (TSOs), 
Distribution System Operators (DSOs), Flexibility Operators, and Market Operators for procuring 
flexibility from distributed energy resources. Flexibility Operators must coordinate with both TSOs 
and DSOs to prevent double service activation. Collaboration between TSOs and DSOs is vital to 
avoid negative impacts from Distributed Flexibility Resource (DFR) activation on their networks. DFR 
providers should be able to offer services to both TSOs and DSOs, with TSOs procuring flexibility 
from large industrial consumers or aggregators and DSOs from aggregators and various 
Distributed Energy Resources (DERs), such as distributed generation, demand response, 
decentralized storage, and electric vehicles, to maintain service quality and supply security.

IP 1.6.3

To know more about the GPFM and the factsheet series
https://explore.mission-innovation.net/mission/green-powered-future/ 

Project coordinator:

October 2024, Brazil – CEM15/MI-9

MVDC / LVDC-based renewables systems for 
enhancing stability and efficiency

Red Electrica Infraestructuras 

Flexibility delivery is verified by 
comparing requested and actually 
delivered flexibility, calculated as the 
difference between baseline and 
metered consumption / generation of 
the Flexibility Service Provider. Penalties 
are imposed for under-delivery, and the 
imbalance settlement process follows, 
although it is beyond the scope of this 
use case.

This case study is part of the factsheet P1-01
“Renewable systems for enhancing stability and efficiency“

https://explore.mission-innovation.net/mission/green-powered-future/


Case study #6 from factsheet P1-01

RE empowering European and Indian 
communities (RE-EMPOWERED)

Pillar 1 
Affordable and 

Reliable VRE

Main involved partners

Q3
2021

Q4
2024

India
GPFM member

TRL 6

October 2024, Brazil – CEM15/MI-9 This case study is part of the factsheet P1-01
“Renewable systems for enhancing stability and efficiency“

Installations at Ghoramara Island Installations at Keonjhor

Ghoramara Island (India)
• Not connected to main grid, few rooftop PVs, severe cyclonic storms every 2-3 years
• A power plant of 160 kW capacity (150kW PV, 10kW Wind, 720 kWh BESS) is built to electrify 1100 

houses of the island.
• A solar powered EV charging station is installed.

Keonjhar (India)
• Isolated rural Villages
• Existing renewable facilities will be upgraded to improve the living standards of the community.
• 30 kW PV, 180 kWh Battery, 10 kW Biomass and 10kW biogas are added to the existing system.

Bornholm Island (Denmark)
• Received the 2019 RESponsible Island Prize by the EC
• Synergies of integrating energy vectors (power/heat) will be explored.
• Focus on unlocking the demand flexibility for higher RES utilization in grid-connected islands.

Kythnos Island (Greece)
• It has Kythnos power system and Gaidouromantra microgrid (first microgrid in Europe).
• Focus on optimal operation and higher penetration of RES.



Innovat
io

n
Pr

io
rit

iesIslanded 
Microgrid

A locally made 
Wind Turbine

Wind Resilient 
Structure

IP 1.3.2

To know more about the GPFM and the factsheet series
https://explore.mission-innovation.net/mission/green-powered-future/ 

Project website: Project coordinator:

October 2024, Brazil – CEM15/MI-9

Large-scale IRE generation for improving system 
reliability and stability

DAB based DC-DC converter

Digital control platform

Technology Developed under this Project

Installations at Bornholm Island Installations at Kythnos

1. A 20 kW plug-and-play type inverter
2. A 20 kW microgrid with RE-EMPOWERED developed 

technologies - A complete solution for Islanded Local 
Energy Systems (ILES) 

3. STATCOM- A power conditioner to mitigate power 
quality issues of an islanded local energy system

4. Temperature Controlled EV Charger (1.5 kW)
5. An advanced forecasting algorithm for accurate 

prediction of renewable generation 
6. Dual Active Bridge (DAB) converter for the 

integration of multiple energy vectors (e.g. PV, 
biomass, biogas, and BESS)

7. Advanced smart meters with load limiting 
functionality 

8. A low cost ecoMonitor tool to measure key air quality 
parameters 

9. Wind resilient structures for PV and Wind Turbines 
10.  A locally manufactured small wind turbine (2.5 kW) 
11.  An FPGA based real time digital control platform 
12.  A business model for sustainability of the local 

energy system

https://reempowered-h2020.com/ IIT KGP, NTUA

This case study is part of the factsheet P1-01
“Renewable systems for enhancing stability and efficiency“

https://explore.mission-innovation.net/mission/green-powered-future/
https://reempowered-h2020.com/


Power systems flexibility is crucial to allow integration of high shares of Variable 
Renewable Energy (VRE) sources. Exploiting and managing flexibility requires a 
broad set of technologies and solutions, as well as innovative components able to 
measure not only electrical but also environmental variables, allowing optimal use 
of the grid infrastructure. Markets for ancillary services, local flexibility and Demand 
Response (DR) also need to be implemented, considering VRE characteristics, 
storage and electric vehicle capabilities in providing flexibility. 
This factsheet highlights relevant case studies from GPFM members addressing 
Innovation Priorities aimed at developing tools and solutions to enhance power 
systems flexibility.

Tools and solutions for flexible 
power systems

October 2024, Brazil – CEM15/MI-9

Pillar 2 
System Flexibility 

and Market Design

For further details on GPFM Innovation Priorities (IPs):

GPFM Innovation Priorities in scope:

6

31
Projects covering 
these IPs are included 
in the GPFM National 
Pilots report

Case studies 
reported in this 
factsheet

GPFM Roadmap Action Plan 2022-2024
National Pilots Report

IP 2.3.2 - Enhanced TSO-DSO coordination platform 
for flexibility markets optimisation

IP 2.7.1 - Flexibility markets for innovative ancillary 
services by VRE and storage

IP 2.3.4 - Tools and solutions for DSO flexibility 
management

Factsheet P2-01

https://mission-innovation.net/wp-content/uploads/2021/11/Power-Mission-Joint-Roadmap-of-Global-Innovation-Priorities.pdf
https://explore.mission-innovation.net/wp-content/uploads/2022/09/Green-Powered-Future-Mission-Action-Plan-2022-2024-1.pdf
https://explore.mission-innovation.net/wp-content/uploads/2023/07/MI-GPFM-%E2%80%93-National-Pilots-Report-2023.pdf



	Diapositiva 1
	Diapositiva 2
	Diapositiva 3
	Diapositiva 1
	Diapositiva 2
	Diapositiva 1
	Diapositiva 2
	Diapositiva 1
	Diapositiva 2
	Diapositiva 1
	Diapositiva 2
	Diapositiva 1
	Diapositiva 2
	Diapositiva 1
	Diapositiva 2

