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• INTERREG SUDOE PROGRAMME

• MAIN OBJECTIVE: Improving energy efficiency policies in public 
buildings and housing through networking and joint 
experimentation.

• PRIORITY: Contributing to greater efficiency of energy efficiency 
policies.

• THEMATIC OBJECTIVE: To promote the transition to a low-carbon 
economy in all sectors.

• INVESTMENT PRIORITY: Support for energy efficiency, smart 
energy management and the use of renewable energy in public 
infrastructure, including public buildings and housing.

• FIELD OF INTERVENTION: 013 - Renewal of the energy efficiency 
of public infrastructures, demonstration projects and support 
measures.



• BACKGROUND AND MOTIVATION
Energy efficiency is key to helping reduce serious energy and climate 
problems. In this sense, the public sector should lead by example in 
terms of investments, maintenance and energy management of its 
buildings, facilities and equipment.

In the public buildings sector there is a significant potential for energy 
savings which, however, is not carried out to the extent that it should. 
In each of them energy is consumed to meet the needs of heating, 
cooling, availability of domestic hot water, ventilation, lighting, 
cooking, washing, food preservation, office automation, etc. The sum 
of this consumption represents 20% of final energy consumption in 
Spain, a percentage that tends to increase.

Overall, buildings are responsible for 40% of EU energy consumption 
and 36% of greenhouse gas emissions, generated mainly during 
construction, use, renovation and demolition. Improving the energy 
efficiency of buildings will therefore be key to the ambitious goal of 
achieving carbon neutrality set by the European Green Pact by 2050.



APPROPRIATE POLICIES AND LEGISLATION: 

Currently, approximately 75% of the EU’s housing stock is energy inefficient. That 
means that much of the energy consumed is wasted. Renovation of buildings 
already in use could reduce total EU energy consumption by 5-6% and reduce 
carbon dioxide emissions by about 5%. On average, however, less than 1% of the 
national housing stock is renewed each year (according to the Member States, the 
percentages vary between 0.4% and 1.2%).

In order to better integrate the EU’s objective of boosting the transition to clean 
energy, Directive 2010/31/EU on the energy efficiency of buildings and Directive 
2012/27/EU on energy efficiency were revised in 2018 as part of the package of 
measures «Clean energy for all Europeans».

Taken together, these directives contain the following main elements:

• Reinforcement of long-term renovation strategies in EU countries

• Almost zero energy consumption buildings 

• Energy efficiency certificates 

• Integration into new buildings health and welfare considerations (air pollution), 
electromobility (charging points) and smart technology (smart meters, self-
regulation equipment).
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• BACKGROUND AND MOTIVATION
In recent years, numerous projects have been developed to reduce 
energy consumption in buildings, both from the point of view of energy 
efficiency and integration with renewable energies. 

However, the specific problem of integrating this type of energy 
systems in facilities, is that the reliability of the electricity supply has 
to be considered as a fundamental aspect.



There are some places where power outages can mean more than 
economic losses:

 For health reasons in hospitals

 Scientific considerations in technology centers and universities

 Defense conditions either in military installations

 Security and surveillance in transport stations and airports
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• MAIN GOAL AND SPECIFIC OBJECTIVES

IMPROVEMENT project

  To convert public buildings into zero 
energy buildings by integrating 
renewable energy microgrids with 
combined heat, cooling and power 
generation with inverters with active 
neutral control using hybrid energy 
storage systems (Hydrogen, 
batteries, ultracapacitor) that will 
ensure power quality and continuity of 
service to equipment sensitive to 
power quality disturbances (high-tech 
equipment) while increasing energy 
efficiency in this type of buildings.



Specific Objectives 
• Development of a system to improve energy efficiency in public 

buildings through a solar heating and cooling generation system 
and the incorporation of active/passive techniques for buildings 
with zero energy consumption.

• Development of a fault resistant power control system for 
microgrids under high quality design criteria and continuity of 
supply.

• Development of an energy management system for renewable 
generation microgrids with a hybrid energy storage system under 
criteria of minimum degradation, maximum efficiency and priority in 
the use of renewable energies
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Proposed Innovations:
• Thermal management of public buildings based on 

renewable energies with cold and heat storage. 
• Fault-resilient micro-grids through the development of 

investors with active neutral control. 
• Hybrid storage systems (batteries, supercapacitors 

and green hydrogen) to improve autonomy and 
resilience and reduce final energy costs. 

• Two pilot plants (Spain and Portugal) 
• Solutions to overcome regulatory, legal and financial 

barriers for such projects.

• MAIN GOAL AND SPECIFIC OBJECTIVES



Microgrid as solution

• Resilience to grid failures

• Flexibility

• Economic optimization of energy prices

• Solve grid congestion problems

• Quality of supply



• BUDGET

Project Reference: SOE3/P3/E0901

The different entities (research centers, universities, agencies and 
public administrations) that are part of this project, also put at 
the service of the same, its own experience, facilities and 
equipment for the correct execution of the different activities 
foreseen in the IMPROVEMENT project.



CONSORTIUM. BENEFICIARIES
EURO-FUNDING
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Role of each Beneficiary in the project

CONSORTIUM. BENEFICIARIES

It is proposed to carry out 2 pilot plants where to implement and validate the new developments made.

One of them consists of an experimental microgrid platform located at the headquarters of the Spain’s 
National Hydrogen Center (CNH2) in Puertollano (Ciudad Real) where the different technical predictive 
control solutions based on the development of a model of advanced energy management systems, 
supported by hybrid systems supported by hydrogen, batteries and supercapacitors, will be tested and 
integrated, ensuring the integration of renewable energy.

The other pilot will be carried out in Lisbon, under the direction of the National Energy and Geology 
Laboratory (LNEG), with the support of the Lisbon Higher Technical Institute (IST), integrating 
renewable heat/cold generation systems into a microgrid for the conversion of an existing public building 
into a zero energy balance building.

For its part, the University of Córdoba (UCO) will be responsible for developing a power control system 
for microgrids with high quality supply requirements based on a network of intelligent IoT sensors 
(Internet of Things). In addition, it will collaborate with the University of Castilla-La Mancha (UCLM), 
which will develop specific power electronics equipment with active neutral control to improve the 
quality of supply of such facilities.



The consortium also involves the Ministry of Finance and European Finance of the Directorate General 
of Energy of the Junta de Andalucía (JA), which will analyze the regulatory framework proposing the 
necessary recommendations to facilitate its adoption in the region; and the Andalusian Energy Agency 
AEA), which will analyze the applicability and requirements of the proposed solutions, will participate in 
its validation, once developed, and will develop specific plans to implement the results of the project 
through the Energy Network of the Junta de Andalucía (Redeja).

On the other hand, the Ecole Nationale Supérieure de Mecànique et Aèrotechnique (ENSMA) and the 
Université de Perpignan (UPVD) (France) be responsible for the development of energy management 
systems for microgrids with hybrid storage under minimum degradation criteria and prioritisation of 
renewable consumption, by performing advanced algorithms that include tools to predict the price of 
energy and energy both generated and consumed in buildings.

Role of each Beneficiary in the project

CONSORTIUM. BENEFICIARIES



• METHODOLOGY AND WORK PACKAGES
For the correct achievement of the project objectives, the following 
sequence of activities has been proposed, grouped in turn in different 
Working Groups (PT).



WORK PACKAGES

Fuente: Hospital de la Axarquía (Vélez-Málaga)



GT Productos

1 Guía de buenas prácticas (1)
Planes Regionales y Estrategia 
Transnacional (4)

2 Sistema de control de energía resistente a 
fallos para microrredes(1)
Posible patente (1)

3 Sistema de confort ecológico(1)
Posible patente (1)

4 Sistema de Gestión de Energía(1)
Posible patente  (1)

5 Plantas Piloto(2)

• PRODUCTS AND PROGRESSING INDICATORS



• PROGRESSING INDICATORS

1. ENERGY MANAGEMENT SYSTEM FOR MICROGRIDS

Renewable generation and energy storage systems are technologies which evoke the future energy 
paradigm. While these technologies have reached their technological maturity, the way they are 
integrated and operated in the future smart grids still presents several challenges. Microgrids 
appear as a key technology to pave the path towards the integration and optimized operation in 
smart grids. Another important solution that will allow buildings to form of energy management is 
the integration of a number of small production units called thermal micro-grids which does not 
stop increasing remarkably.

1.1 Electric Energy Management

While most of the technology related to microgrid components such as RES and ESS have reached 
their technological maturity, there still exist challenges regarding their combined optimization in 
a microgrid as set of subsystem subjected to uncertainties such as renewable generation, load 
consumption and energy prices. Besides the aforementioned problems with RES and loads, ESS 
have to be also optimally controlled by the microgrid according to their operation costs or 
physical constraints. The complexity of the algorithms is even increased when several microgrids 
have to be optimized at the same time. Because of the technical and economic benefits that 
microgrids can bring to the future energy systems, several methodologies have been developed to 
solve their associated problems and numerous review studies have been developed related to 
microgrid management from a global perspective such as to particular issues such as power 
quality in microgrids, stability and control aspects of microgrids, energy management system 
(EMS), resilience or buildings microgrid. 



Algorithmic developments have been essential task of this work 
package as the overall efficiency and operability can be 
enhanced with an appropriate algorithmic control design. A 
thorough study was carried out on the simulated environments 
by considering the pilot plant as use cases, as well defined in the 
project objectives. The attempt of modeling of these pilot plants 
have been meticulously accomplished. 

• PROGRESSING INDICATORS

1. ENERGY MANAGEMENT SYSTEM FOR MICROGRIDS

1.2 Thermal Energy Management

Global warming and subsequent climate change has been a strong motivation to reduce overall energy 
consumption and thus curtail the use of fossil fuels. At the European level, 40% of the energy is consumed by 
the commercial and noncommercial buildings to serve the functions and comfort of the residing occupants. 
Consequently, phenomenal research has been contributed to achieve nearly zero energy buildings (nZEB) i.e. 
buildings or districts joined to smart microgrids incorporating renewable energy sources and storage. These 
microgrids may or may not be connected to the main utility grid. Over the last few decades, researchers have 
investigated the goal of optimal operation of the microgrids through a variety of control methodologies to 
ensure minimum energy consumption while maintaining the comfort of the occupants in the buildings. Among 
these methodologies, MPC has been most favored technique, thanks to its inherent advantages and flexibility.



Fuente: Planta Piloto CNH2 (España)

Fuente: Planta Piloto LNEG (Portugal)

Fuente: Proyecto IMPROVEMENT



• PROGRESSING INDICATORS
2. DEMONSTRATOR PILOT PLANTS

The IMPROVEMENT system consists of a set of techniques and processes to promote the self-
sufficiency of public buildings and convert them into practically zero energy buildings. In order 
to carry out this process, the IMPROVEMENT System as a whole is divided into 2 pilot plants: 

2.1 SPANISH PILOT PLANT (CNH2)
This Pilot Plant is located where systems and solutions for cold and heat recovery will be tested and 
where the development of an Energy Management System (EMS) composed of a microgrid capable of 
operating in isolation from the network and guaranteeing quality of supply will be carried out, 
reduction of equipment degradation and economic cost optimization.

PCM inorganic



• PROGRESSING INDICATORS
2. DEMONSTRATOR PILOT PLANTS

2.1 SPANISH PILOT PLANT (CNH2)

On one hand, the electrical part, composed of power electronic equipment, SCADA system, 
control algorithms and communication system, is located in the Microgrid laboratory in CNH2’s 
building. The elements used in microgrid in order to validate the algorithm and the resilience of 
the electrical system belong to an experimental laboratory, in which there are emulators, 
converters and HIL elements that are not conventional equipment.

These elements are the main building grid, emulated 90 kW grid of the microgrid, emulated power 
wind turbine, emulated 100 kWp solar photovoltaic plant, 5 kW emulated alkaline electrolyzer, 
4,5 kW emulated PEM fuel cell system, 30 kW Lithium-ion battery pack, 30 kW ultracapacitor and 
emulated critical and non-critical loads.

On the other hand, the thermal part is located in the CNH2’s Demonstrator Building, where are 
integrated all hydrogen equipment (FC and EZ), heat and cold energy system (HESS and CESS) and 
geothermal recovery system (GRS). The main purpose of this thermal system is to find an optimal 
combination of technologies that enable to minimize the energy consumption of the air 
conditioning building needs, approaching it as close as possible to an nZEB building. It is composed 
by PV energy production system, hydrogen cycle (electrolyzer, tank and fuel cell), air 
conditioning, geothermal system, and phase material changes for heating mode (organic slurry), 
and others for cooling mode (inorganic). 

PCM Slurry



• PROGRESSING INDICATORS

2. DEMONSTRATOR PILOT PLANTS

2.2 PORTUGUESE PILOT PLANT (LNEG)

This Pilot Plant was implemented in Lisbon, for the conversion of an existing public building 
with a total area of 170 m² into a near zero energy buildings (nZEB). The Pilot Plant was 
ensured by the renewable generation produced at the top of the building which integrates a 
micro-grid of renewable electrical and thermal generation systems for heating and cooling and 
electric power adequate to the energy efficiency requirements for healthy and comfort public 
building standards. The retrofit actions applied to achieve the nZEB target consist of a 
combination of envelope and technical building systems refurbishment with the integration of 
generation and storage of electricity and heat from renewable sources, coupled by thermal and 
electrical networks and managed by a central monitoring and control energy/power system.
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Thank you very much!
www.improvement-sudoe.eu

   Jesús J. Martín Pérez      jesus.martin@cnh2.es 
Head of Programmes, Projects and Communication

Spanish National Hydrogen Centre (CNH2)
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