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Climate change impacts are expected to strongly impact the Madrid region and include extreme heat in summer,
water scarcity and occasional heavy rainfall.

In 2012, the new building of the energy department of the Madrid Institute for Advanced Studies (IMDEA) was
completed. The building, located in Méstoles, 18 Km southwest from central Madrid, incorporates different
climate change adaptation solutions. These measures often have a simultaneous climate mitigation effect. The
building has been designed according to the criteria of bioclimatic architecture, in order to achieve low indoor
temperatures during hot periods and minimise energy use for cooling and lighting. Climate change adaptation
measures have also been developed with respect to water management. Water-saving systems have been
implemented and all the water from the roof is collected to irrigate green areas or for other non-specified
purposes. Not only extreme droughts, but also extreme rainfalls are taken into account; the parking has a
permeable surface, which drains water quickly after the event. Climate mitigation measures focus mainly on
energy efficiency, renewable energy sources and reduced energy consumption. In addition to make efficient use
of available (renewable) energy sources, the building focuses on efficiency and versatility through its
architectural structure. Resource efficiency during the building construction was another important focus of the
project.

Case Study Description

Challenges:

The Madrid area is expected to see rather severe changes in climatic conditions, particularly in relation to the
number and duration of high daytime and nocturnal temperatures and the decrease in precipitation. The average
of model projections of an ensemble of major climate models, downscaled to the municipal level under climate
scenario RCP8.5, points to a marked increase in the number of hot nights (i.e., those nights with a higher
average temperature than the 90% percentile of the reference period, 2006): 50, 80, 114 nights respectively in
2010, 2050 and 2100 (models available in AdapteCCa [3]. The models also project an increase in hot days
(higher average day temperature than the 90% percentile in the reference period): 31, 54, 75 days respectively
in 2010, 2050 and 2100; as well as in the duration of heatwaves: 17, 26, 56 days respectively in 2010, 2050 and
2100. They also point to a decrease in precipitation with the number of days with less than 1mm of rain
increasing from 280 in 2010 to 283 in 2050 to 302 in 2100.

As such, climate change impacts like extreme heat, water scarcity and occasional heavy rainfall are expected to
pose more and more serious problems for the Madrid region in the coming decades, the challenge of the project
was to develop a building that would have to meet a combination of numerous ambitious aims: it had to become
a large, multifunctional, flexible, energy efficient and climate adaptive building that would last for a long time and
that would be adapted to those changing circumstances.

Objectives:

Since the objective of the energy department of the IMDEA institute is to carry out research and development on
energy issues (especially concerning renewable energy and clean energy solutions), a connection to these
overarching goals was considered in the design of the new building. At the same time the developers aimed to
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design a building that would operate for a long time and that would function under changed climatic conditions,
with higher summer temperatures and without consuming additional energy for cooling. The building design had
to include energy efficient systems, renewable energy, reduced energy use, efficient water systems, efficient
resource use (such as building materials) and green areas around the building.

Solutions:
Most of the solutions implemented in the construction of the IMDEA building are climate change adaptation and
mitigation measures at the same time.

The building was designed according to the criteria of bioclimatic architecture, in order to achieve low indoor
temperatures during hot periods and minimise energy use for cooling and lighting. Building facades are back-
ventilated with 80 mm isolation and different exterior finishes for optimal result. It is enveloped by large
transparent surfaces, especially in the indoor walls, which improve the appearance and lighting of the building.
Horizontal blades (“fixed large louvre blade system”) are used on the outside of the building, thereby offering
effective solar shading without impairing the view. These sunshades protect the users against an excessive level
of heat due to solar radiation or the possibility of glare when the solar altitude is at its highest or when the levels
of radiation are very high. Together with a proper orientation of the building, the sunshades enable optimal use of
the incoming light in times of low solar altitude (early morning, late evening and winter days). Roof areas
exposed to direct sun have been covered with a special white material reflecting radiation, which reduces the
amount of energy needed for cooling and the contribution to the urban heat island effect.

Special care has been taken in the orientation of the building: different facade systems have been designed and
compared in order to develop the optimal facade according to function and orientation. The building was
designed in modules, so it could be expanded or divided without affecting its functionality or image. The core of
the building forms its heart in terms of use and is designed as a natural meeting and interaction place. The
research spaces are placed around it. In those spaces the technical equipment is placed on top, thereby forming
a passive defence cover against excessive solar radiation and heat.

Adaptation measures have also been developed with respect to water management. Water-saving systems are
implemented; for example sinks, toilets and urinals consume very little water and the saving is over 40%
compared to a conventional building. Additionally, all the water from the roof is collected and used to irrigate
green areas or for other non-specified purposes. Not only extreme droughts, but also extreme rainfalls are taken
into account; the parking has a permeable surface, which drains water quickly after the event. The green area
surrounding the building is covered with local trees and plants.

The climate mitigation measures that have been taken in consideration focus mainly on energy efficiency,
renewable energy sources and reduced energy consumption. The building has energy efficient facilities and a
monitoring and control system to ensure optimal use of those facilities. The building has become more energy
efficient every year, due to this monitoring system. A closed system of water cooling also supports the energy
and water efficiency of the building. An aquifer thermal energy storage installation, cogeneration and solar
panels are installed as renewable energy sources.

Resource efficiency was another important focus of the project. During construction, recycled materials were
used, such as steel, aluminium or glass; as well as locally made components, such as natural stone, concrete
and ceramic materials. Sustainability of the materials was also an important issue and therefore the materials
derived from wood have the FSC certificate. The whole IMDEA building was designed and developed according
to the Green Building specifications (established by the US Green Building Council) and obtained the LEED Gold
Certification.

Finally, climate change mitigating measures are also implemented via behavioural measures; electric cars and
carpooling are encouraged by the reservation of special places on the IMDEA parking area.

Importance and relevance of the adaptation:
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Additional Details

Stakeholder engagement:

Stakeholder participation was not directly relevant for the design and construction of the new building of the
energy department of IMDEA. The following key actors were involved.

The project was initiated by the IMDEA institute (Fundacion IMDEA Energia). In Spain, building projects are
usually governed by one party and in this case this supervising party was the architect company Arkitools. The
construction company was SACYR. Several different consultants participated in the project: HCA (structures
consultants), OFINCO (installations consultants), INITEC (installations consultants) and EUROCONSULT
(project management). VEGA INGENIERIA assisted in the LEED certification process. The municipality of
Méstoles, the city where the IMDEA building is located, supported the project by providing the land for free.

Success and limiting factors:

The time and attention paid to designing the building has led to a thoroughly developed building plan. It started
as a relatively simple design but evolved during the design process with an increase in energy efficiency targets
over time.

Another success factor was that the project focused on an integrated design instead of a straightforward addition
of individual techniques. For example, solar panels have been installed in the roof directly instead of adding them
at a later stage. Another example is that during the soil testing for the foundations, simultaneously tests have
been performed for the aquifer thermal energy storage potential.

At the beginning of the project the climate, energy and sustainability targets were very low, but they evolved over
the course of the project. The continuous updating of the targets and measures lengthened the project
development time considerably.

Budget, funding and additional benefits:

Construction cost was about 9.2 million of Euros. No subsidy was given directly by the city or the region, but
since the IMDEA institute was created by the Community of Madrid, this building project was indirectly funded by
the autonomous community.

IMDEA received funding from calls for Science and Technology of the Ministry of Economy and
Competitiveness, although it is unknown how much funding was received. IMDEA also received funding from the
European Regional Development Fund (ERDF), through an agreement signed between the Ministry of Economy
and Innovation and the Community of Madrid, but it is unclear how much of the funding was dedicated to the
building and how much to the research work; in total, the funding is in the order of magnitude of millions of euros.

The new building did not just cost money, but it is meant to save money during the period of use. The high
energy and water efficiency of the building can result in lower future costs for energy and water consumption
compared to conventional buildings.

Implementation time:
Construction of the building started on May 2010 and was completed in May 2012. The monitoring of the energy
performance of the building is ongoing.
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