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This document has been prepared by the members of PTEC who are involved in the PTEC
European Positioning Working Group. Through their contributions, PTEC has created a
document that aims to achieve an optimal positioning for all entities and actors involved
in the construction sector within the forthcoming European time frame.
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1. INTRODUCTION

This positioning paper, which has been prepared by all members of PTEC, aims fo
publicize the main challenges faced by the national construction sector and its influence
on the European environment in the field of R & D & .

1.1 EVOLUTION OF THE CONSTRUCTION SECTOR IN SPAIN

¢ Analysis prior to the emergence of COVID-19 in Spain

e Global analysis of R + D + i investment in the construction sector

e Analysis of R & D & iinvestment in the construction sector in Spain

e Analysis of the effect of COVID-19 in the Spanish construction sector

2. ROLE OF PLATAFORMA TECNOLOGICA ESPANOLA DE LA CONSTRUCCION
(SPANISH TECHNOLOGICAL PLATFORM FOR CONSTRUCTION or PTEC)

2.1 PTEC’S MISSION

To promote the transformation of the sector through R & D & i establishing a stable
structure of public-private collaboration in this area.

The Board of Trustees is the highest governing, representative and administrative body
of the Foundation. The Assembly is held annually by the President of the Board and
with representation of all members of PTEC, which reports the Platform's progress. The
Permanent Commission is the central managing body of PTEC that relies on the work
caried out by the Delegate Commission, both Commissions being coordinated by
the Managing Director.

The working groups are in charge of defining and developing the activities, in
collaboration with the Management Directorate and the Secretariat.

2.2 PTEC’S OBJECTIVES

e internationalization of R + D + i

* Drive for innovation

* Promote the image of the construction sector through R + D +i
* The revitalization and renewal of PTEC members

* Improving the service to its members
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2.3 PTEC'S POSITIONING

As a technological platform, we believe it is necessary to connect companies that
are in direct competition with one another, both in domestic and international
markets, and “bring everyone around the same table”, thereby promoting the
idea that, indeed, unity is strength.

3. PRIORITIES OF R & D & i TO SOLVE THE SECTOR'S GLOBAL CHALLENGES

PTEC is positioned to confront the major current global challenges defined within the
United Nations Sustainable Development Goals:

* Energy transition and decarbonization

» Digital fransition

 Circular economy and industrialization

 Built environment geared towards user needs

3.1 PRIORITY TECHNOLOGY LINES

* Energy transformation

» Sustainable materials and circular economy

* Digitization and productive processes

e Infrastructures for sustainable and smart mokbility
* Urban environment

3.2 PROMOTE INNOVATION IN CONSTRUCTION

There are barriers to innovation in the construction sector and it would be of
interest to tackle this issue with the support of public administrations playing a
fundamental role. The sector promotes actions such as: workshops, forums,
webinars, training, reports, publications, awareness actions in cooperation with
the Administration with the aim of raising awareness and fraining, transferring
recommendations, good practices, redl cases and / or information on related
knowledge areacs.

3.3 DIGITAL TRANSFORMATION OF THE SECTOR
The desired outcomes shall be:

e Digitization of the construction sector to improve efficiency and be able to
adapt more swiftly to societal changes and needs



e Digitization of the "deliverables” resulting from the sector
4. KEYS TO EVOLVE IN THE SECTOR

* Commitment to innovation, technology and training
» Sustainability as the key to business projects.

 Digitization of processes and digitization and intelligence of the "deliverables"
of the sector

* Improved health and safety
* New construction techniques and specialization in projects
* Spanish particioation as advisers in public and private entities and to investors

» Strengthen the public-private relationship, public—private partnership (PPP)
projects

* Involvement of investment funds in infrastructure from the outset of planning
sfage and / or study of project



This positioning document prepared by all members of PTEC aims to publicize the main
challenges faced by the national construction sector and its influence on the European
environment in the field of R & D & i and digitization.

It also strives to help public institutions linked to the sector to find solutions that address
the challenges inherent in a sector that represents 9% of the EU's GDP in 2018, which is
also the engine of many other economic activities. The built environment, in which
citizens live, work and enjoy their free time, is a strong indicator of their quality of life.
Therefore, transport infrastructures are key to ensuring the interconnection and cohesion
of Europe. The construction sector is also essential to achieving the United Nations
Sustainable Development Goals' and other important European policies.

There is also a global trend towards population increase in large cities, thereby placing
additional stress on the major current challenges that cities already face, such as
creating a sustainable urban development, communication, security, tfransport, among
others. This will require important innovation and new approaches to ensure the effective
and sustainable development of smart cities in the near future, both in their buildings and
in their infrastructures. Therefore, it is necessary to promote and harness innovation so that
the construction sector can meet this end; hence the great importance of R+ D + i and
innovation.

With this in mind, the European Union (EU) is designing its new R&D framework program
for the 2021-2027 timeframe, Horizon Europe? which is fully aligned to face these
challenges. All six global challenges that it identifies for the competitiveness of European
industry and social development have strong interlinkages with the construction sector:

Health: living and working in healthy environments

Culture, creativity and inclusive society: promotion and conservation of historical
heritage; management of social and economic transformation (low carbon
economy)

Safe Societies: resilience to disasters, natural or man-made.

! hitp:/fwww.un.org/sustainabledevelopment/sustainable-development-goals/ (2015), New York (USA)

L Orientations towards the first Strategic Plan for Horizon Europe
https://ec.europa.eufinfo/sites/info/files/research_and_innovation/strategy_on_research_and_innovation/documents/ec_rtd
_orientations-he-strategic-plan_122019.pdf
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Strengthen the competitiveness of European industry: enhancing its sustainability
and digitization

Climate change, energy and mobility: mitigation and adaptation to climate
change: sustainable and smart cities; smart, efficient and safe transport
infrastructure

Food, bioeconomy, natural resources, agriculture and environment: nature-based
solutions (NBS) in the built environment; land use; biomaterials

These objectives were reinforced at the end of 2019 with the publication of the European
Green Deal’, a roadmap to provide the EU with a sustainable economy.

This document aims to provide a framework for the Spanish construction sector, its
national evolution and its influence in Europe, especially highlighting the technological
progress that the sector has undergone in recent years, as well as the R & D & i priorities
that must be developed in order to maximize its socio-economic impact and reduce its
environmental footprint. Also featured is the work carried out by PTEC as a network of
understanding and collaboration in the Spanish construction sector at all levels (small,
medium, large companies, technology centers and universities).

Finally, PTEC, through this document, aims to demonstrate not only its capabilities, but
also its commitment to the European future of the construction sector, towards which it
intends to contribute and to flourish within it.

3 European Green Deal, https://ec.europa.eulinfo/sites/info/files/european-green-deal-communication_en pdf
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Analysis prior to the emergence of COVID-19 in Spain

As in the global market, the financial crisis of 2007-2008 especially impacted the
European construction sector, greatly reducing demand in the real estate market and in
the civil works and vertical infrastructure, which immediately suffered the consequences
of public budget cuts. Construction of buildings and infrastructures decreased by 16%
between January 2008 and November 2011 in the EU27. In 2014, the industry began to
show timid signs of recovery, however not of stabilization. The year 2014 marked a turning
point in investment volume in the construction industry by experiencing a growth of 0.8%,
the first positive figure since January 2007.

Therefore, the consfruction sector had been recovering from the crisis that affected
Spain during the past decade. The production sector experienced growth in 2015 and
continued to do so until 2018, when, in 2019, some signs of a slowdown began to emerge.

The recovery of the economy had been helping the country to take part in real estate
investment that has spread across Europe in recent years, while at the same time
providing some relief in public procurement investment. The combination of both factors
did not take long to be reflected in the improvement in the construction sector shown in
Figure 1.

According to the 2019 report by the Observatorio Industrial de la Consfruccion de la
Fundacion Laboral de la Construccion (Observatory for Industrial Construction of the
Construction Labor Foundation), the Gross Fixed Capital Formation in construction
(GFCF), in the 2009-2019 timespan, reached its lowest point in 2013. From 2014 to the end
of 2019, it experienced six years of progressive increases. In 2019, the GFCF in construction
represented 10% of total GDP.

Furthermore, measured in terms of Gross Added Value, the contribution of construction
to GDP had reached 10% in 2009, and closed with a percentage of 5.9% in 2019.

Another important aspect in the recovery of the sector has been internationalization,
which has increased business volume by seeking outlets for construction companies in
other markets. Due to this internationalization process, Spanish companies have been
awarded key confracts of great international significance.

Before the emergence of COVID-19, according to the conclusions of the Euroconstruct
report of November 2019, short-term growth of the consfruction sector in Spain did not
appear to be threatened and it had a sufficient portfolio of projects fo expect production
progress of 3% in 2019 and 2% in 2020.
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The subsector that contributed most to sector growth was new residential construction,
but as was the case in most of Europe, the demand for housing was losing strength. In
terms of production, the forecast predicted that it would fall from 4.5% growth in 2019 to
1% in 2021,

The non-residential construction subsector was not enjoying such tangible growth as that
of housing, which explained that, despite the economic slowdown, there were stil
pockets of unsatisfied demand. The forecast prior to COVID-19 was that of 3% for 2020
and 1.5% for 2021.

Finally, the political calendar has influenced civil engineering flows, which experienced
a very flat 2019. It was expected that the administrative normalization would also entail
a normallization in the execution of public works that could increase production in this
segment at rates of 2.5% (2020) and 5.5% (2021). The Institute for Economic Studies (IEE)
released its economic report in June 2019 stating an optimistic outlook: a growth in
employment and a reduction in the unemployment rate for 2020 and 2021, albeit lower
rates than those recorded in previous years. However, this forecast predated the arrival
of COVID-19.

Global analysis of investment in R + D + i in the construction sector

Despite its importance in the global economy and its driving force in other sectors (the
construction industry represents around 9% of the total GDP of the European Union and
generates more than 18 million direct jobs), the construction industry i, according to the
McKinsey Global Institute's Industry Digitization Index, the second least digitized sectorin
the world, only ahead of the agri-food and hunting sectors.

Global spending on the adoption of new technologies by the industry does notreach 1%
of the sector's income, and investment in R&D does not exceed 1% of aforementioned
income, while in sectors such as automotive or aerospace, it rises 3.5% and 4.5%
respectively. This data suggests, to alarge extent, the low level of digitization in the sector
and has a direct relationship with one of the greatest problems in the industry: its
productivity.

The results of the studies by both McKinsey Global institute and Cotec, indicate that
construction is one of the sectors with the greatest opportunity for improvement in terms
of digitization. Great potential lies in the field of automatization, in which Spain has a
production value of 47% as shown in the following graph. Upon examining various sectors,
it is apparent that great opportunity exists for working groups to address the challenges
facing society within the framework of both the State Program and the State Plan for
Scientific and Technical Research and Innovation 2017 -2020.
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Figure 1. Technical potential for automation across sectors — McKinsey Global Institute

» Analysis of R & D & i investment in the construction sector in Spain

R & D & i activity was also greatly affected during the period of financial crisis. During this
time, approximately 600 companies ended its commitment to research, which meant a
decrease of approximately 60.5% in spending from 2008 to 2016, as can be seen in figure
2 (data provided by the INE).
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Source: Statistics on R&D activities. INE.

Figure 2. - R&D expenditure in the construction sector per year

According to the report by the Observatory for Industrial Construction of the Construction
Labor Foundation on the construction sector, innovation activities are mainly carried out
by large companies which only represent 0.1% of the total number of companies in the
sector, therefore it is urgent to take action to encourage and promote innovative
activities in smaller companies.

Overall, it is necessary to undergo a digital fransformation through innovative processes
that are developed with new technologies (Building Information Modeling, use of drones,
loT, blockchain, Big data, cybersecurity in infrastructures, robotics, efc.) to increase
competitiveness and improve opportunities by infroducing Industry 4.0 in the construction
sector.

Analysis of the effect of COVID-19 in the construction sector in Spain

The scope of the crisis caused by COVID-19 is still unknown. The first forecasts published
by the IMF show a correlation between the health impact and the economic impact.
Spainis among the countries most affected by the pandemic, therefore, unsurprisingly, it
is one of the most vuinerable to the economic crisis. According to IMF analysts, assuming
that the disease subsides in the second half of 2020 and the economy restarts, the
Spanish GDP in 2020 could fall by 8% and grow by 4.3% in 2021. This forecast for 2020 is in
line with BBVA's preliminary estimates. If Spain’s economic behaviour is compared to the
average for the Eurozone (-7.5% for 2020 and + 4.7% for 2021), the Spanish economy is
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most vulnerable at the time of initial impact, followed by a less forceful response at the
time of recovery. It should be noted that the forecast of the stability program sent to
Brussels by the Spanish government shows a greater decrease than that indicated by the
IMF, specifically -9.2%, and for the following year of higher growth, + 6.8%.

If such extreme uncertainty makes it difficult o predict the behavior of the economy as
a whole, in a specific economic sector such as construction it is even more complicated.
As long as the first official indicators are not known, only conclusions drawn from previous
crises can be applied. In the past, it has been shown that in Spain the construction sector
tends to amplify the economic trend; in other words, when the cycle is expansive,
construction does not have difficulties to grow above GDP, but in turn is prone to falling
when the cycle reverses. By applying this principle, and if the forecasts of the IMF and
BBVA are realized, a construction sector contracting to double digits in 2020 should not
be ruled out.

However, the present crisis is of such an exceptional nature that it is not clear whether
the precedents are still valid. Regarding whether construction will suffer an even more
extreme version of the crisis looming over the economy, arguments can be used both for
and against:

Negative factor: public debt

Meanwhile, public spending will pricritize aid, subsidies, and guarantees in an attempt to
reduce any permanent damage to the productive fabric. Despite the fact that on paper
public investment in construction could be used as one more instrument to sustain the
economy and employment, it is difficult to imagine a scenario of the emergence of
public works in Spain. The autonomous communities would have to focus on
strengthening their health systems and the State will probably have difficulties in justifying
to Europe that the temporary liffing of the Stability and Growth Pact is serving to build
more high-speed trains (AVE) or expand airports.

Negative factor prior to COVID-19: the sector had already been slowing down

The Spanish construction sector was not immune fo the underlying trend of the economy
{national and international) fowards more moderate growth. As reflected in the section
of this document where an analysis of the economic prospects that arose in Spain before
the anmival of COVID-19 has been described, according to the Euroconstruct report of
November 2019, the high growth rates of the three-year period 2017-2019 (5.4% annual
average) were clearly behind and for 2020 only 3% was expected. For the following years,
the deceleration not only persisted, but was accentuated. Therefore, COVID-19 arrived
at a time when the sector was nearing its productive ceiling.

10
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Positive factor: there has been no overproduction

The aforementioned slowdown, apart from being a reaction to the global economic
slowdown, indicates that the sector has been very agile by adjusting its production to
demand. The result is that stock levels (housing, but also non-residential assets) are
reasonably manageable, unless the health crisis continues to wreak havoc.

Positive factor: the "hibernation™ of the sector has been one of the shortest

The total paralysis of the construction sector was limited to two weeks. Considering that
health reasons could easily have been put forward to prolong the “hibernation”, it can
be considered that the sector has fared relatively well.

Finally, it is worth mentioning two additional factors, and it is not yet clear in what way
they will influence the construction sector:

Uncertain factor: behavioral changes

The crisis unleashed by the pandemic, apart from health and economic repercussions,
can alter people's behavior patterns. For example, a decrease in the predisposition to
travel is expected which, if consolidated in the medium term, could be particularly
harmful for a country such as Spain, which relies heavily on the tourism sector. This could
lead to possible negative ramifications for construction projects dedicated to leisure,
holiday accommodation, especially those aimed af retirees from foreign countries.

Uncertain factor: the post-pandemic real estate sector

If the patterns of 2014-2015 are replicated, there will be no recovery of the building sector
until there is a recovery in the real estate sector.

Real estate experts are relying on a relatively strong reaction (now that financing is
expected to continue, unlike in the previous crisis), although uneven (there is more distrust
of certain markets such as fourism and commerce, and the security of 'prime' assets).

11



The Spanish Technological Platform for Construction, or PTEC
(https://plataformaptec.es/), was founded in 2004 with the mission of promoting the
fransformation of the sector through R & D & i by establishing a stable structure of public-
private collaboration in this area.

The Board of Trustees is the highest governing, representative and administrative body of
the Foundation. The Assembly is held annually by the President of the Board and with
representation of all members of PTEC, by whom the progress of the Platform is reported.
The Permanent Commiission is the central managing body of PTEC that relies on the work
carried out by the Delegate Commission, both Commissions being coordinated by the
Managing Director.

The Working Groups are in charge of defining and developing the activities, in
collaboration with the Management Directorate and the Secretariat. On an annual
basis, PTEC and the leaders of the Working Groups define the actions to be carried out
that will in turn be implemented by the members of each Working Group involved in the
actions that are of most interest. Therefore, small working groups are formed within the
parent working groups of PTEC with very specific objectives. The type of initiatives that
are developed in the Working Groups in general are the following:

Encourage the participation of PTEC membersin R + D + i proposals at a national
and international level.

Organization and coordination of thematic conferences of various interests to the
construction sector,

Organization of specific fraining activities associated with different Work Groups.

Preparation of documents, reports, publications on positioning for the construction
secftor.

Elaboration of descriptive documents of members' know-how in different fields.

Organization of communication activities and dissemination of European projects
of PTEC members.

Preparation of a specific fortnightly newsletter with a specific theme.

12



PTEC develops the following specific objectives:
The internationalization of R + D + |

The activities related fo the Internationalization of R + D +i are promoted through different
Working Groups, in which entities with the most international activity participate together
with the support of the Directorate, joining efforts to support SMEs in the sector. In
addition, the infernational field of R & D & i is present in the meeting contents and PTEC
working group events, disseminating the experiences of some members in international
projects, informing about international R&D programs + i, etc. PTEC is @ member of the
ECTP (http://www.ectp.org/), the European Construction Technology Platform, a mirror
of PTEC, in order to channel European actions that may arise in the Spanish construction
sector.

The drive for innovation

The development of the activities of Working Groups and PTEC activities is in line with the
expectations of the construction sector in the coming years in terms of its transformation
through R+ D +1.

Aware of the relevance and as demonstrated in the list of the Working Groups there is
one that promotes innovation where specific actions in this field are promoted and
member entities with more experience participate.

Promoting the image of the construction sector through R + D + i

PTEC sets as an objective for the positioning of companies in the sector through its activity
related to innovation. At the state level, actions for the public focus on:

Establishment of Strategic Plans with the Administration.
Positioning of the sector in the technology area.
Organization and involvement in fairs and congresses.

Collaboration and parficipation in forums with other technological platforms
complementary to the activities of PTEC, such as the Spanish Railway Technology
Platform (PTFE), the Spanish Industrial Safety Technology Platform (PESI), etc.

Definition and promotion of national and international standards.

13
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Highlighted in this section is the activity of the Working Group Positioning of the R + D +
sector strategies: Horizon Europe Program, whose general objective is to promote
investment in R + D + | in the construction sector, with the aim that it is perceived as a
priority industrial sector at a European, national and regional level.

The revitalization and renewal of members in PTEC

The members are at the core of PTEC, not only because of the financial support that
having an extensive membership entails, but also because of their global brand
presence.

Given the economic situation in the sector and its challenges in terms of adopting new
technologies and promoting innovation among all participating players, another priority
objective is to attract new partners, not only those belonging to the construction sector,
but also all kinds of entities that may provide added value to it.

The Platform is aware of both the opportunities and the threats present in the market, as
well as the strengths and weaknesses that companies related to construction face
directly or indirectly. Therefore, the recruitment of new partners through fairs, work
networks or dissemination through the media is an additional objective.

The activities related to the objective of improving the service to its members are
articulated through:

Canying out training and or specific workshops on topics of interest.
Internal work sessions to improve operations and establish priority lines of action.

Permanent technical assistance to members on innovation

The Spanish Technological Platform for Construction (PTEC) considers that in order to

improve the competitiveness of the industry, fo satisfy societal needs, to face

environmental challenges that the sector can respond to and, finally, o fransform the

structure of the sector, it is necessary for all actors involved to work together towards

these common goals, which is why technoloqy platforms, clusters and sector associations
lay a fundamental role at this point.

14



As a technology platform, we believe it is necessary for companies that are direct
competitors in both the domestic market as well as in international markets to "sit around
the same table" and promote the idea that, indeed, unity is strength; the collaboration
between agents of different natures and the transfer of knowledge between them,
opens a channel of direct communication with the regulators and with all the actors
involved at large.

Aware of the importance of being in the “same boat" as Europe, PTEC belongs to the
European Construction Technology Platform (ECTP), through which it intends to achieve
the following purposes:

Contribute to the identification of R + D + i needs of the construction sector in
Europe.

Contribute to the implementation in the Spanish sector of the needs identified at

European level, when appropriate for our sector.

Transfer the needs of the Spanish sector to Europe through participation in the

ECTP.
Help the ECTP to build lines of work aligned with the needs of the sector.

Provide support to the ECTP and the European Commission for consultations

related to the sector.

Encourage the participation in the Horizon Europe program of small, medium,

large companies, research centers and universities.

The collaboration between ECTP and PTEC is carried out through:

The participation of PTEC as an active member of the General Assembly of ECTP.

The participation of several of the members of PTEC (Acciona, Ferrovial, Dragados,
INDRA, Tecnalia), as vice presidents of ECTP,

PTEC's Positioning in European Programs

The Public-Private Association of “Energy Efficient Buildings” is one of the most
representative initiatives of the construction sector activity in Horizon 2020. With almost
€400M executed in 2014-2019 grants, Spanish entities participate in 61 of the 81 financed
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projects (75% of the total), coordinating 10 of them (12%). Economic returns rank Spain in
first place (1st) in Europe, with 14.8% of the committed budget (15.4% EU-28), that is,
almost € 59 million, followed by Italy, Germany, France and UK. The ratio of approved
versus submitted proposals is 14.6% and it is one percentage point higher in the case of
proposals among Spanish participants (15.6%).

The type of entity that ranks first in participation is companies, which have obtained 53%
of the financing for Spain. The rest of the return is distributed primarily between
technology centers (27%). public entities (8%) and universities (6%).

A highlight is the REFINE initiative (Research for Future Infrastructure Networks in Europe):
an initiative launched by the ECTP in 2011 that aims to promote R & D & i in the field of
fransport infrastructure within the European Horizon 2020 program. It includes aspects
related to all phases of the infrastructure life cycle: project, construction, operation and
maintenance, rehabilitation and adaptation to new traffic needs, etc.

Also noteworthy is the European JPI Cultural Heritage initiative, which aims to respond to
the conservation needs of European cultural heritage, as one of the most powerful
identifying elements, recognized in the 2018 European Year of Cultural Heritage, through
the coordination between companies, universities and public administration.

PTEC’s Positioning in National Programs

PTEC intends to serve as a benchmark and a focal point among the administrations to
convey sector needs and achieve its progress jointly, thereby helping to build and
promote programs of interest to the sector that take it to the next level.

PTEC is committed to collaborative projects that have great impact on the sector and
are focused on the challenges identified in this document. PTEC supports and
coordinates R&D proposals in national grants such as CIEN Strategic Projects or MISSIONS
Program in Science and Innovation.

PTEC also supports and promotes R&D projects of a smaller size but that are of interest to
its members and to the sector, such as the CDTI R&D Projects, CDTI Innovation Projects or
CDTI International Cooperation Projects.

16
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The Spanish construction sector, in collaboration with the European construction sector,
is acting as a prescriber for the design of European R & D & i policies in this field,
implemented through the development of research projects and the implementation of
solutions developed in real cases.

Thanks to innovative user-oriented technologies in the built environment and the use of
digital applications, citizens will be able to participate in the design and daily
management of their homes and work environments, move around the city in a user-
friendly manner, and travel easity due to the smart, safe and resilient infrastructure service
adapted to new mobility models.

Human activity takes place mainly in the built environment, equipped with buildings,
infrastructures and service networks. Considering the growing global dimension of the
built environment, its social, environmental and economic impact is very important.

As mentioned in the infroduction to the document, the construction sector is key to
achieving the United Nations Sustainable Development Goals*, and other key European
policies. We highlight 4 of the 17 existing Sustainable Development Goals (SDGs), in which
the construction sector has a wide range of involvement:

PTEC also supports and promotes R&D projects of a smaller size but that are of interest to
its members and to the sector, as is the case of CDTlI R&D Projects, CDTI Innovation
Projects or CDTI International Cooperation Projects.

With regard to the SDG for Good Health and Well-being, changes are required in many
areas. The construction sector must contribute to the health and well-being of citizens.
We must build with environmentally-friendly materials and design in such a way so as to
guarantee optimal comfort and well-being. The study of indoor air quality must be a
priority in each project and our buildings must be healthy for the people who inhabit
them.

The construction sector must contribute to achieving the SDG for Affordable and Clean
Energy. Energy is critical to almost all the great challenges and opportunities facing the
world foday. One such major challenge is enabling access to commodities of prime
necessity such as electricity and ensuring that electricity generation is sustainable and
from a clean energy source. Once again from our sector we can act, specifically with
regard to the prioritization of structural measures such as the energy rehabilitation of
buildings or the improvement of information and training of citizens for their
empowerment, in parallel with the implementation of palliative measures.
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* hitp:/fwww.un.org/sustainabledevelopment/sustainable-development-goals/ (2015), New York (USA)

The SDG for Sustainable Cities and Communities, is founded partly due to the fact that
the world's cities occupy only 3 percent of the Earth’'s land but account for 60 to 80
percent of energy consumption and at least 75 % of carbon emissions. Common
problems in cities are congestion, lack of funds to provide basic services, lack of
appropriate land and housing policies, and deterioration of infrastructure. The
construction sector must contribute to meet the challenge of improving the quality of life
in cities, without harming the environment, or by minimizing its impact. The use of
materials for construction in buildings and infrastructures which absorb and accumulate
heat throughout the hours of sun exposure produces the effect known as a "heat island",
a phenomenon that duplicates the cooling needs in some types of houses.

As mentioned in the infroduction, this challenge is further amplified by the global frend
towards a much greater increase in urban population compared to rural population,
focusing even more on large cifies due to their “magnetic” effect. A frend that is also
taking place in Spain and other countries where there is a decrease (absolute or relative)
in the rural population.

Finally, the SDG for Responsible Consumption and Production is based on the creation of
net profits from economic activities by reducing the use of resources, degradation and
pollution, while achieving a better quality of life by being aware of the impacts of the
mafterials we use in the construction sector, we can act and promote the use of materials
with low impact in extraction and manufacturing and of materials that may have a
second use (Circular Economy) or recyclable materials. We must work on designing
construction systems that are dismountable and that allow the separation of materials fo
facilitate their recycling or second use. This valuable information on the environmental
impact of materials must be clearly reported by manufacturers to construction
professionals.

PTEC is prepared to contribute to four great current global challenges defined in the
United Nations Sustainable Development Goals. The global challenges identified are:

Energy transition and decarbonization
. Digital tfransition
Circular economy and industrialization
. Built environment geared towards user needs
Of the challenges identified, a list of five technological R&D lines is determined, which

PTEC tries to promote through the various actions that are developed in vertical and
horizontal working groups.
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The technological lines of R&D defined are:

Energy transition
.. Sustainable materials and circular economy
. Digitization and production processes
. Infrastructures for sustainable and smart mobility
... Urban environment

PTEC working groups have been designed to address the previously mentioned R&D
technological lines. They are as follows:

Vertical working groups:

Energy in the construction sector
Sustainable materials

Digitization of infrastructures

(o)

Artificial intelligence

3D printing

Blockchain

Horizontal working groups:

Boost to Innovation
European positioning
Digital transition

PTEC's setfting is shown by the following flowchart:

CHALLENGES TECHNOLOGY LINES PTEC VERTICAL
WORKING GROUPS

Energy in
. conslruction sectlor

. Energy fransformation
Energy transition and

decarbonization Sustainable

. ] materials
Sustainable materials

and circular Infrastruciu
- nirQs ciure
Digital fransition Sconomy digitization

Digitizatlion and

) building processes o 107
Circular economy
and industrialization
Infrastructures for . Artificial
smart and inteligence
Constructed sustainable mobility
environment oriented . .
to user needs . 3D printing

Urban environment

Blockchain
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innovation boost European positioning Digital transformation

PTEC HORIZONTAL WORKING GROUPS

PTEC has outlined certain global challenges as follows:

Energy transition and decarbonization

Cities represent the world's largest source of carbon dioxide (CO2) emissions, one of the
greenhouse gases that conftributes to global warming. Reducing carbon emissions is a
priority issue on the European Union's agenda, especially with the approval of the Paris
Agreement at the summit held in the French capital in December 2015. According to
United Nations estimates, two-thirds of the world's population will reside in urban areas by
the year 2050, which will result in an increcase in social and environmental challenges. The
sustainable development of expanding urban areas poses engineering challenges
associated with the construction sector and for the drafting of urban policies at the
territorial, state and international levels.

Buildings are responsible for 40% of energy consumption and 36% of CO2 emissions in the
EU, with approximately 75% of buildings being inefficient, according to information
published by the European Commission. In Spain, the Ministry of Public Works indicates
that the building sector in Spain has an approximate weight of 30% in the final energy
consumption (31.03% in 2015), distriouted over 18.5% in the residenfial building sector and
12.5% in the non-residential sector consisting of commerce, services and public
administrations. This represents 28% of national CO2 emissions.

According to estimates carried out by Asociacién Nacional de Empresarios Fabricantes
de Aridos (National Association of Aggregate Manufacturing Businesses or ANEFA), in
2018 there was a growth of 6.6% in aggregate consumption, with the total amount of
natural aggregates for construction being 121 million tons. To this quantity 1.7 million tons
of recycled aggregates are added and 0.7 milion tons of arfificial aggregates. In
addition to the above figures, the fotal consumption for construction reached 123.3
milion tons. Therefore, one of the great challenges for the sector is to reduce its
environmental footprint.

According to the International Energy Agency, the energy intensity per square meter of
the construction sector needs to improve by 30% between now and 2030 to meet the
Paris climate targets. This will require almost doubling the current energy performance of
buildings, which will require:

e Increasing the energy renovation of existing buildings up to a rate of 3% per year.
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Making near zero-energy buildings (NZEBs) the global standard in the next
decade.

Some of the solutions proposed to improve the sustainability of the construction sector

are to:

Reduce the amount of construction material of natural origin and increase the
recycled material

Incorporate materials and construction techniques with greater insulation
capacity to reduce energy losses and demands of buildings

Favor efficient air conditioning and lighting technologies, as well as the greater
use of renewable sources for self-consumption

Improve energy management and promote smart city concepts, smart building
and smart communities, and bring energy generation and its use closer to the final
consumer

Promote fraining and dissemination of energy efficiency in the private and public
sectors

Encourage compliance with European and interational commitments towards
energy efficiency in buildings

Collect information in real time through platforms that monitor energy
consumption by buildings with respect to expected consumption, to comect
deviations due to errors in the use of buildings.

Define energy models, which will allow establishing energy consumption
benchmarks according to the type of building.

Have applications that allow continuous supervision and predictive maintenance
of energy facilities in buildings, with the aim of reducing inefficiency

Increase the energy efficiency of buildings, through the application of heating
and cooling technology solutions that allow the recovery of energy flows.

Have applications that allow determining optimal strategies for energy
rehabilitation, considering both solutions for the enclosure and installation of
efficient equipment and renewable energy sources.
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Digital transition

Digitization is tfransforming reality at all levels, from people to states to companies, all of
which are evolving day by day to adapt to the new trends and opportunities generated
by technology.

The speed at which the different sectors have made the digital transition has not been
the same and has been influenced by factors such as the business model of the sector,
the impact of hew technologies, or the evolution of demand.

The construction sector has been characteristically fraditional and has not been inclined
to take the lead in fransformation. As a result, it is one of the least developed sectors in
terms of digital fransition and is currently the second least digitized sector, only above
agriculture, hunting, and fishing.

The construction industry is among the least digitized.
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This reality of the construction sector collides with its operative role in the future of
humanity, with a growing population, an increasingly interconnected world and
increasingly limited resources. This situation forces a sector, that covers basic needs such
as construction, to evolve, adapt and optimize its processes and consumption of energy
and materials, digitization being the basis for achieving this.

The slow progress of the construction sector in digital transition also offers o positive side
that should be exploited; it allows applying success stories from other sectors to the
construction sector, allowing the path to digitization to be safer than that of more
advanced sectors. Thanks to this, construction companies can take advantage of
benefits from other sectors such as Industry 4.0 and apply them in their own operations
giving rise to Construction 4.0.

Some of the main lines of action identified for the digitization of the construction sector
are:

- Optimization of operation and maintenance of buildings and infrastructures
through the use of technology

- Improve integration with urban spaces and mobility within cities

- Facilitate an integrated end-to-end approach to the sector's value chain,
enabling communication and collaboration throughout it by way of technology

Circular economy and industrialization

The circular economy is a new paradigm of production and consumption as opposed fo
the classic linear model of "extract, manufacture, use and dispose”. It is based on three
principles: the elimination of waste from the design phase itself, the maintenance of
products and materials in use, and the regeneration of natural systems, all powered by
renewable energy sources.

The building and construction sector uses 50% of all extracted materials and generates
around 25-30% of waste (EU data).

The magnitude of itsimpacts demonstrates why it has specific freatment both in the Spain
Circular 2030 Strategy and in the New EU Circular Economy Action Plans. In fact, the latter
anticipates a regulatory environment with objectives of durability, adaptability, material
recovery and incorporation of recycled material. Likewise, a progressive implementation
of the Level (s) indicators can be expected to measure the sustainability of buildings
considering their entire life cycle, buildings that will be considered potential material
banks due to both digital books and product passports.
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Built environment oriented to user needs:

Within PTEC, the concept of a user-oriented built environment is viewed from a dual
perspective. On the one hand, the user is infegrated into the same co-creation process
from its initial conception, whereas on the other hand, the built environment responds to
the particular needs of each user. For example, urban planning and regeneration
processes are increasingly participatory. Compared to the classic approach in

B COM{2020) 98 final, https://eur-lex.europa.eu/legal-
content/EN/TXT/2qid=1583933814386&uri=COM:2020:98:FIN

which a team made up solely of experts developed urban planning and regeneration
plans, more and more citizens require participation in these processes, so that the criteria
of the technicians are combined with the preferences of the users themselves, creating
a more user-friendly and efficient urban environment. On the other hand, currently the
profiles and social habits are changing (single people, childless couples, the elderly),
therefore buildings and the urban environment must adapt to the needs of each person
and the subsequent evolution over time.

In Spain, the adaptation of the built environment suited to the needs of the elderly is a
priority action. Only 0.6% of the 9.8 million Spanish residential buildings meet the Universal
Accessibility criteria for people with reduced mobility or disabilitys, when in Spain there
are dlready 9 milion people over 65 years of age (19.1% of the population) and it is
expected that by 2028 they will be 11 million.

Buildings must offer a comfortable and healthy environment. Up to 90% of our life time is
spent inside buildings” (home, work place, leisure centers ...) so the comfort and health
conditions have a great impact on people’s quality of life. Therefore, buildings must
provide adequate thermal comfort, combining energy efficiency and air quality,
acoustic insulation, and good lighting conditions.

While the physical aspects are important in creating such a comfortable and friendly
environment, the immaterial aspects are also important. The conservation and adequate
exploitation of a collective cultural heritage reinforces a sense of integrafion and
belonging among citizens towards their community.

According to the diagram above, the four great challenges identified place the five
technological lines of work of PTEC, which are:

1. Energy transformation.
2. Sustainable materials and circular economy.
3. Digitization and production processes.
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4. Infrastructures for sustainable and smart mobility.
5. Urban environment.

% La accesibilidad de las viviendas en Espafia. Fundacion Mutua de Propietarios. Marzo 2018. https:/iwww.fundacionmdp. org/wp-
content/uploads/2018/04/201803-Accesibilidad-viviendas-espana_FundacionMdP-min.pdf

7 EDIFICIOS Y SALUD: 7 Llaves para un edificio saludable. Consejo General de la Arquitectura Técnica de Espafia. 2019.
hitp://www.arquitectura-tecnica.com/pdf/Gu%C3%ADa%20Siete %20L|aves%20CGATE-OMC .odf
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modility
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construction
processes

The tfechnological development over the previous ten years and the successive
European Directives on Energy Efficiency in Buildings have made it possible to design and
construct state-of-the-art buildings that consume close to zero energy or, in some cases
even generate a surplus of energy. As a result, it is possible for repayment periods to be
less than 10 years.

However, there are two major challenges that must be overcome in order to reach the
targets set in energy efficiency and fight against climate change for 2020: the state of
existing construction, and the development of “smart grids”
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The Horizon 2020 program that ends this year has focused its efforts on the development
of new technologies that would reduce energy consumption in new buildings. The
necessary consumption would derive from renewable energy sources produced in the
same building, and any energy surplus would then be fed back into the grid.

The challenge for Horizon Europe must be the adaptation of these technologies and the
development of new ones to the existing construction that combines energy efficiency
with the progressive electrification of the sector, with district-level energy production and
decentralized energy storage.

This last point is @ major challenge both for the built environment and for new
construction. The penetration in the renewable energy mix is increasing and generating
technologies such as wind or photovoltaic have come of age. Also noteworthy is the
potentially revolutionary development of fuel cells, a very promising energy technology
with countless possible applications and it is precisely the different properties that these
devices have that make them very attractive, especially when compared to other
conventional energy conversion technologies.

In addition to the penetration of different types of renewable energies, we face energy
challenges in the field of building and infrastructure management. Energy storage is
essential at the building level, within both public and private entities.

Although far from being competitive, the use of batteries as an energy storage system,
are becoming an alternative. However, electrical energy storage is not enough and it is
also necessary to develop low-exergy thermal storage systems for air conditioners in
buildings.

This type of system must be combined with new technologies: arificial intelligence for
predictive systems, buildings monitored by loT, digital twins; so that they can be used to
build an inteligent nefwork that takes full advantage of all system resources in an
infegrated way (support smart building systems, smart communities and smart grids)

Regarding the renovation of existing buildings to reduce their energy consumption and
improve comfort, favor efficient materials and innovative energy rating systems,
considering national experiences and those of other EU countries, which facilitate these
renovations.

Development of innovative solutions to improve energy contracting conditions
considering sustainability aspects (e.g. green contracts, incorporation of renewables in
buildings, etc.)
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The circular economy is a new paradigm in production and consumption as opposed to
the classic linear model of “exiraction, production, distribution, consumption and
dispose”. It is based on three principles: the elimination of waste from the design phase
itself, the maintenance of products and materials in use, and the regeneration of natural
systems, all powered by renewable energy sources.

The magnitude of its impact accounts for the action initiatives that follow: the Strategy
for Circular Economy in Spain until 2030 and New EU Circular Economy Actfion Plan®. In
fact, the latter anticipates the future regulatory environment characterized by:

& COM(2020) 98 final, https://eur-lex.europa.eu/legal-
content/ES/TXT/HTML/2uri=CELEX:52020DC0098&from=EN

The sustainability benefits of construction products will be increased, including
targets for the incorporation of secondary material

There will be greater demands in terms of durability and adaptability of buildings
and civil works
- Material recovery targets will aiso be increased in construction and demolition
waste (RCD)
-~ Higher expectations for reducing greenhouse gas (GHG) emissions, largely
through the circular economy initiatives themselves

- Consolidation at European-level of Level(s), the voluntary framework of indicators
to improve the sustainability of buildings by incorporating the entire life cycle

This context will pose great challenges for all players in the construction sector, but it will
also offer them many opportunities for innovation and competitiveness. At the product
level, new materials will be developed that will mean less consumption of resources, more
efficient and renewable (e.g. biopolymers). Technology wil make possible the
incorporation of sensors that allow them to “communicate” with other objects (Internet of
Things, loT), and thus provide information on their performance and maintenance needs,
although some will even be capable of repairing themselves (e.g. self-healing concrete).

All information on the composition, impacts and potential use scenarios of the materials
used in construction will be contained in the so-called digital product passports, so that
once disassembled they can start a new cycle of reuse, restoration or remanufacturing,
without losing their value. In this scenario, construction assets will become true material
banks, as anficipated by the European project Buildings as Material Banks? that promotes
this paradigm shift in the industry.
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At the process level, one of the first to evolve will be design itself; Its fundamental
importance to the circular economy is demonstrated if 80% of the environmental impacts
of a product or service are determined in this phase. Efficiency and flexibility needs can
lead to increased use of modular construction, a construction system in which modules
are manufactured, then later moved and integrated into the consfruction site. Its
processes are significantly different from the construction that is referred to as
“traditional”. The adaoptability and flexibility of assets will also require new assembly
processes and disassembling the work elements, maintaining their integrity so that
subsequent cycles are facilitated.

? https://www.bamb2020.eu/

Finclly, the integration of the circular paradigm into the vision of organizations will make
them rethink their business models and explore new options such as servitization,
maintaining ownership and charging for use. This presence throughout the entire lifecycle
will allow them to optimize performance and extend the life of construction assets, for
example by managing shared use between multiple users or platforms. Apart from the
business opportunities that will open in all loops and circulation of materials. In some
cases, new agents specialized in activities such as restoration or remanufacturing will
emerge, but in others it will be the companies in the sector themselves that will undertake
these activities in a kind of “circular integration”.

in short, the circular economy will offer endless opportunities in the construction sector.
Organizations that have a systemic vision and are caopable of innovating and
collaborating with the rest of the actors in the ecosystem will be in a better position to
take advantage of them. Due to its fransversal nature, it has numerous connections and
synergies with other lines that are proposed within this document, such as energy
tfransformation, smart infrastructures and digitization. Parallel to its economic and social
importance, the construction sector generates a significant percentage of greenhouse
gas emissions and waste. In this context, the sector makes important efforts to reduce its
environmental footfprint in the interest of a sustainable future.

The construction sector is fraditionally a recycling industry (which may seem conftrary to
public opinion] with examples ranging from the waste recovery such as cement (blast
furnace stag or fly ash), o the use of recycled aggregates or steel aggregates. Today's
challenge is much greater, as global strategies and industrial development of new and
high-performance materials are sought. Therefore, it is necessary to support the actors in
the innovation ecosystem (research centers, universities, platforms and associations, and
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allcompanies) for the study and crystallization of the materials with which our next
. roads, etc. will be built.

In this context, the development (technological and industrial) of sustainable materials
and circular economy strategies are proposed in the following lines of work, which are
divided into three fields:

Development of circularity technologies

It is important that recycled materials and products are incorporated with the new
ultra-high-performance materials previously mentioned, so that the need for new
natural raw materials is reduced to a minimum. Therefore, these materials must be
designed with the basic principle that they must be easily recyclable at the end
of their useful life, incorporating this principle at the moment of their conception.
These objectives must be met while ensuring the safety and structural reliability of
the infrastructures that incorporate these types of materials, so that cumrent
regulations and codes must be strictly complied with, banishing the idea that
certain regulatory flexibility is necessary to increase the infrastructures
sustainability, since for an infrastructure to be sustainable, the first requirement that
it must meet is to guarantee user safety. In general, recycled products lose
performance as the recycling processes progress. For this reason, it is key to
precisely delineate the fields of application of the new materials, so that technical
and regulatory performance and requirements are adjusted.

Construction and Demolition Waste (CDW) to facilitate their recovery as recycled
material within the sector.

Joint innovation with other industrial sectors for the recovery of CDW as a material
in other applications.

Development of sustainable materials

Development of new ullra-high-performance materials that adapt to new
construction designs and improve performance

Development of new eco-designed materials that are easy to reuse and / or
recycle

Development of biobased materials and / or from sustainable sources
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Innovation in advanced materials that improve the useful life of infrastructures,
reduce maintenance needs, and / or energy consumption needs during
operation.

Design and development of materials and manufacturing processes that are
oriented / favor a lower CO2 emission

Development of materials with lower embedded energy

Development of new materials and thermal insulating products with an
improvement in their durability performance of current infrastructures and building

Design and development of materials and systems that contribute to reducing
energy demand, with energy capture and storage capacity

Design and development of materials for their application in the capture and use
of CO2

Development of active systems

Traditionally most materials and construction elements have consisted of passive systems
with pre-established performance that only vary due to the effect of degradation
phenomena. However, in the era of automation and digitization, the construction
industry needs the development and implementation of active systems that react to
external stimuli by providing information on their status and / or varied properties, either
automatically or at the discretion of the user. This, coupled with the tremendous progress
made by information technology, will enable simultaneously, real-time awareness of the
state of the material and adjustments as necessary at any given time. The information
generated will be used to develop more accurate models of the behavior of the material
/ element {and therefore for its improvement), to plan maintenance tasks, or to discern
if an infrastructure is no longer safe. This will undoubtedly contribute to the improvement
of the materials, as well as helping in the planning of maintenance and repair tasks, in
addition to the consequent savings. Naturally, it will be instrumental in the prevention of
claims, as it monitors and records the time and the reason why an infrastructure is
rendered as being unsafe without the need for on-site inspection.

The progressive digitization that the construction sector is experiencing can be divided
into the following fields:
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Digitization of construction materials and products.

- Digitization of construction systems.

- Digitization of infrastructure and the finished building for its management during
the exploitation phase and its integration in digital and intelligent environments
(smart cities)

First, it is important to mention the European Commission's Digital Europe Programme for
2021-2027, which aims for the digital transformation of the European economy and
society'0. Its five goals cover high-performance computing, artificial intelligence,
cybersecurity and trust, advanced digital skills, and the best use of digital capabilities
and interoperability; factors all linked to construction fo a greater or lesser extent and
society in general.

10 https://eur-lex.europa.eu/legal-content/ES/TXT/HTML/?uri=CELEX:52018PC0434 & from=ES
(Feb 2019)
Digitization of construction materials and products

The digitization of the constfruction sector implies the development of a collaborative
environment where the different actors and the different phases of the life cycle of an
infrastructure or a building are integrated into a common platform where they share
information that is relevant for the parties and for the final user.

In this sense, the development of BIM technology should be the meeting point for all the
actors involved in the planning, design, construction, operation and end-of-life process
of infrastructures and buildings.

Therefore, construction materials and products must develop digital identities that
provide technical, performance, environmental, commercial and operational
information that are integrated into a BIM platform. At the same time, this information
needs to be easily accessible to the different players in the construction or operation, by
means of simple and direct measurements.

The construction sector must be able to deliver increasingly digital and intelligent
buildings and infrastructure. Deliveries in addition to the physical component must
include their digital part (BIM, digital twin, inventories, historical, certificates, ...) so that
the following two key aspects are made possible:
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This aspect should allow for maximizing energy efficiency and minimizing failures (which
usudlly involve costs, consumption and materials) through digital analysis, predictive
systems and artificial inteligence mechanisms.

New techniques for data capture, sound and its interconnection through wireless systems
open ¢ large window of opportunity to the real-fime monitoring of structures for their
virtual self-diagnosis, cachieving reductions in traditional maintenance, predictive
maintenance playing a central role. Likewise, the interaction between the active and
passive systems of buildings and city districts, through the simulation of digital twins, opens
the door to a pre-design and programming of energy management tools. Conveniently,
it guarantees a reduction in consumption in buildings, contributing to a greater use of
energy and a subsequent reduction in CO2 emissions, thereby improving the experience
of end users.

Digital integration of the building / infrastructure in its environment

The buildings / infrastructures must be able to interact and "collaborate" with their
environment through digital mediums, thereby integrating info the smart city, which plays
an important role in energy management and smart grids.

It is important to collaborate with other sectors such as energy and technology {IT) in
order to achieve these types of results. In this scenario, R & D & i programs foster
innovation in these collaborative environments.

It is essential for the complete digitization of the process: the unification of regulatory
criteria, cadastral data and contractual requirements in their standardized digital
formats.

Similarly, during the construction process, the maintenance and revision of the digital twin
of the building or infrastructure in process will be closely monitored in order to guarantee
its effectiveness and reliability in the final process.

It is during this phase of exploitation, maintenance and disassembly (when applicable)
when society reaps the greatest benefits from the complete digitization of the process.

Digitization of production processes

The objectives are specified as follows:

Application of 3D printing technology to the construction sector.

Focused on architectural, energy, refractory and civil infrastructures and the creative
industries sector.

Application of automation technology to the construction sector.
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The typology of the products developed comresponds to the evolution of prefabrication
or industrialization towards new solutions, through topological optimization and the
development of specific materials and products with high added value for use in 3D
printing and adapted to the automation of construction processes.

Development of construction products and equipment with high added value.
Topological optimization for 3D printing and automation of construction
processes.

Development of smart printing strategies for the implementation of associated processes,
from design stage and throughout the entire process to performance verification of the
product in service.

Development of construction materials formulated specifically for additive
manufacturing (cements, mortars, concrete and polymers).

Development of topologically optimized products for 3D printing: Topological
optimization of materials deals with the use of materials from the same typology, but with
different characteristics in different parts of the final product. The most obvious example
is the concrete obtained using recycled aggregates in some parts of the product of lower
structural value, due to decreasing competition, while the most resistant concrete is
reserved for critical areas. This will distribute the properties in a heterogeneous way, so
that the product better matches the requirements of use.

This topological optimization poses significant challenges when it comes to 3D printing
parts, as the results of this optimization must be fabricable. Therefore, it will not only be
necessary to advance and research new calculation methods for topological
optimization of architectural pieces of complex geometry, but also to perfect the
method of printing pieces individually, thereby reinforcing those areas where structural
requirements are more demanding and using lower performance concrete in areas with
lower demand.

The result will focus on defining shapes that achieve maximum resistance with minimum
material, while optimizing manufacturing costs and use of the printing material,
eliminating shape restrictions at the time of manufacture. In this way, these topological
optimization capabilities integrated into the architectural design may provide new
perspectives for urban and construction development.
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Infrastructure is the essential element of support for the development of any necessary
commercial activity, both in the organization of cities as well as in their communication
and facilitation of mobility. There are many types of infrastructure: tfransport, energy.
hydraulic, telecommunications or building. Specifically, in this strategic line PTEC is
focused on transport infrastructures: roads, railway lines, airports, stations, ports, etc.

An efficient and effective transportation system not only supports the economy with
movement of people and goods, but its influence is much deeper. However, it has a
great impact on the environment and communities.

PTEC's strategic line focuses on the main state fransport infrastructures by level of
development, more specifically, land transport, both by road and rail.

Spainis the leading country in Europe in tfotal amount of kilometers of toll roads, freeways
and expressways with 17,228 km, and the third-ranked country in the world behind China
and the US.

Highway and Motorway Infrastructure
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Figure 1. Ranking of kilometers of motorway and motorway network worldwide

In addition, the Spanish high-speed rail network (AVE) has been the main character in
the development of infrastructures at the national level in recent years, placing Spain in
third place worldwide for this type of railway. The fact that only Spain has more kilometers
of high-speed rail than some of its European counterparts such as France, the United
Kingdom and Italy should be noted. Spain triples both Germany and Italy in kilometers of
high-speed rail per area and number of inhabitants; and with those same parameters,
United Kingdom is multiplied by five and France by up to fifteen.
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Figure 2. Overview of co-financing for high-speed rail by Member State (2000 - 2017)
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Figure 3. Total Traffic within Highway Network
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The year 2010 was a milestone in Spain's position in the global railway sector as 438 km of
railway was constructed between Madrid, Albacete and Valencia. This meant that it was
the leading European country and second in the world after China in terms of kilometers
of high operational performance. Spain is considered a pioneer in the railway sector due
to constant technological advances and innovation in infrastructure, signaling,
electrification and rolling stock.

Therefore, Spainis a global benchmark in the construction of fransport infrastructure, and
evidence of its engineering accomplishments and construction services are found across
the globe.

Nevertheless, by having such an extensive network of transport infrastructure, certain
conditioning factors and complexity in their mainfenance and management can occur
as a result. This fact is not lost on PTEC, which infends to establish work lines that serve to
overcome the main challenges that the Spanish construction sector faces regarding its
infrastructures:

Accelerated aging of infrastructure

Adaptation to new traffic volumes and weather conditions
New concepts of sustainable mobility

Providing inteligence and connectivity to infrastructures

New associated services

Accelerated aging of infrastructure

Most European infrasfructures were built in the 1960's and 1970's and designed for @
lifespan of 40 to 50 years. This means that many of them are approaching the end of their
useful life and require technical interventions, which on many occasions result in the
construction of a new infrastructure.

In Spain the situation is slightly better when compared in the European context, as there
is a lag of approximately 10 years which differs from its European counterparts, however,
projections indicate that Spain is following the same trend of accelerated aging of
infrastructure due to the reduction in investment that has been taking place since the
great crisis in the sector almost 15 years ago.

In 2007 only 14% of Spanish infrastructures were more than twenty years old and in 2016
the figure rose to 24%. If the trajectory of low investment in infrastructures of the last
decade continues until 2030, aging will advance strongly: 47% of infrastructures will be at
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least 20 years old, and that percentage will be higher than 50% in road infrastructures
(51%). hydraulic (71%) and rail (52%).

In addition, we must consider that the aging process has been accelerated by
infrastructures facing higher service volumes than what they were originally designed for,
and by climatic conditions that have become increasingly extreme.

Problems dealing with new volume requirements and meteorological phenomena

National fransport infrastructures were built at the end of the 20th century in accordance
with design criteria that corresponded to the living conditions and future mobility
prospects that were estimated at that time. However, technological advances have
allowed a greater than expected development, which, together with climate change,
is beginning to show negative consequences on the country's infrastructures despite the
fact that the useful life for which they were built has not ended.

Despite the fact that all infrastructure is oversized in design to adequately meet future
demands, currently the volume of real traffic has exceeded beyond the original mobility
projections. Circulation levels higher than the original estimate implies great
deterioration, creating greater safety risks for users, as well as the need for large
investment in maintenance.

It is estimated that by 2030, due to the doubling of world GDP, air traffic could increase
by approximately 5% per year, maritime traffic by around 6% and rail traffic, around 2-
3% for both passengers and goods. According to some studies, global investment in
infrastructure transportation could reach USD $11 frillion, in order to modernize existing
networks and adapt them to current and future traffic patterns.

Spainis not foreign to these trends and, therefore, it must increase the level of investment
in the adaptation and modernization of its transport infrastructures.

Meteorological phenomena is another critical point in infrastructure. In recent years, the
frequency of exireme events, such as heat waves, cold snaps, floods, droughts, storms or
fires, has increased significantly. This presents a great risk not only to the stability of
infrastructures, but also for the safety of its users. In Spain, the meteorological forecast
estimates an average increase between 1.2 °C and 2°C by the end of the century.
Consequently, exireme events such as heat waves will intensify and become more
frequent. Likewise, the forecast indicates that there will be an approximate decrease of
between 5-10% in rainfall. However, despite decreasing in frequency, the rainfall will
intensify, which results in the flooding of infrastructure.

Design regulations must adapt to cope with these changes and ensure the construction
of resilient transport infrastructure in the future.
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New concepts of sustainable mobility

Sustainability is established as a catalyst for change in our society, which also affects the
current vision of mobility. In the future, fossil fuels will eventually be replaced by more
sustainable means, with the infroduction of electric cars, or hydrogen / natural gas
operated cars, new materials or recycled materials in the manufacturing of asphalt
mixtures, or new mobility concepts such as Hyperloop or carsharing.

Road fransport is essential for the national economy; however, it is one of the main
sources of pollution. The use of electric vehicles or using natural gas or hydrogen are some
of the sustainable alternatives to conventional mobility. All this is associated with a series
of changes and modifications that also directly affect the infrastructure: availability of
charging stations (“ChargePoint”) or, even, in new types of asphalf that have embedded
systems that allow the recharging of the vehicles in circulation. Regarding the latter,
some companies are already researching new types of asphalt that provide inductive
charging for electric cars, both statically or dynamically.

Figure 5. Fast-charging electric charging stations

Similarly, it is important to advocate for new asphalt mixtures so that new projects can be
awarded, and not only from a sustainability perspective, but also for new projects to be
awarded. It is necessary fo consider certain critical parameters that must be ensured,
such as greater safety, low noise, high adhesion and longitudinal regularity. Therefore,
the latest frends are focused on recycling pavements, taking advantage of construction
by-products or reducing polluting emissions, which allow not only to improve road
conditions, but also to reduce future maintenance.
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Figure 6. Inductive charging rails for electric cars

In recent years, a new concept of mobility has emerged based on the railway sector
called Hyperloop, a system that aims to reach 1,200 km/h by means of levitation in a
vacuum using fransport capsules (vacuum tube trains). It is a concept that, if it occurs in
the medium or long term, will incur a drastic change in the type of infrastructure
necessary to accommodate it, therefore, preparation is paramount to tackle this issue.

Figure 7. Hyperloop prototype

Inteligence in infrastructures

Another fundamental challenge facing the infrastructure sector is the incorporation of
new technologies in order to achieve smart and connected infrastructures. It is a
concept directly related to Industry 4.0, which is defined through automation and
digitization processes, that is, through the incorporation of elements such as The
Relationship between IoT, Big Data, and Cloud Computing In this way, technology
focuses on enhancing three areas: the user experience, the development of intelligent
platforms, and the establishment of optimized routes.
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The idea of travel needs to evolve until mobility, itself, is understood as being a service.
As a result, the trip will adapt to the user's profile, offering products and / or services
according to their preferences. In the era of digitization, this is essenfial in any
infrastructure where users are becoming increasingly demanding with regards to the
level of services being offered. Exploring gamification is one of the options to explore.

Intelligent platforms will allow the collection and processing of all relevant information on
the services provided by the infrastructures. The objective will be to improve the
efficiency of services through improvements in the accessibility and dissemination of
information, integration of management systems, interoperability with other platforms or
automation of activities. Some examples of smart platforms are smart stations, airports or
ports, as well as user or freight platforms.

The digitization of road and rail networks, together with prediction models and
connectivity between vehicles and infrastructure, will enhance the establishment of
smart routes. That is, a combination of real-time information and predictions based on
artificial intelligence algorithms on past data will facilitate user decision-making.

To face ail these challenges, the main lines of work established in PTEC are:

Infrastructure resilience
... Auscultation and Moniteoring of Infrastructures (Asset Management).
... Adaptation to climate change.

The future of infrastructure

... Prepare infrastructures for new concepts of sustainable and connected
mobility.

Exploit data and connect infrastructures
... Digital Cufflinks
... Predictive Maintenance

New public-private collaboration schemes for infrastructures
... Technology introduction
... Facilitation of demonstrators (regulatory flexibility)

The population is increasingly becoming urban. By 2030, 60% of the world's population is
expected to live in cities!!. There is a global frend towards the megacity'2, represented in
Europe by Moscow, London and Paris. But other concepts coexist such as Smartcity,
Slowcity, networks of medium-sized cities or the multi-centred city-region.
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The city becomes, more than ever, a hub of residential, work and leisure activity. It
proposes and updates the meaning of quality of life. It shows ifself as the largest energy
consumer and CO2 emitter, but also as the crucible of environmental solutions on the
planet.

In the European case, the scarcity of land, the value of the historical fabric, community
policy in the face of global challenges, awareness of natural and cultural diversity, the
search for a place of their own in the face of emerging powers, the empowerment of
citizens and the commitment to their well-being, turn cities into sustainability alternatives.

1™In the next century, humanity will be predominantly urban. According to recent projections (United Nations 2000),
the urban population will rise to 60 percent of the total by 2030 (84 percent of the population in more developed
regions, 56 percent of the population in less developed regions). By 2030, the urban population will total 4.9 billion,
1.0 billion in the more developed regions and 3.9 billion in the less developed regions”.
(http://www.bos.frb.org/economic/conf/confd6/confd6d 1. pdf)

See also: http://esa.un.org/unpd/wup/index.htm

12 http://mc2000.arch.hky. hk/Megacities2000. pdf

The main motivations for selecting the technological orientation of PTEC in this area are
the following:

Create smart, sustainable, attractive, adaptable and accessible urban
environments that ensure the quality of life of its current and future inhabitants.

Promote the appropriate types and morphologies, both in buildings and at the
urban level, that allow improving environmental quality and comfort and solve the
mix of private and public uses.

Reduce energy dependence and greenhouse gases (GHG) emissions, to meet
the challenges established in the European Green Deal'3,

Regenerate and rehabilitate degraded areas of the urban fabric so that buildings,
public spaces and infrastructures meet future habitability, health, mobility and
accessibility requirements.

Ensure the conservation of all significant elements of the natural and historical
heritage.

To achieve this, the main lines of innovation that are proposed are:
The efficient city:

Strategies, methodologies and solutions for the rehabilitation and regeneration of the
existing city, with special emphasis on energy rehabilitation.
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Developments that allow obtaining positive energy districts.
Sustainable mobility strategies, to reduce carbon emissions.

Urban planning for energy transition, with the incorporation of dynamic sustainability
indicators and sources for measuring them.

Low carbon footprint solutions and materials, and incorporation of nature-based
solutions.

Rational management of resources and waste from a circular economy perspective.

The inclusive city:

New accessibility solutions for the existing city, with special emphasis on the aging of
the population.

13Communication from the Commission to the European Parliament, the European Council, the Council, the European Economic
and Social Committee and the Committee of the Regions. The European Green Deal. Brussels, 11.12.2019 COM (2019) 640 final

Systems and methodologies for citizen participation in the planning and
management of the city

Integrated urban regeneration, to ensure the correct mix of uses, activities and
lifestyles, which allow the integration of all citizens

Mobility strategies based on the recovery of public space for the population at large

The smart city:

Development of technologies and systems for dynamic city planning, based on
models and data
Innovative products and systems for building and civil works that allow speeding up

the implementation, improve maintenance and management of the built
environment

Smart management of mobility and city infrastructures (energy, water, waste, etc.)

Improvement of security in public spaces and in the city as a whole, through digital
technologies
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The healthy and resilient city:

Urban planning and solutions to improve resilience to climate change

Strategies, systems and solutions to improve safety and evacuation in the event of
natural or human disasters

New solutions for the efficient decontamination of contaminated soils

Monitoring and improvement of air and water quality

The historic city:

Strategies, methodologies and tools for the maintenance and preventive
conservation of the cultural heritage of our cities.

New strafegies, methodologies, systems and products for the sustainable
management of urban Cultural Heritage, which ensure the enhancement of the
historic centers, their habitability and comfort, and theirrecovery as a central element
of the city.

Solutions for the tourist management of heritage cities, mitigating excessive pressures
that hinder the development of life in them

The construction sector has bartiers to innovation and it would be interesting to try to
develop actions to reduce them, with public administrations playing a fundamental role.

These barriers include: the atomization of the sector; the limitations of public
procurement; project management (difficulties in controlling, replicating, transferring
knowledge, developing strategic collaborations in the value chain); managing the risk of
innovation in construction projects; the limitations of the regulation of application to new
technologies; the ineffectiveness of science-university-business collaboration: or the
limited experience in aspects such as open innovation, start-ups, venture capital or
industrial property management.

The sector promotes actions such as: workshops, forums, webinars, training, reports,
publications, awareness actions in cooperation with the Administration ... with the aim of
raising awareness and fraining, transferring recommendations, good practices, real
cases and / or information on related fields of knowledge (open innovation, venture
capital, strategic IP management, knowledge management, etc.) and existing
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instruments (new formulas for more collaborative contracts, legislation, Innovative P yblic
Procurement, innovation evaluation tools, etc.) .

The challenges faced by the sector cannot be tackled without a profound digital
transformation, with two important aspects:

Digitization of the construction sector to improve efficiency and to be able to
adapt more swiftly to the changes and needs of society

Digitization of the “deliverables” resulting from the sector. The buildings, facilities,
civil works and infrastructures that are built have to be increasingly digital and
intelligent to be able to face the aforementioned challenges.

The digitization of the sector goes through a transformation and evolution of the
complete cycle of the sector. From the ideation and design phase to maintenance and
dismantling.

In design, in addition to using BIM methodologies, not only the geometric desigh must be
caried out, but also the design of the appropriate data structures to support the project.
During the execution phase, an even more radical transformation must take place and
move to digitization that allows a much more detailed and predictable monitoring of the
construction phase. The resutt must be a job that adjusts as much as possible fo the design
being carried out, executed within fime and cost restraints, and that also incorporates a
BIM model updated to the reality of the delivery (as-built). This model should serve as an
input to the operation and maintenance process, which can benefit from associated
tools such as the digital twin. The model must thus be kept up to date until the
decommissioning phase, offering information on the assef's life that can be very useful
even in this phase.

This whole process sfill requires a lot of innovation, both in technologies, as tools, and
methodologies. it is a very important area fo continue developing R&D projects that are
completing their availability.

Regarding the digitization of the “deliverable”, the sector must be able to produce smart
buildings, infrastructures and installations. The work delivered must have a level of
digitization so that it can be exploited in a future environment and be integrated into an
ecosystem of smart and digital environments such as smart cities, smart ports, smart frains,
smart grids, etc. The sector requires a profound transformation to think of smart products
(constructions) as an important contribution to society. This aspect is still in its infancy and
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requires a multitude of standards, models, software, tools, methodologies, prototypes,
etfc. For this fo come to fruition, it is necessary to incorporate a great deal of R&D.

The Global Construction 2030 report (published by "Global Construction Perspectives
and Oxford Economics™) predicts that the volume of spending in the construction industry
will reach $ 15.5 trillion worldwide by 2030, with annual global growth of 3.9% driven by
the strong industrialization of emerging countries, by the economic stabilization of
developed countries and by the growth of the world population.

The world population is expected to exceed ¢ billion by 2050, and two-thirds of this
population will reside in cities, which will require new infrastructures to support the future
needs of a society that is evolving at a dizzying pace. This, together with the scarce and
expensive labor force in the construction sector and the scarcity of housing solutions,
makes the most industrialized construction a more than attractive option to solve the
current conjunctural problems. The McKinsey Global. The Institute estimates that the
world will need to invest $57 trillion in infrastructure by 2030 fo support global GDP growth.

It is evident that the construction sector is at a turning point, forced to seek new formulas
in the face of the productivity gap in this sector with respect to others. This situation of
inefficiency causes traditional construction to be susceptible to a profound
transformation, promoting the birth of new business models.

The fragmentation of the construction industry is configured as one of the barriers to its
structural fransformation and its long-term competitiveness.

Although the vertical civil works is dominated by large corporations, these subcontract
small and medium-sized niche companies throughout the different stages of the sector's
value chain, so improving the sector's productivity implies working on improving the
capacities of all agents operating in it.

For example, the complete implementation of BIM and the use of its full potential, requires
that all the agents involved in a work access it to share information in a transparent way.
Not involving SMEs in this process will generate inefficiencies in this new collaborative work
model, which will prevent overcoming the structural problems of the sector.

It is easy to identify as the main barriers for SMEs in the sector the difficult access to
financing and the limited capacity to invest in the training and quadlification of their
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workforce. The size of this typology of companies is directly proportional to the bargaining
power compared to the large corporations that outsource them.

The keys for the sector in the short-to-medium term, in order to guide public investment
(CE) and, in accordance with the pillars aligned with ECTP are:

Commitment to innovation, technology and training.

Sustainability as the key to business projects; understood from the adoption of
Lean methodologies, the reduction of solid waste and energy resources, the life
cycle of the materials used and the total carbon footprint.

Digitization of processes and digitization and intelligence of the "deliverables"” of
the sector, for the least deviation in terms of financial and temporal forecasts, and
the greater efficiency of the processes that determine them, ensuring quality in a
controlled environment.

Improved health and safety, which help attract specialized labor and alleviate the
lack of professionals currently suffering from the construction sector.

New construction techniques and specialization in projects: subways, roads,
tunnels ... Spanish companies must go abroad with guarantees.

Spanish participation as advisers in public and private entities and investors.
Strengthen the Public-Private relationship, PPP projects.

Involvement of investment funds in infrastructures from the beginning of the
planning and / or study of the project.
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