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ABSTRACT

Il seguente lavoro di tesi & stato svolto presso l'universita dei Paesi Baschi (Universidad del Pais
Vasco — UPV), Spagna, con relatore Jesus Cuadrado Rojo, professore della ETSI di Bilbao (UPV/EHU)

del dipartimento di meccanica e in collaborazione con il Politecnico di Torino, con la supervisone del
vicedirettore del Dipartimento di Energia — DENER Marco Perino, nonche professore ordinario e

membro effettivo del Collegio di Ingegneria Edile.

Per il costante interesse rivolto all’edilizia e all’ambiente, ho deciso di focalizzare il lavoro verso la
sostenibilita edilizia nonché sul consumo energetico degli edifici prima e dopo la loro
riqualificazione energetica. Nello specifico, I'edificio di studio prevedera la riqualificazione

energetica della facciata.

L'edificio, oggetto di studio, € una scuola elementare ubicata in Getxo, Paesi Baschi, Spagna. Di
questo, verra effettuata la certificazione energetica prima e dopo la ristrutturazione della facciata,
con lo scopo di confrontare i risultati ottenuti e mostrare la riduzione della domanda e consumo

energetico ed infine di emissioni di CO».

Sara possibile prendere visione delle differenze climatiche e normative tra i due luoghi, Getxo e
Torino, poiché la ‘Azkorri lkastetxea’, nome della scuola oggetto di studio, verra virtualmente

spostata a Torino, della quale si effettuera nuovamente la classificazione energetica.

| software utilizzati saranno 2:
- Edilclima, usato per la classificazione energetica in ltalia;

- CE3X, usato per la classificazione energetica in Spagna.

La tesi verra suddivisa in diversi capitoli e sottocapitoli; riguardera |'efficienza energetica, gli edifici
sostenibili e le relative strategie passive ed attive, fino a giungere alla parte pratica dell’utilizzo dei
software, ottenimento dei risultati e stesura delle conclusioni. Non manchera la descrizione
dell’edificio con le relative piante e prospetti (non in scala), stratigrafie dell’involucro edilizio e i

relativi impianti.
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1 Introduction

Produrre energia significa soddisfare i bisogni delle generazioni presenti ma allo stesso tempo
tutelare quelle future insieme al benessere del pianeta. Un obiettivo che porta con sé una
costante analisi delle risorse e una altrettanto costante ricerca tecnologica, che punti a unire
prestazioni e sostenibilita, come fissato anche dal protocollo di Kyoto prima e dai piu recenti
accordi di Parigi (Cop 21) poi.

Tradurre questo assunto nel contesto odierno vuol dire quindi ripensare il modo di produrre
energia, ridimensionando in modo importante I'uso di combustibili di origine fossile e la
conseguente emissione di gas clima-alteranti, come I'anidride carbonica, e studiando soluzioni
sempre piti innovative. In due parole: riconversione energetica.

Il passaggio dalle due parole ai fatti richiede organizzazione, pianificazione e _investimenti.

wrote Marco Cosenza in ‘Wired’(22 August 2016).

The Kyoto Protocol is an international agreement, adopted on 11 December of 1997 during the
Kyoto Conference (Cop3) but it entered into force only on 16 February of 2005. To enter into force

it had to be approved by no less than 55 countries of the Parties whose emissions sum was to
represent not less than 55% of the total.

Global Temperature and Carbon Dioxide
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Figure 1.1 - Global temperature and CO2
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have to implement a national system for monitoring of greenhouse gasses emissions. It will be

updated annually. Figure 1 shows us the COj increase during the years.

The GreenHouse Gases - GHG that have to be reduced are:

* CO (carbon dioxide) produced by the use of fossil energy sources and industrial activities as
well as in transport;

* CHg (methane), produced from landfill of waste, livestock farms and rice crops;

* N0 (nitrous oxide), produced in the agricultural and chemical industries;

e HFC (hydrofluorocarbons), used in the chemical and manufacturing industries;

» PFC (Perfluorinated Chemicals), used in the chemical and manufacturing industries;

SF6 (sulfur hexafluoride), used in the chemical and manufacturing industries.

The CO7 currently is the most relevant greenhouse gas that has the main power on the climate

(accounting for more than 55% to the greenhouse effect today's).

F-gases
N,O | D

CO; fossil
fuel use
56.6%

CO, (other)
2.8%

Figure 1.2 — Greenhouse gases
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The Kyoto Protocol was an important treaty, even if it is just a first step, insufficient to contain

climate change. However, it was an important beginning.

We will briefly review the conferences that took place during the years. None of these led to an

agreement:

Cop 15, December 2009 - Conference of Copenhagen;
e Cop 16, December 2010 - Conference of Cancun;

e Cop 17, December 2011 - Conference of Durban;

» Cop 18, December 2012 - Conference of Doha;

e Cop 19, November 2013 - Conference of Warsavia;

« Cop 20, December 2014 - Conference of Lima;
Arriving at the Cop 21 held in Paris, concluding a climate agreement, very important and ambitious,
to be implemented by 2020. It provides an increase in global temperature of not more than 2°C.

The main causes of CO2 production come from:

> @ Transportation sector;

\\f,
-Q)<

> 7 Energy industries;

PO g | Building sector;

> d Industry sector;

Agriculture sector;
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P

> m Waste sector.

The aim of the thesis work is focused on the building sector. A school building in Getxo, Bilbao

(Basque Country) will be studied and the following steps will be executed:

» Study of its envelope (type of construction, materials used, detecting diseases);

» The facade will be reformed with new construction techniques and materials that reduce

energy loss;

» The building energy loss will be identified using a Spanish software, after and before the

refurbishment;
* The building energy loss will be identified using also an Italian software;

* The two energy certificates will be compared.
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2 Energy efficiency

2.1 Introduction

It is becoming increasingly clear that energy efficiency needs to be central in energy policies around

the world. All of the core imperatives of energy policy — reducing energy bills, decarbonisation, air
pollution, energy security, and energy access — are made more attainable if led by strong energy
efficiency policy. Efficiency is the keyword for the world transitions to clean energy. It can make the
transition cheaper, faster and more beneficial across all sectors of our economies. Indeed, there is

no realistic or affordable energy development strategy that is not led by energy efficiency, despite it

is far from fulfilling its potential: globally, two-thirds of it’s potential remains untapped. About the

70%, of the world’s energy use, takes place outside of any efficiency performance requirements.
For example, during the building construction, there is no codes or standard applied to it. It

increases the pollution emission.

Can the world can achieve more? Energy efficiency is the one energy resource that every country
possesses in abundance. The greatest efficiency gains have been led by a good policy. The worst

efficiency gains have been led by an absent or inadequate policy.

Global trends in energy intensity

World
Data from the 'International Energy Agency 0.0%
(IEA)', tell us that amount of energy used %;-0.5% —l
per unit of gross domestic product (GDP) %a—l.ﬂ% L
&
decreased by 1.8% in 2015 and 1.5% in = 15% F
2014, and tripling the annual rate (0.6%) Eﬁ,glg% k
seen in the previous decade (figure2.1). E 25% -
g
3.0%

2003-13 W04 015 101630 201630
(INDC) (4505)

Figure 2.1-changes in Energy intensity from 2003-30
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Despite these gains, the pace of intensity improvements is too slow to reach the established goal of
limiting global temperature increase to 2°C, as expected in the Paris Agreement (COP 21). The
analysis of International Energy Agency (IEA) shows that annual energy intensity improvements
need to rise immediately to at least 2.6% in a trajectory consistent with our climate goals.

At the country level, the trends are more mixed. China achieved the greatest improvement in
energy intensity (Figure 2.2). The Chinese economy consumed 5.6% less energy per unit GDP in
2015 than it did in 2014, marking the second consecutive year in which the rate of energy intensity

improvement surpassed the annual average over the previous decade. In the picture below it can

see the different countries’ improvement.

4
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w L m 201415

o (AGR (2003-13)
ﬂ% L I 1 i L

e
b . )

2

Change in energy intensity (TPES/GDF)

-6%
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Branl Japan European Union United States (hina India

Figure 2.2 - Changes in primary energy intensity for selected countries

The energy production is undoubtedly higher in countries with emerging economies. These country
fear that the reduction of energy demand can cause damage to economic developement (less
energy consumption = less production). Under a productivity framework, policy makers in emerging
economies could prioritize objectives to increase energy services and energy consumption, which

would drive economic growth and achieve wider social objectives time, allow the achievement of

objectives.
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The improving of energy intensity

The greatest improvement in final energy intensity (TFC 1/GDP) since 2000 has been in the services
sector (Figure2.3), where economic growth outpaced energy demand growth. The Intensity in the
services sector fell by 24% between 2000 and 2014, about 2% per year. Conversely, the energy
intensity of passenger transport, increased by 15% globally between 2000 and 2015. This reflects

the growing demand for personal vehicle transport, driven by rising per capita income. Energy use

in personal transport has been growing annually five times faster than population. Industrial
intensity is improving more rapidly. In OECB countries between 2000 and 2014, industrial final
energy use fell 0.9% per year on average while industrial GVA rose 0.8%. Non-OECD industrial
intensity was stable over this period. In services, GVA has grown 7.2% per year on average in non-
OECD countries against 5.5% growth in energy use; in OECD countries, GVA growth has been 2%

while energy demand growth has been only 1%.

"TFC s the sum of consumption by all end-use sectors: industry, transport, buildings (including residential and services)
and other (including agriculture and non-energy use). It excludes international marine and aviation bunkers, except at
world level where both are included in the transport sector [3].

2Organisa‘tion for Economic Co-operation and Development (OECD).

® Gross Value Added in given sector. Intensities are calculated as thousand tonnes of oil equivalent per billion 2010 USD
using purchasing power parity. Passenger intensity is measured by passenger transport energy consumption per capita;
residential is residential buildings energy consumption per capita; industry is industrial sector energy consumption per
industrial sector GVA; services is services sector energy consumption per services sector GVA.
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Figure 2.3 - Change in world TFC intensity by sector, 2000-14 [from International Energy Agency (IEA)]

Focus our attention on the building sector and study its development in the energy field.

2.2 Energy effinciency in building sector

2.2.1 The sustainable architecture

An important aspect that made a crisis of modern architecture is the lack of control of
environmental characters during the design phase, construction and use of the built environment.

What does the ‘environmental characters’ means? It is the combination of two aspects:

1. The relation between the architecture's environmental performance and the construction
processes, use of materials and environmental resources. It means what is its environmental's

impact at local and global levels;

2. Therelation between the architecture's environmental performance and the building's

requirements (connected to the indoor comfort of heat, cold, natural light ..).

All the settlements, from the oldest to the most modern are 'unsustainable' because they are open
thermodynamic systems and they dissipate energy for to satisfaction the aspects (1) and (2).

The role of designers (a team of engineers and architects) is to reduce, as soon as possible, the use
of energy and make the settlements (building, group of buildings, civil works etc ..) from

'unsustainable' to 'sustainable’.
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So, the sustainable architecture is the set of more aspects:

- The energy consumed during its construction;

- The materials used (local produce or import, so the Import costs);
- The energy consumed during its exercise;

- The disposal of construction materials.

In other words, it is a conscious approach to energy and ecological conservation to minimize costs

and CO2 emissions during its construction and use. It also reduces the environmental impact.

Some example of the sustainable architecture selected by The American Institute of Architects (AlIA)
and its Committee on the Environment (COTE) are showed below. These belong to the top ten

sustainable architecture and ecological design projects for 2016:

Figure 2.4 - Biosciences Research Building
(BRB); Galway, Ireland / Payette and

Reddy Architecture + Urbanism

‘The design of the BRB embraces the moderate climate of Ireland. By locating low-load spaces along

the perimeter of the building, the project is able to take advantage of natural ventilation as the sole
conditioning strategy for the majority of the year and is supplemented less than 10% of the year
with radiant heating. Due to this approach, 45% of this intensive research building is able to function
without mechanical ventilation. This is an extremely simple, yet radical approach and is rarely

implemented to even a modest extent in similar laboratories in comparable U.S. climates.’
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Energy efficiency in the building refurbishment: construction solution, materials and energy certification

Figure 2.5 - Jacobs Institute for Design

Innovation; Berkeley, CA / Leddy

Maytum Stacy Architects

‘Founded on the conviction that design can help address some of society’s most pressing challenges,
the Jacobs Institute for Design Innovation at UC Berkeley is devoted to introducing sustainable
design innovation at the core of university life. The project provides a new interdisciplinary hub for
students and teachers from across the university who work at the intersection of design and
technology. It is designed as both a collaborative, project-based educational space and a symbol to
the region of the University’s commitment to sustainable innovation, modelling high-density / low-

carbon living and learning by reducing energy use 90% below national baseline.”

Jd1

l
-
n-._‘l

Figure 2.6 - Rene Cazenave Apartments;
San Francisco / Leddy Maytum Stacy
Architects and Saida + Sullivan Design

Partners, Associated Architect
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‘This supportive housing for formerly chronically homeless individuals replaces a former parking lot
and freeway off-ramp with a high density, transit oriented, and healthy living alternative. Filtered
ventilation, low emitting materials, ample daylight and views combine to aid the residents, many
with mental and physical disabilities. Energy costs for the residents and non-profit owner are
minimized by a combination of high efficiency lighting and hydronic heating, a continuously

insulated rain-screen building envelope and a roof top solar canopy with both hot water and

photovoltaic panels. Water is carefully managed by a vegetated roof, smart irrigation, a courtyard

storm water tank and reclaimed water piping.’

Figure 2.7 - The Dixon Water
Foundation Josey Pavilion; Flato

Architects

‘The Josey Pavilion is a multi-functional education and meeting center that supports the mission of

the Dixon Water Foundation to promote healthy watersheds through sustainable land management.
Traditionally livestock has caused more harm than good by overgrazing and not allowing native
prairies to play their important role in habitat and watershed protection, and carbon sequestration.

As a certified Living Building, the Josey Pavilion facilitates a deeper understanding of how grazing
livestock as well as the built environment can work to do more good than harm. Just like the
Heritage Live Oak that defines the site, the building tempers the climate and enhances visitor

experience by shading the sun, blocking the wind, and providing protected views.’
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2.2.2 The building sector

The energy consumed in building construction, for space heating and domestic hot water, accounts
for about 40% of all energy consumption in the EU, and represents about 25% of EU total emissions
of carbon dioxide, one of the main causes of the effect the greenhouse and the consequent rise in
temperature of the globe.

Adopting energy saving measures you can:
- Consume less energy;
- Reduce the heating and air conditioning costs;
- Improve the level of comfort and welfare of those who stay and live there;
- Reduce greenhouse gas emissions;
- Save on utility bills.

How does it can reach it? First of all adopting construction techniques and materials that allow to
reducing consumption of heating and cooling. In a nutshell, increase the thermal resistance of the
building. Secondly, adopt the use of renewable energy and energy efficient technologies. So before

isolating the building and after relying on renewable resources.

The European experiences and the German pragmatism

In the construction field, indoor comfort improves along with the evolution of the limits of
acceptable consumption that are getting more stringent with the demonstration of the efficiency of
the passivhaus.

The basic idea is to get a very efficient envelope to ensure suitable internal comfort conditions
through the preservation of all thermal gains available.

The passive house standard is based on the performance of the necessary elements in a building, as
opaque and glazed envelope and the ventilation system. it doesn't need introduce experimental or
complex components and it doesn't require to changes the users' habits. The strategies to be

adopted to reach the levels of expected consumption are listed:
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- Opague envelope with high insulation that can be reached through an insulator thickness 35, 40

cm;
- Constructions technigues that involve the near absence of thermal bridges;

- High-performance glazed elements. These must ensure maximum solar gain during the day and
minor losses overnight. Usually, the window has a triple clear glass with double air chamber

containing inert gas and effectively isolated frames;
- Air tightness of the building and mechanical ventilation system with heat recovery.

These strategies are valid in German and continental climate, therefore, cannot always be
translated in other European contexts. Anyway, the rational use of natural resources is no longer an
option, it is now a necessity, and it is possible thanks to new thermal walls, improved insulation,

efficient HVAC systems, and consumption.

There are a lot of solutions that we can be adopted in order to save energy and make the building

more efficient. The nZEB (nearly Zero Energy Building) is an example of a low-energy house.

2.2.3 ThenZEB

The nZEB, nearly zero-energy building, means a building that has a very high energy performance,
where the consuming of the primary energy is about 0 kWh/m? year. The amount of energy
required, for these buildings, should be covered to a very significant extent by renewable sources
energy produced on-site or nearby.

This topic has become very importantly after the Directive 2010/31/UE (Energy Performance of

Buildings Directive, EPBD) and 2012/27/UE (Energy Efficiency Directive). They show an overview of

goals about the building's performance and their energy efficiency. The Members' States have the
work to choice an own solution to achieve these goals.
The energy performance of a building is determined by the annual energy consumption for the

indoor comfort, like the use for heating, cooling and domestic hot water needs. By 31 December
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2020, all new buildings are nearly zero-energy buildings, and after 31 December 2018, all public's

buildings too.

The building rehabilitation represents the most demanding challenge. They must adapt to new
levels of performance and their change is definitely more complex than the new buildings,
efficiently designed from the first step.

According to the European directives mentioned above, a building can be considered nZEB if his
energy annual generation/consumption is low enough to result in zero balance through the use of
renewable energy sources. It can be possible if there are a reduced demand for energy and a
simultaneous production of renewable energy in site.

Although the concept of nZEB may seem simple and immediate, it isn't. A differents professionals
with different knowledge have to collaborate for develop the project. They are involved in the
design and construction of the building, as architects, engineers, plant engineers, geologists,
physicists of the building etc.

There is a distinction between the study of buildings in a small-scale and large-scale.

In the first case, it is talking about the nZEB, in the second, of BedZEd, 'Zero Energy District', as the

popular district in Sutton, London.

Figure 2.8 — BedZED, the eco-village in

Sutton, south of London
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Health and happiness

BedZED residents say they know
on average 20 of their neighbours
by name; the local average is
eight.

Equity and local economy ‘BedZED continues to attract visitors from
Half of the homes are for low cost

) around the world. This award winning
rent or shared home ownership.

development was designed to achieve big

reductions in climate-changing

greenhouse gas emissions and water use.
Sustainable Water It sought to make it easy for people living
Water consumption per BedZED there to have a greener, lower impact

resident is about 50% of the

London average. lifestyle, relying less on private cars and

producing less waste. Most importantly,
BedZED has turned out to be a great place
Sustainable materials to live.
Just over half of the construction The project was initiated by Bioregional,
materials by weight came from

within 35 miles. developed by The Peabody Trust in

partnership with Bioregional  and
designed with architects, ZEDFactory (also

Sustainable Transport based in BedZED) and Arup engineers.

BedZED was the first residential Peabody is one of the largest and longest

location in London to have an _ ) ) -

onsite car club from the outset. established providers of social housing in
London.’

- Bioregional.com -
Zero Carbon

We estimate BedZED produces
37% less carbon dioxide
emissions from gas and electricity

use than an average development

of the same size and mix of uses.

A BedZED is like an nZEB but in works on a large scale. The Zero Energy District creates a sustainable
community in wich many people live in harmony with each other and in the district too. It doesn't

consider the buildings individual's consumption but the consumption of the whole district.

Raffaella D’Alterio



Energy efficiency in the building refurbishment: construction solution, materials and energy certification

The annual consuption considaret in the Zero Enery Building are:
- Heating and cooling;

- Domestic hot water (DHW);

- Electric consuptions;

- Artificial light, etc...

To get a general view of the building energy consumption could be also considered the ""Embodied

Energy". this is an energy uses during the building construction, it means the energy that was

required to produce, transport and dispose of the element itself. This approach is more extensive
and accurate. It gives us information about the costs of construction, maintenance and disposal of

the same. It provides us with a more broad view.

T T T T
The first step to reach an \

l

I nZEB is decreased the I
I energy demands, reached I
I

trough energy efficiency I

measures. Figure 2.9

/

Figure 2.9 — Energy efficiency measures and lower energy bills
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Figure 2.10 — fotovoltaic panel like Energy supply
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The second step is the use of

Energy Supply. It is the delivery
of fuels or transformed fuels to
point of consumption. It
potentially encompasses the
extraction, transmission,
generation, distribution and
storage of fuels. It is also

sometimes called energy flow.
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The building' mode of use by the users is a factor that affects its consumption, in fact, the design,

calculations, simulations, and tests performed, are referred to a 'standard users'. These results can

get away from reality and its actual use, because everyone has the different perception of comfort

(temperature, air speed, humidity, lighting) and habits that are related to the building's proper use

which aims to minimize waste.

Unfortunately, today there is a widespread awareness of the improper use of buildings by users.

They considerate the technological innovations not like something that can help them to improve

the building's energy use, but like something introduced only to obtain any temperature within the

building. They open windows, leave doors open, regulate with excessive temperature thermostats.

To obtain the real results consumption, the building should be monitored and it is based on actual

consumption.
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SAVE ENERGCY AT HOME

'GYEFFICIENCY
AT HOME

WATER CONSUMPTION w ; HOME APPLIANCES

D
Ll

AIR CONDITIONING

Figure 2.11 — Save Energy at home linked to the users’ habits

To achieve ZEB certification it must verify the energy performance of the building through its
testing, and verify the status of the materials (acceptance of this by the DTE project manager) who

arrive on site.
What is the approach to get a nZEB? We can fallow three roads:

Passive strategies. A building built to passive techniques exploit its geographical position and
orientation. It will be able to heat and cooling individually. Indoor air audibility will be

guaranteed by a natural ventilation. The aim is to maximize comfort and minimize costs.

Active strategies. A building that exploits the active strategies using energy from renewable

sources such as solar or photovoltaic panels, micro wind turbines, heat pumps etc ..

Raffaella D’Alterio



Energy efficiency in the building refurbishment: construction solution, materials and energy certification

Hibrid systems. To ensure the highest level of comfort, often, only the active strategies are not

enough. The building needs energy from other sources. In this case the building use both of

them.
Same example of passive strategies are:

1. Traditional passives strategies: passive strategies, used across the globe for centuries, are a
logical and economic response to the environmental conditions of the building, such as the
temperature, orientation and the wind in the area. You can also take advantage of the
geographical location to thermally regulate the interior spaces or use materials with high

thermal mass and insulating capacity;

2. Green house effect and solar orientation: depending on the latitude, buildings should be
oriented to the south or north to make the most of daylight hours. This implies a direct or
indirect solar gain inside the building that greatly affect its energy expenditure. To enhance
the solar gain, there are buildings that try to make use of the greenhouse windows, glass

galleries, glass panels or enclosures.

Figure 2.12 - Solar path

Summer sun

e —{j-«‘ wean | 1 Opening the walls of the house

. N to harness solar radiation all
lower position ollthc sun !‘ \\
/) day long, and the effect of the
11:_" . E
S oy . .
T - sun’s position in winter and

Bi s gy W summer.

3. Natural ventilation: this is a mechanism to create cool air, with is only useful in moderate
climates. In order to create cross ventilation, one part of the house must be designed that is
cooler and the other warmer, so as to generate a flow of fresh air between both parts that
cools down the rooms in its path. It is only useful in spring and fall, because if the outside air

is warmer than the interior of the building, this system is counterproductive.
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System to generate fresh aire

valid from moderate climates.

4. Insulation and enclosures: good insulation prevents energy loss in a building. Thermal
insulation should be fitted to the external part of the walls, floors and roofs, but it should
also be used for woodwork and partitions. The widespread use of double-sheet glass will be
replaced in coming years to triple-glazed glass and even vacuum insulated glass, preventing

heat conduction caused by the gas present in the chamber between two strips.

Figure 2.14 - insulation

and enclosures

Insulation of fachade and roof

withe insulation paneles.

5. Thermal mass: the greater the mass of the building, the more heat it can accumulate. The
building remains warm at night, because heat has been stored in the floors, walls and

ceilings during the day and dissipate at night. There are high thermal mass materials such as
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concrete, adobe or thermal clay blocks, which have the ability to slowly release the heat

they retain.

Figure 2.15 — thermal mass
Example of thermal mas

- Trombe Wall -

6. Sun protection in the facade: buildings historically have used traditional methods to protect
against solar radiation, such as awnings, shutters, blinds, curtains, brise-soleil or other types
of sunscreens. Technological improvement explain that mainly lattice systems or automated

adjustable openings have been used in corporate or office buildings. Other options are

solutions of facade integrating sun protection.

Jiipin

Figure 2.16 — sun protection in

the facade

Example of bris-soleil.
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7. Green roofs and green walls: vegetation on the roof or the facades represents a passive
thermal control system that purifies the air, cool the interior during the day and regulates
temperature changes at night. The species must be native and low maintenance. The

options include a green roof, a roof with a rainwater tank and a green facade or indoor wall.

Figure 2.17 — green walls and roofs

Exemple of green wall in Madrid.

8. Ventilated and automated facades: The facade as building envelop can be an important
factor to reduce energy consumption. The current market present different options, such as
the ventilated facade or motorized and automated systems that react in real time to climate
changes. A ventilated facade accentuate this condition through a separation structure,

which ensures continuous ventilation along the entire surface of the facade.

Figure 2.18 - ventilated and

automated facades

Example of doble skin of San

Paolo’s Tower en Turin. It
allowes the natural

ventilation.
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9. Integrate installations: over the years, the bioclimatic design of home has resulted in the
increase of improved technological solutions for domestic energy supply with renewable
energy. This is the case of solar photovoltaic, solar thermal, wind, hydro and geothermal
energy and the use of biomass boilers. Some of them need to be installed in the design
phase of the house, and obviously lead to a higher embodied energy than bioclimatic

solutions.
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10. Domotic: automated heating control systems adjust the temperature of the house
according to changes in outside temperature, time of day or room. The intelligent automatic
control of awnings, blind and curtains, as well as hazards and internal security parameters

(smoke, flood, burglary), can also be controlled. Thus the overall functioning of the house is

much more optimized.

Figure 2.20 — domotic house

It can control and regulate an

remote the installation of the
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Let's focus on what most will relate to the thesis work:
* The passive strategies:
- building’s orientation, insulating and closures (materials and their features);

* The active strategies:

- Heating, cooling and ventilation’s installations.
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3 Passive strategies: building’s envelope, orientation and insulation

To get the most from your home: think the sun. The sun can heat and cool your home and reduce
its energy use. More importantly, the energy from the sun can make your home comfortable year
round.

There are two types of solar design systems: passive and active.

Homes constructed with passive solar design use the natural movement of heat and air to maintain
comfortable temperatures, operating with little or no mechanical assistance. It's called passive solar
because the home receives the maximize benefits from the sun. It still has standard construction
features but its design allows to take advantage of the sun’s benefits., as local breezes and
landscape features such as shade trees and windbreaks, and uses a simple system to collect and

store solar energy.

Passive solar design, an idea within the growing trend of green building, is a creative way to

use the sun to our advantage, both for heating and cooling, based on the design of buildings.

As green building has continued to become more popular, many changes have been made to
make the design and construction of our buildings more environmentally and economically
sustainable. This review focuses on the development in passive solar applications, from its
earliest appearances in ancient Greek buildings to current designs that take advantage of
radiation convection or acrylic panels. There have been many passive solar developments
that can be explored, and the innovative technology today has brought about great
advancements in the past few decades alone. As the popularity of green building continues

to grow, it is essential to develop an understanding of passive solar design, and other green
building techniques, in order to be equipped for the years to come. [History of Passive Solar

Energy, Scott Barber, East Carolina University].

Passive solar systems are used to “collect, store and distribute thermal energy by natural radiation,
conduction and convection through sophisticated design and wise selection of building materials”(
definition, provided by J.K. Paul). Passive solar energy also involves blocking the sun’s rays in order

to provide cooling during the summer. Incorporating solar energy into our buildings will decrease
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the amount of money we spend on energy as well as extend the time other sources of energy will

last.

Solar power has benefited civilizations for centuries, and the knowledge from our past provides
foundational understanding of the sun’s energy to bring about our current understanding of solar
power. The earliest known application of solar energy arose during the 15th century B.C. The figure

3.1 shows us an old passive solar:

Figure 3.1 — An old passive solar at Mesa

Verde’s Cliff Palace

To have a better understanding of passive solar energy, it is helpful to know how to categorize
passive systems used for this type of solar energy. It dipends about the radiation effect on the

building:

Winter sun Summer sun

» Direct gain: is the simplest application of passive
solar energy, where the space of the building is
directly heated by the sunlight, which most often
enters through windows within the south-facing

wall for buildings in the northern hemisphere.

Ideally, in this approach, the materials within that =~ "iersn

space ought to be capable of storing heat and

the air flow throughout the room should

distribute the heat. A representation of direct Figure 3.2 — Direct gain passive solar
Energy.
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gain is shown in figure 3.2, which also depicts the difference of the angle of the sun during the

summer and winter, and how an overhang can be incorporated into the building design for

further temperature control.

Indirect gain: the south-facing wall recive the
sunlight, and as air moves throughout the internal
space, the heat will then be transferred from the
wall to the living space. For increased control of
indoor temperature, ventilation at the top and
bottom of the wall or other thermal mass is
included, assisting in regulating the temperature.
Figure 3.3 clearly displays indirect gain, the use of
a thermal mass for solar heat gain, as well as vents

integrated into the thermal mass for air circulation

and heat distribution.

Isolated gain: it uses solar collection and thermal * /\\

storage that are separate from the actual living
space, moving heat to the living space through
natural or forced convection. Ventilation is also
essential in this method of passive solar heat gain.

An advantage to isolated gain systems is that they

can be added to new and existing buildings

and air systems can supplement forced air systems.

Figure 3.3 — Indirect gain passive solar
Energy.
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Figure 3.4 — Isolated gain passive solar
Energy.

On the other hand, active solar use the solar energy to heat a fluid, liquid or air, and then transfer
the solar heat directly to the interior space or to a storage system for later use. If the solar system
cannot provide adequate space heating, an auxiliary system provides the additional heat. Liquid
systems are more often used when storage is included, and are well suited for radiant heating

systems, boilers with hot water radiators, and even absorption heat pumps and coolers. Both liquid
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B e

This North Carolina home gets most of‘:
its space heating from the passive solar

design, but the solar thermal system

supplies both domestic hot water and a

secondary radiant floor heating system.

S

|Energy.gov/

___________________________________________________

~

Figure 3.4 —house in North Carolina with active solar system

One of the most important goals of a building project is the people’s comfort. The concept of
comfort is very broad and not always easy to ensure, however, a good design house project will

guarantee the comfort and also an energy saving.

Build a house with passive strategies require careful planning and the focus on the following points:
e The envelope;
* The orientation;

* Theinsulating.
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3.1 The building envelope

The building envelope is the element that works like an interface between inside and outside, its
function is to close and protect the interior areas. The envelope is not only we can see, like a
facade, but every element that works to separate the inside from outside like the roof and the wall

in contact with the ground (garages, cellar..).

The aim of the building envelope is to create enclosed spaces for the human's needes. It has to
protect them from the outer temperature, but on the other hand they also need a space in which

they can feel safe, relax themselves, entertain social relations, create, work, etc.. The result is that

every place requires a space with different characteristics that can satisfy any type of necessity and

human activity that takes place inside it.

Since the olds times, man has tried to create spaces that can reach the above objectives. The
ancients buildings had thick walls and an almost absence of openings. With the passage of time, the
science and technologic development have improved the envelope construction, for example, they
realized that it had to be made depending on the geographic location in which the building was
built. Every city has a different temperature and climatic condition that affect the building's
construction, from here come the studies about the building's orientation (it will be detailed in the

subchapter 3.2) and insulation.

The concept of the building's orientation was introduced from the traditional architectures through
the presence of many windows in the walls facing to the south, to maximize solar gains, while the
north walls were very thick and there were few windows or nothing of these. The presence of a
thick masonry, for years, played a role of thermal insulation, which despite its obsolescence, it
ensured adequate internal comfort conditions, in relation to those who obviously the standards
were. The thick walls, as well as taking up much space, encouraged the large use of building
materials, for this reason, the technological evolution has focused on the improving of construction

techniques and the optimization of materials.
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With this new architecture approach, more 'lightweight buildings' were increased with less thick
walls, a greater presence of windows and the use of new and different materials (like steel,

concrete, glass etc,) with significantly better performance characteristics.

Technological advances have allowed the development of modern facades that move away from
the idea of 'separation' and more closely resemble that of integration between inside and outside.

In this way, the building envelope goes from being a passive to an active element that intervenes in
the indoor comfort but especially in what it has become widely discussed topic: energy
conservation, linked to the energy required by the occupants. The energy demand includes

different fields:

- heating in the winter season;

- cooling in summer;

- indoor air quality (IAQ);

- artificial lighting;

- production of domestic hot water (DHW).

The external environmental parameters can be managing to meet the internal needs, here the
envelope plays a fundamental role: it can be used to filter, accumulating and / or modify the mass

and energy flows.

What is the energy performance that the building envelope should have? The following subchapter

will be focused on this aspect

3.1.1 Thermal performance of building

The thermal performance of a building refers to the process of modeling the energy transfer
between a building and its surroundings. For a conditioned building, it estimates the heating and
cooling load and hence, the sizing and selection of HVAC equipment can be correctly made. These
guantifications enable one to determine the effectiveness of the design of a building and help in
evolving improved designs for realizing energy efficient buildings with comfortable indoor

conditions.
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In this chapter, we will discuss a method for estimating the thermal performance of a building.

Between a building and the external environment there are various heat exchange processes, as

shown in Figure 3.5:
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Figure 3.5 — Heat exchange processes between a building and the external enviorment

- Conduction: a process by which heat flows from a region with higher temperature to the lower
temperature region through a single middle (solid, liquid or gaseous), or by middle in direct

physical contact. In the conduction, the energy is transmitted by direct contact between its

molecules.
(3.1)

Q=AUAT
where,
A = surface area (m2);
U= thermal transmittance (W/ m2K);
AT = temperature difference between inside and outside air (K).

Convection: it is the transfer of heat from one place to another by the movement of fluids. The
transmission of energy by convection occurs in several stages: first heat passes by conduction
from the surface to the fluid particles adjacent, so that energy thus transmitted face increase

energy and the internal temperature of the particles, and after these particles then go to move
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toward a region of the fluid at a lower temperature and mingle with it yielding part of their

energy to other particles. In this case, the heat transfer is due to the movement of some parts

of the mass of fluid, with the transport of substance.

Radiation: it is the transfer of heat in form of electromagnetic radiation in the form of waves or
particles through space or through a material medium. Besides, solar radiation is transmitted

through transparent windows and is absorbed by the internal surfaces of the building.

Heat is also added to space due to the presence of human occupants and the use of lights al

equipment. The interaction between a human body and the indoor environment is shown in Figure
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Figure 3.6 — Heat exchange processes between a human body and the interior enviorment

Due to metabolic activities, the body continuously produces heat, part of which is used as work,

while the rest is dissipated into the environment for maintaining body temperature.

The body exchanges heat with its surroundings by convection, radiation, evaporation and
conduction. If heat is lost, one feels cool. In the case of heat gain from surroundings, one feels hot

and begins to perspire. Movement of air affects the rate of perspiration, which in turn affects body
comfort.

To guarantee the wellness and comfort of human activities within the building is necessary that the

facade possesses the requirements and performances. They must be able to safeguard appropriate

conditions of safety, wellness, management, appearance, and usability.
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e the opaque elements;

e the glazed elements.

In these two subchapters, we will analyze in detail their technological development of the opaque

and glazed element and how they are closely linked to energy efficiency.

3.1.2 The opaque elements

The opaque element, since the oldest time, has
always had a protect function against the water
and climate variability. Its different features
depend by the building's geographical location,
so by the climate. The buildings of Northern
Europe, for example, must be capable of storing
heat produced inside the building itself, so the
walls are supposed to have low thermal
transmittance values and the air infiltration must
be reduced through doors and windows. In the

hot location, the solutions adopted are different.
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Figure 3.7 — Heat transfer processes occurring in a wall.

The walls are thick in order to increase thermal inertia and the phase shift, then these are coated

with clear elements to reduce the phenomenon of heat absorption and ensure the reflectance.

The opaque elements functions

- Thermal insulation: they must be able to protect ourselves from outside temperatures, so the

walls, as the doors, have to be well designed and well chosen;

- Humidity control: the opaque’s design and its material’s choice affect the humidity control. Its

coefficient measures the amount of vapor (in Kg) that crosses the thickness of 1 meter of a

certain material on a surface of 1 m? and for a uniform difference in vapor pressure.

- Air resistance: is a force acting opposite to the relative motion of any object moving with

respect to a surrounding fluid. This can exist between two fluid layers (or surfaces) or a fluid
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and a solid surface. Unlike other resistive forces, such as dry friction, which are nearly

independent of velocity, drag forces depend on velocity.
The opaque elements properties

Thermal resistance [m?-k/W]: the thermal resistance R is the materials propriety to resist at the

heat flow when there is a temperature difference:

R= (3.2)

d
A
where

d is the thickness of the material layer in the component [m];

A is the design thermal conductivity of the material [W/m-k].

The thermal conductivity is the property of a material to conduct heat. It can be calculated in

accordance with ISO 10456 or obtained from tabulated values.
So a good opaque element must be with high resistance, so with low conductivity.

Thermal transmittance [W/k-n?]: the transmittance U (EN ISO 6946) is defined as the heat flow

crossing a uniform surface subjected to temperature difference of 1° C and it is linked to heat
transfer conditions and material's features that makes up the structure. It is assumed equal to

the inverse of the sum of the thermal resistances of each layer:

Rt is the total thermal resistance of a plane building component consisting of thermally

homogeneous layers perpendicular to the heat flow:
Rr=R;+ R;+R;+R;++R,+ R, (3.4)

where

R, total thermal resistance [m2-k/W];
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R, internal surface resistance [m?-k/W]J;

R thermal resistances of each layer [m2-k/W];

n

B external surface resistance [m?2-k/W].

Ea

Rsi and Rse are marked values, as we can see from the Table 1 of the EN ISO 6946

Surface resistance Direction of heat flow
m2- KW Upwards Horizontal Downwards
Rgj 0,10 0,13 0,17
Ree 0,04 0,04 0,04

NOTE 1 The values given are design values. For the purposes of declaration of the
thermal transmittance of components and other cases where values independent of
heat flow direction are required, or when the heat flow direction is liable to vary, it is
advisable that the values for henizontal heat flow be used.

NOTE2 The surface resistances apply to surfaces in contact with air. No surface
resistance applies to surfaces in contact with another material.

Figure 3.8 - Table 1 from the EN ISO 6946_conventional surface resistances

For non-planar surfaces or for specific boundary conditions, use the procedures in Annex A of
the same European Standard Norm.

The surface resistance is given by Equation (3.5)

1
R, = hoTh (3.5)

where

h. s the convective coefficient;
h, isthe radiative coefficient.

So the opaque element has to have a lower thermal conductivity, high thermal resistance y low

thermal transmittance.

Thermal inertia: it is a material property related to thermal conductivity and volumetric heat

capacity, in other word, it is the materials ability to retain heat and return it after a time. The

time of heat return, is what identify the inertia magnitude of material. The temperature of a
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material with low thermal inertia changes significantly during the day, while the material

temperature with high thermal inertia does not change as drastically.

Have a high thermal inertia of walls will be a good idea in the hot climate, in this way the indoor
comfort will be improved (in cold climate it does not improve the inner comfort). We can reach

it with a careful choice of materials and not necessarily with thick walls.

- The phase shift: it is the time when the internal temperature reaches the external (during the

winter, if we are in spring or in summer it happens the opposite). The phase shift is depending

on the thermal inertia, larger is the inertia, more large will be a phase shift.

3.1.3 The glazed elements
Nowadays the construction of glazed facade is more and more used, in according to the modern
architecture. We haven't underestimated the material's intrinsics features that affect the building’s

sustainability and its energy efficiency.

Today the market of construction provides component and system able to satisfy the different
customer's needs. The thermal insulation, solar radiation control and the optimization of the
utilization of natural light, are the focus point of the glazed element that, thanks to research, are

improved year by year.

Thermophysical properties of windows, improve the levels of the indoor comfort and they reduce

energy consumption related to the use of artificial lighting and air conditioning systems.
The glazed elements functions

- Thermal insulation: the glass, as the walls, must be able to protect ourselves from outside

temperatures;

- Solar gain: it is the ability to capture and store heat which then will be return as solar energy to

the inside space (this offsets winter heat losses);

- Sunscreen: reduction of solar radiation that affects the windows. It will protect us from them

(it operates in summer, so as to reduce internal heat gain);
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Natural light: it allows us to use the minimum of artificial light, we must not forget the glare

phenomenon which occurs when there is too much light;

Natural ventilation: through the windows' opening and closing they are able to give a great IAQ

(Indoor Air Quality).
The glazed elements properties

Thermal transmittance [W/k-m?]: the transmittance U is defined as the heat flow crossing a

uniform surface subjected to temperature difference of 1° C and it is linked to heat transfe
conditions and the type of window and glaze. With the International Standard ISO 10077 we

can calculate the transmittance of windows and pedestrian doors.
The ISO 10077 includes the calculation of :
Single, double and coupled windows;

Different type of glazing (glass or plastic; single or multiple glazing, with or without low

emissing coatings, etc...);
Opaque panels within the window or door;

Various type of frames (wood, plastic, metallic, etc...).

For a single window the transmittance is calculated with the equation (3.6):

L EAU AU+ Sy,
w o Eﬂg +Eﬁ{

Where

U,  isthe thermal transmittance of the glazing;

U is the thermal transmittance of the frame;
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v, is the linear thermal transmittance due to the combined thermal effects of glazing
space end frame;

A is the glazed area;

Ap is the area of the frame;

1 is the total perimeter of the glazing, and it is the sum of the visible perimeter of the glass.

The figure 3.9 shows us the glazed area and the perimeter:

Figure 3.9 - illustration of glazed area and perimeter

The figure 3.10 shows us a single window:

2
1- frame (fixed)
1
2- sash (muveble) \
3- glazing

NNNNN\N

Figure 3.10 - illustration of single window

For a doble windows the transmittance is calculated with the equation (3.7):
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1
Ly —Ri+R —R+ 1/

wil w2

Uy = (3.7)

Where

Uy1, Uyz  are the thermal transmittances of the two windows, calculated with the (3.6);

W, W are the internal and external surface resistance respectively of the internal and

external windows when used alone;

R. is the thermal resistance of the space between the glazing in the two windows.

The figure 3.11 shows us a doble window:

N NN
1- frame (fixed) [ é T
441 \ RSEI wi
2- sash (movable) N|
2 3 Rs| 1/Uy
3- glazing 1 - & -
¥ gl
a- internal : WU,z
. | v
- externa
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Figure 3.11 —illustratinon of doble windows

For a coupled windows the transmittance is calculated with the equation (3.6) and Ug is
calculated with the (3.8):

1
s - Rsl-l' Rs - RsE + 12{Ug2

e =1
/u,

where
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Ug,, Uz, arethe thermal transmittance of the external and internal glazing. They are

calculated with the equation (3.7) and (3.8) respectively.

The fugure 3.12 illustred us a coupled windows:

1
1- glazing
R
a- internal
b- external - T
by ¥l
b 1

Figure 3.12 — illustratinon of coupled windows

A coupled window consists of one frame and two separate sashes.

Until now we have listed the types of windows that can be found in commerce and we showed
what equation be applied for calculating the transmittance of the window. You can clearly see
how the transmittance decrease with increasing resistance. More obstacles interpose to the

passing of heat, more resistance increases.

The same mechanism works for glass technology: more it resists to the passage of the heat,

lower will be the final transmittance of the window.
How can the glass resists to the passing of the heat? It works in two ways:
With laminated glazing (single or multiple glazing);

With coating glazing.
For a single glazing the transmittance is calculated with the equation (3.9):

U, = 1d (3.9)
Rse + E]I] + Rsl
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with

R.. internal surface resistance;

is the thickness of the glass pane or material layers j;

A is the thermal conductivity of glass or material layer j;

E. istheinternal surface resistance.

VETRO 5INGOLO

Figure 3.13 —Image of single glass

For a multiple glazing the transmittance is calculated with the equation (3.10):

U = 1 (3.10)

‘ g

DOPPIO VETRO MF . TRIPLOVETRO

Figure 3.14 — Image of double and triple glass
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Raffaella D’Alterio



Energy efficiency in the building refurbishment: construction solution, materials and energy certification

The difference from the single glazing is the thermal resistance of air space j. Contrary to what
you think, increase the air chamber between glass elements doesn’t reduce the transmittance.
Put more glass layers can help it because they add resistance and Ug decrease and

consequently Uw too, as showed in the Figure 3.15:

6 7 Majority of world"s stock of windows Recommendations
5 —
= i World Cold climate
£
)
w 3 =
L]
=
2 Typical code in
3 2 cold climates
Niche markets,
cold climates
1 g
0
Single glaze clear, Double glaze clear, Double glaze clear, Double glaze low-e, Triple glaze, double low-g,
non-metal frame aluminium frame wood frame low conductive frame low conductive frame

Figure 3.15 — Glazing insulation performance [from Internacional Energy Agency (IEA)]

- The reflectance (reflection coefficient): It is the percentage of light striking the glazing that is

reflected back. Most manufacturers provide both outside reflectance (exterior daytime view)
and inside reflectance (interior mirror effect at night). All smooth glass is somewhat reflective;
various treatments such as metallic coatings increase the reflectance. High reflectance brings

with it low visible transmittance.

- The absorbance (absorbent coefficient): represent the relationships between absorbed energy

flows and its energy incident.

When solar radiation affects on a glass it is decomposed into three components. Those parameters
are related to the radiation characteristics and nature of the material itself.
A simplified schematization of the phenomenon is presented in Figure 3.16, from which shows that

the radiation incident ‘I’ is divided into three components.
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Figure 3.16 — Glazing insulation performance

3.2 The orientation

When we talk about building orientation, we are introducing the sunshine concept. This is the
visible part of the sky above the obstacles and the solar path during the day and season. We can

use it to illuminate and heating the spaces during the winter but we have to defend from it during

the summer.

Now we’ll focus on three different points that we can’t forget during the project phase or

rehabilitation:

- Latitude and solar path. Every place receives a different solar radiation depending on its

geographical location and season. With the term latitude, we define the angular distance
between the geographical location and the equator. This influence the annual temperatures.

The solar path represents the sun's position during the Earth’s rotation (Figure 3.17).
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Figure 3.17 - Earth's Revolution

As we can see from the Figure 3.17, the sun's rays have a different inclination depending on the
earth’s position caused by its Revolution movement. Each place will receive a different solar
energy from zone to zone, thanks to the latitude, and the same place will never receive the
same solar energy throughout the year (except for the equatorial zone that always receives the

maximum radiation).

The solar chart. The solar chart represents the sky’s projection on a plane. On it it’s possible
track the sun's path in different seasons and latitude, so locate sun’s position in every time.
The projection can take place onto a horizontal plane (polar diagram) or on a vertical plane

(cylindrical diagram) as the Figure 3.18 shows:
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Figure 3.18 - Solar Chart (cylindrical diagram on left and polar diagram on right)

The chart is a useful tool to know the amount of sunshine that impact on the envelope of the
building. It is especially used to know the shadows
projected by other buildings around it or the
shadows of the building itself such as the

balconies or vertical bosses.

There are a lot of software that use solar chart
and it simplifies us the calculations. The software
easily identifies the tilt angle of the sun's rays on

the building at any time of year and it shows you

images to the gray areas and the sunny ones. It is
crucial when we want to create opening in the

building and then protect them from sunlight. Figure 3.19 — En example of solar tool
(software)

Cloudiness (hours of sunshine and its index) and

intensity of solar radiation. The urban plot’s microclimate and the building’s climate behavior

depend on solar radiation. There are three types of solar radiation:

direct radiation, it is used to describe solar radiation traveling on a straight line from the sun

down to the surface of the earth;
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- diffuse radiation, sunlight that has been scattered by molecules and particles in the

atmosphere but that has still made it down to the surface of the earth.

- reflected radiation, describes sunlight that has been reflected off of non-atmospheric things

such as the ground, for example the asphalt reflects about 4% of the light that strikes it.

The global insulation is the total insulation: direct + diffuse + reflected light. It is used to refer

to the total insulation on a horizontal, vertical or sloping surface.

The cloudiness that changed the global insulation and the solar rays' intensity on the building. It

is not simple to estimate, for this reason, there are a lot of software that can help us.

- Landscape improvement. The building project must be

oriented not only to energy goal (sunlight to exploit
natural light and heat) but also to take advantage of the
held landscaping to improve the mental and psychological
comfort of the people who live in it. The openings in the
building have to be well designed and oriented to allow a
good landscape view. A lot of protection systems can be[§
included, such as internal and external curtains, bris soleil

etc...

When a new building will be designed it will be a good use not

forget the items mentioned above, in order to create a

building with a right orientation to maximize solar energy.
Through studies and simulation software, it was concluded  Figure 3.20 - En example of solar

protection
that the best exposure is the South (S) for the perfect sunshine
during the cooler months of the year, while to avoid exposures
are East and North-East (E-NE) and West and North-West (W-NW) to the excessive effects of
sunlight in the fall months of the year. So a perfectly oriented building will be located along the

East-West axis so as to facilitate the entry of the sun to the south facade and reducing the surface

that has the worst orientation (east and west).
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3.3 The insulation

From the web site of Green building alliance:

Insulation is not the most attention grabbing building component, but it is essential to both

the performance of the building and health of the occupants. Without sufficient insulation,
large portions of the energy used to heat or cool a building will be lost to the outdoors.
Insufficient insulation can also lead to mold problems as heated air rapidly cools and causes
water vapor to condense. Historically, mud, asbestos, and cork were used as insulation
materials for buildings and pipes. The insulation products available today are much more

effective, especially in conjunction with air sealing and ventilation.

Every building needs a different type and amount insulation according to building type and use.
Many service-sector buildings have higher internal thermal loads, for example, because of a higher
density of people, more electrical equipment and more artificial light, so they may need less
insulation than a residential building.

The insulation contains many tiny air cavities that slow heat transmission when installed on a
building’s interior or exterior surface. Each material has an R-value rating that indicates a measure
of its thermal resistance. The R-value of materials changes with their density and a higher R-value
indicates a better insulator.

The regional climate, and the type of building, affects the R-values and the material's density. There
are many types of insulating material, and certain types are better suited to different applications.
Most new buildings in cold climates are being constructed with insulation. In most parts of the
world, however — except for a few regions, such as Northern Europe —the level of insulation is not
as high as economically justified. Furthermore, many existing buildings have little or no insulation.

In hot regions, especially in less developed countries, many new buildings are being constructed
without any insulation, thus substantially increasing cooling loads. Policy makers need to make

significant efforts to ensure the building industry uses more insulation.
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Figure 3.21 — Insulation levels from old buildings to buildings meeting stringent current codes [from Internacional

Energy Agency (IEA)]

The best way to insulate a building is to have a well-defined thermal boundary. The thermal
boundary of a building separates the conditioned (heated or cooled) spaces from outdoor or
unconditioned areas. A building should be insulated continuously around the thermal boundary,
including corners and edges. The characteristics of building materials and the position of insulation
can cause a common problem that is the thermal bridge. The thermal bridge is a phenomenon that
occurs when there is a not homogeneous heat flow. This happens when a different conductive

materials overlap, or when there is a change of the shape that changes the heat flow direction.

h Figure 3.22 — En example of Thermal
bridge

U-value

Energy loss:

t=[0Th][$-U
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It is good practice try to minimize the thermal bridge, in this way the heat flow will not increase. A
building should be insulated continuously around the thermal boundary, including corners and

edges.

3.3.1 Insulation materials
There are a lot of insulating materials that can be used in construction, their choice will depend on
the type of building (size and use), indoor air quality impacts, life cycle costs, recycled content etc..

Below some types of materials and their features will be listed.

- Fiberglass: it consists of extremely fine glass fibers and it is one of the most use insulation
materials. It's commonly used in two different types of insulation: blanket (batts and rolls) and
loose-fill and is also available as rigid boards and duct insulation. Most manufacturers use 20%
to 30% recycled glass content.

- Mineral Wool: it contains an average of 75% post-industrial recycled content. It doesn't require
additional chemicals to make it fire resistant, and it is commonly available as blanket (batts and

rolls) and loose-fill insulation.

- Cellulose: Cellulose insulation is made from recycled paper products, its content is generally
82% to 85%. The paper is first reduced to small pieces and then fiberized, creating a product
that packs tightly into building cavities, inhibits airflow. To ensure fire and insect resistance,
manufacturers add the mineral borate, sometimes blended with the less costly ammonium
sulfate. Cellulose insulation typically requires no moisture barrier and, when installed at proper

densities, cannot settle in a building cavity.

- Plastic Fiber: it is made from recycled plastic milk bottles (polyethylene terephthalate or PET).
The fibers are formed into batt insulation similar to high-density fiberglass. The insulation is

treated with a fire retardant so it doesn't burn readily, but it does melt when exposed to flame.
- Natural fiber

= Cotton: it is made of 85% recycled cotton and 15% plastic fibers that have been treated
with flame retardant and insect repellent, as in cellulose insulation. It is also nontoxic

and its price is about 15% to 20% more than fiberglass batt insulation.
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= Sheep’s wool: For use as insulation, sheep's wool is also treated with borate to resist
pests, fire, and mold. It can hold large quantities of water, which is an advantage for use
in some walls, but repeated wetting and drying can leach out the borate. Its thermal resi

stance is similar to other fibrous insulation types.

- Polystyrene: it's a colorless and transparent thermoplastic. It is commonly used to make foam
board or beadboard insulation, concrete block insulation, and a type of loose-fill insulation

consisting of small beads of polystyrene. There is a large type of polyetyrene material as:

=  MEPS: molded expanded polystyrene;
= EPS: expanded polyestyrene;
= XPS: estrude polyestyrene.

- Vermiculite and perlite: Vermiculite and perlite insulation materials are commonly found as

attic insulation in homes built before 1950. Today they aren't widley used for its contain of
amounts tiny trace. Vermiculite and perlite consist of very small, lightweight pellets, which are
made by heating rock pellets until they pop. These pellets can be poured into place or mixed

with cement to create a lightweight, less heat-conductive concrete.

- Wood fiber: It is made of transforming timber waste. The wood fibre insulation has an attractive
environmental profile combined with a whole bag of functions as rigid insulation, sheathing and

of course, for its renovable characteristics

Figure 3.23 — Fiberglass insulation (left) and XPS insulation (right).
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3.3.2 The progression of insulation technology

In many parts of the world, buildings have long been constructed using local materials to maximise
comfort given the local climate. Structures with high thermal mass have been common for a very

long time and are still typical in many regions, but their use has diminished in some regions to
reduce cost. Modernisation has resulted in higher densities in urban areas, the need for faster
construction techniques, and more affordable approaches that in many cases result in less efficient

structures than old techniques.

The evolution of traditional envelope solutions, to reach hight thermal and acoustic performance, is
lead by new types of multi-layer thermally insulated.

The facade walls, can be classified into three typologies, depending on the position of the thermal

insulation.
: | 1 1 —
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Figure 3.24 — (a) cold frame construction; (b) warm frame construction; (c) hybrid frame construction.

A good insulation must have a low thermal transmittance, to avoid heat dispersion. However, a high

thermal inertia guarantees hot spaces in winter and cool in summer.
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Figure 3.25 — Facade with Exterior Insulation

The facade with external insulation is called

Exterior Insulation and Finishing System (EIFS). It
has the good winter thermal behavior and it
allows to achieve good values of thermal
insulation and thermal inertia.

In this case, the building is in thermal stillness
toward thermal changes both in summer. So, in
winter it guarantees a cost saving of house. This is
the best solution to solve thermal bridge, caused
by beams and column, and remove the
development of mildew and condensation. The

cold construction presents a higher risk of

interstitial condensation, due to the low temperatures that can be registered inside the walls,

especially in the steel studs and their vicinity.

subject to damp)
minimum 30mm air gap

timber studs braced fioor
to ceiling

mineral fibre insulation stapled
to studwork

vapour membrane
plasterboard with taped joints
skirting

existing floor

Figure 3.26 — Facade with Internal Insulation

existing solid wall (uneven and/or

Instead the facades with internal insulation

are used for temporary buildings, because the
mass is outside of the insulating layer. The
internal insulation is the perfect solution to
reduce energy consumption and costs for
heating and cooling installation. Especially
when the buildings are historic and the
integration of isolation from the outside is not

possible.

In spite of the evident advantages of the warm construction, placing the thermal insulation in direct

contact with the exterior environment conditions and climatic cycling can accelerate the

degradation of its integrity and thermal performance if not considered or well designed. This

solution, differently from others, causes a risk of condensation and not resolve the thermal bridges.

It is important use the vapour barrier, to avoid these problems.
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The facades with insulation in the middle are

characterized by a low sensitivity to the combined

action of rain and wind. Particularly these allow a

good balance of thermal insulation and thermal

- e s e

inertia both in the winter and summer season. The

insulation in the middle layer has a significant

1 - Mo estene increase in the thermal and acoustic comfort, with
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& Bvesomente against noise. In general, these are used exclusively

in new buildings.
Figure 3.27 — Facade with Middle Insulation

The technology that support more advantages is the ventilated facade.

With this system a continuous insulation can be achieved
for the exterior of the building, protecting the interior
sheet as well as the slab edges. In the ventilated
chamber, due to the heating of the air layer of the
intermediate space compared to the environment air, the
so called “chimney effect” is produced which generates a
continuous ventilation in the chamber.

Appropriately dimensioned the air entry and exit, a
constant evacuation of water vapour coming both from

the interior as well as the exterior of the building is

, , achieved, keeping the insulation dry and obtaining a
Figure 3.28 =Ventilated Facade
better performance of the insulation and big savings in
energy consumption.
The Ventilated Facade, additionally to impact in the energy consumption savings of the building,
eliminates the direct radiations or the bad weather on walls or slabs protecting them from the

pathologies which affect buildings constructed with traditional systems.
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It is characterized by the presence of a gap between the external coating and the layer of the
facade. Usually, the first is a panel, generally of metal or brick material. It fixed to the wall with
clamp and anchoring. Inside there is an insulating material, in cohesion to the facade, and an air

chamber to ensure a natural ventilation.

The passage to efficient building envelopes can be understood in terms of three distinct time of
technological evolution (see Figure 3.31). The first would be a very basic building with a poorly
performing building envelope, single-glazed clear windows, no insulation and high air lost. The

second has double-glazed, low-e windows and high levels of insulation, and is sealed fairly well. The

third stage is represented by buildings of the future, designed with passive method, highly insulated
windows, and passive heating contributions. Such buildings will probably incorporate solar thermal

systems.

Transforming construction to low energy buildings

Typical building code it
Zero-energy build
in advanced regions =~ = MRS

« Highly insulated windows
= Low-e double glaze windows. and dynamic solar control.
*» High levels of insulation. = Optimised designs

Inefficent — still common
and old stock

» Single pane windows.
= No insulation.
= High air leakage.

* Low air leakage. and orientations.
* Daylighting.

Figure 3.29 — Progression of building from old stock to future technology.[ from Internacional Energy Agency]
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4 Active strategies: heating, cooling and ventilation’s installations

It will be a good practice use the right combination of passive and active design strategies with the
aim to reach the people comfort. High-performance buildings use the right blend of passive and

active design strategies to minimize energy, materials, water, and land use.

Active performance strategies should always be designed after the passive characteristics of a
building have been defined and optimized. Active strategies bring a passively designed building into
the high performance and comfort realm. Active performance strategies include the following

systems and principles:

Heating, Cooling, Ventilation, and Air Conditioning (HVAC) Systems:

guarantee an indoor space in a good climate condition and the mechanical

ventilation guarantees pre-filtered fresh air greatly that improves air quality.

Artificial Lighting Systems: proper placement, output strength, and light

fixture and source type are critical to economizing a lighting system. =/

Low-Flow Plumbing Fixtures: they use a fraction of the water that traditional -

fixtures demand. Combined with a rainwater harvesting system, low-flow

fixtures conserve large amounts of water that would otherwise be wasted.

Solar Power (Photovoltaic or Photoelectrochemical) Systems: they convert .t‘

the sunlight that falls onto their surfaces into electricity.

Air and Ground Source Heat Pumps: they use electricity to move heat from a

cool space to a warm space. During the heating season heat pumps move

heat from outside to inside building, and during the cooling season they
move heat from a building to the outside. This natural transfer of heat from

one location to another helps to reduce demands on HVAC system:s.
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Wind Turbine Generators: they work by converting wind energy that

propels turbine blades into electricity, as a big wind generator in the field.

Building Controls and Automation: it allows owners to have a high degree

and control of the building. The owners establish an appropriate level of

efficiency and output for all building systems and can be adjusted as

patterns are defined.

Through a comprehensive system approach, almost any building can be transformed into a

comfortable, energy-saving and cost-saving place.

This thesis work will focus on heating, cooling and ventilation’s installations.

4.1 Heating systems

Heating is the largest energy expense in most homes, accounting for 35% to 50% of annual
energy bills. Reducing your energy use for heating provides the single most effective way to
reduce your home’s contribution to global environmental
problems. [...]

A combination of conservation efforts and a new high-
efficiency heating system can often cut your pollution
output and fuel bills by one-third, and in some homes by
half. Just upgrading your furnace or boiler to a high-

efficiency model can save 1-2 tons of CO2 emissions

each year in colder climates [from smarthouse.org].

Figure 4.1 — Heating system

Normally the building lost a part of the interior heat and the
heating system works to replaces that heat. How much heat the building lost depend on these
factors: the building location (in colder places, the house will lose more heat), the energy efficiency

of the house, how big the house is and how energy efficient the heating system is.

To save a great deal, the heating system has to be upgrading, either by installing a new high-
efficiency system or boosting the efficiency of your present system.
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A heating system may be a central or direct heating.

4.1.1 Central heating system

A central heating system provides warmth to the whole interior of a building (or portion of a
building) from one point to multiple rooms. Its heat generation occurs in one place, such as a
furnace room or basement in a building. The heat is distributed throughout the building through
ductwork if the system uses forced-air, or pipes if the system uses the hot water or steam. The
most common method of heat generation involves the combustion of fossil fuel in a furnace g
boiler.
- Furnace: It can be powered by electricity, natural gas, fuel oil or wood. It is necessary to have a
gas- or oil-fired furnace in which the fuel is mixed with air and burned. Inside the furnace, there
is a metal heat exchanger heating by the flames. Its work is to transfer its heat to the air that is
pushed through the heat exchanger by the “air handler’s” furnace fan and then forced through
the ductwork downstream. This process causes combustion products that are vented out of the
building through a flue pipe. Older “atmospheric” furnaces vented directly to the atmosphere
and about 30% of the fuel energy was lost. Current minimume-efficiency furnaces reduce this

waste substantially by using two type of furnace:

“inducer” that pull the exhaust gases through the heat exchanger and induce draft in the

chimney;

“condensing” furnaces are designed to reclaim much of this escaping heat by cooling exhaust
where water vapor in the exhaust condenses into water. These typically vent through a sidewall

with a plastic pipe.
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Figure 4.2 — Efficiency of furnace or boiler

Boiler: it distributes the heat in hot water, which gives up the heat as it passes through radiators

or other devices of the building. The cooler water then returns to the boiler to be reheated.
Residential boilers generally use natural gas or heating oil for fuel.

Less common in homes today are the steam boilers. Here the water is boiled and steam carries
heat through the building, condensing to water in the radiators as it cools. Qil and natural gas

are commonly used. The boiler system uses a pump to circulate hot water through pipes to
radiators. A radiant floor heating is a system that allows the water to circulate through plastic
tubing in the floor.

As with furnaces, condensing gas-fired boilers are relatively common, and significantly more
efficient than non-condensing boilers.

Heat pumps: during the summer, an air conditioner works by moving heat from indoors to
outdoor. In winter, the heat pump reverses this trick, scavenging heat from the cold outdoors

with the help of an electrical system, and discharging that heat inside the house. There are two
relatively common types of heat pumps. Air-source heat pumps use the outside air as the heat
source in winter and heat sink in summer. Ground-source (also called geothermal,
GeoExchange, or GX) heat pumps get their heat from underground, where temperatures are

more constant year-round. Air-source heat pumps are far more common than ground-source
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heat pumps because they are cheaper and easier to install. Ground-source heat pumps,
however, are much more efficient, and are frequently chosen by consumers who plan to remain

in the same house for a long time, or have a strong desire to live more sustainably. How to
determine whether a heat pump makes sense in your climate is discussed further under “Fuel

Options.”

o _

Distribution System

Nl = I; . l}. I

Heat Exchanger

i
Heat Pump

Figure 4.3 — Ground-source heat pump (left); Air-source heat pump (right).

4.1.2 Direct heating system

- Gas-Fired Space Heaters: It allows heating a single room or area of the
building. It doesn't need pipelines in which the hot fluid circulates. Its
structure can be of different dimensions, depending on the power

required by the room.

To provide combustion air and carry off the combustion products, the
better models that are more used is “sealed combustion air” systems, Figure 4.4 — Gas-fired space

with pipes installed through the wall. heater

- Electric Space Heaters: are inexpensive to buy, but costly to use. They
convert electric current from the wall socket directly into heat. It takes

a lot of electricity to deliver the same amount of useful heat that

natural gas or oil can provide onsite. On the other hand, for

intermittent use, it is the best solution. ) ,
Figure 4.5 — Electric space

heater
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- Wood-Burning and Pellet stove: its heat can from the burning of the
wood or pellet.

Wood prices are generally lower and constant than gas, oil, or

UM

electricity. If you cut your own wood, the savings can be large.

Pollutants from wood burning have been a problem to implement

regulations that govern pollution emissions from wood stoves. As a _
Figure 4.6 — Pellet stove

result, new models are quite clean-burning. Pellet stoves offer a

number of advantages over wood stoves. They are less polluting than wood stoves and offer

users greater convenience, temperature control, and indoor air quality.

4.2 Cooling systems
The air conditioners are large usually in the every type of building. Its energy consumption is very
high like its release of CO2. As air conditioning becomes the
norm in all regions of the countries, it is important to realize
that often the easiest and most affordable way to stay
comfortable during the summeris to reduce your need for
air conditioning.

There are many ways to get rid of unwanted heat, in this

way will be reduced the cooling loads and a lot of money will e

be saved right away by letting buy a smaller, less expensive

system. Figure 4.7 — Air conditioning.

Air conditioning, or cooling, is more complicated than heating. Instead of using energy to create
heat, air conditioners use energy to take heat away. The most common air conditioning system uses

a compressor cycle (similar to the one used by your refrigerator) to transfer heat from your house

to the outdoors. It takes heat from a cooler place and dumps it in a warmer place, seemingly
working against the laws of physics. What drives the process, of course, is electricity.

There are different types of cooling systems. They will be explained in the subchapter 4.2.1.
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4.2.1 Central Air Conditioners and Heat Pump

Central air conditioners and heat pumps are designed to cool the entire house. In each system, a

large compressor unit located outside drives the process; an indoor an indoor cool battery refresh

the air and then it is distributed throughout the house via ducts. Heat pumps are like central air
conditioners, except that the cycle can be reversed and used for heating during the winter months.
With a central air conditioner, the same duct system is used with a furnace for forced warm-air

heating. In fact, the central air conditioner typically uses the furnace fan to distribute air to the

ducts.

1. Evaporator
Cooling coils remove
heat and humidity from
the air using refrigerant.

2. Blower
A blower (or fan)
circulates air

over the evaporator,
dispersing the
chilled air.

oy

3. Condenser
Hot coils release
collected heat into

the outside air.

4, Compressor

A pump that moves
refrigerant between the
evaporator and the
condenser to chill the
indoor air.

5. Fan
A fan blows air over the
condenser to dissipate

the heat outside.

6. Filter 7. Thermostat

Located in the air con- A control system to reg-

ditioning unit to remove ulate the amount of cool

particles from the air. air that is distributed. SOURCE: ENERGY.GOV

Figure 4.8 — lllustration of how an air conditioner work.

4.2.2 Ductless Mini-Split Air Conditioners

Mini-split systems is a good option for room additions and for houses without ductwork. Like
conventional central air conditioners, mini-splits use an outside compressor/condenser and indoor
air handling units. The difference is that each room or zone to be cooled has its own air handler.
Each indoor unit is connected to the outdoor unit with. Indoor units are typically mounted on the

wall or ceiling.
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The major advantage of a ductless mini-split is its flexibility in cooling individual rooms or zones. By
providing dedicated units to each space, it is easier to meet the varying comfort needs of different
rooms.

The primary disadvantage of mini-splits is cost. They cost much more than a typical central air
conditioner of the same size, where ductwork is already in place. But, when considering the cost

and energy losses associated with installing new ductwork for a central air conditioner, buying a

ductless mini-split may not be such a bad deal, especially considering the long-term energy savings.

4.3 Ventilation and air distribution

When you think about it, energy efficiency is not just about saving money on energy bills, it is really
about using less energy to protect human health, assure comfort, and protect your house from
damage. As air moves through your house, it removes pollutants that include odors, gases,
particles, and (most surprisingly) moisture. But, it can also contribute to drafty walls and
uncomfortable indoor temperature and humidity levels. Proper ventilation and air distribution play

an important role in providing a safe, comfortable, and durable home as efficiently as possible.
Virtually all houses exchange indoor air with the outdoors. There are two reasons for this: air
passages, however small, include larger gaps around pipes, vents, and chimneys, and smaller cracks

at places such as the join between the window frame and the wall (thermal bridge). The second
reason for air exchange is the temperature and pressure differences between inside and outside,

the air moves from the higher to lower pressure, the stack effect.

There are two type of air exchange: ventilation and infiltration.

The ventilation is the replacement of stale inside air with fresh outside air. It can occur naturally,
helped by the stack effect and open windows, or mechanically, with the use of a fan, or series of

fans, that pull air in or out of the house.

The infiltration is an accidental air movement between inside and outside.

Before discussing ventilation systems that can be installed in buildings, it is good practice to follow

simple steps to avoid or reduce their installation and their energy consumption.

1. Combustion products from space or water heating appliances should never mix with the indoor

environment;
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2. Make sure that the connection between the garage and the living space is airtight to prevent

car exhaust and other chemicals substance;

3. Moisture control. The most common and easily corrected errors come from improperly

disposing of water shed from the roof. Make sure that rain gutters drain away from the

building, not toward the basement or foundation (slab) walls.

In southern climates in particular, dehumidifiers may be necessary to control moisture levels in

the house, if the air outside is hot and humid.

Ventilate the interior spaces especially in the kitchens and bathrooms, where more humidity is

created. In these spaces, the air condensation probability is greater.

Spot ventilation can be used to improve the effectiveness of natural ventilation. However, if both

spot and natural ventilation together don’t reach the ventilation needs, a ventilation system should

be put.

Ventilation systems can be categorized as: exhaust, supply, balanced, and heat-recovery.

4.3.1 The exhaust ventilation systems

Exhaust ventilation systems work by depressurizing the building. They work extracting indoor air

from a house while make-up air infiltrates through leaks in the building.

Exhaust Ventilation

Pin it #  Exhaust air
~[] outlet
Central exhaust fan . :

- == -
([ _ at= |}
| |

o - C.:..L-%
w & = w
P i
 Air flow (-:%-3 Positive air pressure

Airinfiltration (=) Negative ai
m ir intitration l\.\_j egﬂ IVe 3Ir pressurg

Exhaust ventilation systems are most applicable in cold
climates. In climates with warm, humid summers,
depressurization can draw moist air into building wall
cavities, where it may condense and cause moisture

damage.

Figure 4.9 — lllustration of exhaust ventilation system.
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4.3.2 The supply ventilation systems

Supply ventilation systems work by pressurizing the Sunnlv Ventilation

Cﬂﬂd resn air
building. They use a fan to force outside air into the | _F; et
building while air leaks out of the building through holes CE“"*""“PF"S”E",L: :
in the shell, bath- and range-fan ducts, and intentional _§ & ] v

kfh-l...'.’ﬂ lﬂ».,.]ﬂ-ga

vents. a @ 1@!111;
It has a fan and duct system that introduces fresh air _ o S wl

into rooms that residents occupy most (for example,

bedrooms, living room, kitchen).

- . Air fl ) Positive ai
By pressurizing the house, this system allow better oLt liad (o) Fondimal peecsies

€\ Airinfiltration L:-E: MNegative air pressure

control of the air that enters the house than do exhaust

ventilation systems. They also allow air introduced into Figure 4.10 — lllustration of supply
the house to be filtered to remove pollen and dust or to ventilation system.

be dehumidified.

4.3.3 The balanced ventilation systems

Balanced ventilation systems introduce and exhaust approximately equal quantities of fresh outside
air and polluted inside air, respectively. A balanced ventilation system usually has two fans and two
duct systems.

A typical balanced ventilation system is designed to supply fresh air to bedrooms and common
rooms where people spend the most time. It also exhausts air from rooms where moisture and
pollutants are most often generated, such as the kitchen, bathrooms, and the laundry room.

Like both supply and exhaust systems, balanced ventilation systems do not temper or remove
moisture from the air before it enters the house.

They do, however, use filters to remove dust and pollen from outside air before introducing it into

the house.

Balanced ventilation systems are appropriate for all climates; however, because they require two

duct and fan systems, they are usually more expensive to install and operate than supply or exhaust

systems.
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4.3.4 The enrgy recovery systems

Energy recovery ventilation systems usually cost more to

Hot

. o Fresh air in extract air
install than other ventilation systems. To save on I l
installation costs, many systems share existing ductwork. | z
Complex systems are not only more expensive to install, ‘ »

Cool air Warme_d
but often they are also more maintenance intensive and exhaust fresh air
consume more electric power. These types of ventilation Figure 4.11 — lllustration of heat recover

systems are still not very common.

The heat recuperator works to reduce the internal heating costs. When the outside air enters in the
building, during the winter, it has a lower temperature than the interior ones.

The heat recuperator, as the same words say, recovers internal heat before throwing it out. The
outside air, before to be forced to inside the building by the fans, it is mixed and heated up with the

recovery air.
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5 Energy certificates

From European Commission data, the buildings
are responsible for 30% of energy consumption
and 25% of CQ emissions in the EU. While new
buildings generally need fewer than three to five

litres of heating oil per square meter per vyear,

older buildings consume about 25 litres on

average. Some buildings even require up to 60

Figure 5.1 — Energy classification class
litres.
Currently, about 35% of the EU's buildings are over 50 years old. By improving the energy efficiency
of buildings, we could reduce total EU energy consumption by 5-6% and lower GQemissions by
about 5%.
The Directive 2010/31/EU that regulates the energy performance of building is divided in different

articles:

- Article 3: adoption of a methodology for calculating the energy performance of buildings;

- Article 4: Setting of minimum energy performance requirements;

- Article 5: calculation of cost-optimal levels of minimum energy performance requirements;
- Article 6: new buildings;

- Article 7: existing buildings;

- Article 8: technical buildings systems;

- Article 9: nearly zero-energy buildings;

- Article 10: financial incentives and market barriers;

- Article 11, 12, 13: energy performance certificate;

- Article 14, 15, 16: periodical inspection of heating systems;

- Article 17: independent expert;

- Article 18: independent control system.

The Energy Performance of Building Directory — EPBD, defines energy efficiency of a building as the

amount of necessary energy calculated or measured to reach the energy needs associated with

normal use of the building.
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The Energy Performance Certificates provide information for consumers on buildings they plan to
purchase or rent. They include an energy performance rating and recommendations for cost-
effective improvements.

Certificates must be included in all advertisements in commercial media when a building is put up
for sale or rent. They must also be shown to prospective tenants or buyers when a building is being
constructed, sold, or rented. After a deal has been concluded, they are handed over to the buyer or

new tenant.

5.1 The energy certificate methodology

The Directive defines the calculation methodology of the performance certificate. The methodology

shall include the following aspects:

- The building’s thermal characteristics, its envelope, interior partitions, etc..;

- Building’s installations as heating, cooling, DHW, ventilation, lighting systems;

- Climate dates (depending on the building’s location): maximum and minimum temperature,
relative humidity, etc..;

- Position and orientation of building;

- Passive solar systems and solar protection;

- Active solar systems based on the renewable energy sources;

- Natural ventilation;

- Indoor climate conditions (depending on the building’s use and its climates zones).

The certification is to be carried out in an independent manner by qualified and/or accredits expert.
The energy performance certificate is expected to classify buildings on a banded scale from A (High
efficiency building) to G (Low efficiency building), based on annual C® emissions per unit floor
area. CO, emission figure expressed in kg/m? and represent emissions for winter heating and
summer cooling.

In addition to CO2 consumption, the certificate provides information on demand for heating,

cooling and domestic hot water consumption, expressed in kWh/m?.

5.1.1 ltalian Certification
The Italian energetic legislation in the 2016, Figure 5.6.
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| Direttiva 2002/91/CE | | Direttiva 2009/28/CE |
| Direttiva 2010/31/UE |
D.Lgs. 192/2005 L. 90/2013 | D. Lgs. 28/2011
madificato da:

D. Lgs. 311/2006

D. Lgs. 28/2011 modifica
DM 22/11/2012
DM DM DM | DPR 74/2013 | | DPR 75/2013 |
Requisiti | | Linee guida | | Relazione tecnica
minimi certif. en. di progetto

Figure 5.2 - Italian energetic legislation in the 2016 [From Corrado VIncenzo presentetion].

The Directive that regulates the energetic legislation in Italy is the 2010/31/UE, already described in
chapter 5. From it derived the Ley 90/2013 that promotes the improvement of the buildings
energetic performance taking into account the outdoor local and climatic conditions, as well as the
requirements for indoor climate and cost-effectiveness. It specifies buildings subject to energy

interventions as well as a calculation method.
The reference standard is the Legislations UNI/TS 11300, that it is divided in 4 parts:

- UNI/TS 11300-1 : Energy performance of buildings - Part 1: Determination the building's
thermal energy demand for summer, winter and air conditioning;

- UNI/TS 11300-2: Energy performance of buildings - Part 2: Determination of primary energy
demand and efficiency for air conditioning winter and for the production of sanitary hot water;

- UNI/TS 11300-3: Energy performance of buildings - Part 3: Determination of primary energy
demand and performances for summer climate;

- UNI/TS 11300-4: Energy performance of buildings - Part 4: Use renewable energy and other

generation methods for heating environments and production of sanitary hot water.

The figure below shows the European and National standard used for calculate the energetic

performance of the building:
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FABBISOW MO
TERMICO PER 1L
RISCALDAMENTO
Elt
RAFFRESCAMENTO
DELLEDIFICICO

RENDIMENTI PER
LA
CLIMATIZZAZIONE
INVERNALE E LA
PRODUZIONE [N
ALS

RENDIMENTI PER
LA
CLIMATIZZAZIONE
ESTIVA

UTILIZLO I
ENERGIE
RINMNOVABILI

NORME TECNICHE EUROPEE

UNI EN ISO 13790 et

v

UNI EN 15316-1
UNIEN 15316-2
UNI EN 15316-3
UNIEN 15316-4-1

UNIEN 15316-4-234.56,7 < =

> UNI EN 15243 ey

NORME TECNICHE NAZIONALI

— UNUTS 11300-1
|
v
9 UNUTS 11300-2
..} ie UNITS 11300-3
.} UNI/TS 11300-4 -

Figure 5.3 - European and National Standards [From Corrado Vincenzo presentetion].

The thermal building energy demand is estimated from the heat balance between indoor and

outdoor building envelope than it is possible to get its primary energy demand by the

heating/cooling system efficiency.

The primary energy per single energy service represents the global annual energy needs, and it is

calculated as with monthly intervals. In the same way, it is possible to determine the energy from

renewable sources.

The building has to have the minimum requirements. The calculation to be carried out involves the

application of the conversion factors in total primary energy f pt:and no renewable total primary

energy fpnren, given in table 5.1 These are necessary for calculating total and non-renewable

primary energy.

Raffaella D’Alterio



Energy efficiency in the building refurbishment: construction solution, materials and energy certification

Vettore energetico fi-l";:ru _ﬂ,’m, ﬂ,,mt
Gas naturale @ 1,05 0 1,05
GPL 1,05 0 1,05
Gaszolio e Olic combustibile 1,07 Q0 1,07
Carbone 1,10 0 1,10
Biomasse solide ™ 0,20 0,80 1,00
Biomasse qude e gassose @ 0,40 0,60 1,00
Energia elettrica da rete © 1,05 0,47 242
Teleriscaldamento™ 1,5 0 13
Rifiut solidi urbam 02 0.2 0.4
Teleraffrescamento™ 0,3 0 0,3
Energia termica da collettor solan 2] 0 1,00 1,00
Energia eletirica prodotta da fotoveltaice,

L o o 0 1,00 1,00
mini-eclice e mmi-idraulice
Energia termica dall ambiente esterno — free cooling ™ 0 1,00 1,00
Energia termica dall"ambiente esterno — pompa di calore 0 1,00 1,00

"' T valori sarannc aggiomati ogni due anni sulla base dei dati forniti da GSE.

@ Come definite dall'allegato X del decreto legislativo 3 aprile 2006, n. 152

3 valori saranno aggiomnati ogni due anni sulla base dei dati forniti da GSE.

) Fattore assunto in assenza di valori dichiarati dal fornitore e asseverati da parte terza, conformemente
al quanto previsto al paragrafo 3.2.

) Valori convenzionali funzionali al sistema di calcolo.

Table 5.4 - Conversor factor in primary energy

The formula below, shows the conversion factors in total primary energy:

fp,tot :fp,nren +fp,ren

where:
fo,nren = conversion factors in no-renewable primary energy;

fo,ren = conversion factors in renewable primary energy.

For the energy classification, the building performance is expressed by the non-renewable global

energy performance index EPgj nren, the index is expressed in kWh/m?2 per year, in relation to its

useful area. The table 5.2 shows the buildings classification:
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Classe A4 < 0,40 EPgl,nren,rii‘,standard (2019/21)
0,40 EPg nren rif standard (2019221) < Classe A3 < 0,60 EPgj nren rif standard (2019/21)
0,60 EPg) nren i standard (2019/21) < Classe A2 < 0,80 EPgl nren rif standard (2019221)
0,80 EPg nren,rif standard (2019/21)< Classe Al < 1,00 EPgl nren rif standard (2019221)
1,00 EPgi nrensif standard (2019/21) < Classe B < 1,20 EPg nren rif standard (2019/21)
1,20 EPg) nrenif standard (2019/21) < Classe C < 1,50 EPgj nren rif standard (2019/21)
1,50 EPgl nrensif standard (2019/21) < Classe D < 2,00 EPg) nren sif standard (2019221)
2,00 EPgj nrenyi standard (2019/21) < Classe E < 2,60 EPg nren rif standard (2019/21)
2,60 EPgl.nrcn,rif.standard (201921) < Classe F = 3,50 EPgl,nrcn.rif.standard (2019/21)

Classe G > 3,50 EPg nrenrif;standard (2019/21)

Table 5.5 - Classification of the index global non-renewable energy performance

The classification is given in the APE (Attestato di Prestazione Energetica) document which contains

two performance indicators of the envelope for the winter and summer season, as the tables below

shown:
Prestazione invernale dell'involucro | Qualita | Indicatore
]'-I,E[.ml < 1" ['-pilu-!llll!lrcl.‘rii'*llI alta \;;:'?,
I* I':]’H nd limate (201921) ° I:':PH nd = 1,7* [:PI! nd_lumate (201921) media \ 1.“’;
[':P}Tn-l > 1,7* [:PH.HLHI[III"C':|||“ 21) bassa \g;z’,
Table 5.6 - Classification of the winter quality of the envelope
Prestazione estiva dell’involucro Qualita Indicatore
Asolest f\«u]» utile < 0,03 Y[[-. <014 alta \:-'_ J,
Acle/Ampuie <003 | Y > 0,14 2 -
1 medala LA
5 o W .
~'\~.'l.car "\\|||' utile = 0,03 3 IE= 0.14 \'_’}
Aol est/ Aup wile > 0,03 Yie>014 bassa AR
\__.-_-:_i
Table 5.7 - Classification of the summer quality of the envelope
where:

EPH,nd: index of useful thermal efficiency for heating;

Raffaella D’Alterio



Energy efficiency in the building refurbishment: construction solution, materials and energy certification

Asol,est/Asup,utile: sSummer area equivalent to surface area useful;

Yie: periodic thermal transmittance.

ATTESTATO DI PRESTAZIONE
ENERGETICA DEGLI EDIFICI

DATI GENERALI

Destinazione d'use

E Residenziale

[C] Non residenziale
Classificazions D.P.R, 412/93: E1(1)

abitazioni adibite a residenza con
caraftere continuative

Oggetio dell'attestato MNuova costruzione
[] intero edificio
Unitd immobiliare Locazione

D Gruppe di unita immebiliari

MNumero di unita immobiliar

Ooo00o® OO0

di cul & composto 'edificio: 18 Altro:

Passaggio di proprieta

Ristrutturazione importante

Riqualificazione energetica

PRESTAZIONE ENERGETICA GLOBALE E DEL FABBRICATO

La seziene riporta l'indice di prestazione energetica globale non rinnovablle in funzione del fabbricato e del servizi energetici presenti,
nonché |la prestazione energetica del fabbricate, o nette dei rendimento degli impianti presenti.

Prestazione energetica del
fabbricato

Prestuzione energetica globale

EDIFICIO

A ENERGIA
QUASI ZERO

Riferimenti
Gli immobhili simili
avrebbero in media

INVERNO | ESTATE + Piu efficiente o
) Se nuovi:
| B
o ol B o
| CI} | P - s

Se esistenti:

EPgl,nren

108.3880
kWh/m*anno

OOR|©OX

wm Meno sfficiente

Figure 5.8 — Example of APE (Attestato di Prestazione Energetica).

5.1.2 Spanish Certification

The Directive that regulates the energetic legislation in Spanish is the 2010/31/UE, already
described in chapter 5. From it derives the Real Decree 235/2013 that approved the building energy
certification process. In the 17/01/2006, the Real Decree of 314/2006 approved the new Cddigo

Técnico de la Edificacion (CTE). This chapter is focused on DBHE, Documento Bdsico de Ahorro de
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Energia that specifies the energy efficiency requirements for residential buildings. It is composed of

different parts:

HE O: Limitation of energy consumption: achieve a rational use of the energy necessary for the
buildings use, reducing their consumption to sustainable limits and make sure that part of the

consumption comes from renewable sources;

HE 1: Limitation of energy demand: It define the characteristics of the building envelope with
the aim of reducing the energy demand for indoor thermal comfort in according to the
geographic location (external temperature and humidity, solar radiation), orientation and the

building use (internal temperature and humidity as well as number of occupants);

HE 2: Performance of thermal installations: defines the thermal installation are appropriate to

supply of heat and to the comfort of the building;

HE 3: Energy efficiency of lighting installations: defines that the lighting installation has the
correct performance, in order to providing a control system, that optimizes the use of natural

light;

HE 4: Minimum solar contribution of domestic hot water: defines the limit of the demand of hot
water, that contributes to the sustainability, in according to the geographical characteristics of

area;

HE 5: Minimum photovoltaic contribution of electrical energy: calculates the solar energy in

electricity through photovoltaic panels. Also there values are minimum.

The buildings involved are defined in the Decree 226/2014 of building energy certification (BOVP,

Boletin Oficial del Pais Vasco). They are new buildings and existing buildings modified or

restructured, if they have a floor area greater than 1000 m?2. It valids for up to 10 years and the

Autonomous Community sets specific conditions for renewal or upgrade.

The energy qualification is based on standard procedure and it is expressed through indicators that

explain the reasons for a good or bad energy performance of the building. They are:

CO; annual emissions [kg CO2/m?];
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- no-renewable annual consumption of the energy [kWh/m?].

These indicators comes from the calculation for winter heating and summer cooling demand, their
final and primary energy consumption and the same for sanitary hot water and artificial lightning.
The energy class is determined by the total primary energy consumption and by the total annual
emissions.

The energy class is identified by an alphabet indicator, in which the letter G represents the class
characterized by the index of higher performance (greater energy consumption), while the letter A

represents the class with the best performance index (lower energy consumption).

The tables below show the index of energy efficiency for residential and other sectors.

Calificacion indice
A C1 < 0,15 Calificacion indice
B 0,15 < C1 < 0,50
C 050 < 1 < 1,00 A ¢ o< 0,40
D Lon < €1 < 1,75 B 0,40 = € < 0,65
E L7 s 0 C 065 < € < 1,00
5 e :f < LN D 1,00 < € < 1,30
i < C . S .
1,00 < C2 < 1,50 E 1"?“ = {: < L60
1,50 < €2 G 200 = ©C
Table 5.9 - Index energy class of residential sector (left). Index energy class of other (right).
5.1.3 Passive House Certification
Passive house (German: Passivhaus) is a rigorous, voluntary & O
standard for energy efficiency in a building that is truly energy
efficient, comfortable and affordable at the same time. Pass/ive House
Passive House is a true construction concept that can be applied by /nstitute

anyone and anywhere.
Figure 5.10 - Passivehouse logo

The Passive Houses:

- Allow for space heating and cooling;
- Make efficient use of the sun;

- Have high level of indoor comfort;
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Have ventilation system for superior air quality and a highly efficient heat recovery unit.

No matter the climate or geographical region, Passive Houses stay at a comfortable
temperature year round with minimal energy inputs. Such buildings are heated “passively”,
making efficient use of the sun, internal heat sources and heat recovery so that conventional
heating systems are rendered unnecessary throughout even the coldest of winters. During
warmer months, Passive Houses make use of passive cooling techniques such as strategic
shading to keep comfortably cool. Either way, a Passive House’s high quality insulation keeps the

temperature comfortable, just where it is needed.[Source: passivehouse-international.org]

The Passivhaus standard requires to the buildings the following requirements:

Annual heating and cooling demand not more than 15 kWh/m? per year;

Total primary energy consumption must not be more than 60 kwWh/m? per year;

The building must not leak more air than 0.6 times the house volume per hour at 50 Pa as
tested by a blower door, or alternatively when looked at the surface area of the enclosure, the

leakage rate must be less than 0.05 cubic feet per minute.

The Passive House concept itself remains the same for all of the world’s climates but the details

have to be adapted to the specific climate in which the building will be constructed. The building

characteristics that meets the Passive House requirements will be different for one located in a cool

climate than for a located in a warm climate.

.....

Figure 5.5 — Buildings with Passive house certification in the world
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5.1.4 LEED Certification

‘LEED - Leadership in Energy and Environmental Design - is the most widely used green building
rating system in the world. Available for virtually all building project types, from new construction to
interior fit-outs and operation & maintenance, LEED provides a framework that project teams can
apply to create healthy, highly efficient, and cost-saving green buildings. LEED certification is a

globally recognized symbol of sustainability achievement.’” [Source: usgbc.org]

It is devised by the United States Green Building Council (USGBC) and itis credit-based, allowing
projects to earn points for environmentally friendly actions taken during construction and use of a
building. Different levels can be reached, based on the building scores, as shown in the figures

below:

- Certified 40 - 49 Points;
- Silver 50 - 59 Points;
- Gold 60 - 79 Points;

- Platinum 80-110 Points.

CERTIFIED SILVER PLATINUM
40-49 poims 50-58 palnts 30« point

Figure 5.11 - Logo LEED

The LEED rating system is structured in 7 sections organized into prerequisites and credits. The
prerequisites of each section are obligatory for the entire building to be certified; Credits can be
selected according to project characteristics. The sum of credit scores derives from the certification
level obtained.

Below are the prerequisites that make up LEED:

- Sustainability Site;

- Water Management;

- Energy and Environment;

- Materials and Resources;

- Indoor Environmental Quality.

Now the credits:

- Innovation in Design;
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- Regional Priority.

LEED is a voluntary program, obtaining a LEED certification give a good and positive environmental
image to the community. Additionally, it allows better indoor air quality and plenty of daylight.
Studies have shown that workers in these environments have increased labor productivity, job
retention, and days worked and students in these environments have higher test scores and lower

absenteeism.

5.1.5 BREEAM Certification

From the England, BREEAM - Building Research Establishment
Environmental Assessment Method for buildings, as leed
certification, it is required by the building's customer. It can be

applied not only to newly built buildings but also to existed and

rehabilitated ones:

- BREEAM New Construction;
Figure 5.12 - BREEAM logo
- BREEAM International New Construction;
- BREEAM In-Use;
- BREEAM Refurbishment;

- BREEAM Communities.
BREEAM Rating

It establishes a method of assessing, rating, and certifying the

OUTSTANDING 2
sustainability of buildings, as: i
- Management; S =2
- Energy; VERY GOOD 266
- Health & wellbeing; . .

45

- Transport;

PASS 2
- Water; 30
- Materials; UNCLASSIFIED <
- Waste;

- Land use and ecology;

Figure 5.13 - BREEAM reating

- Pollution.
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6 Building refurbishment

The residential sector has increased considerably in recent years, causing a huge energy demand
growth. It was caused by technological installations that provide the indoor comfort such as super-

technological appliances, computers, air conditioning and so on.

For this reason, the residential and tertiary sector, are put in the forefront of energy policies with

the aim of controlling, or even better, minimizing energy demand.

When we are talking about a new construction, we can easily control and reduce the energy
demand. It is planned during the firsts steps of building's design, as its orientation, magnitude,
envelope (opaque and glass material and it's featured), types of installations, feeding with

renewable sources...

When we are talking about of constructed buildings, we have to change our point of view. The year
of construction plays an important role: the normative was different and no energy performance
was required, so these buildings need to be rehabilitated to improve their energy efficiency levels

and reduce wastes and energy costs.

How can the energy efficiency of extinguishing buildings be improved? There are different options:
- Rehabilitation of the enclosure (facade and cover);

- Replacement of existing installations with others with better efficiency;

- Change the fuel that feeds the installation adopting renewable energy sources.

It's not always possible to make these changes, or rather, not always can be done at the same time.

The rehabilitation of existing buildings must be focused on different aspects.

First of all its cost. Often the rehabilitation promoter does not have the money available, so heis
forced to choose cheaper technologies that, however, can ensure adequate levels of efficiency and

comply with current energy-saving regulations.
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The second aspect to be taken into account is the current urban planning legislation. This often
limits the choice of materials, their position, color or the presence of workers, noise, scaffolding and

SO on.

The third aspect, but no less important, is the size of the building, both inside and outside.
Rehabilitation of a building requires time and space, often there is no space available and you are

forced to formulate a different rehabilitation plan.

6.1 Case study: Azkorri Ikastetxea

The building to be rehabilitated is a primary school located in Getxo, a municipality on the coast of
the historic territory and province of Vizcaya in the Basque Country, Spain. It is located on the right

side of the Bilbao river the Nervién and it is part of the metropolitan area of Bilbao.

Below the imagines show the location.

{# WVizeaya

Figure 6.1 - Localization of Basque Country and geographical division
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e S

8

Figure 6.3 - Localization of Azkorri school from Google Maps
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Figure 6.4 - Detail of geografical location

The school building is made up of different parts, as shown by the figure 5.4, built in different years.
The first was built around the 70s, they are identify with the letter B. Then, in the 80s, was built the
A and it was completed with another part Cin the 2006. In the same year the gym's roof was built,

identified with the letter D (figure 6.5):

Figure 6.5 - Identification of buildings
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More detail about the buildings:
e B1, B2, B3: classrooms and teacher’s offices, built in the 70s;
A: administration, offices, warehouse 80s;
C: the dining room on the ground floor, built in the 80s;
C: classrooms and library at the first floor, built in the '06 ;
D: the gym roof, built in the '06.

Object of the study is the buildings B1. It is made of a basement, a low level and a first floor, as

showed in the pictures below:

S
[
.

Figure 6.6 — Building facade. On the
left: SE facade;
On the right: NO fagade;

Down: a windows detail
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BASEMENT
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Figure 7.7 - Plane of basement
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Figure 6.8 - Plane of low level
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FLOOR 1

Figure 6.9 - Plane of floor 1

The building is made of the spaces that are shown in the table 6.1:

N Area Height
[m?] [m]
diaphanous space = 260,78 4
BASEMENT warehouse 75,6 4
stairs 22,32 -
entry 57,33 4
infant school zone = 149,94 4
toilets 13,19 4
LOW LEVEL
classroom 1A 56,28 4
classroom 2A 56,28 4
stairs 22,32 -
aisle 29,16 4
toilets 26,38 4
classroom 1B 56,28 4
classroom 2B 56,28 4
classroom 3B 56,28 4
1~ FLOOR
classroom 4B 56,28 4
chief office 14,1 4
teacher room 20,02 4
meeting room 14,1 4
stairs 22,32 -

Table 6.1 — School spaces and areas.
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Below the facade are showed:

SOUTH-EAST

Figure 6.10 =South-East Facade

NORTH-WEST

Figure 6.11 —North-West Fagcade
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NORTH-EAST and SOUTH-WEST

Figure 6.12 — North-east and South-West Facade

6.1.1 Analysis of the envelope
In this subchapter, an analysis of the envelope will be carried out, with the aim of studying its

features and thermal characteristics.

The opaque element

The envelope is made of double brick with the air chamber and painting with light and dark blue
color finished.

The South East and North west facades are characterized by vertical projections with thermal
protection function, their dimensions are 10,20 x 0,50 x 1,27 m.

The North East and South West fagades have no the vertical protrusions but the water proofing.

The floor is characterized by the same structure for all the plants with the only difference of having

a radiant floor system in the basement.

The roof is made of the structural part on which the waterproofing is protected by the rock gravel.

Same structural details are showing below:
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' | ” ! 1] GROUND FLOOR
© 2] N. Description >
[m]
G [3] 1 ceramic tiles 0,02
concrete 0,05
3 slab 0,25

I| FLOOR - LOW LEVEL
2] — 5
[3] N. Description
[m]
1 linoleum 0,01
(4] 2 radiating floor 0,05
3 concrete 0,05
4 slab 0,25
- 1A
I I 1L I m FLOOR 1
G (2] s
N. Description
[m]
G [3] 1 linoleum 0,01
concrete 0,05
3 slab 0,25
[1]
¢ 2
© (3] ROOF
N Description >
© (4] ' [m]
1 rock gravel 0,05
2 water proofing 0,01
3 concrete 0,05
@ (5] 4 slab 0,25
5 air chamber 0,2
= (€] 6 false ceiling 0,02
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——T]
G { 7] FACADES SOUTH-EAST AND NORTH-
WEST
@ (3] N. Description >
[m]
G 4
4] 1 plaster 0,02
(5] 2 brick 0,12
3 air chamber 0,07
4 brick 0,07
5 plaster 0,02
¢ (1] FACADES SOUTH-WEST AND NORTH-
— 7] EAST
N. Description >
© { 3] [m]
1 plaster 0,02
@ [4] 2 water proofing 0,01
& El 3 brick 0,12
4 air chamber 0,07
(6] 5 brick 0,07
6 plaster 0,02
g (1]
[ 7]
[ 3]
BASEMENT WALL
L. S
N. Description
[m]
1 water proofing 0,02
2 concrete 0,2
3 plaster 0,02
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* The glazed element

The glazed part of the building is extended from the southeast to the northwest facades, while the

north-east and southwest facades have no openings outside.

There are the different type of windows characterized by a different shape and thermal features, as

showed in the table 6.2 and 6.3:

Ug

Uf

mortar. Thickness 8 cm

DESCRIPTION % galss % frame
[W/m?K] [W/m?K]
Doble glass with aIum|n|.um 18 32 75 25
frame and no thermal bridge
Glass brick with cement 32 100

Table 6.2 — Thermal characteristics of glass

CODE x [m] y[m] area[m?]
TYPEOL1| 2,73 0,95 2,59
TYPE 02 2,73 2,05 5,60
TYPE 03 2,44 2,68 6,54
TYPE 04 4,08 2,57 10,49
TYPE 05 2,44 2,05 5,00
TYPE 06 4,08 2,05 8,36
TYPE 07 3,60 2,40 8,64
TYPE 08 2,70 0,80 2,16
TYPE 09 3,60 5,44 19,58

Table 6.3 — Type of windows and their shape

All windows, except the glass brick with cement mortar, have recently been replaced by keeping the

hole size but changing the thermal characteristics, as shown in Table 6.2. These windows have the

sail CLIMALIT of composition 4+ 16 + 4 + PLANITHERM ‘ULTRA N’ of 4mm, transparent. It is a low

emissive glass with high performance intended to be assembled in double glazing. It offers up to

three times more insulation than a simple traditional glass.

In the figure 6.13 a scheme of type of glass is showed:

Raffaella D’Alterio



Energy efficiency in the building refurbishment: construction solution, materials and energy certification

SOUTH-EAST
(TYPE 02)  (TYPE 02)  (TYPE 02)  (TYPE 05) (TYPE 08) (TypE 05)  (TYPE 02)  (TYPE 02)  (TYPE 02)
| | | | | | | | |
i i I i i
(rvpe:02) || (TyPE: 02) || (TYPE: 02) (TYPE: 04) (rvpe:02) [ (Type:02) || (TyPE:02)
N
AN NN ENN — T
| ! | |
(TYPIE 01) (TYP‘E' 01) (TYPIE- 01)
Figure 6.13 — Scheme of type of windows. South-East fagade
NORTH-WEST
(TvpE02)  (TvyPE02)  (TYPE @)  (TYPE 08) (TYPE 09) (Type0g)  (TyPE02)  (TYPE02)  (TYPE 02)
| | | | | | |
)| I
(TyPE 02) [ (TYPE 02) || (TYPE 02) (Type 02) | (TYPE 02) [ (TYPE: 02)

(TYPIE: 01) (TYPIE; 01) (TYPE; 01) (TYPIE: 01) [TYPIE; 01) (TYPIE; 01) (TYPI‘E: 01) (TYPIE; 01)

Figure 6.14 — Scheme of type of windows. North-West Fagade
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6.1.2 Analysis of the installations

To obtain building consumption information, it is important to study the installation's features

e Heating system

The heating system is thus distributed:

Basement: no heating system;

Low level: radiant panel;

First floor: radiators.

The system is powered by a diesel fuel boiler with the characteristics showed in the table 6.4:

BOILER
Model Indelcasa
Year of manufacture 700-P
Nominal power [kW] 958
Nominal yield [%] 85,8
Load rating [%] 80
Combustible Diesel Fuel
Combustion yield [%] 93,1
Indoor temperature [ ] 25
Gas temperature [ ] 192,4
02 concentration [%] 1,5
CO concentration [ppm] 16

Table 6.4 — Boiler characteristics. Figure 6.15 — Imagine of Azkorri’s boilers

* Hot water installation

In the buildings B there are no hot water installation.

* Light system

The lighting system has recently been replaced with T8 LED Tubes.
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6.2 Energy simulation

In this chapter, the Azkorri building will be submitted to two energies simulation. The first energy

simulation will be placed in Getxo, Basque Country, Azkorri building country. It will be done with a

Spanish software: CE3X in according with the simplified energy certification procedures for existing

building, and in respect to DB-HE (documento basico de ahorro de energia) of the CTE (cddigo

técnico de la edificacion). The second energy simulation will be placed in Turin with the software

Edilclima, in respect of Ministerial Decree of 26/06/2015 and the Technical Specification

\jzcay®
o ge
BILBAO ﬁ“\m 1
Andwgv._
Barcelona
ngrtﬂ Q
Madrid
@
Portugal Espafia Val%ﬂcfa
Lisboa
®
Sevilla <L
=) ranada Argel

el iSiris
oMalaga el

Gibraltar

Figure 6.16 — Location of Bilbao and its climate date

W ~&J Austria &

Suiza

Eslovenia

®Zagreb
Mildn 2
5
Belgr
Beor

Croacia

Bosnia-Herzegoving

Sargjevo

Italia Montenegro

Podgorica,
£}
MoAropuila

®Roma
Tiraba®

Albania

Mar Tirreno

Malta

Figure 6.17 — Location of Turin and its climate date

City Getxo
Province Bizkaia
Region Basque Country
Country Spain
Latitude 43°21'24.8"N
Longitude 3°0'41.26"W.
Altitude 10 m
Average Temperature minimum -1,4
Average Temperature maximum 29,9
Relative humidity 70%
Climate zone c1

City Turin

Province Turin

Region Piedmont

Country Italy

Latitude 45°04' N

Longitude 7°42'E.

Altitude 240 m

Average Temperature minimum -8

Average Temperature maximum 31

Relative humidity 73%

Climate zone E

Raffaella D’Alterio



Energy efficiency in the building refurbishment: construction solution, materials and energy certification

6.2.1 Energy performance of building with CE3X

The software CE3X is a computer tool promoted by the Ministry
-
Industry, Energy and Tourism, through the IDAE, and by the I ﬁ: I

Ministry of Obtain the energy efficiency certification of an [ _

existing building. E

The program is based on the comparison of the building object ,
Figure 6.18 — CE3X Software

of the certification and a database that has been prepared for

each city of climate zones. The database is sufficiently wide to cover any case of the Spanish zone in

which the building is located. The software parametrizes the data of the object building and

compares them with the characteristics of the cases collected in the database. In this way, the

software searches a building with more similar characteristics and obtains the demand for heating

and cooling of the object building.

The simplified CE3X Energy Certification procedure begins with the collection of data that define the

thermal behavior of the existing building and the efficiency of its thermal installations.

The first data to introduce are the Administrative data, as shown in the figure 6.19:
- Building location and identification;
- Client data;

- Technical data of the certificatory.
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@ CE3X - PT: C\Users\Raffaella\Dropbox\ TESItesi.cex

[Archivo  Librerias  Patrones de sombra  Resultados  Complementos  Ayuda  Acerca de

CZEC & =l €RM

Datos administrativos Datos generales  Envolvents térmica  Instalaciones

Localizacion e identificacion del edificio

Mombre del edificio

[Azkorrikastola

Direccidn [ zientostxe Erepides, s |
Provingia/Ciudad auténoma Localidad Cédigo Postal | 48993
Datos del cliente
Nombre o razén sodal | raffaela dalterio |
Direccién [upvsEru |
Provinda/Ciudad autdnoma Localidad BILBAO Cédigo Postal | 43007
Teléfono 0034632030088 E-mail | r.dalterio92@gmail.com |
Datos del técnico certificador
MNombre y Apelidos [ raffaclis dalterio | NIF 51396638
Direccién [avenida universidades 4, 14 |
Provincia/Ciudad auténoma Localidzd BIBLAO Cédigo Postal | 48007
Teléfono 0034632030038 E-mail [ dalterios2@gmail com |

Titulacién habilitante segan
normativa vigente

[rgeriers

Figure 6.19 — Administrative information. CE3X Screenshot

The second data to introduce are the General data, as shown in the figure 6.20.
- Year of construction and the respective reference regulations;

- Type of building and its intensity of use;

- Geographic location and the respective thermal zone;

- Geometric data of the building: useful area, height, number of floors;

- Demand for DHW and ventilation;

- Mass of interior walls.
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Archive Librerias Patrones de sombra  Resultados  Complementos  Ayuda  Acerca de

LZAnc & &2 1€ RN

Datos administrativos Datos generales  Envolvente térmica  Instalacones

Datos generales

Mormativa vigente |Mm ) |_7| Afio construccidn | 1930 |
Tipo de edificio iEdﬁdo completo v | Perfil de usa |]_|'“E"g'dadmeda -12h "~ |

HE-1 HE-4
Provincia /Ciudad !\ﬁmva (v i Localidad IGEb“’ o | Zona dimatica €1 ¥} i

autdnoma .

Definicion edificio

Superficie Util habitable 1040.76

Altura libre de planta
Mimero de plantas habitables
Ventilacidn del inmueble

Demanda diaria de ACS

Masa de las particiones internas |ME(ﬂa vl

[[]5e ha ensayado la estanqueidad del edifico

Imagen edificio |

Figure 6.20 — General data. CE3X Screenshot

With the introduction of the general data of the building the software automatically associates a
climatic zone to it. With this information it prepares a database to calculate heat and cool demand.
To complete this calculation, CE3X needs the building envelope data.

The subchapter 6.1.1 presents the list of all types of opaque and glazed components that the

program needs. All of this data can be introduced in the software, as shown in the Figures below:
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GROUND FLOOR

Archive Librerias  Patrones de sombra

Resultados  Complementos  Ayuda  Acerca de

b7 =l0)e

Datos administrativos  Datos generales

Bl EXTERNAL WALL SE
B EXTERNAL WALL NW
[BH EXTERNAL WALL NE
B EXTERNAL WALL SW

I '] GROUND FLOOR

Envolvente térmica

Instalaciones
Envolvente térmica del edificio
() Cubierta
O Muro
(@ Sueln

() Particién interior

(®)En contacto con &l terreno
(_JEn contactn con el aire exterior

(O Hueco/Lucernario

(O Puente térmico

Suelo en contacto con el terreno

Nombre || srounp FLOCR I Zona |Edificio Objeta v
| | | s @
Superficie 346.92 m2 (O Menor oigual que 0.5m
; Profundidad
Longited | 9,40 | ™ el @Mayorque 0.5m [3 |m
Anchurz | 11,80 | m

Parametros caractensiicos def cerramiento

Propiedades térmicas |

Transmitanoa térmica

Perimetra

[ Tiene aislamiento térmico

BASAMENT WALL

Figure 6.21 — Insertion of ground floor. CE3X Screenshot

Archive Librerias  Patrones de sombra

Resultados Complementos  Ayuda Acercade

Hnc

(e

Datos administrativos

| BASEMENT WALL

B EXTERNAL WALL SE
EH EXTERNAL WALL NW
Bl EXTERNAL WALL NE
EH EXTERNAL WALL SW
Hi crounp FLOOR

[ &lA€RM

Datos generales  Envolvente térmica

Instaladones

Envolvente térmica del edificio

() Cubierta

(®) Muro (®) En contacto con el terreno
() De fachada

Osuelo () Medianeria

() Particién interior

(0) Hueco/Lucernario

(O) Puente térmico

Muro en contacto con el terreno

Nombre || BASEMENT WALL i Zona | Edificio Objeto |
Superficie 372.0 m2

tongnd [30 | m

Alturs IE m

Pardmetros caractensiicos del cerramiento

Transmitanda térmica

Propiedades térmicas ! Estimadas |

E_]#

Profundidad de la parte
enterrada

[ Tiene aislamiento térmico

Figure 6.22 — Insertion of basement wall. CE3X Screenshot
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ROOF

Archivo Librerias  Patrones desombra  Resultados Complementos  Ayuda  Acerca de

NZEC B &l 71€RM

Datos administrativos  Datos generzles  Envolvente térmica  Instalaciones

T Eaimao OBjeto Envolvente térmica del edificio
0
Bl BASEMENT WALL (®) Cubierta (O Enterrada
(®) En contacto con el aire
O Muro
O Suelo habitabl

. HOUREEELO0R: (O) Particién interior -

(O)Hueco/Lucernario

(O Puente térmico

Cubierta en contacto con el aire

Nombre I ROOF I Zona |Edificio Objeto v|

Dimensiones Caractenisticas
Superfide 3720 m2 Patrdn de sombras |Sin patrén |
Longined | 30 m
Anchwra [ 12,4 | m

Parametros caractensticos def cerranvento

Propiedades térmicas iCono&I:idas o - Transmitanaa fénmica

() Transmitancia térmica 1.53 Wm2K Masa/m2 kafm2

‘ (@) Libreria cerramientos | v l-l-[i

Figure 6.23 — Insertion of roof. CE3X Screenshot

Cerramientos

E| BD cerramientos
i L~ EXTERNAL WALL (waterproofing
ROOF MNombre | ROOF |

B Cerramientos del Proyecto

Libreria de cerramientos

ROCE Caractensticas del cerramiento

- EXTERNAL WALL {waterproofing Verticales (Materiales ordenados de exterior a interior); Horizontales (Materiales ordenados de arriba a abajo)

-EXTERNAL WALL Material Grupo R(m2K.. Espesor... A{W/mK) pa/m3) Cp(Ifkak)
Arena y grava [1700 ... Pétreos y suelos 0.025 0.05 2 1450 1050
Betun fieltro o lamina Bituminosos 0.043 0.01 0.23 1100 1000

.. Hormigones . 1000

FU Entrevigado de ho... Forjados unidirecdion... 0,245 0.25 1.02 1180 1000
Cémara de aire sin ve... Camaras de aire 0.18 - - - -
‘Yeso, de alta dureza ... Yesos 0.036 0.02 0.56 1350 1000

Ritu...4Rn
0.56 MW

Caracter&ticas del material
Grupo de materizles |Hormigones hd | ’W‘
Material |Hormigén enmasa 2000 < d < 2300 24 | Modificar

p

Cargar al proyecto

< > Guardar cerramiento |Modiﬁcarcerramienb3 | | Borrar cerramiento |

Figure 6.24 — Insertion of roof details. CE3X Screenshot
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EXTERNAL WALL

Archive Librerias  Patrones desombra  Resultados Cemplementos  Ayuda  Acerca de
CZENIC [ & A€

Datos administrativos = Datos generales  Envelvente térmica | Instalaciones

Envolvente térmica del edificio

R BasemENT waLL (O Cubierta
" *| oaTERNAL WaALL SE
n EXTERNAL WALL NW (@) Muro () En contacto con el terreno :
Espacios
B EXTERNAL WALL NE Osueo ®@De Y—IBd'\at’ﬁa Espacos
BEH ExTERNAL WALL SW (O Medianeria b
Il GROUND FLOOR () Particién interior B
(O Hueco/Lucernario
() Puents térmico -
Muro de fachada
MNombre I| EXTERMAL WALL SE |I Zona Edificio Objeto v
Dimensiones Caractenstcas
Superficie 360.0 m2 Orientadién BF |
Longitud T .
Ah"ia % : Patrdn de sombras Sin patrén “

Pardmetras caractensicos del cerramiento

Propiedades térmicas | Conocidas “ Transmitanda temica _

() Transmitandia térmica W m2K Masa/m2

‘ (®) Libreria cerramientos EXTERMAL WALL b

Figure 6.25 — Insertion of external wall. CE3X Screenshot

Cerramientos

- BD cerramientos

EXTERMAL WALL (waterproofing
ROOF Nombre [ EXTERNAL WAL
- Cerramientos del Proyecto

QOF
EXTERMAL WALL {waterproafing Verticales (Materiales ordenados de exterior a interior); Horizontales (Materiales ordenados de arriba a abajo)

Libreria de cerramientos

Caracterticas def cerramiento

SR U Material Grupo R(m2K... Espesor... A(W/mK) pkam3) Cp (ko)
Raseo Pintura Morteros 0.005 0.01 2 2100 1000
Tabicén de LH doble ... Fabricas de ladrilo 0.139 0.06 0.432 930 1000 '
Camara de aire sin ve... Camaras de aire 0.15 - - - -
Tabicdn de LH doble ... Fabricas de ladrilo 0.139 0.06 0.432 930 1000 ‘
Raseo Pintura Morteros 0.01 0.02 2 2100 1000

Rit...+Rn
0,44 maMW
Caracterticas del material
Grupo de materiales Morteros - e

Material Raseo Pintura i
Espesor m A W fmi Borrar

Cargar &l proyecto

< > Guardar cerramiento Modificar cerramiento Borrar cerramiento

Figure 6.26 — Insertion of external wall details. CE3X Screenshot
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WINDOWS

Archive Librerias  Patrones de sombra

Resultados Complementos  Ayuda  Acerca de

Datos administrativos Datos generales

NZHENC [ R ERD

Envolvente térmica  Instalaciones

E

Espacios

habitables

B EXTERNAL WALL SE 4| Envolvente térmica del edificio
o= =| TYPE 1 (left)
E TYPE 1 (right) (O Cubierta
m TYPE 1 (central)
BB TYPE 2 (left, 1~floor) OMuro
--Hf TYPE 2 (left, 2floor)
B8 TYPE 2 (right, 1~floor) Osuelo
-Hf TvPE 2 ( right, 2'“T|DD'I'] (O)Particién interior
.8 TYPE 2 (central, 1~ floor
E TYPE 2 (central, 2~ floor (® Hueco/Lucernario
.l TYPE 3
E TYPE 4 (O Puente térmico
B8 TYPE 5
- TvPE6 HuecolLucernario

SE

Estanco

Dispositivo de protecddn solar

Farametros caractensticos defl hueco
Propiedades térmicas | Conocdas

U vidrio
g vidrio

U marco

i

<=

Mombre | TYPE 1 {Jeft)

Cerramiento asocado EXTERMAL WALL SE ~ Orientadidn
Longitud 273 Permeabilidad del hueco
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Figure 6.27 — Insertion of windows. CE3X Screenshot

The windows have to be inserted

Nombre del patrdn de sombras type left. | Crear nuevo
Patrones de sombra definidos type Lleft, v
v - for every different wall orientation.
= I It affects the amount of heat and
il sunlight that enter in the building.
w | Each window has a building shade,
- | for its presence of vertical
- protrusions. The software will
Admut a (%)
Defini polgonos .
& F % _ e w e E E e calculate the shade with the
a2 I:l: 22 I:l: Foder 450 819 87.9 7.0 §7.9 0.0 5.0 0.0
7 Dzo o @De i introduction of a specific geometric
Introduccion simpificads Obstacuos rectanguiares
Sitiese en el centro del elemento sombreado mirando al sur; Angulos al este negativos parameters’ as Shown in the Figure

Figure 6.28 — Insertion of building shade. CE3X Screenshot 6.28.
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- THERMAL BRIDGES

Archive  Librerias  Patrones de sombra  Resultados  Complementos  Ayuda  Acerca de

NZAnNc & &E€ERD

Datos administrativos Datos generales  Envolvente térmica  Instalaciones

[fl Edificio Objeto Envolvente térmica del edificio
-4 ROOF
[ BASEMENT WALL (O Cubierta
-l EXTERNAL WALL SE
- EXTERNAL WALL NW OiMuro
(- EXTERNAL WALL NE
- EXTERNAL WALL SW Osuslo

-l GROUND FLOOR () Particén interior

(O Hueco Lucernario

(®) Puente térmico Definides por usuario

Puente térmico por defecto

Definir puentes fémmicos por defecto

Pilar integrado en fachada |

j, AN
[APilar en esquina Ll ‘ ‘ =] ‘ ‘ Q
A contorno de husco ‘ S ‘ ‘ ‘ ‘ ‘
B

= Ll LL

Caja de persiana L= i
. = =

]
[“1Encuentro de fachada con forjado | \'_’:_‘—__II | 'I‘ @
[#]Encuentro de fachada con cubierta s
[[JEncuentro de fachada con suelo en contacto con el aire \ ‘ | ‘

A Encuentro de fachada con solera

Figure 6.29 — Insertion of thermal bridges. CE3X Screenshot

At the low level and, the first floor, no interior walls have been introduced because the building is
made up of a single thermal zone, except for the basement.
All the thermal bridges provided by the software have been introduced (except for the thermal

bridge created with a balcony) by the year construction of the building.

The other information that the software needs, is about the building installations. In the subchapter
6.1.2 there are all the information about it.

As shown in the figure below, CE3X is able to calculate different type of installation, as:

- DHwW;

- Heating System;

- Cooling system;

- DHW and heating mix system;

- Light system;...etc.
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CE3X INSTALLATION SYSTEM

Archive Librerias  Patrones desombra  Resultados  Complementos  Ayuda  Acerca de
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i P ——————————
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< RENOVABLE SYSTEM O Eauio “ O ~Faupo i
- § LIGHT SYSTEM (C) Equipo de calefaccién v refrigeracién
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Rendimiento de combustién £
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Figure 6.30 — CE3X installations. CE3X Screenshot

For the case study only the heating and light system will be included. The building has no other

installation system.
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HEATING SYSTEM

Archivo Librerias  Patrones desombra  Resultados Complementos  Ayuda  Acerca de
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Figure 6.31 — Insertion of heating system. CE3X Screenshot

LIGHT SYSTEM
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Figure 6.32 — Insertion of light system. CE3X Screenshot
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When all parameters required for the software have been entered, the calculation of the energy

classification is carried out:

Archivo Librerias  Patrones desombra  Resultados  Complementos  Ayuda  Acerca de

ZHENicC 3 &2 1€BMN

Datos administrativos  Datos generales  Envolvente térmica  Instalaciones  Calificacion Energética

Calificacion energética de edificios

Indicador kgC02/m2
Edificio objeto
Demanda de calefaccién 168.0 E
Demand(f ﬁl‘e refrigeracion 8.6 B
) Whim3)
<732 - 67.6
Emisiones de calefaccion 55.9 D
(kg CO2/m2)
< 95.2
Emisiones de refrigeracion 1.4 B
(kg CO2Um2)
<172 Emisiones de ACS No calificable
(kg CO2/m2)
< 146.5 — Emisiones de iluminacion 10.3 B
(kg CO2/m2)

== 146.5

Figure 6.33 — Energy classification
The final result corresponds to a C, equivalent to an emission of kgCO2/m? of 67.6.

As we can see, the worst emissions calculated by the software are the heating demand and its
correspondent energy source. It derives from the characteristics of the building envelope: in spite
of the thermally-enhanced windows (recently changed), the interior environment continues to have

significant heat losses due to the presence of a facade constructed of obsolete techniques.

The program calculates the cooling demand and its consumption even though there is no cooling
installation. It is because the software DOES NOT WORK with IT building. The software looks for
simulations with characteristics more similar to those of the building object and interpolates with
respect to them the demands of heating and cooling, thus obtaining the demands of heating and

cooling of the object building.

Finally, the program generated a document in which appears the most important information and

results obtained.
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CERTIFICADO DE EFICIENCIA ENERGETICA DE EDIFICIOS

IDENTIFICACION DEL EDIFICIO O DE LA PA

RTE QUE SE CERTIFICA:

Nombre del edificio Azkorn ikastola
Direccion Zientoetxa Errepides, S/N
Municipio Geboo Codigo Postal 43093
Provincia Wizcaya Comunidad Autdnoma | Pais Vasco
Zona climatica Cc1 Ano construccion 1980
Mormativa vigente {construccion I . T
rehabilitacién) Anterior a la MBE-CT-78
Referencials catastralles getuo
Tipo de edificic o parte del edificio que se certifica:
= Edificio de nueva construccion » Edificio Existents
= Vivienda & Terciano
= Unifamiliar = Edificio completo
= Blogue = Local
o Blogue completo
o Wivienda individual
DATOS DEL TEC MICO CERTIFICADOR:
HNombre y Apellidos raffaella dalterio HIF{MIE) | ¥5139868-B
Razon social tasic MIF
Domicilio avenida universidades 4, 14
Municipio BIBLAC Codigo Postal 43007
Provincia Wizcaya Comunidad Autdnoma | Paiz VYasco
e-mail: r.daltencS2@gmail com | Telefono 0034832030083
Titulacion habilitante segin normativa vigents ingeniero
Procedimiento reconoccido de calificacion energética utilizado y CEXD 3
VErsion: ’
CALIFICACION ENERGETICA OBTENIDA:
COMSUMO DE ENERGIA EMISIONES DE DICXIDD DE
PRIMARIA NO RENOVAELE CARBONO
[kWhim? afio [kgCO2! m? ano]
=
=y LTy
ELLEY ET.6C
EEr vz  Fg
[z G E

El técnice abajo firmante declara responsablemente que ha reslizade la certificacion energética del adificio o da Iz parte que se
certifica de acuerdo con el procedimiento establecido por kla normativa vigente y que son clertos los datos que figuran en el
presaente documento, y sus anexos:

Figure 6.34 — Energy performance certificate

CE3X allows to choose building improvement measures and makes an estimate of them. | have

choose to improve the facade:
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ANEXO Il .
RECOMENDACIONES PARA LA MEJORA DE LA EFICIENCIA ENERGETICA

| sistamiento en facahada |

CALIFICACION ENERGETICA GLOBAL

CONSUMO DE ENERGIA EMISIONES DE DIOXIDO DE
PRIMARIA NO RENOVAELE CARBOND
[k¥Whim?® anao] [kgCO2! m* ano]
=
= 4EEN | I o 412B
[irams  F3
= G E—
CALIFICACIONES ENERGETICAS PARCIALES
DEMANDA DE CALEFACCION DEMANDA DE REFRIGERACION
[kWhim* anc] [EWh/m? afio]
[ zom2 B rens B
103.7C 144 C
Er—
ANALISIS TECNICO
Calefaccion Refrigeracion ACS lluminacion Total
Indicadar ahorm ahomo L) ahoms sharm
alor £ alor £ Malor LI Walor LIE] Walor ain
shuacisn Shuaciin skhuscidn sihuscion shtuacion
eriginal arigi-al argiral argna crignsl
Consumo Enengiafinal | 4 1pos | zgam | 7ae | rem | om0 s iz 0.0% | 15636 | 310
[kVhim*® afia]
Consume Energia — -
primaria no renovable g' G| 353% 1404 |G| -E7.3% o |- “ 0.5 |B 0.0% 5 B| 274%
[K&¥him® afo]
Emisiones d= CO2
[kpCo2inT aﬁu] M50 |G| 383% 238 |G| -67.3% a0 |- % 10.20 |B 0.0% 4718 |B| 30.3%
i) Il i _

Mota: Los indicadores energsticos anteriores estan calculades en base & coeficientes esténdar de operacion y funcicnamiznic
dal edificio, por lo qua solo son validos a efectos de su calificacion ensrgética. Para el andlisis econdmico de las madidas de
shorro y eficiencia energética. el técnico cerificador debers ufilizar las condicicnes reales y datos histéricos de consumo del

Figure 6.35 — Building improvement measures. Insulation of fagade

The next chapters will show the rehabilitation of the building facade and then re-classification

through the Spanish CE3X and Italian Edilclima softwares.
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6.2.2 Improvement measure: facade rehab
Professional building facade and exterior rehabilitation begins with a thorough examination
of the structure’s existing condition including the underlying facade support, exterior surface,
roofing, windows and any attachments such as porches, overhangs and stylistic treatments.
The examination generally includes a review of any original plans, related construction
documents, previous repair work and updates to arrive at a comprehensive understanding of

the structure’s current exterior condition. [Source: Facade Maintenance Design, PC].

As described in the previous chapters, the facade of the
Azkorri building has no isolation. Among the various types of
existing facade in construction, already analyzed in the sub-
chapter 3.3.2 the Exterior Insulation and Finishing System,

knew as EIFS (or External Thermal Insulation Composite

System ETICS), is chosen (spanish versién SATE, Sistemas de

. . .. ] Figure 6.36 — EIFS fagade
Aislamiento Térmico por el Exterior). g fag

Exterior Insulation and Finish Systems are multi-layered exterior wall system. It provides superior

energy efficiency and offer much greater design flexibility than other cladding products.

EIFS typically consist of the following components:

A silicone resin primer that permits diffusion
Primer

and is based on SBS enhances drying and

Gk o protects against harmful salts.
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Adhesive mortar is used to attach the

insulation system to the exterior wall.

Insulation that guarantees the energy
performance of buildings. There are different
typologies according to the characteristics

required.

Polymer modified dry-mix mortar is applied
to secure the glassfiber mesh. The mortar
makes for a composite base that is both

secure and flexible.

The glassfiber mash is applied to the
insulation panel to reinforce its impact
resistance. The mesh is embedded in the

base coat.
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Typical coating include hydrophobic plasters

_ made of mineral, acrylic, silicate or silicone. is
Plaster

one of the least expensive and most often
used facade materials for new buildings and

renovation projects in Europe.

Silicone resin emulsion paints are ideal
because they are both water-repellent and
water-vapor permeable. They thus help to

protect the entire ETICS against weathering.

The choice of an ETICS system results from the benefits it brings to the structure: no reduces
internal volume, eliminates thermal bridges, it is more cheap than the other solution and give an
unlimited design flexibility, it comes in virtually limitless colors and a wide variety of textures. They
also can be fashioned into virtually any shape or design.

ETICS literally wraps the exterior in an energy-efficient thermal blanket. By insulating outside the
structure, EIFS reduces air infiltration, stabilizes the interior environment and reduces energy
consumption.

In fact, ETICS can reduce air infiltration by as much as 55% compared to standard brick or wood
construction. And since walls are one of the greatest areas of heat and air conditioning loss,
improvement in the wall insulation can be very meaningful in terms of energy conservation.

To provide the system with a lasting service life, so as to maintain adequate internal comfort
conditions, a periodic maintenance should include thorough checking of the flashing and sealing to
ensure that the building envelope remains watertight. Damaged or missing flashing should be
repaired or replaced immediately; likewise, cracked or deteriorated sealant should immediately be

repaired, or removed and replaced.
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For the Azkorri fagcade rehabilitation provides:

- insulation of wood fiber with thermal conductivity (A) of 0,039 W/mK:

Figure 6.37 —Image of wood fiber

- fiberglass mesh interposed between two layers of mortar, to give greater resistance and

protection to the insulation;

- mortar for exterior, arid projected or stone, indicated for areas sensitive to erosion as low

plants or baseboards because it offers good surface resistance finish, with thermal conductivity

(\) of 1,16 W/mK:

Figure 6.38 — Image of mortar

In the subchapter below a new energy classification, with ETICS system, will be shown.

First of all, the building will be classified with the CE3X program, then with the Italian software.

6.2.2.1 Energy performance of building with CE3X

The data that will change, compared to the previous analysis, are those related to the opaque

element, as showed in the figures 6.39 and 6.40:
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Existing envelope
Mortar

Wood fiber insulation
Support elemeant
Double layer mortar
Fiberglass mesh
Exterior finish

Figure 6.39 — New fagade with ETICS solution

The thickness chosen for insulation is 80mm (0,08m):

Cerramientos

Cerramientos
E| BD cerramientos
i L. EXTERMAL WALL (waterproofing
- EXTERMAL WALL - ETICS
- EXTERMAL WALL - ETICS..
{ L.ROOF
- Cerramientos del Proyecto
- ROOF
- EXTERNAL WALL (waterproofing
- EXTERMAL WALL
- EXTERNAL WALL - ETICS
- EXTERMNAL WALL - ETICS.
- EXTERMAL WALL - ETICS..

Libreria de cerramientos

Nombre | EXTERNAL WALL - ETICS |
Caracteniticas del cerramiento
Verticales (Materiales ordenados de exterior a interior); Horizontales (Materiales ordenados de arriba a abajo)

Material Grupo R{mZK... Espesor... A{W/mK) plka/m3) Cp kgt ™
mortero PARA REVO... Morteros 0.021 0.02 0.96 1830 1000
tabicon de ladrilo Fabricas de ladrillo 0.082 0.07 0.85 930 1000
Camara de aire ligera... Camaras de aire 0.075 - - - -

ladrilo media asta. Fabricas de ladrillo 0.141 0.12 0.85 930 1000
mortero PARA REVO...  Morteros 0.021 0.02 0.96 1830 1000

fibra de madera. Aislantes 0.035 2100

Rit...+Rn
2498 maKfw
Caracter&ticas del material
Grupo de materiales |Aj5|antes S | Afadir
Material |ﬁbra de madera, w | Modificar
Espesor m A 0.039 Wk T

Calor especifico | 2100 Jfkgk

p e
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| Guardar cerramiento | | Modificar cerramiento |

Figure 6.40 — New facade with ETICS solution (with CE3X)
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The new opaque envelope transmittance is: U= 0,38 W/A. Improving facade insulation, in this
case with an ETICS system, it gets better indoor comfort conditions as well as the risk of interstitial
condensation. This avoids the presence of dehumidifiers during the winter season and decreases

heating demand, its consumption, and cost.
The ETICS system reduces the thermal bridges as:
- Thermal bridge between pillar and external wall,

- Thermal bridge of an angle pillar;

- Thermal bridge between facade and slab.
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DZHAENIc & &ElA€RMN

Datos administrativos  Datos generales  Envolvente térmica  Instalaciones
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-4 ROOF i,_L -
..... Bl BASEMENT WALL () cubierta
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..... E TYPE 1 (left) O Mura T = e PP PR |
\ I Espacios !
habitables .
OSUEk’ B — i
() Particién interior — I
il
() Hueco Lucernario I
(®) Puente térmico | Definidos por usuario | 2,

Puente térmico por defecto

Definir puentes térmicos por defecto

[ Pilar integrado en fachada [=
[rilar en esquina

Contorno de hueco
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[ Encuentro de fachada con forjado

Encuentro de fachada con cubierta
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Encuentro de fachada con solera

oor}. W R
’ o

Figure 6.41 — Thermal bridge that still remain in the fagade

Now, there are no other new parameters to introduced in the software, and a new classification

can be carried out:
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Archive Librerias  Patrones de sombra  Resultados  Complementos  Ayuda  Acerca de

CiZADIc] [ &l 21€IREr

Datos administrativos  Datos generales  Envolvente térmica  Instalaciones  Calificacidn Energética

Calificacion energética de edificios
Indicador kgC02/m2

Demanda de calefaccion 1201 E
<o: [HIED> i

Edificio objeto

Demanda de refrigeracion 8.5 B
(kWh/m2)
< 65.0 51.6
Emisiones de calefaccion 39.9 D
(kg COZ/m2)
< §4.5
Emisiones de refrigeracion 1.4 B
(kg CO2Zim2)
< 104.0 Emisiones de ACS No calificable

(kg CO2im2)

<00 [ > Emisines do uminacen 103
(kg COZIm2)

Figure 6.42 — Energy classification with ETICS system

The final result corresponds to a C, equivalent to an emission of kgCO2/m? of 51,6, 16 kgCO2/m? less
than the previous classification.
If we want to do a comparison between after and before, the following figures can show the

difference:
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Archive Librerias  Patrones de sombra  Resultados Complementos  Ayuda  Acerca de

OzAEnc ¢ &€ B0

Datos administrativos  Datos generales  Envolvente térmica  Instalaciones  Calificacion Energética

Calificacion energética de edificios

Indicador kgC02/m2
Edificio objeto
Demanda de calefaccion 168.0 E
Demanda de refrigeracion 8.6 B
— 67 6 (kWh/m2)
< 73.2 | -
Emisiones de calefaccion 55.9 D
(kg CO2/m2)
< 95.2
Emisiones de refrigeracion 1.4 B
(kg CO2/m2)
<1172 Emisiones de ACS No calificable
(kg CO2/m2)
<5 [ > crisione de duminacon 103 B
(kg CO2Im2)
Calificacion energética de edificios
Indicador kgC02/m2
Edificio objeto
Demanda de calefaccion 120.1 E
Demanda de refrigeracion 85 B
51.6 (kWh/m2)
< 63.0 .
Emisiones de calefaccion 39.9 D
(kg CO2Im2)
< 84.5
Emisiones de refrigeracion 1.4 B
(kg CO2/m2)
<104.0 Emisiones de ACS No calificable
(kg CO2Im2)

==130.0

Emisiones de iluminacion
(kg CO2/m2)

Figure 6.43 — Difference between after and before the ETICS system
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6.2.2.2 Energy performance of building with Edilclima

This subchapter will show the Italian Energetic

Certification with Italian software Edilclima. It calculates % ED'LCL'M:A@
the energy performance of buildings in accordance with ENGINEERING & SOFTWARE

the Technical Specifications UNI/TS 11300 1-2-3-4, such Figure 6.44 — Edilclima software

as winter and summer cooling, hot water, lighting, and

ventilation. Also, it allows for the energy audit, evaluating the actual consumption of the building in

according to the actual heating season.

Finally it produces the Energy Performance Certificate (national or regional) and verification of the
minimum requirements. At the certificate is attributed an energy efficiency class and score, which
has ranges from a class A+ for greater energy efficiency (score 10), to class G for the least efficient

(score 0), that is equivalent a primary energy demand very high.

To start the Energy Certification it begins with the collection of data that define the thermal

behavior of the existing building and the efficiency of its thermal installations.

The first data to introduce are the General data, as shown in the figure 6.45:

- Certificatory data, Building location and its use;

Climatic data;

Reference legislation;

Default data.
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Professionisti

Direttore lav.
impianti

Direttore lav
isolamento

Progettista
isolamenta

Progettista

impiarti Certificators

Descrizione

6.45 - Certificatory data, Building location and its use

Selezione archivio comuni

HOME  STRUMENTI  SUPPORTO | DATI GENERALI
= . : 2
i Ly B Q
Utente Salvasu Gestione Ripristina Distrib
archivic  comuni  predefiniti

¥«

Dati pmgetto/l/[)ali climatici ]/Regime normative ]/Dati default

Regime nomativo (@) UNI 10343:2016 () UNI 10349:1994

D,
Dati generali ‘ Dati geografici
% Compenenti invelucro Comune V‘
Provincia Torino v Distanza dal mare
A Ombreggiamenti Gradi giomo o Regione di verto
Altitudine s 1.m. Direz. preval. vent;
M Input grafico Hene sim El m i °
Latitudine Nord [ |- : Velocta verto media m/e
A Serre / Locali non climatizzati Longitudine Est % 4 Velocita vento max m/s
Codice Catastale Codice ISTAT
ﬁ Zone/ Locali climatizzati
S Dati invemali
A Impianti Stazione di rilevazione per Temperaturs estema Periodo convenzionale riscaldamento
Temperstura |T{!-Baudjcd'& |v| ;g— Localta di i v Zona climatica v
Risultati fabbricato ]
Irsggiamento | T - Bauduechi [~] 20+ Ddlalocata T Durata 183 giomi
10 -
| P —— Vertosta | T0 - Bauduechi [~] 13 | Varazione = Dal giomo 15 attobre
20—/ Adottata 20 € Al giomo 15 apiile
I‘;,'E Werifiche di legge
b ot Iradianza solare massima sul piano orizzontale 2778 Wimz |
N
% Relazione tecnica Dati estivi
Localt fferimento estiva | Torino [+]
Attestati energetici 40— 40— _ 100—| SR
— = Temperstura bulbo secco = Temperatura bulbo umida Urnidita relativa
25|
ﬂ Interventi migliorativi ?g :I T %g :I nr T 50 - &
il = = | -
= 4
6.46 — Climatic data
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The software allows the insertion of the location in which where the building, and it automatically
defines the climatic data of the area (temperature, radiation, wind, dry and wet bulb temperature,
climatic zone...)and planimetric information like altitude, longitude and latitude, according to the

“UNI 10349-2016 Dati climatici”, as shown in the figure 6.46.

Then the Regulatory regime have been chosen, in order to confirm: the verifications of law in
according to the DGR n. 46-11968, the technical report and the certificate of energy qualification

for buildings whose request for title of the building is later than 01.10.2015 according to the
Interministerial Decree of 26.06.2015. For thermal bridges has been chosen an analytical
calculation in according to UNI EN ISO 14683, and the liminal resistance has been concerned to
Appendix A of the UNI EN ISO 6946. The building has a no air conditioned zone and the analytical
calculation was selected in reference to the legislation UNI EN 12831 and UNI/TS 11300-1. Instead

for internal heat capacity was selected the simplified calculation only for existing building with no

building structure informations.

B ove  STRUMENTI  SUPPORTO | DATI GENERAL

Comandi 1 Dati progetto ]/Dati climatici)/Regime normative }/Dati default ]
e he di legge e relazi tecnica
Dati generali secondo | DGR 04.08.09n. 46-11968 v -‘ Piemonte
~ : Abilita verfiche secondo DlLgs 03.03.2011,n. 28
% Componenti invelucre
Data titolo edilizio | dal 1 gennaio 2017 al 31 dicembre 2017 v
. Ombreggiamenti Attestati ici
M Input grafica secondo D Interm. 26 06.15 £
(A

/‘ Serre / Locali non climatizzati
Opzioni di calcolo

P Jone / Locell climatisest Ponti temmici O Resistenzs liminar o Seme & locali non climatizzati o Capacita tan'rlic.a. O
@ Calcolo analiico @ Appendice A UNIEN IS0 6946 () Caleolo semplficata O Caleolo analtico
A Impianti (O Calcolo percentuale (O Prospetto 1- UNIEN IS0 6346 (® Calcolo analtico 4 ® Calcolo semplficato
Regime nomativo Efficienze globali medie stagionali (i)
] Risultati fabbricato ® UNLTS 1130042 52006 {®) DM 26.06.15 ed UNI/TS 11300 {caloolo "fisica")

(O UNI/TS 11300-4:2012e RCTI 14:2013 (O FAQ ministeriali (agosto 2018)
= = 2| Risultati energia primaria

Potenza estiva
Verifiche di legge [ Abiita il calcolo di potenza estiva

\..../“
Relazione tecnica
-
—
+

Attestati energetici

nterventi migliorativi

6.47 — Reference legislation
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In the last paragraph Default data has been defined the information of areas of building, such as the
internal temperature in respect of law the UNI EN 12831, the air changes according to UNI 10339,

the heat capacity for area, the correction of the power for intermittent heating, the conversion
factor in primary energy, renewable and nonrenewable and emission factor of CO2 related to
electricity, the factors in non-renewable primary energy conversion, renewable and total relating to

the energy produced by solar thermal or photovoltaic.

FILE HOME STRUMENTI SUPPORTO DATI GEMERALI
=
Comandi ks Dati progetto ]/Dati climatici ]/Regime normativo)/Dali default
e Ti inteme Ricambi d'aria

Dati generali Potenza invemale Gint.p,H '-’D.E! T Potenza invemale n_pH Val/h

Energia invemale Bint.e H T Energia invemale n_eH Vol
% Componenti invelucro

Energia estiva Bint.e.C T Energia estiva nelC Vol
s Ombreggiamenti G = per i R i 0

m () Fattore di ripresa fRH 0 wim* §

Altezza netta del locale
M Input grafico
| Capacita termica per unita di superficie

!
<]
£
3
®

@ Coefficiente di sicurezza

A Serre / Locali non climatizzati Energia elettrica
. Fattore di conversione in energia primaria fp 2.420] | 2420
FAY: / Locali climatizzati
LW one/Locsl cimatizzat Fattore di conversione in energia primaria non rinnovabile fp.nren 1950 | € | 1.950
A Impianti Fattore di conversione in energia primaria innovabile fpren 0.470] | 0.470
Fattors d emissione CO2 kem oas00] [€] | 04600 kgCO2/Wh

Fattori di energia primaria

Risultati fabbricato

]

|=‘ fp.nren fpren fp tot

0 nicuttati o

=== ISUTtat energia prmarta Energia termica da collettori solari 0.000 1.000 1.000

% Verifiche di legge Energia elettrica prodotta da fotovoktaico 0,000 1,000 1,000

o Energia termica da pompe di calors {Eres) 0.000 1.000 1.000
= Relazione tecnica Energia elettrica esportata da fotovoltaico 0,000 1.000 1,000

Attestati energetici Ripristina defauft

Interventi migliorativi

B>y LA

il

T

6.48 — Default data

Then the buildings component will be defined:

external and internal walls;

- ceilings;

- floors;

- thermal bridges;

- windows.
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- EXTERNAL WALLS WITH ETICS SYSTEM

Componenti q

=P

i ep

= Muri

[=)- Componenti finestrati

- M1 - EXTERNAL W{
-- M2 - BASEMENT
-- M3 - INTERNAL WA/
avimenti
- P1-GROUND FLOC]
-- P2 - LOW LEVEL
P3-LEVEL 1

--51-ROOF

-- 52 - BASAMENT
--53- LOW LEVEL
onti Temici

- Z1-R - Parete - Cop|
- Z2 - GF - Parete - Sol
- Z3-W - Parete - Tel
- Z4-C - Angolo tra pi
- 75 - |F - Parete - Solzg
-~ Z6-P -Parete - Pila;

-TYPE1
-TYPE2
-TYPE3
-TYPE4
-TYPES
-TYPE®
-TYPET
-TYPES
- TYPES]

- W11 -TYPES.2

Codoe [M 1] Descidone [EXTERNAL WALL ETICS

||*! Tipo |T EV| | da locale dlimatizzato verso estemo

Dati generali ]/Stratigraﬁa ]/\l'eriﬁcaTelmoigrometrica ]/Gra‘fici ]/Risul‘tati ]

Dati struttura Potenza & Energia Verfica termoigrometrica
Dati UNI TS 11300-1
'/./ ::'/// Temperatura estema
A Al
A Emissivits &
A
/ -“'//_// Fattore di assorbimento a
s
A A Ja e per e
A g
¢ ', Inclinazione sull'orizzonte b3
122 : 4 5ET
Altri dati
Num Descrizione Spessore Cond. & Py I . .
[nm]  [W/mK] Superficie da sottrame O
1 | pittura interiore 1.00| 2000 —_—— !
Contributo Invemale/Estive I+E [ v |
2 |BRICK 70,00 0850 e
Port
3 |Intercapedine non vertilata Av <500 mm%m 700 D054 i O i
4 |BRICK 12mm 120,00 0.850
5 |Intonaco di calce & gesso 200 D700|%|
[ Dati noti
Ongine dati | Valori rioti =]

6.49 — Definition of wall stratigraphy

First of all the wall stratigraphy has been defined, the program permits to choose a different type of

wall: in contact with the ground or with the air-conditioned/ no-conditioned zone, external,

internal, etc...

EC700 allows the hygrothermal verification and the vapor pressure in the stratigraphy of the wall,

that the corners of the graph never cross, and so this means the absence of condensation as shown

in the pictures below:

Raffaella D’Alterio




Energy efficiency in the building refurbishment: construction solution, materials and energy certification

Muri: M1 - EXTERNAL WALL ETICS
Codice |M Descrizione |F_XTERNAL WALL ETICS | ; Tipo T || |dalocale climatizzato verso esten|
Dati generali ]/ Stratigrafia /]/Verifica Termoigrometrica ]/Grafici ]/Risultati ]
Verifica termoigrometrica
Verifica criticita di condensa superficiale
Mese critico novembre
Fattore di temperatura mese critico f ::x 0,725
Fattore di temperatura components f e 0,869
Umidita relativa superficiale accettabile N %
Verffica fattore di temperatura f '::x = f = O Tabella men: Esito d_alla \reri_ﬁca
temoigrometrica
Verifica del rischio di condensa interstiziale
Non si verifica formazione di condensa interstiziale nella struttura Tabella mensie
durante tutto I'arco dell'anno.
Positiva
6.50 — Hygrothermal verification of wall
Muri: M1 - EXTERNAL WALL ETICS
Codice |M Descrizione |EXTERNAL WALL ETICS ‘ j Tipe | T |~ |dalocale climatizzate verso estemo
Dati generali ]/Stratigraﬁa ]/ Verifica Termoigrometrica ) Grafici ’/ Risultati I
{fare doppio click su unimmagine per ingrandida) ~
OTTOBRE HOVEMBRE DICEMBRE GEHHAIO
ﬁ _l
FEBBRAIO MARZO APRILE MAGGIO
GIUGHO LUGLIO AGOSTO SETTEMBRE
v

6.51— Vapor pressure in the wall
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Codice |M [1_ | Descrigone |[EXTERNAL WALL ETICS
Dati generali ]/Stratigraﬁa l/ Verifica Termoigrometrica ]/Grafici)/ﬂisultati
Trasmittanza U - Potenza 0.560 W/m¥K
Trasmittanza U - Enengia 0,551 WW/m¥K
Spessore totale 256  mm
Pemeanza 2581 10-2kg/sm*Pa
Massa superficiale (con intonaci) 364  kag/m?
Massa superficiale (senza intonaci) 350 kg/m?
Caratteristiche termiche dinamiche
Trasmittanza periodica 0.09 W/m¥
Fattore di attenuazione 0,174
Sfazamento dell'onda termica 5543 h
Capacita temmica areica 62237 kl/m*
Resistenze termiche superficiali ([_] rendi medificabili)
Intema (Rsi) Estema (Rse)
Potenza | 0130 | 0.040 mAW
Energia | 0130 | 0.071  mEW

6.52 —Thermal transmittance of the external wall

Finally the thermal transmittance s
carried out in according to the UNI EN

ISO 6946.

Moreover it was estimate the total
thickness, the permeability, the surface
mass, periodic transmittance, the factor
of attenuation, the thermal gap, thermal

surface  thermal

and the

capacity

resistance both internal and external.

For the basement wall, the same passage will be repeated: the stratigraphy will be defined, the

hygrothermal and vapor verify will be done, and finally, the transmittance will be calculated.

Dati generali/]/Stratigraﬁa ]/ Verifica Termoigrometrica ]/Grafici ]/Risuhzati ]
Elenco strati {dallintemo verso I'estema) o Spessore totale 159,00 mm
" L Spessore  Cond. C Cond. * R M.V, CT.

Codice Descrizione [mm] [W/mK] A MW/nK]  [maW] ka/md edAkgK] RV.

1002 | Intonaco di gesso 200 0400 100 0400 1000|  1.00

28312 | Blocco pieno 195,00 020 1000 0291 0.670 764 0.84 5

2804 | Impemeabilizzazione in bitume e sabbia 2,00 0,260 1,00 0,260 0,008 1300 1,00 | 188000

1 z 2
Codice Anteprima

6.53 — Basament wall stratigraphy
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Muri: M2 - BASEMENT

Codice |M 2| Descrizione [BASEMENT

Dati generali ]/Stratigrafia ]/Verifica Termoigrometrica ]/ Grafic|
Codice |M [2_| Descrizione [BASEMENT
Trasmittanza L) - Potenza {controtema) 0547 W/mEK
Dati generali ]/Stratigrafia /]/\feri'lica Termoigrometrica ]/Grafici ]/Risultati ]
B, _ - Trasmittanza L - Energia (controtemra) 0,547 W/m¥K
Verifica termoigrometrica
Verifica criticita di condensa superficiale
Mese critico ottobre Spessore totale 159 mm
Fattore di temperatura mese critico f : 0,590 FEmEE | 0+ H e
Fattore di temperatura componente f § 0.743
Rsi Massa superficiale (con intonaci) 154 kg/m?
Umidita relativa superficiale accettabile 8 % Massa superficiale (senza intonaci) 152 ka/m?
Verffica fattore di temperatura f = < f__ @
Rsi Rsi C istiche termiche di
Verifica del rischio di ; interstiziale Trasmittanza perodica 0808 W/mE
Quantitd massima di condensa durante 'anno Ma 664 g/m? D Fattore di attenuazione 1,477
& ento dell'onda termi 5087 h
Quantita di condensa ammissibile Miim 100 g/m? ] val asamento ondatemica
N Capacita termica areica 41410 kd/mEK
Resi ich ficiali (] rendi modificabili)
Mese con massima condensa accumulata settembre Intema (Rsi) Estema (Rse)
Verifica di condensa ammissibile Ma = Miim o Potenza | 0130 | 0040 m3IW
Energi 0.130 0040 m¥IW
L'evaporazione alla fine della stagione & Parziale o =LH | | m

6.54 — Hygrothermal verification (left) and Transmittance value (right)

It can see that the basement wall pass the superficial condensation verify, but not the interstitial.

The software permits to see in with months there will be this phenomenon.

When the structure has a wall in contact to the ground, the software needs to know what the

ground floor associated with it.
- FLOOR

First of all the ground floor will be shown, it is the floor associated to the basement wall:

 Pavimenti: P1- GROUND FLOOR

Codice |?- Descrizione |GF{OUND FLOOR |1’ Tipo ' R V.: ‘da locale non climatizzato v 6.55— Ground ﬂOOf
Dati generali ]/ Stratigrafia ]/ Verifica Termoigrometrica }/Grafici ]/Risultati ] stra t‘lgraphy
Dati struttura Potenza & Energia  Verfica termoigrometrica  Pavimento controterra

Tipo pavimento

() Appoggiato su temeno
® Interato

(0) Su spazio aerato

(0) Su spazio aerato ed interato

Dati comuni
Area del pavimenta A m?2
Num Descrizione Spesure Jeand.
mm]  [W/mK] Perimetro disperdente del pavimento P m
1 |Piastrellz in ceramica 10,00 | 1,000 Spessore paret perimetrali esteme wo |- 2] .
2 |Soticfondof cemeria mhg AW 0w Conduttivita termica del temeno s | wmk
3 |Cls. disabbia e ghizia pareti esteme 150,00 2,150
4 |Ghiaia grossa senza argilla {um. 5%) 30000 1.200 Dati interrato
' ) ' Profondita interamerto z m
[] Dati noti g Parete controterrs associata Rw [M2 Lo
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Pavimenti: P1 - GROUND FLOOR

Codice | F Descizone [GROUND FLOOR

Dati generali ]/Stratigraf\a ]/Verifica Termoigrometrica }’ Grafic

Pavimenti: P1 - GROUND FLOOR
Codice [P Descrizone [GROUND FLOOR [#] 7o (R [+||dalocale non cimatizzato ve
Dati generali }/Stratigraf\a/VVeriﬁca Termoigrometrica l’ Grafici |/ Risultati 1
Verifica termoigrometrica
Verifica criticita di condensa superficiale
Mese crtico ottobre
Fattore di temperatura mese critico f RSM 0,590
Fattore di temperatura componente f e 0,642
Umidita relativa supericiale accettabile 80 %
Verfica fattore di temperatura f ::x = f = C) Tabella mensile Esito della verifica
! temmoigrometrica
Verifica del rischio di condensa interstiziale
Non si verifica formazione di condensa interstiziale nella struttura Tabella mensie
durante tutto I'arco dell'anno.
Pesitiva

Trasmittanza U - Potenza {controtera)

Trasmittanza U - Energia (controtena)

Spessore totale

Pemeanza

0,322
0,322

W/mHK
Wm¥K
530 mm

9709 10-'*kg/sm¥a

Massa superficiale {con intonaci) 1019 kg/m?
Massa superficiale {senza intonaci) 1013  kg/m?®
G
Trasmittanza periodica 0.166 W/mX
Fattore di attenuazione 0515
Sfasamento dell'onda temica -13268 h
Capacita termica areica 57542 kJ/mK
Resi ich ficiali ([] rendi modificabili)
Intema (Rsi) Estema (Rse)
Potenza 0170 0040 mW
Energia D70 0,040 mIW

6.56 — Hygrothermal verification (left) and Transmittance value (right)

The steps are equals for the other floors and for ceilings.

Now the thermal bridge will be defined.

- THERMAL BRIDGE

There are introduced the following thermal bridges:

Thermal bridge between pillar and external wall;

Thermal bridge of an angle pillar;

- Thermal bridge of corner between walls;

- Thermal bridge between facade and slab;

- Thermal bridge between facade and frame;

- Thermal bridge between fagade and ground floor;

- Thermal bridge between facade and roof.

The first three have been greatly reduced by the ETICS system, in fact, its calculated rate is almost

0, as shown in the figure below. They are calculated by reference to the standard “EC709 — Ponti

termici”, for the purpose of evaluating the thermal transmittance value reported by the UNI EN ISO

10211.
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Componenti 1 Ponti Termici: Z4 - C - Angolo tra pareti
= Muri ; = .

T RN AL ETiES Codice E El Descrizione |C - Angalo tra pareti
M2 - BASEMENT | Datigenerall |
M3 - INTERNAL WALL EC709 - Pon
} . Paviment Dati pocic temeon H ronema

- P1-GROUND FLOOR —
P2 LOW LEVEL Trasmitanzs temica lndica i caleole | 0.040] Wiimk E] lodfica ponte temmico

! Saﬁ;?' “LevELd Riferimerto | UNI EN IS0 14683 ¢ UNI EN IS0 10211 | Spessore muro Smr | 2000 mm
i i Y
--§1-ROOF Verfica temperatura critica intema @ Trasmittanza temmica parete Upar | 0326 WemX
- 52 - BASAMENT 3

53 LOW LEVEL C1 - Giunto tre due pareti con isolamento estemo (sporgente) £ s Jatic | 0.850  w/mK
Trasmittanza termica lineica di ifermento (pe) =-0,079

= Porti Temici Mote W/mK.

- Z1-R -Parete - Copertura

- Z2 - (GF - Parete - Solaio controtemra
- Z3-W - Parete - Telaio Immagine

Z5 - IF - Parete - Solaio interpiano [,1 1
ZE-P - Parete - Pilastro Upar—
(= Componenti finestrati
~W1-TYPE1
- W2-TYPE2
- W3-TYPE3

-W11-TYPES2

Srour

6.57—Thermal bridge of corner between walls

If we want to introduce a thermal bridge between pillar and external wall or thermal bridge of an
angle pillar, the software has the option to insert the pillar with ‘Input grafico’. This option

automatically associates a value of thermal bridge.
- WINDOWS

First of all the type of frame and its permeability class are defined, in compliance with UNI EN
12207. Then the thermal resistance of the closures according to the values provided in Appendix G

of the UNI EN ISO 10077-1, and finally the value of fshut, in reference to the UNI/TS 11300-1.

After that, the value of the glass transmittance will be introduced and the window transmittance

value will be obtained in according to the UNI EN ISO 10077
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Codice [W [T Deserizione [TYPET | Tie [E [+|[dalocale non cimatizzate verso esti
Dati generali | Dimensioni serramento | Dati modulo | Vetri | Risuttati

Dati serramento. Potarid & Erorgia
Tk [Singolo Dati UNI TS 113001
Telaio fisso  Telaio mobile Vetrata Temperatura estema
Codice [W| Descrizions [TYPE 1 |
Emissivita

Dati generali |~ Dimensioni serrsmenta | Dati modulo }Vetri tR’j

Tipo divetro () singola @® doppio O tiple
40 420w 00| mm
1,00 & 1,00 & 0,00] W/mK

Fattore di trasmittanza solare

Fattors tendsqal (energia invemale)

SN
g Fattors tendagai (energia estiva)

\ \ _ s sbzate : deg

AN . Fattore di trasmissione dirstta §

D65

Altri dati
Classe dipemeabiia | Classe 2secondo Nomma UNIEN 12207 || Stutturs ssisterts

Contributo Invemale/Estivo

Resistenza termica chiusure

Fshut

[ Dati noti

(@ Trasmittanza solo vetro nota Ua 1.800| W/m¥K
Uw

®) Trasmittanza solo vetro e
trasmittanza semamento note

2461 W/mXK K distanziale W/mK

Codice |W | Descizione | TYPE 1

da locale non ciimatizzato verso estemo Dimensioni semramento

Dati generali |/ Dimensioni serramento + Dati modulo | Velr: | Risuftati | Rk b 2:265) N
[T Cassonetto Area vetro A 1.928
Struttura E Area telaio M 0.837
Atezza Hoass 00| cn Permetro vetrs g 9,620
Profondita Peass 00| em Areafrontale 000 me Pmetotdso U | 7300

Dimensioni serramento
Larghezza L 2700 om
Atezza H %50 cm Area 257 mE

Trasmittanza seramento

Potenza Uwp 2461 W/m¥K

Energia Uwe 2461 WimX

] Pors Trasmittanza vetro  Ug 1.800 Wim%
e termico

Lunghezza permetrale 730 m Ggl+sh max 0

[] Trascura nei calcoli della trasmittaniza media

Trasmittanzalineica W [ waz wimk Trasmittanza modulo

Struttura |23-W -Parcte - Teiao [~] Potenza U | 126 wimk
Energia ve [ 126 wimx

EE = temmiche iali ([] rendi il

Struttura | M2 - BASEMENT [~] Itema (R} Estema (Rse)

Attezza Hsott:

Area 534 m* Potenza 0.130 0,040 mAW
Energia 0.130 0.071 m¥W

6.58 — Definition of window features
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Ombreggiamenti 1§ Ombreggiamenti: ombreggizmento 1 Wheﬂ the b ul | d INgs
. Codice Deserizone  |ombreggiamento 1
b nito 2 [ Ostacoli estemi Aggetti vetticali [ ] Aagetti orizzortali .
etraggamerts 3 o P component are all defined,
ombreggiamento & Ostacoli esterni }”Aggetti verticali | Aggeti erizzontali |
- ombreggiamento 5
O Angoli dell'ostnuzione [F] @) Caratteristiche dimensionali [m] th EI rs S h a d OWS W| I I be

introduced. The building has

vertical bosses that will be

inserted in the program. The

Mese N NE E SE s S0 0 NO Orizz. . .
& n . m | ® w 5 @ n | w dimension of bosses and the
FEBBRAIO 87 82 100 81 86 1) 77 82 100
MARZO 87 82 100 81 85 81 73 82 100
APRILE 85 85 100 85 85 35 85 35 100 H H
PRI o L ] i = B W distance between them will
GIUGNO 81 85 100 88 87 88 90 85 100
LUGLID 80 85 100 88 86 88 90 85 100 . .
e w | w | w | w | s | w | w | w | w be put. The building has 5
Fattor extra flusso a7 87| 87 87 87 87| 87| 87 100]

types of shading.

6.59 — Definition of shading

Thanks to the graphic input, the structure can be designed and, according to right orientation, it
was possible to determine the dispersive surfaces of both individual area and the entire building.
The thermal visualization, choose from the software, shows the progress of the elements (opaque
and glaze) thermal transmittance. This representation makes it possible to identify the more

dispersants elements (red) and to take appropriate action on them of energy saving measures.

Proprieta 1 L Vista 30
Proprieta Piano

v Datli generali ~
Descrizione piano LOW LEVEL
Visualizza sfondo No
Visuglizza sovrastante No
Visualizza sottostarte Mo

+ Dati geometrici
Altezza netta locali 3.50m
Quota del piano 1.82m

v Soffitto (default piano)

Struttura 53 —tipo D

Trasmittanza Ue
~  Pante termico soffitto -
Flusso verticale Z5— : IF - Parete -

Flusso orizzortale Z5— - IF - Parete -
v Pavimento (default piano)
Struttura P2 —tipo U b
Dati generali

~ Gestione piani }' Livelli
ey

= E ¥t
FLOW LEVEL

. BASAMENT

-
=

X 144,662 - ¥: 183,365 - Z: 1,615 m

6.60 — Thermal visualization of the building
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The building is made of two different thermal zone: unconditioned basement, and conditioned
classrooms and administrative areas. For each room have been reported the category of use in
reference to DPR 412, the internal temperatures, any internal contributions determined in
accordance with the technical specification UNI/TS 11300-1 of the space and the data relating to
ventilation and lighting. For each spaces have been inserted the dispersing elements specifying the

exposure, shading and the surface.

The basement as an unconditioned room:

Locals Descrizione [BASEMENT |

Strutture disperdenti |“lluminazione | Risultati |

Caratteristiche dimensionali
Atezza retia m
Superficeutle | 249.40 [= | 3940 m Voumenetto | 122280 m
Apporiintemi éint W/m?  Ricambio dara verso [estemo n_ue Vol
Ricambio d'sria verso ambiente clmatizzato  n_iu Volh
Temperatura intema dei localiiscaldati adiacent ©
Valorimensii (] =
Benco stntturs

Risutato  Sup. calc

Supericie [m3 o lunghezza [m] momd m

Mui  Pavimenti Soffiti Componentifinsstrati  Ponti temmici

Spessore

Codice  Tipo Descrzione e [wblr:qq M‘Hrﬁ%] Anteprima

1 |BASEMENT

6.61 — Basement as an unconditioned room and its results (down).

The result are the thermal exchanges that[

Locale Desciizone |BASEMENT

E disperdenti | llluminazione )} Risultati |

occur for transmission and ventilation

between the unheated room and the ||| Scambitemic BT RrTaE
Trasmissione Vertilazione Totali
. . .. Hirjuz) 21734 W/K Hvelus) 40763 W/K Hue 62457 W/K
exterior air. The coefficient b,y are i [ o0 W i —— .
btru 0.61

automatically defined.
Temperature mensili ed apporti temmici (selar + intemi) dell’ambiente non dimatizzato

Mese Be.m Qint.u Qsoluc Gsoluw QHru Gilljnt
[l lWh] [Wh] fWh] lWh] leWhel]
86

338 [1] 0 0 230
febbraio 9.8 305 ] 0 0 208
marzo 129 338 1] 0 0 230
aprile 151 327 0 0 0 223
maggio 188 338 o 1] 0 230
giugno 213 327 o 1] 0 223
luglic 22 338 0 1] 0 230
agosto paly 338 0 1] 0 230
ssttembre 195 327 [1] 0 0 223
ottobre 153 338 ] 0 0 230
novembre 120 327 0 0 0 223
dicembre 95 338 1] 0 0 230
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The conditioned rooms are distributed in the low and first floor, as shown in the figure below. Each

floor has been assigned the respective conditioned rooms of which the lighting and the dispersing

structures must be defined.

Comandi o
w4 Edfficio
' [=E LOW LEVEL
Dati generali foheT-AULAZA
§Z-AULATA
% Componenti involucro |y Daon
-4 - Bagno
i+ 5-AULA INFANTILE
A Ombreggiamenti i ief-Ingresso
- LEVEL 1
N Input grafico 1-AULA 2B
et | - 2 - Bagno
Pal ’ i -3 - Bagno
Serre/ Locali non climatizzati 4 -AULA 4B
--5- AULA 1B
A Zone / Locali climatizzati - & - SALA RIUNIONI
L3} - 7 - SALA PROFESS(]
lisiaianti -8 - PRESIDENZA
A plany - 9 - Comidoio
- 10 - AULA 3B
Risultati fabbricato
| —-— . - .
|22z Risultati energia primaria
% Verifiche di legge
Relazione tecnica
-
=% Attestati energetici
—
4} Interventi migliorativi
) £ >

Descrizione |AUU\ 1A

Locale

Dati locale }/ Strutture disperdenti ]/Il-luminazione ]/ ECT06 Dati potenza estiva

Caratteristiche dimensionali

Altezza netta |

Superficie utile 56,03 m?

WVolume netto | 19610 m?

Temperature inteme Apporti interni aggiuntivi

Potenza invemale  Bint p.H z‘ T
Energia invemale  8int,e,H z‘ b 2 Energia invemale w
Energia estiva fint.e,C E\ 4 Energia estiva w
Vertilazione (3
Vertilazione ® Naturale (O) Meccanica Ibrida
Metodo di calcolo [ Calcolo portate secondo UNI 10339 [+
Categoria edficio |@D&f uffici ed Jabi | :
Sottocategoria | LUffici singoli |:|
Portata d'aria estema CQop | 1.0 1072 m*/ s pers
Indice di affollamento ns pers / m?
fuet m I_fi

Portate di aria estema di rifeimento

Potenzaivemale  ave0pH | 13676 m¥h | | | 070 Volh

6.62 — Air-conditioned rooms and their data.

The next important step is defined

the installation, in order to calculate

Servizi energetici
[4 i Riscaldamento
(® Impianto Certralizzato

the profit in the building, although

the installation about heating,
ventilation, hot water, cooling and
use of renewable sources (solar

thermal or photovoltaic).

The building, as already know, only

has central heating installation.

() Impiarto Autornomo

[ %~ Ventilazione

7 |mpianto certralizzato

[ & Acqua calda sanitaria

caldamenta

impianto centralizzato

[ 4% Riscaldamento

[ & Solare fotovoltaico

6.63 — Central heating system
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/" Circuiti |’ Accumulo e distribuzione primaria }/Aﬂli carichi }/Genelazicme ]
[ 4[] ais [RapiATORI AULE > M Asdotemovetore [fogm |

Dati generali ]/Soﬂosislemi ]/Tempelatula media acqua 1

e : <t o Locali serviti dal circuito I

O Funzienamerto continuato Zona  locale  Descrizione
(®) Funzionamerto intemmittente {con spegnimerto) 1 1 AULA 2A
() Funzionamerto con attenuazione 1 2 AULA 1A
Giomi a settimana di funzionamento intermittente 5 g 2 1 AULAZB
Ore giomaliers di spegnimento h 2 4 AULA 4B
Temperatura intema minima regolata 160 T 2 9 G
2 10 AULA 3B

[] Fattore comettivo dell’'energia utile

Fattore comettivo 0.50

Valor mensili ﬂ]

[] Fattore comettivo per contabilizzazione ' o

Fattore comettivo 0.50

6.64 — General data of heating system

/Gircuiti | Accumulo e distribuzione primaria_|"Altri carichi |~ Generazione |

H 4 |E| di5  [RADIATOR SPAZI COMUNI || F ¥l Fuidotemovetiors | Acqua -
Datigenuaﬁ)/Sottnsislemi I/Tempelatula media acqua }
Tipo diterminale di erogazione | [Hadislon s parcie estena solsia |~ Temperatura di mandata di progetto 0 ©

Rendimento di emissione ne 95.0 E‘ %
Potenza nominale comi scaldarti 114 < || 2529 W

Fabhisogri sletiici [ o] WO nité conil vertistors sempre infurions

Regolazions

Tipo | Manuale (solo temostato di caldaia) [~] Caratterisiche |On off

Rendimerto dirsgolazons  mg | 950 7] © (80 qu -y ) |

Distribuzione utenza
(@ Metodo semplficato

Tipo diimpiarto | Centralizzzto con mortanti non isolati comentiin traccia nel lato intemo dele paret esteme [~
Posizione impianto Impianto a piano intemedio

Posizione tubazioni Tubazioni comenti nel cantinato in vista

Isolamerta tubaziori | Sscondo DPR 412/93 [~ N piani Fattors di comezions v

Rendimenta di distribuzione ndu a7 [0
() Metodo analtico

Rete di distibuzione |{nessuro) ¢ Coefficiente di recupern 0,80
Fabbisogni elettrici
Potenza elsttrica assorbita O~ W [] sempre in funzione

6.65 — Subsystems of heating system

 Circuiti |/ Accumulo e distribuziene primaria_|”Altri carichi /" Generazione |

Centrale termica | Generatori | Integrazions |

(®) Generatore singolo

Tipo di generatore | Caldaia tradizionale |~ Metodo dicalcolo | Semplificata [v]

O Generatori multipli

Tipo di generstore Metodo di calcolo

Modalit di funzionamento

Ripartizione del carico senza priorita

[] Sistemi ad integrazicne

Tipo di integrazione

6.66 — Generation of heating system

First of all | have defined the
circuits and their features as
operation days and shutdown
time, subsystems to calculate the
performance and the loss of each

subsystem.

It starts from the calculation of

the emission subsystem,

determining the average height of

the space, the type of control
terminal (radiant panels and
radiators), the emission efficiency

ne (%), the nominal power of
terminal (w), electrical

requirements, all following the
UNI/ TS 11300-2.

Due to lack of information and

knowing  that the heating
installation is old, it is assumed a
manual  shutdown with no

insulated piping.
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Finally, | defined the generation. The installation includes a traditional boiler powered by gasoline.
The nominal power data, generation efficiency, and boiler power supply has been entered and the

conversion factors into primary energy have been automatically input from the program.

I Ci i - Risc t
Circuiti ]/Accumulo e distribuzione primaria I/Altrl carlchl/]/Generazione
Centrale termica /VGeneratori ]/ Integrazione ]
1 Caldaia tradizionale v
Tipo di generatore | Caldaia tradizionals Metodo di calcolo | Semplficato
Potenza utile nominale @gn.Pn 85.80( € 9161 kW
Potenza di progetto 91.61 A w
Rendimento di generazione base 9000 %
Fatteri di comezione Rendimentc di generazione
[ Installzzione all'sstemo [] Camino di altezza > 10m
[] Temp. media in caldaia > 65 °C nan 90,00 %
Fattore di sovradimensionamento 0.94
Vettore ico
EEE Fattori di i in i il i
Tipa Gasolio |E| fp.nren {non rinnovabile) (i)
Potere calorfico inferione Hi 11.870| kWh.kg fp.ren finnovabile) 0.000 Q
Fattore di emissione CO2 0.2800| kgCO2kWh fptot
Fabbisogni elettrici Rendimenti utili
Potenza elettrica ausiliar 537 w Rendimento utile - 100%  ngn,Pn %
[] Potenza elettiica pompa primaria Rendimerto utile - 30%  n gn.Pint =

6.67 — Generation subsystem

When all the building information and features are inserted, the software can calculate the ‘results’.
In the "Winter Energy" there are the results relating to the external building structures that
delimiting a defined volume of space and internal structures that share the above volume,
excluding installations and the technological system. They have calculated the winter power with
dispersions for room or component or orientation. The calculation of the dispersion is based
considering the internal temperature, net volume, dispersed power for transmission, ventilation, to

intermittently and dispersed by space.
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Potenza invernale )/Energiallwemale ]/Enelgia Estiva I/\Iluminaziane }/Tlasmitlanze medie I/ ECT06 Potenza estiva ]
Opzioni di calcolo Stagione di calcolo
W 4 LowLeveL b bl @ vicnipresenti ) @ convenzionale 3 —
Intero edificio () vicini assenti O reale Ef_, TEEEE
(O personalizata =l 20 gugno al |20 giugno
Zona |- Descrizione ‘Ediﬁuu school
Sommario }/Deﬂagli ]/S:ambilelmici per componente ]/Riassuntazane 1
Dispersioni. apporti ed energia utile [ Dispersioni Il Apporti |
Mese Giomi Bem Ghitr Qh,r Ghve Gh ht Gisolw Qirtt Qan Ghnd
Il [ewh] [eWh] [kWh] [kWh] Iwh] IWh] [ewh] [Wh]
7 109 3938 1006 2291 7234 2168 nz
novembre k) 68 12163 1795 5851 19809 2048 1380
dicembre 3 26 17184 2155 7970 27310 1845 2046
gennaio 3 12 18478 2344 8611 29433 2156 2048
febbraio 28 31 14162 2192 6992 23345 3463 1848
marzo 3 83 5206 2314 5359 16879 5191 2048
aprile 15 1 2530 1323 1975 5828 3348 990
Risultati
[ Dispersioni I [ Apporti I 1 Bilancio energetico
Dispersioni per trasmissione  Ghiir 77661 kWh Apporti solar Qsol,w 20219 kWh Energia utile Gh,nd 59186 kWh o
Dispersioni per extraflusso Qr 13129 kWh Apporti intemi Gint 12078 kWh Consumo specifico 14427 kWh/m?
Dispersioni per ventilazione ~ Gh.ve ’739048 k\Wh Apporti aggiuntivi Gi ’70 kWh Consumo specifico ’ﬁ kWh /m*
Stagione di riscaldamento
Dispersioni tetal chht 129838 KWh  Apporitotal  Gon 32297 kWh  dal | 5ctobre o | 15apde gomi | 183

6.68 — Winter energy calculation

Finally EC700 allows a more detailed view of the thermal exchanges of the various components.

Potenza invernale )/Energia Invernale }/Enelgia Estiva }/\Iluminazione ]/Tlasmitlanze medie ]/ ECT06 Potenza estiva H ere are S h oWed th e
Opzioni di calcolo Stagione di calcolo
4 4 rowieveL | M ®vicnipeseti (O @ convenziondle —
B O v o e 7 Fesc thermal exchange of
(O personalizzata dal 20 giugno al |20 giugno .
Zona |- Descrizione |Ediﬁc:o:school the opaque elements in
Sommario ]/Detlagli)/Scamhi termici per componente I/Riassuntu zONE I .
— N« N which the roof ha more
# Dispersioni delle strutiure opache .
Pertite trasmissione || Perfite crirafiusso i solor losses, for this reason
u Sup. Tot Ghitr . Ghr . Qsolk
Tipo Descrizione Vi/m] m3 W] % [\Wh] = [cWh]

EXTERMAL WALL ETICS
LOW LEVEL
ROOF

0,551
1,351
1.489

the Level 1 has 44

kWh/m3  of energy

6.69 — Thermal exchange of opaque element consumption.

Potenza invernale )/Energia Invernale }/[nelgia Estiva }/llluminazione }/Tmsm'rﬂanze medie }/ ECT06 Potenza estiva

Opzioni di calcolo Stagione di calcolo
[4 4 LowLEVEL o M vicin presenti Q) convenzionale ) —
] Intero edficio wicini assenti reale Ef_‘; Ricalcola
personalizzata  dal |20 giugno al |20 giugno

Zona |- Descrizione |Ed'rﬁdo school

Sommaric ]/Deﬂagli ]/Scamhilelmici per componente )/Riassuntu zone I

[ Dispersioni I Apporti |
Su v Ghir Gh ve Ghht Gsol w Qint Qgn Gh nd
Zona Descrizione ™ i lWh] kWhi lWh] lWh] kWh] KWh1 kWh] Consuma specifico

14778 28039 17309 45348 10232 6068 16259 29965 20 kWh/m?
1573.0 62752 21739 84430 5987 010 15997 69221 44 kWh/m?

345
342

6.70 — Thermal exchange of opaque element, zone summary
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Potenza invernale )/Energialnvernale }/Energia Estiva I/Illummazwone I/Trasmittanze medie ]/ECTC'L'] P

Opzioni di calcolo

@ vicnipreserti (3

Stagione di calcolo

M 4 @® convenziorale

LOW LEVEL L |

Intero edficio O vicini assenti O redle
(O personalizzata 20 giugn
Descrizione | Edfficio: school
Sommaric }/Dettagh/l/Scamhitermici per componente ]/Riassunto zone I
4 4 ottobre | | Intera stagione
¥ Dispersioni delle strutture opache
¥ Dispersioni dei componenti finestrati
# Dispersioni dei ponti termici
W Lungh. Tot Ch
Cod. Tipa Descrizione [W/mK] n?m] [k‘.’u’hr]
W - Parete - Telaio 0,142 357.31 213] 38
74 - |C - Angolo tra pareti -0.040 56.00 -141 02
z5 - IF - Parete - Solaio interpiano 0.004 766,40 134 0.1
26 - P - Parete - Pilastro 0.002 308,00 43 0o

6.71 — Thermal exchange of thermal bridge

Let focus on what happen to the
thermal bridge. As already mentioned,
The ETICS systems reduces them, so
their values in nearly zero, except for
the thermal bridge between wall and

frame.

Instead in the primary energy calculation, they are calculated performances and primary energy

demand for the building according to the Technical Specification UNI /TS 113002 and UNI /TS

11300-4

Riscaldamento }/i\\:qua calda sanitana }/Raﬂrezcamentc I/SCI.iretr:rm\cc VSE'EFEfCtC‘.’CHﬂiEC l’To-taI\ I

Impianto |4 4 | Centralizzato

Impianto idronico

Fabbisogni temici §<Wh./snno)
QH,sy=s nd 59186

Fabbisogni elettrici dVWh/anno)
QH.e aux 0

Efficienza globale media stagionale nHg 606 %

Bendimerti (%)

Emissione nH.e 541
QH 70482 QH.d aux 0 Regolazione nHrg 833 C{
QH.gri.out 97752 Distrbuzione utenza nH du 913
QH.gn.in 108613 CH.gn.aux a0 ¥

(Generazione nH.an 84,0
Risultati Globali
Fabbisagno energia primaria non innovabile GQH. p.nren 116334 kWhanno Wettore ensrgetico scelto Gasolio

Consumo vettore energetico

Consumo energia elettrica

LA |

9150 kg/anno
60 kWhfanno

6.72 — Primary energy calculation

After completing the information about the useful and primary energy of the building, it moved to

compare the performance of the building with the minimum requirements established by national

legislation, through the verification of the law. The regional law checks are all negative, except for

the energy needs for summer cooling. The reason is simple, the building has been built to meet the

needs of the Getxo climatic requirement, whose is less rigid than in Turin.
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The verification of DLgs 3 Marzo 2011 n.28 is totally negative for the absence of removable source.

Verifiche dilegge DGR 4 Agosto 2009 n. 46-11968 ]/ Verifiche di legge DLgs 3 Marzo 2011 n.28 ]
mpiarto 4 4 |5d100| ~ | [ | ‘ Piem
Tipo di intervento | Ristrutturazione edilizia di edifici con superficie > 1000 m? | ~ |
Tipo di verfica Esito Valore ammissibile Valore calcolato um.

Fabbisogne di energia utile per il raffrescamento estivo 10,00 = 555 KWhy/m?
Trasmittanza media strutture trasparenti
Trasmittanza media complessiva pareti opache 0330 = 0,550 Wm3H
Trasmittanza media pavimenti e soffitti
Trasmittanza media divisor

Valore ammissibile Valore calcolato

Riferimento | DGRn. 46-11968, Par. 1.2

Zona climatica = Categoria DPR 412/33 E

Gradi giomo (DPR 412/53) 2617 ag Fabbisogno di energia utile invemale 55186 kWh

Wolume lordo 305077 m? Wolume: lordo 305077 m?

6.73 — Low verification(DGR 4 Agosto 2009)

Verifiche di legge DGR 4 Agosto 2009 n, 46-11968 /V\feriﬁche di legge DLgs 3 Marzo 2011 n.28
Impianto 4 |schcol ~ | [ |
Tipo di intervento | Ristnutturazione integrale degli elementi edilizi per edfici con sup. utile > 1000 m? | ~ |
(® Verffiche previste dal DLgs n. 28/2011, Allegato 3
() Verifiche altemative previste dal DLgs n. 28/2011, Allegato 3. purto 8
Tipo di verfica Esto Valore ammissibile Valore calcolato um.
Copertura acqua sanitaria da forte rinnovabile 50| < 00 %
0.00 kW

Verifica potenza elettrica installata 000 <

Valore ammissibile Valore calcolato

Riferimento Dlgs 3.3.2011 n 28, Allegato 3 - comma 1 Percentuale da forte rinnovabile 00 m %

Energia primaria rinnovabile 284 kWh
Energiz primana non rinnovabile 1163335 kWh
Energiz primaria totale 1163619 kWh

6.74 — Low verification (DLgs 3 Marzo 2011)

Finally the software generated the certificate of qualification energy of the building in accordance
with Annex 5 of the national leader for energy certification of buildings (Ministerial Decree of
26.6.2009). In the certificate is calculated the thermal performance index useful for heating and

cooling of the building, that in the this case appears as bad quality.

In conclusion, the software defines the energy class of the building, depending on the index of not

renewable global energy performance, based on an alphabetical indicator where the letter G
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represents the class characterized by the index of the highest performance, and the letter A

represents the class with the best performance index (lower power consumption), until A4 that

representing the highest energy performance.

The software gives the possibility to separate the different levels that made up the building and see

the classification level of each one.

Riepilogo
Mr. Descrizi EStH Sup.netta Vol lordo EPdl UM Classe
zona sCnzione 412 [m3 [m?] ginren o energetica
LOW LEVEL E7 3539 147777 128,70 | kWh/m3nno D
2 LEVEL 1 E7 34210 1573.00 263,28 | kWh/m%Enno

6.75 — Energy classification of building’s levels

EC700 has associated a letter E to Azkorri building. It corresponds to an annual energy consumption

of 195,67 kWh/mZ2anno.

PRESTAZIONE ENERGETICA GLOBALE E DEL FABBRICATO

La seziona riporta l'indice di prestazione energetica globale non rinnovabile in funzione del fabbricate e dei servizi energetici presenti
nonché la prestazione energetica del fabbricate, al netto del rendimento degli impianti presenti.

Prestazione energetica del

fabbricato o

INVERNO ESTATE

Prestazione energetica globale

EDIFICIO
A ENERGIA
QUASI ZERO

kWh/m2anno

Rifennment

Gli immaobili simili
avrebbero in media
la seguente
classificazione:

Se nuovi:

C (120.64)

6.76 — Energy performance certificate of Edilclima Software

This certification is done with ETICS wall with the result of E energetic class. Below thereis a

certification with no ETICS system.
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- EXTERNAL WALLS WITH NO ETICS SYSTEM

Componenti L Muri: M1 - EXTERNAL WALL without insulation
- Mui T = o i
_ Codice | M u Descrizione |EXTERN!\L WALL without insulation |-i Tipo [T v |da locale climatizzato verso estemo
- M2 - BASEMENT = = = = = = = = =
e RO E, Datigenerali | Stratigrafia | Verifica Termoigrometrica | Grafici | Risultati |
} - Pavimerti Dati struttura
g;rfg“OVULNEE!’EFII:OOR Dati UNI TS 11300-1
~P3-LEVEL1
£l Soffitti
51-ROOF
- 52- BASAMENT
53-LOW LEVEL
- Porti Temici
- Z1-R - Parete - Copertura
Z2 - GF - Parete - Solaio cortrotema
~Z3-W -Farste - Telaio A
- Z4-C - Angolo tra pareti
25-IF - Farete - Solsio inferpiano e — Spessore Cond, A| | St esistents d
~Z6-F - Parete - Filastro [mm]  [W/mK] Supeificie da softrare |
=) Componenti finestrati 1 |pittura interiore 1,00 2,000
W1-TYPE1 Cortributa Invemale/Estivo BE (v
W2-TYPE2 BRICK 70,00 0.850
~W3-TYPE3 Intercapedine non vertilata Av<500 mmm 7.00| 0.054
WA-TYred BRICK 12mm 12000| 0,850

~W5-TYPES
WE-TYFEE Intonaco di calce & gesso 200 0700| ¥

W7-TYFE7 [ D it
-W8-TYPES :

W9-TYPES.]
~W11-TYPES2

Poteniza & Energia Verfica termoigrometrica

Temperatura estema
Emissivita z

Fattore di assorbimento a

Inclinazione sull'orizzonte E

Porta opaca O

o | 4|

<

Valori noti ]

< ol ||| AR 2000

6.77 — Definition of wall stratigraphy without etics system

- THERMAL BRIDGES

With no ETICS system, the thermal bridges worsen and they allow to pass more energetic

exchanges.

jne) T

A

i Ponti Termici; Z5 - IF - Parete - Salaio

= Muri

M1 - EXTERNAL WALL without insul Codice | Z|5 Descrizione |\F- Parste - Solaio interpiano
- M2 - BASEMENT _/W
- M3 - INTERNAL WALL

} £ Pavimerti Dati ponte termico ] EC709 - Ponti temici

P1-GROUND FLOOR Madif nte temi

- P2-LOW LEVEL Trasmittanza temmica linsica di calcolo W/mK E! RNl PRIS SN
S;ﬁpj"LE"E“ Referimento |UNI EN 150 14683 & UNI EN IS0 10211 | spessore saio Ssal |

£ Sofftt —

- §1-ROOF Verffica temperatura critica intema o Spessore muro Smur |

- 52 - BASAMENT G = eE—
53-LOW LEVEL - Giunto parete con isolamento ripartito - solaio intempiano
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Finally, the program defines the energy class of the building, as it has done before:

PRESTAZIONE ENERGETICA GLOBALE E DEL FABBRICATO

La seziona riporta lindice di prestazions energetica globale non rinnovabile in funzione del fabbricate & dei servizi energetici presanti,
nonché la prestazione energetica del fabbricate, al netto del rendimento degli impianti presenti.

Prestazione energetica del
fabbricato

INVERNO

Prestazione energetica globale

EDIFICIO
A ENERGIA
QUASI ZERO

kWh/m?anno

Riferimenti
Gli immobili simili
avrebbero in media

la seguente
classificazione:

Se nuovi:

C (120.64)

6.79 — Energy performance certificate of Edilclima Software
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7 Conclusions

The aim of this thesis work is focused on the buildings energy efficiency after and before their
refurbishment, in fact, the building case of study, has been subjected to an energy refurbishment of
the facade.

It is also interesting to be able to carry out the energy classification of the study building using two

different software:

CE3X, software used in Spain, useful for energy classification of existing buildings, and Edilclima,
ltalian software that can be used indiscriminately for new buildings, energy upgrades, renovations

etc ... With the use of this software, it was able to compare the results obtained after and before

the facade refurbishment, that consists in an ETICS system with a finer wood insulation of 8 cm. The
reduction in energy consumption is about 25% while CO2 emission reductions are 30%.

It is interesting to see the difference between the two software as well as on the climatic
differences between Spain and Italy and their regulatory regimes.

Comparing the two software, you immediately realize how different they are and how much one is
more detailed than the other. Both software is based on current regulations and has a default data
(climatic zone, outdoor temperature, relative humidity, etc.) that will be used to make calculations.
The two programs also allow the insertion of the envelope's opaque and transparent elements. In

this case, Edilclima allows to detail the windows much better than CE3X. It gives the possibility to
insert internal or external blinds, Venetian blinds or other shading elements.

The other difference between these two can be found when Edilclima is able to consider air-
conditioned and non-conditioned rooms. These will be useful for calculating energy losses between
these spaces.

Both software allow the insertion of thermal bridges, but CE3X inserts them by default while
Edilclima presents a number of different typologies that differ in shape and position of the
insulation.

Another important distinction can be seen in the installation data, the Italian software requires

more detailed data than the Spanish.
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The climatic difference between the two cities and their reglementary regimen is the essence of

why we have so high different qualification of the same building. Here are two tables taken from

Chapter 6:

City Getxo City Turin
Province Bizkaia Province Turin
Region Basque Country Region Piedmont
Country Spain Country Italy
Latitude 43°21'24.8"N Latitude 45°04' N
Longitude 3°0'41.26"W. Longitude 7°42'E.
Altitude 10 m Altitude 240 m
Average Temperature minimum -1,4 Average Temperature minimum -8
Average Temperature maximum 29,9 Average Temperature maximum 31
Relative humidity 70% Relative humidity 73%
Climate zone c1 Climate zone E

Figure 7.1 — Comparison between the two cities

The substantial difference between your cities is undoubtedly the outdoor temperature. Turin has a

minimum calculation temperature of -8 °C while in Bilbao it is -1.4 °C. As far as the maximum

calculation temperature, Torino has 31 °C while Bilbao 29.9 C. The European legislaion will be use

to calculate the transmittance of opague and glazed elements and the thermal bridges, but, to

calculate the Energy performance, the regionals laws will be used.

BN REGIONE

N PIEMONTE

From UNI

10349 and prEN

b) Isolamento termico

Tah. 5. Trasmittanze termiche massime (1) dei singoli componenti (‘.1".-"n:1': K)

1® Livello

2° Livello

Trasmittanza termica delle
strutture verticzli opache

033

0,25

Trasmittanza termica delle
strutture opache orizzontali o
inclinate

030

Trasmittanza termica delle
chiusure trasparenti (valore me-
dio vetro/telaio) (§)

20

Trasmittanza termica delle
chiusure trasparenti fronte stra-
da dei locali ad uso non reiden-
riale (valore medio vetrostelaio)

(5

28

2.0

Figure 7.2 — Regional legislation of Turin. Thermal transmittance

12831 the Italian climatic data
will be obtained and it assigns
the thermal zone and the
respective monthly
temperatures that will be used
in the building performance
calculation.

The regional limits will establish
the permissible transmittance

value for the various enclosure

components. The first level is

compulsory for all, and the second one will be tax incentives if it is reached.
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Spanish legislation is based on CTE (Cddigo Técnico de la Edificacion) and the energetic part is in
DBHE (Documento Basico de Ahorro de Energia), which gives the climatic zone C1 and the following

legislative limits:

D.2.9 ZONA CLIMATICA C1

Transmitancia limite de muros de fachada y cerramientos en contacto con el terreno Umiim: 0,73 Wim?K
Transmitancia limite de suelos Usiim: 0,50 Wim?K
N P . . 2
Transmitancia limite de cubiertas Uciim: 0,41 Wim“K
Factor solar modificado limite de lucernarios Fuiim: 0,37
Transmitancia limite de huecos Usyim W/M2K Factor solar modificado limite de huecos Fyn
Baja carga interna Alta carga interna
% de huecos | N/NE/NO E/O s SEISO EIO B SE/SO EIO s SE/SO
de0ai0 44 44 44 a4 - 3 2 = - -
de11a20 34 39 44 a4 = = X =
de21a30 29 33 43 43 - 2 : = =
de31a40 26 30 39 19 - - - 0,56 - 0.60
de 41a50 2.4 28 36 16 = 2 E 0,47 = 052
de 51a60 22 27 35 35 = - = 0,42 = 0.46

Figure 7.3 — Limits of thermal transmittance. CTE, DBHE

Concluding, energy certification depends on many factors. First of all by the geographic location
and its climatic conditions and regulatory limits, secondly on the software that will be used and its

degree of detail.
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