UNIVERSITAT
JAUME- | \ Vol

HAIVIK

HAMEEN AMMATTIKORKEAKOULU
UNIVERSITY OF APPLIED SCIENCES

ORENBURG STATE

UNIVERSITY

|
INTERNATIONAL
CONFERENCE
of LANGUAGE
NETWORKING




| INTERNATIONAL
CONFERENCE

of LANGUAGE
NETWORKING

on improving language skills, researching
teaching methodologies and exchanging
administrative procedures for mobility in

Engineering and Architectural Studies

Universitat Jaume |
Castel{on de la Plana, Spain
16 — 20 July, 2012

ISBN 978-84-695-6468-4
REG 2012105057




- INDEX -

L R I AN LN AN = 1 N AR Pg.5
SUSTAINABILITY- NEWS FROM FINLAND, Olli llveskosKi, .......cccvvveeiviiiiiiiaiann... Pg. 6
ENERGY NEUTRAL BUILDINGS, Poul B@rison HANSEN, ......cevvvvviiiiiiiiiieeeieeieneees Pg. 14

REUTILIZATION OF CERAMIC WASTE MATERIALS IN THE CONSTRUCTION SECTOR,
Lucia Reig, Maria José Rua, M2 Victoria Borrachero, Jose Monz6, Mauro M.Tashima, Jordi
P Y, et Pg. 23

RESEARCH PROJECTS, ...ttt Pg. 29

APPLICATION OF ENERGY CERTIFICATION TOOLS TO OPTIMIZE THE
ENVIRONMENTAL IMPACTS OF CONSTRUCTION SOLUTIONS OF THE ENVELOPE,
Patricia Huedo Dord4, Arantza Redondo Gonzalez, ...............ccoovvviiiiiiiniiiiie e, Pg. 30

FIBER REINFORCED POLYMERS (FRPs) FOR REINFORCING CONCRETE

STRUCTURES, Milagro Iborra LUCAS, ....cccveviieeiieeeeeeee et Pg. 38
MOBILITY PROGRAMS, e Pg. 43
INTERNATIONAL RELATIONS’ TASKS

OF A CENTRAL LEVEL OFFICE, Teresa Blasco lIzquierdo,..............cccccevvvieininn... Pg. 44
AGREEMENT OF DOUBLE DIPLOMA, Teresa Gallego Navarr,.................cc....c..... Pg. 49
TEACHING METHODOLOGIES, ..o Pg. 54

TOWARDS DISRUPTIVE INNOVATION IN EDUCATION: THE PROBLEM-BASED
LEARNING (PBL) APPLIED TO TECHNICAL DISCIPLINES IN HIGHER EDUCATION,

ENrique David LIACEL, ..o Pg. 55
WORKSHOP RESOURCES: INTERNATIONALIZATION OF TECHNICIAS AT THE
BUILDING FIELD, Enrique David LIACEN, .......c.cvviieiiiei e, Pg. 63
A MULTI-LEVEL LEARNING ENVIRONMENT, Hannu EIVAS, .......ccccccccvvveeviieiiieenee. Pg.64

WORKSHOP RESOURCES: QUANTITATE AND QUALITATIVE REFLECTION -
DEVELOPING 1 * SEMESTER STUDENT REFLECTIVE CONPETENCIES BY
GRAPHICALLY PROFILING, SELF-ASSESSED LEARNING GAINS ON A WIDE RANGE
OF COMPETENCIES WITHIN A BLOOM’'S TAXONOMY-BASED TOOL, Gordon L. Alcock,
L 1= 011G =12 PP Pg. 67



VISTABELLA DEL MAESTRAT: MORPHOLOGIC ANALYSIS OF THE TRADITIONAL
CONSTRUCTION. GRAPHICAL EXPRESSION I, Beatriz Sdez Riquelme, Maria de la Cueva
SF- 101 r= WY, (o] g (o T R (U =To b= VR Pg. 76

LOCAL CONSTRUCTION- VETERAN HOUSE, THE BEGINNING OF INDUSTRIAL
HOUSING IN FINLAND, Jari KOMSI, .cccuuvieiiieiiiiiiiiieie e Pg. 82



| INTERNATIONAL CONFERENCE of LANGUAGE NETWORKING

16-20 July 2012

ENERGY REHABILITATION OF THE THERMAL ENVELOPE
OF EXISTING BUILDINGS

Marta Braulio Gonzalo
Universitat Jaume |
Castellon de la Plana / Spain
marta.braulio@gmail.com

Abstract
Residential buildings are great producers of CO2 while the current energy context is trying to minimize
these emissions into the atmosphere. In order to achieve the requirements imposed by legislation, we
must improve the energy performance of buildings by reducing energy consumed in heating and
cooling.
The research presented here focuses on the rehabilitation of existing buildings, where there is the
greatest potential for savings. We propose the renovation of the thermal envelope of existing buildings
applying only passive measures. We selected a building of homes with architectural value as a
prototype for this study, which can be extended to other buildings with similar characteristics and
rating in the future.
Firstly, we analysed the existing building and obtained a rating level energy of E. After applying
several improvements involving the implementation of thermal insulation, we determined a rating of D.
Even though this is a positive result, the objective was to reach a rating at least of C. In order to do
this we needed to analyse the exact influence of the different elements on the energy performance of
the building and implement those improvements that will have a greater impact. We ran several
simulations in order to quantify different effects and found that facades and windows are the most
decisive items on improving the rating of this particular building.
Finally, we implemented these measures in the thermal envelope of the building and reached a rating
level energy of C. Simulation of the effect improvements allowed us to determine the savings in
energy consumption due to the rehabilitation of the building as well as the reduction of CO2
emissions.

1. Introduction

The building sector has a very important role in global energy consumption. It has a great influence on
CO2 emissions into the atmosphere.

The energy demand of residential buildings depends on many variables but, we can claim that
increased consumption is due to the use of the air-conditioning system in order to achieve thermal
comfort, both in heating and cooling, accounting for 42% of the energy consumed [1].

Thus, the main measure to improve the energy performance of buildings is to act on its thermal
envelope, in order to minimize its losses and therefore, minimize energy demand. The afore
mentioned being the goal to obtain more energy efficient buildings.

This leads us to comply with an commitment which is to reduce carbon dioxide emissions to
acceptable limits, to improve the energy efficiency of buildings, as provided for in Directive
2002/91/EC [2] on the energy performance of buildings. The Spanish legislation since 2006, has
included in the Cédigo Técnico de la Edificacién [3] as one of the instruments to achieve those
objectives.

The problem is not so reflected in the new buildings, which are projected according to the appropriate
measures under the aforementioned legislation, but lies mainly in the existing building stock, which in
Spain amounts to more than 8 and a half million residential buildings, accounting for 11% of the
country's energy consumption [4]. Therefore, the greatest potential for savings is in the existing
building stock. This paper ‘Rehabilitation of the Thermal Envelope of existing buildings’, is going to
argue this.
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For the study, we selected an actual building of homes located in Castellén de la Plana, which was
built in 1948 and which is representative of the existing buildings built at that time. It also has the
peculiarity that its facade has architectural value, a condition that will be a drawback, because the
renovation cannot result in the alteration of the outside of the building, just the inside. Another
limitation is set by the activity inside the building, because it is busy and in use. Figures 1 and 2 show
a picture of the building and a floor plan type.
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Fig.1. Picture of the study building Fig.2. Type floor plan and solar orientation

2. Research questions and objectives

The main objective of this research is to find solutions, both technical and economic viability, which
would improve the energy performance of the building in order to achieve high ratings of energy
Certification or at least C and D, on the scale of energy performance of buildings.

The questions to which we try to answer with this research are:

What are the most viable renovation solutions for an old building with architectural interest and that
interfere less with of domestic activity?

How can we define and classify the existing buildings energy performance and apply our conclusions
and findings to other buildings with similar characteristics?

What range of improved energy rating can be achieved with the rehabilitation of the thermal envelope
of existing buildings with only passive measures?

What energy and CO2 emissions savings involve the energy rehabilitation of an existing building?

3. Methodology

3.1 Analysis and building energy rating in its current state

In order to proceed to the analysis of the building in its current state, we had to make two important
steps in order to collect data. Sketching and technical drawings were done to define all plans of the
building and we conducted work to discover the composition of the building systems, considering:
facade walls, floors, roofs, glazing and window system.

Once this data was known, we proceeded to the simulation of the building with LIDER [5] and
CALENER VyP [6], both recognized by Spanish law, and used to calculate the energy demand of the
building and the rating energy, respectively. With this process we also reached calculating the thermal
transmittance (W/m2Kk) of the building elements and obtained a rating level energy E [7]. This rating E,
is what this study hopes to improve.

Subsequently, we defined the new thermal envelope of the building, which will determine the elements
on which we have to act and provide it with thermal insulation.

3.2 Proposal of modification of the thermal envelope

On identification of the thermal envelope, different solutions were proposed to act on it, all them as
passive intervention measures. Therefore, the installations are outside the scope of study.

These proposed solutions are such that their incorporation into the building are constructively feasible,
taking into account that the work should affect the daily activities of the occupants and users of the
property, as little as possible. So, it is worth noting that the proposed solutions are not only based on
consideration of technical and constructive factors, but also economic and energy efficiency factors.
Modification of the thermal envelope is performed in two different ways:
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Providing thermal insulation in the items that define the thermal envelope: facades, roofs and floors.
Replacement of the window frames and glazing.

The incorporation of thermal insulation is not recognised in the same way in all elements, because
each one has different requirements.

The front facade can not be modified, so the provision of thermal insulation is carried out on the inside.
In shared walls the only feasible actuation is also on the inside. However, the facades in the
courtyards are isolated from the outside, which is more favorable because it avoids thermal bridges.
The pavement of the ground floor is covered by thermal insulation and above this, we put a new
pavement.

There are two types of roofs: a flat roof, where the insulation is provided on the outer face (inverted
roof) and it is projected a floating pavement with ventilated air chamber; and the tiled roof, where the
insulation is provided on the inside of the non-habitable space between the slab and the roof.

In relation to the windows, we studied the possibility of maintaining the existing wood because it has a
low thermal transmittance. However, after studying the situation, it was decided to replace the
windows with new frames and glazing, for maintenance reasons. We proposed an aluminium frame
and double glazed windows with 4mm-thick glass and 6mm air chamber. The calculation programmes
are then applied to the alterations made and an energy rating of D is obtained. These decisions are
made with the support of Guia Técnica para la Rehabilitacion de la Envolvente Térmica de los
Edificios (Andimat) [8].

Masonry stone walling 43-50cm
Brick walling 14cm

Brick walling 28cm

Flat roofing

Tiled roofing over sloped slab
Tiled roofing over flat slab
Concrete Flooring

Simple glazing and wooden frame

O~NO O WN PP

Fig.3. Simulation with LIDER and CALENER VyP

3.3 Optimization and improvement of the rating level energy

The rating level energy obtained is a positive result, as we managed to improve two levels above the
rating of the building in its current state. Despite this, we intend to carry out further improvements on
the building, suggesting improvements that allow us to reach a rating at least of C.

To do this, we wanted to study what is the exact influence of the different elements on the energy
performance of the building, in order to select and implement those improvements that will have a
greater impact allowing for optimal results.

To achieve this goal, we made a total of 25 simulations in both calculation programmes, LIDER y
CALENER VyP, acting separately on facades, roofs, floors and windows. And finally, acting on all
together.

The conclusions are represented graphically below:
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B Maximum
Minimum

=== Existing building

Strategy 1 Initial proposal

Strategy 2 Influence termal insulation
Strategy 3 Influence wooden windows
Strategy 4  Influence aluminum windows

Indicator kgCO2/m?2

Strategy 5  Influence windows+insulation
Fig.4. Results of 25 simulations to optimize the solution

3.4 Definition of the rehabilitated building

Based on our findings, we decided which items should be prioritized for the rehabilitation. These are,
facades, other vertical walls and windows, which are the most decisive influence on improving the
rating, due to the form factor of the building.

The following Table 1 shows the comparison between existing solutions and new solutions proposed
to achieve the energy rating C:

U U U
Building svstem existing required rehabilitated %U Thermal
9 sy building CTE building reduction insulation

(W/mz2K) (W/mz2K) (W/mz2K)

Masonry stone

. 2.49 1.07 0.37 85.14% MW 6cm
walling 50cm
Masonry stone 0 VERTICAL
walling 43cm 2.37 1.07 0.38 83.97% MW 6cm WALLS
Brick walling 14cm 2.49 1.07 0.43 82.73% PUR 5cm
Brick walling 28cm 1.84 1.07 0.40 78.26% PUR 5cm
Goncrete flaoring 2.15 0.68 0.37 82.79%  XPS8cm  rloos
Flat roofing 2.34 0.59 0.34 85.47% XPS 3cm
Tiled roofing 2.59 0.59 0.31 88.03% MW 8cm ROOFS
Slab+tiled roofing 1.97 1.07 0.47 76.14% MW 8cm
Frame 2.20 5.70 3.30 -50.00% RPT>12mm WINDOWS
Glazing 5.70 5.70 3.20 43.86% 4+6+6

U Thermal transmittance
RPT Thermal bridge breakage

Table 1. Final solutions applied in the thermal envelope
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4. Conclusions
From this research we can conclude that we have found the

most appropriate solutions to implement in the rehabilitation <6 A

of an existing building, according to constructive, economic 3566 B

and energy efficiency criteria. This allows us to classify the 66112 c
building in its current state and in the future apply these 1.217.9 o

findings to other buildings with similar characteristics.

We have achieved a significant improvement in rating scale 2l =
of energy performance, from level E to C, only with the L ®
implementation of passive measures, ie, acting only in the [

thermal envelope of the building. This fact leads us think
that if we acted both in the building installations and the
thermal envelope, we could get an even better rating,
possibly levels B or A.

Finally, we achieved to determine the consumption energy savings that will involve the rehabilitation
and also, the reduction of CO2 emissions, as can be seen from the graph below.

Fig.5. Energy performance label
of the building C

8.812 | 23,5% [0 Rehabilitated building 3.380 | 22,7% [ Rehabilitated building

111838 Cooling [ Existing building — Cooling [ Existing building

23.418 | 53,6% 8933 | 44,7%
- sam2 e Heating
0 10.000 20.000 30.000 40.000 50.000 60.000 0 5.000 10.000 15.000 20.000
Energy demand KWh/year CO, emissions kgCOfyear
Fig.6. Energy consumption savings Fig.7. CO, emissions reducing
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