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The aim of the present paper is to evaluate the energy performance in unsteady-state conditions of
an Evolutive House. The original design was presented by two important architects, Renzo Piano and

Accepted 27 January 2014 Peter Rice, in 1978. The house has two large glass walls in the east and west facades. Experimental

investigation and numerical analysis were carried out in a prototype of the house realized in Perugia. The
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measured. Simulations were performed using both Energy Plus and TRNSYS software. Simulation models
were tested and validated with experimental data considering a new weather database compiled for
Perugia. The analysis compares different scenarios in terms of energy demand, such as the substitution
of the glazing and the use of innovative packaged solutions. Innovative glazing systems filled with silica
aerogel were investigated as a solution for energy saving in buildings. Results show that an important
energy saving was obtained for all the proposed glazings (about 60-70%). The simulation codes’ results
are in good agreement, but some differences are due to the different approach in the evaluation of the
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solar irradiance on tilted surfaces and to the transient heat conduction model.
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1. Introduction

Buildings which need to be refurbished are a very significant
part of the building heritage in European countries: in Europe about
80% of all residential buildings were in fact built before 1980. The
building studied in the present paper was built in 1978, based on
a project of Renzo Piano and Peter Rice [1] and it has large glaz-
ing areas in the facades. After 35 years from its construction the
building is still very modern; in fact nowadays many buildings
have large glass windows to provide a physical and visual connec-
tion to outside: windows are important for creating a comfortable
indoor environment, but the energy demand is greater than the
one for buildings with conventional fagades, especially in summer
time [2]. In both residential and commercial buildings, most of the
energy used is required for space heating and cooling (about 40% of
energy consumption): windows represent the most contribution
in building envelope energy losses, that is approximately 60% in
commercial buildings and 20% in residential ones [3,4].

The case study is a not conventional house because it has a
window-wall ratio of about 37%: it has two large glass walls in the
east and west facades, but the existing glazing system is not well
insulated (U=2.3W/mZ2K). It is an example of earthquake-proof

* Corresponding author. Tel.: +39 075 5853993; fax: +39 075 5853916.
E-mail addresses: cinzia.buratti@unipg.it (C. Buratti), belloni.unipg@ciriaf.it
(E. Belloni), palladino.unipg@ciriaf.it (D. Palladino).

0378-7788/$ - see front matter © 2014 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.enbuild.2014.01.046

building and it is composed of prefabricated concrete elements.
The prototype built near Perugia in 1978 today is not inhabited. The
peculiarity of the Evolutive Housing System is the changeability of
the internal spaces, thanks to a simple mechanism of the glazing
facade that is able to run along a rail. The internal sliding glass wall
can be moved to increase the occupied space. The building was
meant to be inexpensive and easy to assemble and modify [1].

The aim of the present paper is the energy demand analysis
of the building and the evaluation of the influence of differ-
ent design options: the simulations were carried out with two
codes (Energy Plus and TRNSYS), varying the type of glazing and
considering also innovative glazing solutions with aerogel in inter-
space. Aerogel is one of the most promising materials for use in
highly energy-efficient windows: in addition to the low thermal
conductivity (down to 0.010W/(mK) in evacuated conditions), a
high solar energy and daylight transmittance is achieved [5]. Opti-
cal, thermal and acoustic properties of innovative glazing solutions
with aerogel have been investigated at the University of Peru-
gia since 2003, with both experimental campaigns and simulation
codes [6,7].

Two experimental campaigns were carried out in
February-April 2013, in order to monitor the internal thermal con-
ditions of the building and the most important characteristics of
the envelope. A new weather file representative of the real climatic
conditions during the experimental campaign was implemented,
in order to compare the simulation results and the experimental
data and to validate the model. The different approaches of the two
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Nomenclature

DGG: Double Glazing with Granular aerogel

DGM: Double Glazing with Monolithic aerogel
ED: Energy Demand (kWh)

E+: Energy Plus

Ig: Clothing thermal insulation (clo)

M: Metabolic rate (met)

PMV Predicted mean vote (-)

PPD: Predicted percentage of dissatisfied ()
T: Temperature (°C)

TEG: Triple Existing Glazing

TGA: Triple Glazing with Argon in interspace
TR: TRNSYS

U: Thermal transmittance (W/(m? K))

W: Global solar radiation (W/m?)

T: Transmittance (-)

Subscripts

i Indoor
Outdoor
Ground
Wall
Visible

SEn®e-n

simulation codes were compared, considering both the Direct Root
Finding method (TRNSYS) and the State-Space method (Energy
Plus) [8].

Results obtained by these codes in terms of energy savings are
very similar (the differences between TRNSYS and Energy Plus vary
in 6-12% range). A significant reduction in energy consumption
should be obtained by varying the type of window, especially when
considering the heating period.

The unsteady state models implemented in the software are
very powerful tools in building design: many different solutions
can be investigated and the most appropriate design options can
be selected thanks to the simulation results [9-12]. Thanks to the
use of these programs also the influence of the glazing surface on
the thermal comfort conditions can be evaluated [13-20].

2. Methodology
2.1. The case study

The case study is the prototype of an Evolutive House. The build-
ing was originally design in 70s as an example of earthquake-proof
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Fig. 2. Plans and section of the building.

buildings. It consists of two floors: the living zone is placed in the
first one (a kitchen, a bathroom, a junk room and a living room 6 m
high). Stairs allow the access to the first floor: a landing and two
bedrooms are upstairs (see Fig. 1).

The entrance of the building is placed in the south-east facade;
the living zone presents a large glass wall in the north-west facade,
for a total area of about 37 m?. Fig. 2 shows the plans and a section
of the building. The total building area is 96.24 m2, the living zone
is 72 m2. The volume of the total conditioned area is about 330 m>.
The windows have a triple glazing system (from the external side
to the internal one: glass layer 3 mm, air 7 mm, glass layer 3 mm,
air 6 mm, glass layer 3 mm), for a total thickness of about 22 mm,
and an estimated thermal transmittance of about 2.3 W/m? K, cal-
culated according to ISO 10077-2 [21,22].

Fig. 1. External view of the Evolutive House (a) and internal view of the landing and the bedrooms (b).



Download English Version:

https://daneshyari.com/en/article/262993

Download Persian Version:

https://daneshyari.com/article/262993

Daneshyari.com


https://daneshyari.com/en/article/262993
https://daneshyari.com/article/262993
https://daneshyari.com

