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Abstract

This paper aims to investigate the influence of transitional spaces regulating indoor
thermal comfort.

In order to determine which case is the most efficient in maintaining thermal comfort
within the dwellings and consequently impose less need for cooling or heating, two
apartments with different transitional spaces were investigated in Lisbon — Portugal:
the first with a glazed balcony, the second with an unglazed balcony.

The case studies were physically monitored using temperature measurements.
Moreover, a model was developed using specialist software (IES-VE) to investigate
the influence of each transitional space within the dwelling.

The outcomes revealed that the apartment with the glazed balcony is the most
efficient in tackling discomfort associated with low temperatures in winter.

Glazed balconies prove to be an efficient strategy to regulate indoor thermal comfort
throughout the year when combining a range of passive strategies such as solar
orientation, night cooling ventilation and the use of shading devices.
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1. Introduction

This study has the purpose of developing research in Lisbon on transitional spaces,
particularly the potential that glazed and unglazed balconies in apartments have to
restore and regulate internal temperature in dwellings.

Of all the living accommodation in the Lisbon and Tagus Valley (Vale do Tejo)
region, 65.4% are apartments, with 36.6% being detached or semi-detached houses.
Moreover, is the only region in the country where the percentage of apartments is
higher than that of houses (Alea, 2011).

Considering the building type found in Lisbon, the aforementioned apartments are
often provided with balconies.

For decades apartment owners have taken the decision to close their balconies,
transforming them into glazed balconies. The main reason for this is related to the
lack of space that people have started to feel over the years leading to an instinctive
necessity of expanding the area inside their apartments. Creating storage space,
laundries, glasshouses, extensions of living-rooms and kitchens are some of the
reasons that make occupants glaze their balconies. Whilst some owners demolish
partition walls and transform the adjacent interior spaces into a single space together
with the new glazed balcony, others decide to glaze the balcony keeping the existing
walls and doors, maintaining a separation between the glazed balcony and the
contiguous room. In the vast majority of the cases, owners glaze balconies unlawfully,



not taking into consideration the only available legislation (RGEU, 1951: art. 71°, n° 1
and 2), architectural and engineering issues, aesthetics and the positive or negative
impact that a glazed balcony can have on the performance of the dwelling in terms of
thermal comfort and energy consumption.

Glazed balconies can work as transitional spaces between the interior and the exterior
environment, regulating the temperature namely through ventilation and protection
from exposure to direct sunlight.

Located near the Atlantic Ocean, Lisbon has a particularly mild climate (the average
maximum temperatures registered during July is usually around 27.4 °C, whilst in
January the minimum average registered is around 8.2 °C), with a high frequency of
winds from North and Northwest and precipitation occurring mainly between October
and April (Alcoforado et al, 2005).

Furthermore, Lisbon’s climate is also conditioned by the specific topography of the
city, by the border with the Tagus River and the proximity with the Atlantic Ocean.

2. Literature review

When designed according to regional climatic conditions, transitional spaces reveal
themselves to be effective in reducing energy loss, helping to relieve the shock
temperature in humans when moving from interior spaces to outdoors and vice versa.
Moreover, these spaces can also work as a cooling element by cutting or filtering solar
radiation (Chun, Kwok, and Tamura, 2004).

Glazed balconies, being a passive solar strategy are able to collect, store and
redistribute solar energy without resorting to any mechanical system, which is useful
during winter time. However, whilst glazed areas facing south are able to create
direct-gains, facing north they mediate heat losses. Glazed balconies can reduce
energy consumption from 20 to 30%, whilst providing amenity and comfort, behaving
as buffer zones (Hestnes, 2001).

Within these spaces temperatures have frequent swings, resulting from a large glazed
area, where on a sunny cold day temperatures can rise up to 32 °C and cool down to
10 °C during the night, working as a buffer zone during this period. Therefore, in
order to be effective, these spaces must be designed as a separate thermal zone, able
of being isolated from the rest of the dwelling (Givoni, 1998; Lechner, 2009).

Whilst glazed balconies are efficient in storing and releasing heat to the building
during winter, in summer, passive cooling strategies need to be adopted to avoid
overheating.

In hot and dry climates such as Lisbon, during summer cross ventilation can be
provided at night to extract the stored heat. Ventilation has the capacity of increasing
the rate of cooling of the building structure whilst enhancing physiological comfort
amongst the occupants. Although, during the day this strategy must be avoided in
order to keep the heat outside. Therefore, night cooling ventilation is a key strategy in
summer to regulate temperatures inside dwellings. What is more, ventilation when
combined with proper shading devices provides an effective strategy to cool buildings
during the hot season (Givoni, 1969; Givoni, 1994).

3. Methodology

In order to investigate the influence of balconies in indoor temperature, measurements
were conducted in two different apartments: the first with a glazed balcony, the
second with an unglazed balcony.

The field work occurred during three weeks of June and July 2011 in Lisbon,
Portugal. During this period measurements regarding internal temperature were taken



in the two surveyed apartments. Three loggers per apartment were placed: one in the
transitional space, one on the interior adjacent room (to the transitional space), one on
the opposite side of the house. Furthermore, IES-VE software was used to simulate
and test the influence of balconies on the internal thermal comfort.
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Figure 1 Left up: Case Study 1(with glazed Balcony); Right up: Case Study 2 (with unglazed
balcony).

4.1 Case Study 1 — Glazed Balcony

The apartment is located on the first floor of a residential building, in a northeast-
southwest solar orientation and is occupied by two people. During winter an air-
conditioning combined with a fireplace is used to warm the apartment, whilst during
summer the occupants make use of the air conditioning to cool the dwelling.
Windows are double glazing with aluminium frames and provided with exterior
plastic shutters, combined with interior light-colour roller blinds or curtains.

4.2 Case Study 2 — Unglazed Balcony

The dwelling is located on the fifth floor of a residential building and is occupied by
one person, in a northeast-southwest solar orientation. During winter the occupant
uses a portable oil heater to warm the space, whilst during summer a fan is used.
Windows are constituted by aluminium frame and double glazing, shaded with
external plastic shutters, combined with interior light-coloured roller blinds.
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Figure 2 Hottest day of the surveyed period 26" of June. Left up: Comparison between case

studies 1 and 2 regarding the adjacent room to the existent transitional spaces; Right up:
Comparison between case studies 1 and 2 regarding the room located in the opposite side
of the apartment.



When analysing the hottest day, both dwellings present constant temperatures in the
rooms adjoining the transitional spaces studied in this research. Moreover, both
dwellings have the same solar orientation. Despite the fact that kitchens are more
prone to internal gains, the kitchen in case study 1 (contiguous to the glazed balcony,
see fig. 2), reveals lower temperatures when compared with the adjoining room of the
unglazed balcony (living-room).

The difference can be related to the existing glazed balcony adjoining the kitchen of
case study 1, which behaves as a buffer zone.

In opposition to the previous description, in the analysis of the rooms located on the
opposite side of the apartment at northeast (see fig. 2), the bedroom of the case study
2 is the area with the lowest temperatures, where the temperature of case study 1
(living room) is lower than that registered in case study 2 only when the air
conditioning is activated.

The occupants of case study 1 reported that during the heat peak the glazed doors
separating the kitchen from the glazed balcony are always closed, preventing the heat
stored in the glazed balcony from crossing directly to the kitchen. What is more, it is
frequent to open glazed balcony windows during the fresher period of the day to
extract the stored heat. In case study 2 the occupant reported to frequently open the
windows at night to allow cross ventilation, ensuring the lowering of the temperature
inside the apartment.

5. Thermal Modelling
The simulation on IES-VE software had the purpose to explore the thermal effect of
balconies (glazed and unglazed) within apartments. Therefore, two case scenarios
were simulated, compared and analysed regarding the interior adjacent room to the
balconies, looking in detail into thermal differences occurring within the apartments
both in winter and summer, providing solutions to achieve the best thermal
performance throughout the year. The model aimed to simulate a real daily living.
However, in order to achieve impartial results regarding temperatures, the simulations
consider the apartment as a free-running building.
Therefore: A — Glazed Balcony case

B — Unglazed Balcony case

5.1 Results
18 - 25
18 1 1 10
oo AR —~
< 17 NN A a2 g 2
I L O e 50
5] a 4 T 15
E o6 :
Eoy e 10
2 5
i . 0 , ,
& ® & ® ®© & @& & 5 = I T = = S =
il il il il il il il - il il il il il - - -
2 3 2 - & @ & ® 508 8 K 8 8 8 5
------------- External Air Temp. (°C) e Bternal Air Termnp. (°C)
A (*C) & (°C)
E(°C) B
Figure 3 Left up: Temperature on the adjacent room without solar gains : winter 8" - 15" January;

Right up: Temperature on the adjacent room without solar gains: summer 24™ — 31 July.
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Figure 4 Left up: Temperature on the adjacent room with solar gains: winter 8" - 15" January;

Right up: Temperature on the adjacent room with solar gains: summer 24™ — 31% July.

Solar radiation has a significant influence on the spaces’ temperature (see figs. 3 and
4), especially during winter where the mean temperature of the living room increased
6 °C (from a mean temperature of 13 °C in the absence of solar radiation to 19 °C
when considering solar radiation), whereas in summer the difference does not rise
above 4 °C (from a mean temperature of 24 to 28 °C).

Whilst in the absence of solar radiation transitional spaces do not have an influence on
internal temperatures (see fig. 3), when considering solar radiation, differences within
the rooms are shown, being markedly visible in the case of scenario A (see fig. 4).
Therefore, within the set conditions of this simulation, glazed balconies prove to be an
efficient strategy to collect, store and redistribute solar energy, maintaining a thermal
comfort temperature within the contiguous room to the transitional space - 20 °C
recommended in RCCTE (2006), where case B falls below the previously mentioned
values.

On the contrary, during summer case scenario A presents temperatures within the
adjacent room above that recommended for this season - 25 °C in RCCTE (2006).
Whilst solar gains are important during the winter period to decrease the need of
heating, in summer it is essential to prevent the dwelling from overheating in order to
avoid energy consumptions required for cooling. Therefore, the following simulation
considers the addition of shading for the summer period.
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Figure 6 Addition of shading: summer 24™ - 31% July (Temperature within the adjacent room

decreased roughly 3 °C with the use of shading devices).



6. Conclusions

Monitoring revealed similar temperatures in the two apartments surveyed. However,
if specific characteristics of each dwelling are taken into consideration, the dwelling
with the glazed balcony presents temperatures of comfort on the hottest day, whilst
the other case is slightly above. Moreover, the room with the steadiest temperature is
the adjacent room to the glazed balcony (the kitchen). However, during the whole
period both cases revealed mean temperatures around 25 °C, which fall within the
comfort parameters established in RCCTE (2006).

Regarding the thermal simulation performed on IES-VE, results revealed glazed
balconies as having major benefits when compared with unglazed balconies, being
more pronounced in winter than in summer. Glazed balconies take advantage of solar
gains, collecting, storing and redistributing solar energy. Consequently, the interior
rooms are heated, reaching an internal temperature which falls within the comfort
parameters for winter (20 °C) considered in RCCTE (2006). Therefore, there is a
potential to decrease the energy consumption directly associated with heating
processes.

The summer simulation did not reveal such a marked difference between the
investigated cases and falls above the limit of the temperature of comfort (25 °C).
Considering the aforementioned, further investigation was still required and a
simulation including shading was carried out. Glazed balconies, being a passive solar
strategy when combined with shading devices in summer, proved to be an effective
strategy to decrease energy consumption arising from the cooling process.
Additionally, the outcomes of winter presented the most significant results, being the
season that benefits the most from the glazed balcony and when more energy related
with heating can be saved.

Portuguese winters have, when compared to summer greater energy demand, namely
due to heating processes. Considering the aforementioned, this study meets the needs
for Portugal, presenting relevant benefits for winter. From the transitional spaces
assessed, when attending to solar orientation (to south), design (maintaining a
partition between the glazed balcony and the interior adjacent room), the use of night
cooling ventilation and shading devices (during summer), glazed balconies proved to
be the most effective transitional space especially in tackling thermal discomfort in
winter and consequently decrease energy consumption and CO, emissions.
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