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ABSTRACT

In this study the temperatures on 22 balconies (17 glazed) and adjacent flats were monitored with an
aim to determine the key factors affecting the ability of a glazed balcony to warm up and remain warm
without a heater. Considered were glazed balconies in different locations, the amount of glazing and
building heat loss, the tightness of balcony vertical structures, and balcony ability to capture solar
radiation.

Temperature monitoring showed that over a year the air temperature of both glazed and unglazed
balconies remained almost without an exception above the outdoor air temperature. On average, the
temperatures of unglazed balconies were 2.0 °C and those of glazed balconies 5.0 °C higher than the
outdoor air temperature. The three key factors affecting the glazed balcony temperatures seemed to
be the level of air leakage in the balcony vertical structures, the balcony’s ability to capture solar
radiation, and the heat gain from an adjacent flat, in that order. The air tightness of the glazing was the
most crucial factor, since it affected the results all the year round. Solar radiation was important from
spring to autumn and heat gain in midwinter.

Keywords: balcony glazing; balcony temperatures; field monitoring; temperature monitoring;
prefabricated building

Highlights
e Field monitoring was conducted on 22 balconies and in adjacent flats
e Temperature conditions were measured at 1-hour intervals
o A glazed balcony was 5.0 °C and an unglazed one 2.0 °C warmer than the outdoor air
e Main contributors were air tightness, solar absorption, and building heat losses
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1 INTRODUCTION

For centuries, large glazed spaces have been architecturally and structurally interesting building
details [1, 2, 3]. Their attraction lies in large spaces, novel architectural solutions, and interesting
details. However, these spaces have not usually been built solely for architectural reasons, but
functional requirements have also been set for them as they have served as hospital waiting areas,
reception areas in office buildings, etc. The design of such spaces is based on required indoor air
conditions, such as minimum acceptable indoor air temperature, desired average temperature, and
maximum acceptable temperature. They determine the design solution, which takes into account
issues such as heat losses in the building and the space, storage of solar radiation, solar protection,
and minimisation of cooling and heating needs, if the required indoor conditions cannot be realized
without an external energy source. [4]

In Finland, glazed spaces are not usually big and impressive structures but quite simple and rather
small spaces, such as glazed balconies. The glazing system consists of 5 - 6 opening balcony glass
panes, characterized by transparent 6-mm float glass panes (U=5.8 W/m2K, g=0.82) and non-
insulated aluminum profiles. Between the panes have usually 2 — 3-mm air gaps [5], allowing sufficient
natural ventilation in the balcony and making continuous heating of the balcony uneconomical [6].
Because many Finns are not aware of the energy saving and overheating impacts of balcony glazing,
some residents keep their balcony glazing partly open throughout the winter, reducing thus energy
savings, and fully closed during summer, causing thereby overheating problems [7, 8]. This is partly
due to a lack of broader study of glazed balcony temperature behavior in northern climate conditions
and lacking information about the key factors affecting the energy and indoor climate design of a
glazed space. The need for such information has also been emphasized in other studies [4, 9].

This paper presents the results of a study conducted by measuring temperatures on 22 balconies (17
glazed) and adjacent flats in Tampere, Finland, to determine the effect of building conduction losses,
tightness of balcony vertical structures, ability to capture solar radiation, and the amount of glazing
and locations on the balcony indoor climate. The study sought to find the key factors affecting the
ability of glazed balconies to warm up in northern climate conditions and thereby to improve glazed
balcony temperature behavior for future design.

2 BACKGROUND

According to the literature, glazed space air temperatures have been measured to evaluate, e.g.,
thermal comfort and operative temperatures on many occasions and almost all over the world. Studies
have usually focused on either a clearly different climate [10, 11, 12], another continent [13, 14, 15], or
central Europe [16, 17], where the climate conditions differ from those in Finland. Thus their
perspective has been different (e.g., emphasis on overheating rather than on energy saving). Their
measurements have focused on atrium [10, 13], sunspace [12, 15, 18] or some solar space [11],
though some balcony glazing studies have also been made [16, 17, 19]. Older measurements have
focused on indoor climate behavior [12, 16] and later ones, either partially [15] or wholly [12, 18], on
the validation of simulation programs. The only extensive field monitoring of glazed balconies is over
ten years old, conducted under the International Energy Agency (IEA) Solar Heating and Cooling
(SHC) program Task 20 "Solar energy in building renovation". Its results are available, e.g., in [9, 20,
21]. Rather than by extensive field measurements, the sensitivity of glazed space characteristics to
space temperatures has been mainly analyzed by computer simulation [22, 23]. Glazing has generally
been single glazing [17, 24] and/or double glazing [6, 23, 25] with sliding [19, 26] or non-sliding panes
[12], and as a rule with vertical frames [6, 19, 23, 25]. Previous studies have rarely focused on the
most commonly used frameless single glazing in Finland with a sliding and pane-by-pane opening



glazing system, such as that in [24] . A special feature of this glazing are its 2-3-mm air gaps between
the panes, which makes it a significantly un-tighter solution than that in previous studies.

Some studies in Finland and the neighboring countries have monitored balcony temperatures [4, 8,
19, 24, 27]. In most of them, either the number of measured balconies has been small [4, 19, 24]
and/or their research perspective has been other than to improve the thermal behavior of a glazed
balcony [19, 24]. The first such study was [8], on whose basis this paper has been written. Some
studies have focused on the potential of balcony glazing for energy savings [4, 8, 19, 27], a topic also
discussed in [7, 28], though without temperature measurements.

In terms of measurement technicalities, the previous studies differ very little. Usually monitored have
been the temperatures of the sunspace, the adjacent living space, and the outside air (dry bulb and
relative humidity) while at the same time using factory-calibrated data loggers [11, 13, 15, 16, 17],
some temperature sensors [15], and/or thermocouples (shielded or unshielded) [10, 12, 13, 18].
Temperatures have usually been recorded at 10-min [15], 15-min [11, 14, 16, 17], 20-min [10], or 1-
hour intervals, and measurements have lasted from a few days to several years [24]. The most
common temperature recording interval has been 10 or 15 minutes, but one monitoring study has
established that a logging interval of one hour would be sufficient [16]. Of particular importance has
also been to use the same measuring intervals with individual loggers [16] and to start temperature
recording simultaneously for easier later comparison of the results.

The results of the previous studies clearly show that the temperatures of a glazed space, such as
sunspaces [11, 15, 29] and glazed balconies [8, 24, 27] are higher than the outdoor air temperature.
They also show that to maximize the temperature difference between a glazed space and the outdoor
air, space type and size must be optimized along with the thermal insulation capacity and air-tightness
of the structures. As to the balcony type, a recessed glazed balcony is superior to a protruding
balcony, because it has a small exterior glazed area and a large exterior wall area, through this
balcony receives transferred heat from the adjacent flat [16, 27]. Increasing the length of a balcony
also increases transmission losses from the adjacent flat. In general, a long and narrow balcony is
recommended for maximizing energy savings and natural light [30].

The location affects the energy saving effect and the indoor climate of a glazed space. The basic
principle is that the more southern and milder the climate, the higher the yearly mean temperature and
the bigger the percentage of energy savings. This is because of the increased amount of energy
absorbed by the space due to the increased intensity of solar radiation [31]. The highest energy
savings are possible in a sunny and cold climate [20], such as that of the southern European Alps.
Orientation, external obstructions, and solar shading also affect the solar radiation stored, because
they limit the amount of radiation entering the space. It is important that the space be oriented towards
the equator (+/-30°), though it has been observed that orientation is not the major contributor to the
energy savings of a glazed balcony [26]. It is also proved that added glazing area can increase the
amount of solar energy absorbed and lead to the overheating of the balcony or the adjacent rooms [6],
even in northern climates [22] in the absence of shading.

The material properties of the glazed space and the building external wall affect the indoor
temperature and energy savings of the glazed space. According to [23], e.g., the thermal conductivity
of the wall strongly affects the heat flux through the wall, but its density and heat capacitance (C) have
only a small effect [23], albeit heat capacitance affects temperature variations and the thermal comfort
of the space [4]. By contrast, the absorption coefficients of the surfaces and the ability of the space to
store solar radiation have a strong impact on the interior temperatures of the glazed space and the
energy savings [4].



The air-tightness of the envelope structures of glazed spaces has a further marked impact on their
temperatures. Ventilation with outdoor air removes a fraction of the energy absorbed and
consequently lowers the temperature of the sunspace [31]. The air exchange rate of un-tight glazed
spaces varies daily and greatly depends on the temperature difference between the glazed space and
the outdoor air and the wind conditions [4]. The building's ventilation solution also affects the end
result. In terms of the heating energy savings of the building, it is advisable to integrate the glazed
space with mechanical exhaust ventilation and thus use the glazed balcony as a supply air pre-heater
[20]. The overheat of the glazed space could thus warm up the adjacent flat in summer time, if the
supply air terminals between the glazed balcony and the flat are not easily closable [19]. Excessive
indoor temperatures could be prevented by using an appropriate solar shading solution with the
glazing [22] and by increasing airing by opening the balcony glazing [32].

As mentioned above, most glazed space studies have focused on glazed spaces other than glazed
balconies and with glazing solutions different from the typical Finnish one. In addition, the climate
conditions in those studies have differed from the northern European climate, and their sensitivity
analysis has been founded on computer models instead of field monitoring.

3 RESEARCH MATERIALS AND METHODS

The research material consists of climate and weather information on Tampere, a description of the
studied buildings and balconies, and a monitoring set up for 22 balconies and their adjoining flats.

3.1 Climate and weather

The city of Tampere (61°29'53"N, 23°45'39"E) is located about 200 km north of the Finland's southern
coastal line. Its winter is cold and summer mild (Koppen-Geiger Dfc) [33]. The annual average
temperature of the city is 4.4 °C (36.4 °F), and in a normal year, it has 4424 heating degree-days
(HDD17) [34].
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Figure 2. Monthly mean temperatures at Siilinkari, Harméla, and Tampere-Pirkkala weather stations
(station locations shown in Figure 1).

The Finnish Meteorological Institute measured the outside temperature at the measurement time in
three different locations of Tampere region (Figure 1). The stablest temperature among the stations
was monitored at Tampere—Pirkkala airport (Figure 2) and chosen for the reference outdoor



temperature in this study. The station’s average temperature was 1.5 ° C with a range of -26.3 °C (on
20™ February 2010 at 8 AM) to 27.0 °C (on 16™ May 2010 at 3 PM). In the measurement period, the
warmest month was July and the coldest January.
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Figure 3. Monthly average temperatures and horizontal global radiation during the field measurement
period compared to a normal year.

Comparison of the measurement period and normal year outdoor temperatures [34] at Tampere-
Pirkkala as well as the measurement period and normal year global solar radiation level at Jokioinen
(nearest, about 100 km from Tampere) reveals that the only significant deviation from the long-term
average is the unusually cold winter in the middle of measurement period (Figure 3). The deviations
between the July and May radiation values were caused by different measurement times: the normal
yearly values covered whole months and the measurement period values half the respective months
(the measurement period was from 17" July 2009 to 17" May 2010). Thus the values are not directly
comparable.

3.2 Studied buildings and balconies

Eleven blocks of flats in four different urban areas in the city of Tampere were chosen for the study
and specified from oldest to newest by individual letter codes (Figure 4). The oldest building was from
1966 (Building A) and the most recent from 2006 (Building K). Most buildings are of typical 1970s
prefabricated element-based construction. Four pre-1978 buildings did not originally include balconies
for all flats, but balconies were later added to two of them (buildings C and D). In their external wall,
window, door, and balcony structures, the 1970s buildings B - F were similar at the time of their
completion. However, with the exception of building E, their windows doors, and balcony railings in
buildings B, C and D have since been renovated.



Figure 4. Balconies in the studied blocks of flats, showing well the decade of their construction. The
buildings are identified by a letter code A - K (see also Table 1).

Test site acquisition

The site was acquired in co-operation with the staff of Lumon Oy, a balcony glazing company, and
VVO-Yhtymat Oyj, a real estate company. Test sites for the study were selected from among the real
estate company’s rental flats, because they were near enough for regular follow-up. Almost all the
balconies in the chosen blocks of flats were also partly glazed, allowing thus temperature
measurement of glazed and unglazed balconies in the same building. From among the tenants who
consented, flats suited for the study were chosen based on the building’s age, structural solutions, and
facade orientation. Additionally, some balconies were acquired through other networks (researcher’s
own flat etc.). Five of the blocks of flats are located in Hervanta, two in Harmala, three in Lielahti, and
one in Hatanpéaa (Figure 1).
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Figure 1. Measured buildings are located in three suburban areas in Tampere. The weather stations
(three) of the Finnish Meteorological Institute (FMI) are shown in dots. The Tampere-Pirkkala airport

weather station is located in the bottom left corner.



Representation methods of balconies

The balconies studied are described in numerical code from coldest to warmest and specified by
rectangles and circles for unglazed and glazed balconies, respectively (Figure 5). Numbers 1 - 17 are
glazed and 18 - 22 unglazed balconies, which means, that all the glazed balconies were warmer than
the unglazed ones. Also shown are building ages and facade orientations, balcony glazing use
characteristics (openness grade of glazing), and measured period mean temperatures. The openness
grades were as follows: balcony glazing fully closed (closed), one glass pane 2.5 cm open (ventilation
position), and one glass pane fully open (one pane open). Balconies without information on the
openness grade are unglazed.
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Figure 5. Studied block of flats from oldest to newest, identified by a letter code A - K. Balconies are
numbered from warmest to coldest. Numbers 1 - 17 are glazed balconies and 18 - 22 unglazed ones.

Evaluation of balcony properties

Solar energy absorption on balconies, heat transfer by conduction from an adjacent flat to the balcony,
and unintended ventilation from balcony to outside were estimated for each building on a scale of very
low to very high (Table 1). Heat losses were estimated by inspecting structural and architectural
drawings and solar energy absorption with the help of architectural drawings and by visual observation
of the building sites. Solar absorption considered external obstructions and balcony orientation. The
air leakage of the balcony vertical structures, designated as “tightness level” in this paper, was
estimated by measuring the air gaps on site and by inspecting the structural drawings. Tightness was
chosen instead of leakage because “very high” would then in all instances represent the best condition
and “very low” the poorest. The leakage level of a glazed space could perhaps be better indicated by
using fan pressurization equipment [4], but those measurements are hampered by intensive labor
demands and difficulty to produce enough pressure difference between leaky glazing structures.
Hence these tests were excluded in this study.

Table 1. The building-specific information on the studied buildings.
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* In Finland, all balcony glazing structures are leaky structures because of 2—3-mm air gaps between the glass panes, yet the air outflow can range,

according to our estimation, from 1l/s to 40l/s because of different overall glazed balcony solutions (the main things are the tightness of the

balcony vertical structures and balcony heat gains from solar radiation and transfer from the adjacent flat). This effect was assessed at this point.
In some flats, residents left their balcony glazing periodically partly open or even for the entire measurement period. This effect on overall balcony
tightness is given in parentheses.

3.3 Field measurements

In these blocks of flats, data loggers were installed on ceilings in 17 glazed and 5 non-glazed
balconies and in the adjoining flats for about 10 months from 17" July 2009 to 17" May 2010.
Monitored were air temperature and relative humidity on the balconies and in the adjacent flats. Data
were recorded at 1-hour intervals with factory-calibrated Comark Diligence EV (N2003 and N2013)
data loggers, whose accuracy (Table 2) was confirmed before measurements with TUT calibration
equipment. The precision of the devices was T=+0.5 °C and RH = +3 % RH.
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Figure 6. Arrangement of monitoring in a balcony and flat.

Data loggers were installed at circa 2 meters from the floor and at least 4 meters from the external
walls. External loggers were installed on balcony ceilings, away from sunshine, and at least 0.5 meters
from external walls (the most common installation arrangement is shown in Figure 6). In logger
installation, mechanical attachment was avoided.

Table 2. Measurement range, display resolution, and accuracy of the used Comark Diligence EV
(N2003 and N2013) data loggers.

Measurement range | Display resolution | Accuracy -25°C to +50°C

Temperature | -20°C to +60°C 0.1° +0.5°

Measurement range | Display resolution | Accuracy -20°C to +80°C

Humidity 0-97% 0.1% RH +3 RH

Measurements of indoor, outdoor, and balcony temperatures enabled determination of the actual
temperatures and heat loss reduction (Equation 1) in the building section adjacent to the balcony as a
whole (including balcony back wall, windows, and door) after glazing installation. The results are
reliable, if the measuring devices are accurate enough and calibrated, and if measurements are
properly taken.

TrLaT—TBALCONY (1)
Trrat—TouTDpOOR

Heat loss reduction = 1 —

4 RESULTS AND DISCUSSION
4.1 Balcony temperatures
Temperatures of unglazed balconies

In general, the surrounding buildings, trees and the balcony vertical structures form a micro-climate
inside the balconies, a phenomenon that can be observed from the slightly higher measured
temperature values in the balconies than those in the open terrain. The phenomenon is the most
obvious in the minimum temperatures, but also the mean and maximum temperatures differ somewhat
from the outdoor air temperatures (Figure 7a). On average, the temperatures of the five unglazed
balconies differed 2 °C from the outdoor air temperature measured at the Tampere-Pirkkala airport
and ranged from 1.8 °C to 2.4 ° C, depending on the balcony (Table 3).
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Figure 7a and 7b. Temperatures of the coldest unglazed balcony (code 22, left) and of the warmest
glazed balcony (code 1, right) in relation to the outdoor temperature measured at the Tampere-
Pirkkala weather station.

Analysis of the monthly level (Figure 8) shows that there is considerable deviation between the
warmest and the coldest unglazed balconies and between unglazed balconies and the outdoor air.
Differences between the median and maximum temperatures on unglazed balconies and the outside
temperature stand out in autumn and spring, but minimum temperature differences are more
consistent. The temperature difference between unglazed balconies (balconies 22 and 18) shows
deviations that are smoother than those between unglazed balconies and the outside and mostly
follow the same trend throughout the year. The only significant deviation between the balconies can
be seen in the maximum temperatures in spring and autumn.

37
32 —

NN
N N

-18
-23
-28

o 17 I
%12 :::' |||I
%7 !ll!!"|lll II!!:: IIII II|
g 2 okl a1 'llll'l ...... Tl ot LI 14
g3 - o~ IIIIIlI | ' |'I Tt 'I - |

8 | I

. |l I|I|||III

JUL AUG SEP oCT NOV DEC JAN FEB MAR APR MAY TOTAL
PIR.=TAMPERE-PIRKALA WEATHER STATION, 22 AND 18 = UNGLAZED BALCONIES, 17 AND 1 = GLAZED BALCONIES
Figure 8. Monthly and total temperature behavior of the coldest and the warmest unglazed and glazed
balconies and that at the Tampere-Pirkkala weather station.

A daily temperature review of the balconies confirms the same trend as the monthly level study
(Figure 9). Day temperatures, divided into a six-hour average, show clearly that unglazed balconies do
not cool as much as the outside air during a cold winter night. Similarly, solar radiation in spring warms
up balconies with the intensity of warming depending significantly on balcony orientation and external
obstructions. Balconies facing south (balcony 19) warm up most, and those facing east (balcony 22)
the least.
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Figure 9. One cold winter day (26" January), an early spring day (15" Mars), and a late spring day
(16™ May) and Tampere-Pirkkala outdoor weather divided into six-hour periods.

Temperatures of glazed balconies

On average, the temperatures of 17 glazed balconies differed 5.0 °C from the outdoor temperature
and ranged from 3.5 °C to 6.6 °C, depending on the balcony. The importance of glazing (all 17 pc) for
balcony indoor temperatures varied seasonally. Glazing had the highest effect in March, when the
average temperature difference of the 17 glazed balconies was 6.6 °C compared to the outdoor air
and the lowest in November with a 2.8 °C temperature difference. Calculated seasonally, the average
temperature differences between the glazed balconies and the outdoor air were 4.2 °C in autumn (Sep
- Dec) and 5.8 °C in spring (Mar - May). A difference of more than one and a half degrees between the
autumn and spring values was caused by solar radiation, since it affected temperatures more in spring
than in autumn. Annually, the warmest was an extended balcony (balcony 1) glazed on two sides in a
block of flats built in 1975 (Building C), whose solar absorption was very high, air tightness very high,
and heat loss low (Table 3). In contrast, the coldest was an extended balcony (balcony 17) glazed on
one side in a building one year older (Building B), whose heat loss was low, solar energy absorption
very high, and air tightness very low. This shows that balcony air tightness seems to be the most
critical factor for balcony indoor temperatures.

Monthly analysis showed marked differences in the individual behavior of glazed balconies. Balcony 1
warmed up significantly from solar radiation and showed good ability to store solar energy in its
structures. Consequently, the results differed clearly from the coldest glazed balcony (balcony 17).
However, also the coldest glazed balcony performed better than unglazed balconies, and occasionally
their temperatures clearly differed from those of unglazed ones, as can be inferred from the high
maximum temperatures of balcony 17 in October and March. Those monthly deviations are interesting
because balconies 17 and 18 were located in the same building and on top of each other. Thus both
balconies received the same amount of solar radiation, yet they differed greatly in their temperature
behavior.

Table 3. Balconies ranked from warmest to coldest based on their mean air temperatures over the
whole measurement period.
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Unglazed balconies
1. | Cc | 1975 |81 | 34.8 -16.3 6.6 23.7 29.8 Low, 7.4 Very high (no external obstruction) Very high 2
2. | G | 1984 |8.0| 36.9 -13.3 6.5 23.1 30.1 Typical, 10.3 Very high (no external obstruction) Very high 1
3. | K |2006|7.9| 39.0 -16.7 6.3 23.1 29.4 Very low, 6.3 Very high (no external obstruction) Very high 2
4. D | 1975 |7.3| 33.6 -14.6 5.7 22.7 27.1 Typical, 9.5 High (building =50 m in front) High 1
5. | H |2000|7.0| 334 -16.1 5.5 23.5 25.1 Low, 8.0 Very high (no external obstruction) Very high 2
6. | D | 1975 |6.7| 35.6 -15.7 5.1 23.6 23.2 Typical, 9.5 High (building =50 m in front) High 1
7. | F | 1979 | 6.6 | 29.6 -15.8 5.1 21.5 25.4 Low, 7.7 Very low (dense forest in front) Very high 1
8. | D [1975|6.5| 36.1 -17.3 5.0 23.5 22.8 Typical, 9.5 High (building =50 m in front) Typical 2
9. | A | 1966 |6.5| 34.6 -14.9 5.0 23.0 | 23.3 | Very high, 15.9 Typical (adjacent building) Typical 1
10.| E | 1976 | 6.3 | 29.1 -15.4 4.8 21.7 23.6 High, 12.7 Low (medium dense forest in front) Low 1
11.| | | 2002 |6.2| 356 -17.2 4.7 24.9 20.1 Low, 7.8 Typical (buildings adjacent and ahead) Low 3
12.| ) | 2002 |6.2| 37.0 -18.1 4.6 24.2 20.4 Low, 7.8 High (adjacent buildings) Low 3
13.| K | 2006 | 6.1 | 31.3 -16.3 4.6 23.9 20.5 Very low, 6.3 Very high (no external obstruction) Low 2
14.| Cc | 1975 |6.1| 334 -16.7 4.6 23.3 21.0 Low, 7.4 Very high (no external obstruction) Low 1
15.] F [ 1979 |5.3| 30.9 -16.5 3.8 23.6 17.1 Low, 7.7 Very low (dense forest in front) Very high 1
16. | | 2002 |5.2| 324 -18.1 3.7 23.6 16.6 Low, 7.8 Typical (buildings adjacent and ahead) Typical 2
17.| B | 1974 | 5.1 | 31.7 -19.9 3.5 22.6 16.8 Typical, 9.5 Very high (no external obstruction) Very low 1
Unglazed balconies
18.| B | 1974 | 39| 30.4 -21.7 2.4 23.4 11.0 Typical, 9.5 Very high (no external obstruction)
19.| J | 2002 |3.8| 29.4 -21.7 2.3 23.9 10.1 Low, 7.8 High (adjacent buildings)
20.| D | 1975 |3.4| 30.8 -21.7 1.9 23.2 8.7 Typical, 9.5 High (building =50 m in front)
21.| E | 1976 |3.4| 29.5 -22.2 1.9 23.3 8.7 High, 12.7 Low (medium dense forest in front)
22.| 1 | 2002 (33| 280 -22.7 1.8 25.1 7.5 Low, 7.8 Typical (buildings adjacent and ahead)
Outdoor air (Tampere - Pirkkala airport weather station)
N 1 R | |
* Temperature difference has been calculated by deducting Tampere-Pirkkala average outdoor air temperature (1.5 °C) from average balcony
temperature over the whole period. For example, balcony 1 temperature difference is 8.1-1.5=6.6 °C.

Characteristically, glazed balconies seemed to undergo strong fluctuation in their temperature and the
outdoor air. Typically, temperature differences were greatest in spring and autumn and lowest in mid-
winter. The largest differences between the balconies and the outdoor air were caused by solar
radiation. Another factor was airing flats through the balcony door, though only one tenant did it
systematically and for long periods during the year (Balcony 7). Overall, these temperature differences
ranged from -5.8 °C to 29.6 °C during the measurement period. The highest below air temperature
value was measured on balcony 7, a brief -5.8 °C below the outdoor temperature due to a rapid
increase in the outdoor temperature, to which the concrete glazed balcony reacted with a short delay.
The greatest difference was measured during solar radiation, which rapidly warmed up balcony 3 and
caused a 29.6 °C temperature difference between the space and the outdoors air. However, this
phenomenon had only a slight impact on the indoor air temperatures of the adjacent flat, because it
was momentary and abated quickly as the sun went down.

Comparison of glazed and unglazed balconies
In comparison of the balconies, glazed balconies were almost without exception warmer than
unglazed balconies (Figure 10). On average, their temperature difference was 3.0 °C, which was



slightly more than the average difference between glazed and unglazed balconies in the same
buildings. Only in July, August, and September was the unglazed balcony 18 with very high solar
absorption (Table 1) warmer than the glazed balcony 15 with a dense forest in front of it. In addition, in
October, the unglazed balcony 19 was warmer than the glazed balcony 16 on the east side of the
adjacent building. However, the difference between the two was slight: 0.2 ° C in July and 0.3 ° C in
the other months.
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PIR.= Tampere-Pirkkala weather station, 18-22 = unglazed balconies and 1-17 = glazed balconies
Figure 10. Overall behavior of outdoor air temperatures in unglazed and glazed balconies during the
measurement period.

Comparison of glazed and unglazed balcony scatter diagram (Figure 7) reveals three important
observations. First, the set of points is clearly widely spread out, which shows that occasional
deviations relative to the ambient air are clearly higher in glazed balcony than unglazed balcony
temperatures. Second, the set of points in the glazed balcony scatter diagram are more apparent in
the black line (denoting outdoor temperature); i.e., balcony temperatures are clearly separate from the
outdoor temperature and yet, almost without exception, higher. Momentarily, balcony temperatures
are also below the outside temperature, but such moments are limited to a range of -13 °C and 18 °C.
Third, the set of plots is most clearly detached from the outdoor temperature at its lowest and highest
end of the temperature range, which indicates that glazing has the most significant effect during cold
(outside temperature <13 °C) and warm days (ambient temperature >18 °C).

4.2 Factors affecting balcony inside temperatures

Heat loss reduction

Results show that the glazed balcony temperatures cannot be evaluated based on the buildings’ age,
as is evident from the mean ages of the different heat loss reduction groups (Table 4). Because the
average age of all the groups ranges from 1985 to 1987, each group includes both new and old
buildings. Furthermore, comparison of the results in terms of heat transfer by conduction (3 U*A) from
the adjacent flat (column 9 in Table 4) shows that conduction loss is not a good indication of glazed
balcony performance, because it contains only one balcony heat balance component. This can be
seen, e.g., by comparing conduction loss reductions with total heat loss reductions. Conduction loss
was the lowest in the group whose total change in heat loss (> 25%) was the highest. In contrast, the
total heat loss reduction calculated with equation 1 gives a good picture of the actual temperature
behavior of the balconies.

Table 4. Balcony mean air temperatures and the temperature difference between balconies and
outdoor air in terms of balcony conduction loss reduction.
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Outdoor air (Tampere - Pirkkala airport weather station)

| | 15 [ 270 | 263 | | | | |

Heat loss reduction <15 % (Unglazed balconies)

20 | 1986 | 3.6%03 | 296211 | 220204 | 21203 | 238:08 | 92%14 | 95:20 | 5
Heat loss reduction 15-20 % (glazed balconies)

16 | 1985 | 52401 | 317:08 | -182#17 | 37#01 | 233:06 | 168%02 | 83%1.0 | 3
Heat loss reduction 20-25 % (glazed balconies)

10 | 1985 | 63+02 | 341%27 | -165+¢11 | 48402 | 235$09 | 21.9+15 | 9.6+32 | 8
Heat loss reduction > 25 % (glazed balconies)

4 | 1987 | 75%06 | 34.6+32 | -155+13 | 6006 | 229+08 | 278423 | 8215 | 6

Heat transfer by conduction from building to balcony has a significant impact on the temperatures of
glazed balconies during the coldest months of the year (Dec, Jan, and Feb). Because solar radiation is
hardly available in the Tampere region in this period, glazed balconies are heated mostly via heat
losses from the building. The balconies with most their wall within the building’s “warm” enclosure
structures (e.g., integrated balconies) seem to perform better than the protruding ones. The reason is
higher heat transfer from the adjacent flat (on three sides of the balcony) and higher overall balcony
tightness (one glazed side) than in protruding balconies with two or three glazed sides. However, if the
solution is not tight enough, a good overall solution cannot be reached. For example, the integrated
balcony (Balcony 9) shows the highest heat losses in January, but it is not the best balcony in this
period because of poor tightness. A better solution, for example, is balcony 2 with typical heat loss but
very high tightness.

Location (microclimate)

Measurements made by the Finnish Meteorological Institute (Section 3.1) showed that small local
differences occurred in the outside temperatures during the measurement period, even though the
measuring stations sought to eliminate the effect of micro-climatic factors. A strengthening of these
effects can easily be inferred from comparing the results on the balconies with the Tampere—Pirkkala
temperature information (Table 5).

Table 5. Balcony mean air temperatures and the temperature difference between the balconies and
outdoor air in terms of building locations in Tampere suburban areas.
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| | 15 | 270 | 263
Hervanta
Unglazed | 21 1976 3.4+0.0 30.2+0.9 -22.0+0.4 1.9+0.0 23.3+0.1 8.7+0.0 11.1+2.3 2
Glazed | 7 1977 6.8+0.9 33.3+29 -15.7+1.2 5.3+0.9 23.0+0.8 244+4.2 9.1+1.8 9
Harmala
Unglazed | 21 2002 35+0.4 28.7+1.0 -22.2+0.7 2.0+0.4 24.5+0.8 8.8+1.9 7.8+0.0
Glazed | 13 2002 5.9+0.6 35.0+2.4 -17.8+0.5 43+0.6 24.2+0.7 19.0+2.1 7.8+0.0 3




Lielahti
Unglazed | 18 | 1974 3.9 30.4 217 24 234 11.0 9.5
Glazed | 11 | 1988 64+12 | 342#36 | -170$21 | 4912 | 232%05 | 225%53 | 9.5+45
Hatanpaa
Glazed| 5 | 2000 | 70 | 334 | 61 | ss | 235 | 221 | 80 | 1

The coldest unglazed balcony was located in Harmala (Balcony 22), the two next coldest in Hervanta
(Balcony 20 and 21), the fourth coldest in Harméala (Balcony 19), and the warmest in Lielahti.
Interestingly, the temperature differed by 0.5 °C between the two unglazed balconies in Harmala 15-
20 metres apart from each other. The warmer balcony (Balcony 19) was 2.3 °C warmer than the
outside and the colder one (balcony 22) 1.8 °C. Both balconies were open on two sides but oriented
differently, which may explain the difference. The colder balcony was at a windy spot facing east and
the warmer one in a sheltered area facing south. In addition, their solar absorption levels differed
greatly. Balcony 22 showed typical solar energy absorption and balcony 19 a high level. Interestingly,
the temperature difference between the two balconies was greater than that between the coldest
(Hervanta) and the warmest (Lielahti) area (0.4 °C) (Table 5). It seems that the temperature
differences between these unglazed balconies stemmed mostly from their different capabilities to
absorb and store outside heat and from air circulation around them (cooling effect of wind). In some
locations, more attention seems to have been paid to microclimate design, which resulted in a slight
difference in unglazed balcony temperatures, though geographically the areas are less than 20 km
apart with little effect on results in that respect.

Solar absorption (orientation and external obstacles)

On average, the impact on balcony temperatures of the difference between the best (very high) and
the weakest (very low) solar absorption level was about 1.0 °C (Table 6). All the balconies with high or
very high solar absorption warmed up strongly or very strongly in spring with the sun shining on them.
The solar absorption levels of the three warmest balconies were also very high (Table 3). The
warmest glazed balcony (Balcony 1) was in a block of flats in Hervanta with its indoor temperatures
6.6 °C higher than the outside because of very high solar absorption and structural tightness (Table 1).
The second best balcony (Balcony 2) was also in Hervanta and the third best (Balcony 3) in Harmala.
Their temperature differences were 6.5°C and 6.3°C, respectively, above the outside air. However,
balconies 11 and 7 deviated from the general pattern. Balcony 11 with three glazed sides received
solar radiation clearly more than its classification indicates (typical solar absorption) (Figure 11). In
contrast, the warming effect on balcony 7 was unlikely due to solar radiation but to extended flat
ventilation through the open balcony door (Figure 12).

Table 6. Balcony mean air temperatures and the temperature difference between the balconies and
outdoor air in terms of the number of external obstacles.
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Outdoor air (Tampere - Pirkkala airport weather station)
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Unglazed balconies

20 | 1986 | 36403 | 296+11 | -220£04 | 20%03 | 238+08 | 92%14 | 95%20 | 5
Very low solar absorption level of balconies

117 | 1979 | 59409 | 30309 | 16205 | 44409 | 226%15 | 212%59 | 77%00 | 2
Low solar absorption level of balconies

10 | 1976 | 63 | 2901 | 154 | a8 | 217 | 236 | 127 | 1




Typical solar absorption level of balconies

12 | 1990 | 6007 | 342%16 | 167+17 | 45%07 | 23810 | 20034 | 105:47 | 3
High solar absorption level of balconies

8 | 1982 | 6704 | 356414 | -164+16 | 51%05 | 23.5$06 | 23.4+28 | 9109 | 4
Very high solar absorption level of balconies

8 | 1989 | 6912 | 344428 | -165+19 | 54%12 | 233:04 | 246%53 | 7915 | 7

In addition to external obstruction, the balconies’ orientation seemed to affect their ability to capture
solar radiation. However, the orientation effect could not be analyzed in detail because the sample
size was not sufficient for all orientations. In addition, the reliability of the analysis would have
undermined external obstruction, which is also affected by the availability of solar energy. However,
based on the research, southward orientation seems recommended. Furthermore, a deviation of +45 °
from the South seems not to result in significantly reduced solar radiation. Of the five most energy-
saving, glazed balconies, two were south-east oriented and the remaining three west, south-west, and
south oriented (Table 3). Because there was almost no shading in front of those balconies, they
received solar radiation also in winter. As mentioned above, the west-facing balcony had two open
sides with one on the south side; consequently, it received more solar radiation than the south-facing
balconies with one open side.

Temperature [°C]

PIR. 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
PIR.=Tampere-Pirkkala outdoor weather, 1-17 = Glazed balconies

000-05 W06-11 012-17 m18-23

Figure 11. One early spring day (15" March) and outdoor weather at Tampere-Pirkkala divided into
six-hour periods.

As a whole, solar absorption seems a more critical factor than heat loss from building to balcony or the
building’s location. The three annually warmest balconies (Balcony 1, 2 and 3) were far from the
warmest in November and December, but without exception they were the warmest in spring and
autumn. Solar radiation seems to start affecting monthly temperatures as early as in January. In
February, the second coldest month of the year, heat losses from buildings to balconies affect the
results greatly, but low heat loss can be compensated for by the spring sun, whose effect is also
significant.

Amount of glazing

Increasing the amount of glazing by replacing a 180-mm thick balcony side wall element (U = 3.5 W /
m?K) with balcony glazing (U = 5.7 W / m*K) increased slightly conduction heat losses from balcony to
outside air. Increased glazing affected also the air tightness of the balcony, because a part of a tight
wall structure was replaced with a leaky glazing structure, which increased unintended ventilation on
the glazed balcony. On the other hand, increased glazing increased the balcony’s solar absorption,
thus compensating for conduction heat losses and increasing unintended ventilation. The effect of
these factors is discussed in this section.



Table 7. Balcony mean air temperatures and the temperature difference between the balconies and
outdoor air in terms of the number of balcony glazed sides.
[

= c
o 2 2 K- =2 2

- 5 E o g 2 o |£ 8 5 &8 2

2 g © [ g' ° [ 8 - g 22 - = 3

£ < g [ 7] e 5@ TS o =53 £

E 2 £ £ 2 £ 2y = 2 e I 2§82 s

< 3] @ 5w € [ — 2w &3%0 SsS3 8

> S o I\ S = €0 S o 8 = = SEvT > o =

2 2 2 E S g 35 53 |2gs |S5®z| 3¢

S 2 £ £a £ 5= S o = 95 =3 g8 €S

5 5 T 8 E Eg EEx T E 838 86+ 5%

o o i =39 S o - T ® < 3 84|88 Z o
Outdoor air (Tampere - Pirkkala airport weather station)

‘ | 15 | 270 | 263 | ‘ ‘ ‘ ‘

Unglazed balconies

20 | 1986 | 36%03 | 29611 | -220%04 | 20203 [ 238:08 | 92214 [ 95%20 | 5
Glazed balconies, one glazed side

9 | 1976 | 64209 | 32827 | -159:18 | 49:09 | 228+08 | 231#43 | 100%27 | 9
Glazed balconies, two glazed side

8 | 1994 | 6811 | 3a5+28 | -168+08 | 5311 | 236403 | 24051 | 7.6%12 | 6
Glazed balconies, three glazed side

12 | 2002 | 62:01 | 363%10 | -17.7+06 | 47%01 | 246205 | 203202 | 7.8:00 | 2

Table 7 shows that balconies with two or more open side capture a lot of solar radiation (from two or
three directions), though they are also untighter than the balconies with one open side (untighness is
directly proportional to the amount of glazing). In general, this means that temperature fluctuations
become greater with an increased amount of glazing. On average, the solar energy absorption of
balconies with one glazed side was typical, those with two glazed sides very high, and those with
three glazed sides high (Table 3). Similarly, the air tightness of the balconies was high, high, and low,
respectively. The optimal solution for the indoor air temperature mean seems to be balconies glazed
on two sides because of their high solar absorption and tightness (Table 7). In contrast, the coldest
temperatures were recorded for balconies with three glazed sides, low tightness, and high solar
energy absorption, which means that increased unintended ventilation lowered the results more than
increased solar energy absorption could compensate for. On average, the temperature difference
between the balconies with two and three open sides was 0.6 °C.

Tightness of balcony vertical structures

The average temperature difference between the balconies with very high tightness and those with
very low tightness is 2.1 °C (Table 8), i.e., clearly more than in any other review in section 4.2.
Furthermore, the difference between balconies with very high and low tightness was significant (1.0
°C). This clearly shows the importance of tightness for the final result. Table 8 also reveals that the
maximum temperature of the balconies with very high tightness is lower than that of balconies with
typical or high tightness. At the same time, heat transfer by conduction from flat to balconies is the
lowest for balconies with very high tightness (7.9 W/K), but the change in their total heat losses
(26.1%) is the highest. These findings indicate that tightness is the most important factor in terms of
balcony indoor temperatures. The effect of tightness bears also on balcony minimum temperatures,
which have increased with improved tightness. The balconies with high tightness show an average
minimum temperature of -15.2 °C and those with very high tightness an average minimum
temperature of -15.8 °C. This result have seen even if the balconies with high tightness receive more
heat from the adjacent apartment (heat transfer through enclosed structures) during the winter season
than those with very high tightness.

Table 8. Balcony mean air temperatures and the temperature difference between the balconies and
the outdoor in terms of structural air tightness.
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Unglazed balconies

20 | 1986 | 36$03 | 206411 | 220:04 | 20£03 | 238:08 | 9214 | 95:20 | 5
Very low overall tightness of the balcony vertical structures

17 | 1974 | sa | 317 | 199 | 35 | 226 | 168 | 95 | 1
Low overall tightness of the balcony vertical structures

12 | 1992 | 62:01 | 333%32 | -167+10 | 47%01 | 236212 | 211:14 | 84325 | 5
Typical overall tightness of the balcony vertical structures

11 | 1981 | 61408 | 34419 | -168+17 | 46+08 | 23.4+03 | 209+3.8 | 11.1%43 | 3
High overall tightness of the balcony vertical structures

s | 1975 | 70:04 | 346%14 | -152+08 | 54%04 | 232#06 | 25128 | 95:00 | 2
Very high overall tightness of the balcony vertical structures

6 | 1987 | 72%11 | 341:36 | -158%13 | 5611 | 231408 | 261%50 | 7913 | 6

The importance of tight structures is also confirmed in Table 3. The air leakage of glazed balcony 17
(the coldest) was the highest in the group, and the five coldest balconies included three leakiest
glazed balconies. However, the air tightness of two of those balconies was very high (Balcony 14 and
13), but for some reason the tenant had left the glazing open for the entire measurement period, thus
contributing to a low total tightness. The effect of increased air circulation to the balcony temperatures
was patrticularly evident in buildings C and D. For example, in building C, the glazing on balcony 1 was
kept closed whereas that on balcony 14 was partly open for the whole measurement period, resulting
in a 2.0 °C temperature difference (6.6 °C and 4.6 °C, respectively) between the balconies, though
they were almost adjacent to each other. Similarly, in building K, the average temperatures were 6.3
°C with the balcony closed and 4.6 °C with the balcony partly open (one pane open). Resident activity
was also instrumental in another context. For example, balcony 7 warmed effectively when its door
was left open for long periods during the measurement period (Figure 12), yielding a significant
difference in the average temperature of the balconies in the same building (1.3 °C between balconies
7 and 15).
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Figure 12. Temperatures of balcony 15 and 7 and of adjacent apartments from 10 to 17 October,
2009. The figure shows how the resident of flat 7 ventilated the flat by keeping the balcony door open,
especially at night.



4.3 Possible uncertainties
The measurement data used, like large field data in general, included several possible sources of
error, which may have affected the results and led to misinterpretations of the results. Such sources of
error comprise the following:
o Different placements of the measurement devices (The devices were not all identically
positioned, because the new mechanical attachment was avoided).
e Wrong information about buildings, balconies, and balcony glazing structural properties
(buildings are not necessarily built according to blueprints).
e A lack of knowledge of tenant activities in flats and balconies (most important).
e Inaccuracy of the building’s external shading and balcony tightness (evaluated by measuring
air gaps on site, inspecting structural drawings, and visually observing on-site).
e Uncertainty caused by the cooling effect of air entering a flat through a glazed balcony (if the
inlet was inside a glazed balcony). The effect of an air inlet on temperature drop is typically in
the range of 1 — 3°C, depending on the volume of the balcony in relation to that of the flat [9].
e Temperature stratification on the balcony and its variation depending on the case.

It is impossible to assess afterwards the impact of the above errors. The only option then is to make
the sample size as large as possible to minimize the effect of various errors. In some cases, though
the sample size was not sufficient enough to generalize about the results, it yet produced valuable,
practical information about glazed balcony temperature behavior and provided valuable comparison
material for computational analysis.

5 CONCLUSION

Measurements showed that the temperature of both glazed and unglazed balconies is above the
outdoor temperature almost throughout the year. On average, the temperature of the unglazed
balcony was 2.0°C and that of the glazed balcony 5.0°C higher than outdoors. The differences in
temperature between the balconies and the outdoor air varied depending on the time of day and the
season. As outdoor temperatures decreased, the difference in temperature between the glazed
balcony and the outdoor air increased, and vice versa. The greatest temperature difference between
the glazed balcony and the outside air was measured during solar radiation, which warmed up the
glazed space very rapidly and caused the greatest temperature difference between the space and the
outdoor air (29.6 °C). The three key factors affecting the indoor temperatures of the glazed balconies
seemed to be structural air tightness, absorption of solar radiation, and heat losses from building to
balcony, in that order. Air tightness was the most crucial factor since it affected the results all year
round. Solar radiation was significant only in spring, summer, and autumn because of Finland’s high
latitudinal location. Heat loss from building to balcony, in turn, was relevant in mid-winter when the
difference in temperature between the building and the outdoors could be as high as 60 °C. In mid-
winter, glazing a balcony as opposed to an unglazed balcony brings the benefit of being able to store
the heat loss from the building inside the balcony.
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Tables with Captions

Table 1. The building-specific information on the studied buildings.
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in-situ frame, band Recessed, w=3.8m, u=1.8 Concrete balcon Very Typical (adjacent High
A 9 Lielahti fagade, 1966, brick d=1.5m, h=2.6m, (windows), (hardboard para \(le’t) high, yp buildinJ ) (typic
U=0.47 (1) U=1.4 (doors) parap 15.9 g al)
17, ' ' precast concrete, Protruding, .U=l.2 concrete balcony Typical, Very high (no Very
B 18 Lielahti 1974, concrete w=4.0m, d=1.9m, (windows), (extended 0.5m), 95 external low
sandwich panel, U=0.4 | h=3.10r2.6m (1) | U=1.2(doors) | (hardboard parapet) ) obstruction)
precast concrete, W_ngr:ugl_r;g’sm U=1.2 concrete balcony, (30 Very high (no Very
C | 1,14 | Hervanta 1975, concrete h_-2 6m’ (b_ot.h 1' (windows), % glass, 70% Low, 7.4 external high
sandwich panel, U=0.4 - .and 2) U=1.2 (doors) concrete parapet) obstruction) (low)
Protruding, _ .
4,6, precast concrete, w=4.0m, d=1.5m, .U_1'4 concrete balcony, Typical, High (building ngh
D Hervanta 1975, concrete (windows), . (typic
8,20 . h=2.6m (both 1 (hardboard parapet) 9.5 =50 m in front)
sandwich panel, U=0.4 U=1.2 (doors) al)
and 2)
10, precast concrete, Protruding, 'U=2.1 concrete balcony, High, Low (med|urT1 erry
E 21 Hervanta 1976, concrete w=4.0m, d=1.5m, (windows), (concrete parapet) 127 dense forest in high
sandwich panel, U=0.4 h=2.6m (1) U=2.0 (doors) parap ’ front) (low)
precast concrete, .
Protruding U=1.2
197 ’ | Vv | Vv
P75 [Henama | RSO | wetomdssm, | windows), | RS tow, 77 | OV IS |
panel, h=2.6m (1) U=1.2 (doors) parap g
U=0.29
precast concrete, : )
Protruding, U=1.8 . Very high
1984, concrete rotrucing . concrete balcony, Typical, ery high (no Very
G 2 Hervanta sandwich panel w=3.9m, d=2.2m, (windows), (concrete parapet) 10.3 external high
panel, h=2.6m (1) U=2.0 (doors) parap ' obstruction) J
U=0.29
precast concrete, ) _ )
2002, concrete Protruding, .U_1'4 concrete balcony, Very high (no Very
H 5 Hatanpaa sandwich panel w=2.8m, d=2.4m, (windows), (concrete parapet) Low, 8.0 external high
P ! h=3.0m (2) U=1.4 (doors) parap obstruction) s
U=0.27
precast concrete, ) . -
11, Protruding, U=1.4 Typical (buildings .
| 16, Harmala si?]?ji:/iccinc;iteel w=3.6m, d=2.4m, (Windows), (SEZZE:EzabIalgf:y;t) Low, 7.8 adjacent and -Irzlzlvc\/?
22 panel, h=2.8m (2 and 3) U=1.4 (doors) parap ahead)
U=0.27
precast concrete, .
Protrud u=14
12, o g 2002, concrete rotrucing, ) concrete balcony, High (adjacent | Typica
! 19 Harmala sandwich panel w=3.6m, d=2.4m, (windows), (sheet metal parapet) Low, 7.8 buildings) | (low)
! h=2.8m (3) U=1.4 (doors)
U=0.27
precast concrete, ) _ )
. . 2006, concrete Protruding, 'U—1.2 concrete balcony, Very Very high (no erry
K | 3,13 | Lielahti sandwich panel w=4.3m, d=2.0m, (windows), (glass parapet) low. 6.3 external high
U=0 22 ! h=2.7m (2) U=1.2 (doors) glass parap e obstruction) (low)

* In Finland, all balcony glazing structures are leaky structures because of 2-3-mm air gaps between the glass panes, yet the air outflow can range,

according to our estimation, from 1l/s to 40l/s because of different overall glazed balcony solutions (the main things are the tightness of the

balcony vertical structures and balcony heat gains from solar radiation and transfer from the adjacent flat). This effect was assessed at this point.
In some flats, residents left their balcony glazing periodically partly open or even for the entire measurement period. This effect on overall balcony
tightness is given in parentheses.

Table 2. Measurement range, display resolution, and accuracy of the used Comark Diligence EV
(N2003 and N2013) data loggers.
Measurement range | Display resolution
-20°C to +60°C 0.1°

Accuracy -25°C to +50°C
+0.5°

Temperature

Measurement range
0-97 %

Display resolution
0.1% RH

Accuracy -20°C to +80°C
+3 RH

Humidity
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whole measurement period.
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Unglazed balconies
1. | ¢ | 1975 |8.1| 34.8 -16.3 6.6 23.7 29.8 Low, 7.4 Very high (no external obstruction) Very high 2
2. | G | 1984 |8.0| 36.9 -13.3 6.5 23.1 30.1 Typical, 10.3 Very high (no external obstruction) Very high 1
3. | K |2006]|7.9]| 39.0 -16.7 6.3 23.1 29.4 | Verylow, 6.3 Very high (no external obstruction) Very high 2
4. | D [ 1975 |73| 336 -14.6 5.7 22.7 27.1 Typical, 9.5 High (building =50 m in front) High 1
5. | H | 2000 |7.0| 334 -16.1 55 235 25.1 Low, 8.0 Very high (no external obstruction) Very high 2
6. D | 1975 |6.7| 35.6 -15.7 5.1 23.6 23.2 Typical, 9.5 High (building =50 m in front) High 1
7.1 F | 1979 | 6.6 | 29.6 -15.8 5.1 21.5 25.4 Low, 7.7 Very low (dense forest in front) Very high 1
8. | D [1975|6.5| 36.1 -17.3 5.0 235 22.8 Typical, 9.5 High (building =50 m in front) Typical 2
9. | A |1966 |6.5| 34.6 -14.9 5.0 23.0 23.3 | Very high, 15.9 Typical (adjacent building) Typical 1
10.| E [ 1976 | 63| 29.1 -15.4 4.8 21.7 23.6 High, 12.7 Low (medium dense forest in front) Low 1
11.| 1 | 2002 |6.2| 35.6 -17.2 4.7 24.9 20.1 Low, 7.8 Typical (buildings adjacent and ahead) Low 3
12.]1 J | 2002 |6.2| 37.0 -18.1 4.6 24.2 20.4 Low, 7.8 High (adjacent buildings) Low 3
13.| K | 2006 | 6.1 | 313 -16.3 4.6 23.9 20.5 Very low, 6.3 Very high (no external obstruction) Low 2
14.| C | 1975 |6.1| 334 -16.7 4.6 23.3 21.0 Low, 7.4 Very high (no external obstruction) Low 1
15.| F | 1979 | 5.3| 30.9 -16.5 3.8 23.6 17.1 Low, 7.7 Very low (dense forest in front) Very high 1
16.| | | 2002 |52| 324 -18.1 3.7 23.6 16.6 Low, 7.8 Typical (buildings adjacent and ahead) Typical 2
17.| B | 1974 | 5.1 | 317 -19.9 3.5 22.6 16.8 Typical, 9.5 Very high (no external obstruction) Very low 1
Unglazed balconies
18.| B | 1974 |3.9| 304 -21.7 2.4 23.4 11.0 Typical, 9.5 Very high (no external obstruction)
19.] J | 2002 |3.8| 294 -21.7 2.3 23.9 10.1 Low, 7.8 High (adjacent buildings)
20.| D | 1975 |3.4| 3038 -21.7 1.9 23.2 8.7 Typical, 9.5 High (building =50 m in front)
21.| E | 1976 [ 3.4| 295 -22.2 1.9 23.3 8.7 High, 12.7 Low (medium dense forest in front)
22.| | | 2002 |33 28.0 -22.7 1.8 25.1 7.5 Low, 7.8 Typical (buildings adjacent and ahead)

Outdoor air (Tampere - Pirkkala airport weather station)

| |1.5‘ 27.0 ‘ 263 ‘

|

* Temperature difference has been calculated by deducting Tampere-Pirkkala average outdoor air temperature (1.5 °C) from average balcony
temperature over the whole period. For example, balcony 1 temperature difference is 8.1-1.5=6.6 °C.

Table 4. Balcony mean air temperatures and the temperature difference between balconies and
outdoor air in terms of balcony conduction loss reduction.
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Outdoor air (Tampere - Pirkkala airport weather station)
| | 15 [ 270 | 263 ] | | | |
Heat loss reduction <15 % (Unglazed balconies)
20 | 1986 | 3.6+03 | 29.6+11 | 220404 | 21+03 | 238+08 | 92+14 | 95%20 | 5
Heat loss reduction 15-20 % (glazed balconies)
16 | 1985 52$01 | 317+08 | -182%17 | 37:01 | 233406 | 168%0.2 | 83+10 | 3




Heat loss reduction 20-25 % (glazed balconies)

10 | 1985 | 63:02 | 341%27 | -165+11 | 48%02 | 23509 | 219:15 | 9632 | 8
Heat loss reduction > 25 % (glazed balconies)

4 | 1987 75406 | 346%3.2 | -155+13 | 60£06 | 229:08 | 278423 | 82%15 | 6

Table 5. Balcony mean air temperatures and the temperature difference between the balconies and

outdoor air in terms of building locations in Tampere suburban areas.
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Outdoor air (Tampere - Pirkkala airport weather station)
| | 15 | 270 | 263
Hervanta
Unglazed | 21 1976 3.4+0.0 30.2+0.9 -22.0+0.4 1.9+0.0 23.3+0.1 8.7+0.0 11.1+2.3 2
Glazed 7 1977 6.8+0.9 33.3+29 -15.7+1.2 53+0.9 23.0+0.8 244+4.2 9.1+1.8 9
Harmala
Unglazed | 21 2002 3.5+04 28.7+1.0 -22.2+0.7 20+04 245+0.8 88+1.9 7.8+0.0
Glazed | 13 2002 59+0.6 35.0+24 -17.8+0.5 43+0.6 24.2+0.7 19.0+2.1 7.8+0.0 3
Lielahti
Unglazed | 18 1974 3.9 30.4 -21.7 2.4 23.4 11.0 9.5 1
Glazed | 11 1988 6.4+1.2 34.2+3.6 -17.0+2.1 49+1.2 23.2+0.5 22.5+5.3 9.5+45
Hatanpaa
Glazed| 5 | 2000 | 70 | 334 | 161 5.5 35 | 251 | 80 [ 1

Table 6. Balcony mean air temperatures and the temperature difference between the balconies and
outdoor air in terms of the number of external obstacles.
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Outdoor air (Tampere - Pirkkala airport weather station)

| 15 | 270 | 263 | | | | |

Unglazed balconies

20 | 1986 | 3603 | 296%11 | 220+04 | 20%03 | 238%08 | 92%14 | 95+20 | 5
Very low solar absorption level of balconies

117 | 1979 | 59409 | 30309 | -162+05 | 44209 | 226+15 | 212459 | 77400 | 2
Low solar absorption level of balconies

10 | 1976 | 63 | 201 | 154 | a8 | 217 | 236 | 127 | 1
Typical solar absorption level of balconies

12 | 1990 60407 | 342$16 | 167417 | 45%07 | 23.8+10 | 200£34 | 105%47 | 3
High solar absorption level of balconies

8 | 1982 67+04 | 356+14 | -164+16 | 5105 | 235406 | 23.4+28 | 9.1+09 | 4
Very high solar absorption level of balconies

8 | 1989 | 69%12 | 344328 | -165+19 | 54312 | 233$04 | 246%53 | 79315 | 7

Table 7. Balcony mean air temperatures and the temperature difference between the balconies and
outdoor air in terms of the number of balcony glazed sides.
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Outdoor air (Tampere - Pirkkala airport weather station)
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Unglazed balconies

20 | 1986 | 36$03 | 206411 | 220:04 | 20£03 | 238:08 | 9214 | 95:20 | 5
Glazed balconies, one glazed side

9 | 1976 | 64109 | 32827 | -159+18 | 49:09 | 228408 | 23.1+43 | 100+2.7 | 9
Glazed balconies, two glazed side

8 | 1994 | 68%11 | 345:28 | -168%08 | 53:11 | 23.6%03 | 240%51 | 7612 | 6
Glazed balconies, three glazed side

12 | 2002 | 62%01 | 36310 | -177+06 | 47%01 | 246%05 | 203%02 | 7.8+00 | 2

Table 8. Balcony mean air temperatures and the temperature difference between the balconies and
the outdoor in terms of structural air tightness.
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Unglazed balconies

20 | 1986 | 36%03 | 206+11 | -220+04 | 20%03 | 238+08 | 9214 | 95:20 | 5
Very low overall tightness of the balcony vertical structures

17 | 1974 | sa | 317 | 199 | 35 | 226 | 168 | 95 | 1
Low overall tightness of the balcony vertical structures

12 | 1992 | 62%01 | 333$3.2 | 16710 | 47£01 | 23612 | 211£14 | 84%25 | 5
Typical overall tightness of the balcony vertical structures

11 | 1981 | 61408 | 34419 | -168+17 | 46408 | 23403 | 209%38 | 11.1%43 | 3
High overall tightness of the balcony vertical structures

s | 1975 | 70204 | 34614 | -152208 | 54:04 | 232206 | 251:28 | 9500 | 2
Very high overall tightness of the balcony vertical structures

6 | 1987 | 7211 | 341%36 | -158+13 | 56+11 | 231:08 | 26150 | 7.9:13 | 6
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Figure 10
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Figure 12

IN
—1
1

Temperature [°C]
N
]

'
a
T T T B W |

PIR. 17 16 15 14 13 12 11 10 9 8 7 6 5
PIR.=Tampere-Pirkkala outdoor weather, 1-17 = Glazed balconies

0b00-05 W06-11 012-17 18-




List of Figure Captions

Figure 1. Measured buildings are located in three suburban areas in Tampere. The weather stations
(three) of the Finnish Meteorological Institute (FMI) are shown in dots. The Tampere-Pirkkala airport
weather station is located in the bottom left corner.

Figure 2. Monthly mean temperatures at Siilinkari, Harmala, and Tampere-Pirkkala weather stations
(station locations shown in Figure 1).

Figure 3. Monthly average temperatures and horizontal global radiation during the field measurement
period compared to a normal year.

Figure 4. Balconies in the studied blocks of flats, showing well the decade of their construction. The
buildings are identified by a letter code A - K (see also Table 1).

Figure 5. Studied block of flats from oldest to newest, identified by a letter code A - K. Balconies are
numbered from warmest to coldest. Numbers 1 - 17 are glazed balconies and 18 - 22 unglazed ones.

Figure 6. Arrangement of monitoring in a balcony and flat.

Figure 7a and 7b. Temperatures of the coldest unglazed balcony (code 22, left) and of the warmest
glazed balcony (code 1, right) in relation to the outdoor temperature measured at the Tampere-
Pirkkala weather station.

Figure 8. Monthly and total temperature behavior of the coldest and the warmest unglazed and glazed
balconies and that at the Tampere-Pirkkala weather station.

Figure 9. One cold winter day (26™ January), an early spring day (15" Mars), and a late spring day
(16™ May) and Tampere-Pirkkala outdoor weather divided into six-hour periods.

Figure 10. Overall behavior of outdoor air temperatures in unglazed and glazed balconies during the
measurement period.

Figure 11. One early spring day (15" March) and outdoor weather at Tampere-Pirkkala divided into
six-hour periods.

Figure 12. Temperatures of balcony 15 and 7 and of adjacent apartments from 10 to 17 October,
2009. The figure shows how the resident of flat 7 ventilated the flat by keeping the balcony door open,
especially at night.



*Highlights

Highlights

Field monitoring was conducted on 22 balconies and in adjacent flats

Temperature conditions were measured at 1-hour intervals

A glazed balcony was 5.0 °C and an unglazed one 2.0 °C warmer than the outdoor air
Main contributors were air tightness, solar absorption, and building heat losses



