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Abstract

:

Balconies are an ancient architectural archetype that are being increasingly considered in multi-family buildings of high-density cities. This paper aims to provide a comprehensive review of the impacts of balcony types on the indoor environmental quality (IEQ) and energy consumption of dwellings. Of the reviewed studies, 69% were published during the last decade, making it evident that awareness of the positive impact of balcony spaces is continuously increasing. The literature review allowed us to identify three balcony spaces according to their morphology and their boundary system: open balcony (OB), glazed balcony (GB), and eliminate balcony (EB). It was concluded that these balcony types produce relevant impacts in four factors that contribute to the indoor environmental quality: thermal comfort, indoor air quality, visual comfort, and acoustic comfort. Practical design recommendations and constraints were provided according to distinct climatic conditions and building technologies. This review also explored the assessment methodologies used for the optimization of the balconies on the design process. The literature highlighted the lack of a comprehensive study about the impact of balconies in mild and Mediterranean climates, as well as the knowledge limitations concerning the balance between the impacts on IEQ factors.
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1. Introduction


Developing compact and high-density cities is becoming a strategy to promote sustainable development, accommodating population growth and mitigating human impacts on the local and global environment [1]. During this increasing urbanization, balconies of multi-family buildings are replacing courtyards and gardens as a desired private outdoor space [2]. Several recent studies emphasized the idea that access to balconies is one the most desired architectural features, and stressed that this architectural archetype can increase the inhabitants’ satisfaction and perception of livability in cities [1,3,4,5,6,7]. Moreover, the current COVID-19 crisis highlighted this collective will of having a private outdoor space in dwellings. During the global confinement, news and opinion articles emerged on public discussion about the growing use and appreciation of balconies, as well as the relevance of including these spaces in home design for the community’s welfare.



Even before the recent pandemic crisis, several architecture projects in the last decades had explored the potentialities of the addition of intermediate spaces in dwellings [8,9], not only in order to answer this spatial requirement but also to improve the indoor environmental conditions. It was acknowledged that the balcony spaces added as a prosthesis to a building could have a high capacity of social and spatial transformation, updating the image of buildings, improving the indoor comfort conditions, and creating an additional living space. Throughout history, balconies have been recognized as an environmental “buffer space”, with the capacity to mediate the outdoor conditions in dwellings [5,10,11,12,13,14]. Acting as an element in-between inside and outside, they transform the indoor environment without resorting to mechanical elements and have been intensively tested in vernacular architecture [13,15,16] and studied as a passive solution to reduce the energy consumption of contemporary buildings [5,11,12,17,18,19,20].



The optimization of building envelope design is considered fundamental to improve the indoor environmental quality in dwellings, thus creating healthier, more comfortable, and energy efficient systems [21,22,23]. The adequate balcony design has been investigated as a step towards sustainable cities and societies. However, despite numerous studies, there is no comprehensive overview of the impacts of balcony design on factors that affect indoor environmental quality (IEQ). For this reason, the main objective of this review is to explore and discuss the impacts of balcony design on the indoor environmental quality and energy efficiency of dwellings.



The present study surveys the previous research on the impacts of balconies on dwellings and classifies the literature according to balcony type, location of the study, and main subject (Section 3). This article provides a detailed description and comprehensive discussion of the features of each balcony design (Section 4) and compares its impacts on the indoor environmental quality factors, investigating the relationships between them (Section 5). Finally, the parameters and the employed methods used to assess the balcony design impacts in the literature are summarized (Section 6).




2. Material and Methods


In order to identify relevant studies, a search was conducted in Scopus and Web of Science for articles, books, and conferences in the English language.



The search was conducted in the following fields: article, title, abstract, and keywords. The operator “AND” was used to combinate keywords related to the architectonic characteristics of balconies: “balcony”, “glazed balcony”, “exterior space”, “transitional spaces”, “spaces in-between”, “buffer spaces”, “architectural design”, “refurbishment“, “apartment buildings“ and key terms related to the impacts on the indoor environment of dwellings: “energy”, “comfort”, “ventilation”, “air quality,” “luminous comfort”, “light”, “visual comfort”, “acoustic comfort”, “indoor environmental quality”. The date range included all years available in the database.



The 217 papers returned by the databases were merged in EndNote Library to automatically eliminate the duplicates, resulting in a total of 114 papers. An analysis of the abstracts allowed us to exclude studies outside the scope, such as papers related to balconies of theatres and concert halls, or structural pathologies of balconies. After this selection, 105 papers were analyzed in-depth by reading the full text. This review was conducted in 2019; however, during the process, additional recent articles were considered.



The methodology had three main phases: (1) review of the bibliography according to balcony morphology; (2) classification of the impacts on IEQ factors, building aspects, and the climatic conditions studied; (3) identification of the used assessment methodologies.




3. An Overview of Balcony Research


The literature analysis allowed us to define three types of balcony spaces, according to their morphology and their boundary system [24] (Figure 1):




	
Open balcony (OB): An open system to the outside—projected balconies, loggias, mashrabiya (balconies protected by carved wood lattice structure, associated with Islamic culture) [25,26,27,28], balconies with shading systems (brise-soleil, blinds, curtains) [13,16,29], and green balconies (with vegetation) [20,30];



	
Glazed balcony (GB): A closed system with a boundary between the inside and outside space—balconies closed by glass on the outside edge [17,19,31,32,33,34], otherwise known as “sunspace” [35,36,37,38], or winter gardens [8];



	
Eliminated balcony (EB): An open system to the indoor space—former balconies that have been eliminated and integrated inside the indoor living area [39].








The incidences of scientific research about balcony impacts on dwellings are illustrated on the map in Figure 2. It highlights the relation between each balcony type and the specific conditions and constraints of each climatic context. As observed, the studies about open balconies (OB) have a great incidence on high-density cities and were carried out mainly in warm regions such as those with tropical and subtropical climates, and the harsh and arid environmental conditions of the Middle East. The references to open balconies protected by shading systems were mainly related to Muslim countries due to their capacity to comply with the desire of privacy [15,16,29] and the harsh climatic conditions. Recent studies verified that some of these countries have 60–70% of their energy demands allocated to cooling [40], which can justify the reinterpretation of these traditional shading systems in balconies in order to reduce energy consumption in dwellings.



Articles focused on glazed balconies (GB) have a particular occurrence in cold climates and countries with higher latitudes where the sun angle in wintertime, just before and after the night period, allows the supply of much heat on cold sunny days. However, there are also a number of studies debating the drawbacks of glazed balcony typologies in warm climates and assessing mitigation solutions for the overheating problem. The placement of glass on the edge of balconies was mainly motivated by the desire for an increasing in living space [29,41] and a reduction in traffic noise and air pollution [4,11], despite some studies stating that it should not be a recommended practice from the analysis of energy consumption [29,42].



In turn, the studies about the eliminated balconies (EB) are focused on the reality of South Korea, where, since 2005, the building code allows balconies to be used as an inside living space and the elimination of balconies became common practice [12,43].



From the analysis of the distribution map of publications, the lack of a comprehensive study about balcony design impacts in mild and Mediterranean climates is clear.



Figure 3 shows that the publications on the passive capacities of balcony spaces are experiencing a growing trend, mainly on low-rise (six stories or less) and high-rise (more than six stories) residential buildings. The literature analysis reveals that the 105 reviewed studies about balconies were published between 1970 and 2020, and cover more topics of research than just glazed or eliminated balconies. Each balcony research topic and its impacts on IEQ is discussed and compared in the following sections.




4. Balcony Spaces


4.1. Open Balcony


4.1.1. Overhang Effect


The overhang effect is one of the most important features of balconies referred to in the literature. Providing seasonal shading is considered the first line of defense from overheating. The ability of balconies to provide solar shading to the apartment below is referred to as one of the most successful solutions to achieve comfort in summer with low energy consumption [44].



In this regard, Chan and Chow verified that the overhang effect of balconies could reduce the energy load in flats in the subtropical climate of Hong Kong, independently from solar orientation. In this study, focused on cooling energy in the summer season, it was found that the highest savings of annual air-conditioning consumption, up to 12.3%, were achieved by the south/west orientation [45]. Similar studies have been made about the reduction in electric consumption obtained by overhangs. In Shiraz, Iran, with an appropriate overhang shading, a reduction of around 12.7% in cooling load was obtained during the summer season, with only a marginal increase of 0.6% in heating demand in the winter months [46]. In turn, during the hot summer and in the cold winter zones of China, in Changsha, a reduction of 7.99% in cooling electric consumption and an increase of 2.83% in electric heating demand was verified by using an integrative shading of overhangs and fins [47].



Some researchers also indicate that the overhang effect of balconies can block the undesirable penetration of sunlight, protecting the indoor space from ultraviolet radiation [39] and reducing uncomfortable glare [39,48]. Besides these benefits on visual comfort, a study carried out by Jamaludin et al. found that a balcony encourages daylighting and contributes to achieving a desired efficient use of electricity in the range of 24 to 34 kWh/m2/year. In comparison, the average electricity usage varied from 24 to 120 kWh/m2/year [49].



In this regard, distinct shading systems on balconies have been investigated as passive elements that improve the thermal comfort while providing privacy and enabling inhabitants’ interaction [50], like mashrabiya [15,26,42], brise-soleil [16], curtains [29,50], vegetation [20], or adjustable layers of external screening [4].



However, even considering these benefits, the existing balconies in some residential buildings have considerable thermal bridges on balcony slabs, which can be highly harmful to the thermal comfort, indoor air quality, and energy consumption of dwellings [51,52]. In an attempt to minimize this constructive weakness, some studies propose the implementation of balcony thermal breaks [53,54,55] or the use of low thermal conductivity materials [51] to reduce these thermal bridges.




4.1.2. Airflow Pattern Transformation


According to many studies, a balcony can significantly transform the airflow pattern inside and outside of buildings [56,57,58,59,60,61,62]. It was proved that the presence of a balcony could improve natural ventilation on the indoor ambient, increase thermal comfort, and consequently reduce the need for mechanical ventilation and, therefore, reduce the energy consumption in buildings [3,59,60,63,64,65].



This effect is particularly relevant in humid tropical climates where comfort conditions in the buildings can be achieved by attaining sufficient interior air velocity [57,58], and also by increasing the uniformity of indoor air distribution [59,60]. In accordance with this, Bhikhoo et al. carried out research in Bangkok, Thailand that aimed to improve thermal comfort in low-income housing through passive design strategies. It concluded that the presence of a balcony decreases the number of overheating days by 19.94% due to the significant improvement on indoor ventilation [65].



Additionally, by increasing natural ventilation, several researchers concluded that the presence of a balcony contributes to the reduction of pollutant concentrations on the floor on which balconies are located, improving the air quality [66,67,68]. Ai et al. found that, in residential buildings, balconies modify the near-wall air flows, changing the characteristics of indoor air re-entry [67]. This is important in the hypothesis of infectious respiratory aerosols because the presence of balconies, except under a normal incident wind, greatly intensifies the transmission of air between dwellings [68].



In this regard, the balcony design parameters that improve natural ventilation have been intensively investigated [3,63,64,69]. Omarani et al. analyzed parameters such as balcony type (open and semi-open balconies), balcony depth, ventilation mode, wind angle, and orientation [3]. This study verified that an open balcony achieves a higher indoor air velocity than a semi-enclosed balcony and that the balcony depth decreases the air velocity in both ventilation modes. It was concluded that an appropriate open balcony configuration could be a significant upgrade, specifically in single-sided naturally ventilated dwellings, improving the ventilation performance by up to 80% [3]. Other investigations found that upper and lower vents in balcony windows could improve natural ventilation [66], and that a wing wall in the balcony could increase the indoor air velocity and airflow rate and improve the airflow distribution in the room [64]. However, recent reviews about the impacts of the geometry of façade openings on natural ventilation suggest that balcony design parameters have not been investigated adequately and recommend further studies [63,70].



Some researchers studied new concepts to control the airflow and create wind protection in high-rise buildings, in which the impact of wind could make cross-ventilation difficult and balconies uncomfortable and unsafe for people [4,71]. It was verified that screen and parapet design [71], a semi-open second-skin [72], and vegetation [20] could increase the control of the airflow, reduce wind pressure, and improve comfort conditions on balconies and terraces in high-rise buildings.




4.1.3. Acoustic Shielding Effect


Several studies verified that balconies provide an acoustic shielding effect in dwellings. They act as an acoustic protection device against outdoor noise and improve acoustic comfort conditions even with the doors of balconies opened for natural ventilation [73,74,75,76,77,78,79,80].



The optimization of balcony design to increase this acoustic shielding effect has been explored during the last decades. Some studies demonstrate that the different cladding absorbent materials of balcony surfaces on the rear wall and ceiling [79,80,81,82,83], distinct morphologies such as balcony depth [74,77,79,83], height [76], parapets [76,78,79], side walls [76], full balustrades [84], ceiling forms [74,77,79], and ceiling-mounted reflectors [85,86] can greatly reduce the sound pressure level (SPL) of the contiguous room.



Hothersall et al. verified that the maximum noise reduction obtained for a combination of absorbing material on surface treatments was 10 dB [82]. Regarding the balcony configurations, El Dien and Wolosvyn found that the acoustic shielding effect could be increased with balcony depth and a proper ceiling slope form, so that a noise reduction of 0.5–6 dB could be achieved [74,77]. Badino et al. highlight the effect of balconies on reducing the leisure noise generated by people talking in the streets and concluded that a geometrically optimized façade cladded with sound absorbing materials achieves the most significant reduction of 10 dB in mean A-weighted SPL, which corresponds to a mean value of 38 dB [83].



Li et al. verified that the increase of height above the balcony floor can decrease the acoustic shield effect. Moreover, the same investigation found that the parapet and side wall performance could increase the acoustic shielding effect when the balcony is parallel to the road, and that the effect becomes less significant when it is perpendicular to the road [76]. Similar studies confirmed that this effect is directly proportional to the floor level, becoming more effective in higher floors where the incident angle is large and without ceiling reflections [76,77,86].



In their research, Naish et al. investigated the relationship between the acoustic shielding effect of balconies and the health costs on a community and verified that balconies have an important merit towards reducing the health costs related to road traffic noise [87].





4.2. Glazed Balconies


4.2.1. Greenhouse Effect


Many researchers investigated the greenhouse effect of glazed balconies to find out why some worked better than others [17] and if there is a possible real saving on energy performance [19]. In all studies, it was consensual that inside the glazed space the indoor air temperature is higher and the relative humidity is lower than on the outside throughout the year [17,34,35,38,88,89]. Confirming this feature of glazed balconies, Fernández-González monitored temperatures during the heating season in Muncie, Indiana, and verified that the monthly average indoor temperature of the attached sunspace was approximately 6.7 °C higher than the outdoor air temperature [88]. A similar approach carried out by Hilliaho et al. in Tampere, Finland, concluded that over a year, on average, the temperatures of glazed balconies are 5.0 °C higher than the outdoor air temperature [34].



In this regard, several studies seek ways to maximize the greenhouse effect of the glazed spaces to improve thermal conditions and energy performance. This is especially relevant in cold climates where the sun gains and the reduction of convective heat losses due to stagnant air in the glazed balcony produce a positive effect. It was verified that inclined front glazed surfaces [90], a double-layer of glass [33,90,91], and their use as a preheater for the air supply [17,41] could reduce the heating load requirements. It was also highlighted that the air leakage in glazed balcony structures is the main factor affecting the air temperature inside glazed balconies [34], as the exchange of air with the outdoors wastes the energy absorbed and consequently decreases the indoor air temperature [38].



Simultaneously, some recent studies aimed to quantify the energy savings achieved by the greenhouse effects of glazed balconies. Suárez et al. concluded through simulation that in Asturias, northern Spain, a glazed space can provide, on a clear winter day, between 15% and 32% of energy savings [92]. Asdrubali et al. found that in the Umbria Region, Italy, the average reduction of energy demand in winter due to the greenhouse effect of a glazed balcony is about 20% [93]. In turn, the research carried out by Bataineh and Fayez in Amman, Jordan, showed that a sunspace can achieve a reduction of up to 42% in annual heating and cooling [91]. Babaee et al. had similar results in a study in a cold region of Tabriz, Iran, reducing up to 46% of the heating load with an optimally designed sunspace [90].



Concerning this feature, it was demonstrated that the amount of energy absorbed by a glazed balcony increases with the intensity of solar radiation [38], and that those oriented to the south have more significant solar gains [32,90]. The highest energy savings were verified in sunny and cold climates such as in the southern European Alps [34], and considering the increased need of heating, the impact on energy savings of glazing is considerably more significant in northern climates [41].



Privitera et al., in their retrospective of the traditional Galician glazed balcony, the Galerías, add that, in La Coruña, the most important benefit of the greenhouse effect is the improvement of the thermal insulation of the stone walls. According to the study, this feature facilitates the moisture evaporation that constitutes one of the main problems in the humid and windy adverse atmospheric conditions of the city [42].



In spite of the positive impact of greenhouse effects on thermal comfort and energy performance verified on cold conditions, several studies have proved that glazed balconies could create severe overheating problems in warm conditions [35,37,91,94,95,96]. During the summer months, the air temperatures of the continuous living space can exceed comfortable conditions in warm climates, such as in the Middle-East [29,37] and Southern Europe [35,38,97], or even in northern climates [35,98].



Some researches mentioned several passive techniques that could be used during hot summer months to take advantage of the greenhouse effect benefits of glazed balconies while preventing overheating, such as an appropriate solar shading solution and night ventilation [17,35,38,90,91,96,99]. It was suggested that, in warm climate conditions, glazed balconies with south orientation should have shading devices and glazed balconies with west orientation should be avoided [29].




4.2.2. Facade Tightness


Hong and Kim, in a study about the air infiltration in high rise residential buildings in Korea, found that the presence of glazed balconies increases the facade tightness, which affects the indoor air quality and the heating and cooling load in buildings [100]. In that research, which measured 45 dwellings using the constant concentration method tracer gas, it was verified that units with exterior windows in the balcony, when closed, have an infiltration rate that is lower by 0.1 h−1 [100].




4.2.3. Acoustic Insulation


Some studies mention that glazed balconies have an important role in acoustic protection, increasing sound insulation [11,42]. Kim and Kim evaluated the sound insulation of glazed balconies, proving that windows installed on the edge of balconies could reduce outdoor traffic noise from 27.7 up to 36.2 dBA. It was found that windows on both sides of a glazed balcony act as a double window with a large cavity and that the sound insulation performance increases with the width of the balcony [11].




4.2.4. Light Barrier


On an investigation focused on the impact of glazed balconies on lighting comfort, Wilson et al. mentioned that a glazed balcony could create a harmful light barrier effect by decreasing the daylighting in the contiguous living spaces. This study revealed that an open balcony with 1.5 m depth and 2.5 m of height could reduce the daylight by 30–35%, and that value goes up to 60% when glass is added to the balcony. To solve this problem, the research tested opening a new window in the living space where the daylight had been decreased [19].





4.3. Eliminated Balconies


4.3.1. Loss of Buffer Space Effect


Some studies mentioned that the elimination of an existing balcony, and its assimilation into the indoor living area, causes the loss of an environmental buffer space and the consequent loss of the referred advantages of an intermediate space in-between the indoor and outdoor conditions [12,43].



Due to the balcony elimination, a significant increase of heat loss through windows was proved to exist during the winter season. The excessive penetration of direct sunlight in summer days caused thermal discomfort and increased energy consumption. Kim et al. measured the air temperature for three days in December, in Seoul, and verified that the average indoor air temperature of a room with a balcony was 1 °C higher than one without a balcony [12]. In a similar study, also in Seoul, Song and Choi obtained an identical result, a difference of 0.8 °C in the winter season [43]. That research verified that the heating and cooling loads of the living space in flats where balcony spaces were removed were respectively 39% and 22% higher than when the balcony space was maintained [43].



Moreover, some researches proved that the elimination of balconies could cause visual discomfort in the adjacent room, such as uncomfortable glare due to the excessive penetration of direct sunlight [39,101]. In recent research, several solutions have been tested to mitigate these negative effects, such as the application of shading devices, the use of glazing with low transmittance [39], or the implementation of a double skin façade [102].




4.3.2. Moisture and Condensation


The moisture and condensation effect are mentioned in some studies as a consequence of balcony elimination and a result of the poor insulation of the balcony space [12,103]. In a questionnaire survey, carried out by Choi et al., answered by 2755 parents in Seoul, 61.6% of homeowners with a changed balcony complained about mold and indoor dampness problems, such as floor moisture and condensation [103]. In that study, rhinitis symptoms were more frequently reported among children living in dwellings where balconies were eliminated, with this change increasing the risk of health problems among the residents.



To combat the problem of condensation on window surfaces in winter due to the removal of balcony spaces in Korean dwellings, Kim et al. tested a double window system with improved thermal performance and ventilation slits [12]. The results demonstrate that an open outer window bottom vent and an inner window top ventilation slit could be an efficient solution for these widespread problems.




4.3.3. Loss of Acoustic Insulation


The elimination of the balcony space due to its integration into the indoor space may cause acoustic problems. A study in South Korea examined the sound insolation performance in apartments whose balcony was removed with the aim of determining whether it met the building regulations against outside noise [104]. However, in the literature, a consistent evaluation of this impact was not found.






5. Summary of Balcony Impacts


The previous analysis of balcony space demonstrates that the three balcony types (open balcony, glazed balcony, and eliminated balcony) have relevant impacts on the indoor environment and on the energy consumption of dwellings.



Table 1 summarizes the properties of each balcony type and its consequent impacts on four factors that influence the IEQ. By analyzing these impacts, it is clear that the presence of an open balcony on dwellings could improve all four IEQ factors. However, the presence of a glazed balcony, depending on the context and the climatic conditions, can have positive impacts on some factors, but can also have negative impacts on others, thus compromising the global IEQ. At the same time, the elimination of the balcony space may have the benefit of increasing the indoor space. Still, there are no advantages found in the literature for this specific intervention to the indoor environment.



Some balcony features influence more than one IEQ factor simultaneously, creating connections between them, as illustrated in Figure 4. The connections between each feature and their impacts are represented in the central circle, and the four factors and sub-factors of IEQ are located at the circle circumference. It is clear, by analyzing the circle, that the features related to outside noise reduction are those that produce more connections between IEQ factors. Those features related to outside noise reduction encourage the opening of windows for natural ventilation, impacting simultaneously the acoustic comfort, thermal comfort, and indoor air quality (IAQ).



Previous research confirmed that the benefits of natural ventilation can conflict with the need to reduce the ingress of external noise in urban areas [105,106]. Cooling energy consumption in buildings can be 20% less in quiet environments compared to noisy locations [105]. Therefore, this balcony feature is particularly relevant in the high density cities of subtropical climates, such as Brisbane [3,4], Hong Kong [5], and Kuala Lumpur [6] where the traffic causes acoustic discomfort and poor air quality. In this context, the capacity of balconies to reduce noise encourages more frequent window openings, therefore increasing natural ventilation and improving thermal comfort and indoor air quality, while contributing to the reduction of energy consumption.



The trend of populational migration to urban areas remains, as does the increasing occurrence of heat waves or prolonged summers. These trends are modifying the needs of high-rise residential buildings in cold climates [107]. Therefore, in these climates, the aforementioned benefits of balconies also become very relevant.



The relation between the IEQ factors has a strong influence on the energy performance of dwellings [21,22]. However, in the studies about the optimization of balcony spaces to improve energy consumption, outlined in Figure 5, the indoor thermal conditions were the primary factor under consideration.



As observed, under certain optimized conditions, an open balcony can reduce the energy consumption for cooling in the summer by up to 12.3% [45]. In turn, a glazed balcony can have an increased impact, and reduce the energy consumption for heating by up to 46%, in cold climates [90]. The impact may not always reach this figure in buildings with a high heating energy demand, but the overall contribution is potentially positive in cold climates. However, if the design is not adequate to the context, a glazed balcony could create severe overheating problems and an up to 65% increase in the energy consumption for cooling in the summer [33]. This confirms that poor indoor environmental conditions can lead to excessive use of energy, therefore the elimination or incorporation of a balcony can increase the energy consumption both in summer and in winter [43].



These results demonstrate the importance of adapting the balcony design to each particular context and climatic condition. Balcony design impacts should be considered simultaneously for all of the IEQ factors. Therefore, further studies are required to fill the gap identified in this review.




6. Assessment Methods of Balcony Impacts


An accurate assessment of balcony design impacts on indoor environment quality factors is essential to outline more suitable solutions, as determined in the previous section. In order to identify the most suitable methods to evaluate the balcony impact on IEQ factors, Table 2 lists the analyzed parameters, applied methods, types of balcony studied, and the location and season for each research case.



The results show that thermal comfort is the factor with the greatest number of analyzed parameters, for which authors employed a more extensive range of in-situ monitoring methodologies and simulations. Based on the occupants’ perceptions of indoor environmental conditions in dwellings, some studies concluded that thermal comfort is the most influential factor for overall occupants’ satisfaction [6,23,108,109], which may justify this significant amount of studies.



Concerning in-situ campaigns related to thermal impact, the indoor air temperature and relative humidity of the balcony space, contiguous space, and the outside air are usually monitored at the same time. These approaches were used to evaluate the impact of open balconies, glazed balconies, and eliminated balconies in distinct climatic contexts for both heating and cooling seasons. In addition, some of these studies evaluated the airflow pattern. However, some studies in subtropical climates focused solely on the impacts of open balconies by evaluating the airflow pattern and velocity through in-situ monitoring campaigns or computational fluid dynamics (CFD) simulation.



Still on the topic of the thermal impact of balconies, a relevant number of identical approaches evaluated the energy performance of distinct balcony configurations, orientations, and protection systems in a wide range of climatic contexts using simulation programs.
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Table 2. Summary of the impacts of balcony spaces on the indoor environment quality of dwellings.
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IEQ Factors

	
Parameters

	
Assessment Methods

	
Balcony Type

	
Location, Season

	
Ref.






	
Thermal comfort

	
Air temperature

	
Ta

	
In-situ monitoring

	
OB

	
Malaysaia, cooling s.

	
[6,110]




	
OB/GB

	
Libano, cooling s.

	
[29]




	
OB/GB

	
Tampere, both s.

	
[34]




	
GB

	
Isparta, heating s.

	
[37]




	
GB/EB

	
Seoul, heating s.

	
[43]




	
GB

	
Portugal, both s.

	
[96]




	
Mean radiant temperature

	
Tr

	
In-situ monitoring

	
GB/EB

	
Seoul, heating s.

	
[43]




	
GB

	
Muncie, heating s.

	
[88]




	
GB

	
Portugal, both s.

	
[96]




	
Relative Humidity

	
RH

	
In-situ monitoring

	
OB

	
Malaysaia, cooling s.

	
[6,110]




	
GB

	
Isparta, heating s.

	
[34]




	
GB

	
Isparta, heating s.

	
[37]




	
GB/EB

	
Seoul, heating s.

	
[43]




	
GB

	
Muncie, heating s.

	
[88]




	
GB

	
Portugal, both s.

	
[96]




	
Airflow pattern and velocity

	

	
In-situ monitoring

	
OB

	
Brisbane, cooling s.

	
[3]




	
GB/EB

	
Seoul, heating s.

	
[43]




	
GB

	
Portugal, both s.

	
[96]




	

	

	
Simulation: CFD

	
OB

	
Brisbane, cooling s.

	
[3]




	
OB

	
-

	
[59]




	
Energy consumption

	

	
Simulation: EnergyPlus

	
OB

	
Hong Kong, both s.

	
[45]




	
OB

	
Barcelona, both s.

	
[50]




	
GB

	
Tabriz, heating s.

	
[90]




	
GB

	
Poland, cooling s.

	
[98]




	
EDSL TAS

	
OB/GB

	
Libano, cooling s.

	
[29]




	
IES VE

	
OB

	
Bangkok, cooling s.

	
[65]




	
TRNSYS

	
GB/EB

	
Seoul, both s

	
[43]




	
GB

	
Italy, heating s.

	
[93]




	
Clim2000 s

	
GB

	
Lyon, -

	
[94]




	
IDA-ICE 4.6.1

	
GB

	
Tampere, both s.

	
[41]




	
IAQ

	
Airflow pattern and velocity

	

	
In-situ monitoring: tracer gas technique

	
OB/GB

	
Korea, both s.

	
[100]




	

	

	

	
Simulation: CFD

	
OB

	
Malaysia, cooling s.

	
[64]




	
OB

	
-

	
[66,67,68,111]




	
Visual comfort

	
Illuminace level

	
E

	
In-situ monitoring

	
OB

	
Malaysia, cooling s.

	
[6]




	
Simulation: Radiance

	
EB

	
Korea, -

	
[39]




	
Daysim into Energy

	
-

	
Abu Dabi, -

	
[25]




	
Illuminace distribution

	
Ed

	
In-situ monitoring

	
-

	
Korea, -

	
[101]




	
Acoustic comfort

	
Sound pressure levels

	
SPL

	
In-situ monitoring

	
OB

	
Malaysia, cooling s.

	
[6]




	
GB

	
Korea, -

	
[11]




	
OB

	
Korea, -

	
[78]




	
OB

	
Turin., -

	
[83]




	
OB

	
-

	
[86,112]




	
Measurements: by scale models

	
OB

	
Korea, -

	
[78]




	
Simulation: COMSOL

	
OB

	
-

	
[80]




	
Pyramid Tracing model

	
OB

	

	
[74,77]




	
RAY- NOISE

	
OB

	
Korea, -

	
[78]




	
Pachyderm

	
OB

	
Turin., -

	
[83]




	
Reverberation time

	
T20

	
In-situ monitoring

	
OB

	
Korea, -

	
[78]












7. Conclusions


Regarding the impact on indoor air quality, a large number of studies used monitoring and CFD simulation programs to evaluate the impact of balcony design on the indoor airflow patterns and air velocity. No studies with other indoor air quality assessment methodologies related to balconies were found, such as the monitoring of the concentration of pollutants such as CO2, total of volatile compounds (TVOCs), and fine particulate matter, smaller than 2.5 µm (PM2.5). This could be an opportunity for research in further studies.



The studies that investigate the impacts of balconies on visual comfort were carried out by in-situ monitoring and simulation programs, measuring mainly illuminance levels. However, a study that assessed the effect of occupant’s interactions with shading systems on indoor daylight monitored the illuminance distribution [101], which could be a future research opportunity regarding balcony design optimization.



Finally, with respect to the assessment of the impacts on acoustic comfort, balcony shapes and materials have been systematically tested by field campaigns and numeral simulation programs. The studies using in-situ measurements show some similarities: The sound pressure levels (SPL) were measured in two rooms, one with and another without a balcony. The sound source was an omnidirectional speaker in the proximity [78] or alternatively the presence of a constant noise source near the building, such as a railway [86] or a highway. The wide range of these studies aimed to optimize the open balconies’ capacity to reduce the outdoor noise; other balcony typologies, their precise location, or the climatic conditions were not considered.



In spite of the wide range of distinct strategies to assess balcony impacts, an evaluation approach of the morphological aspects of the three balcony typologies in the context of IEQ factors is yet to be determined. For that reason, further research on more comprehensive assessment methodologies is recommended, taking into account the vast number of parameters influenced by balcony design.



This comprehensive review of balcony impacts led to the identification of three balcony spaces according to their morphology and their boundary system: open balcony (OB), glazed balcony (GB), and eliminated balcony (EB). From the reviewed studies, it becomes evident that the three balcony spaces have relevant impacts on the four factors that contribute to indoor environmental quality (thermal comfort, air quality, visual comfort, and acoustic comfort).



The analysis of the geographic incidence of the scientific research, in the context of the discussion of each balcony impact on IEQ, demonstrated the suitability of each balcony space for distinct climatic conditions and latitudes.



The research studies focused on the design optimization of open balconies (OB) constitute the majority of the reviewed papers (68%), occurring more significantly in tropical and subtropical high-density cities and warm climates. The literature clarified that the existence of an open balcony on dwellings contributes towards improving all four IEQ factors and the overall indoor environment.



Concerning the glazed balconies (GB), the large majority of the studies were carried out in cold climatic conditions where there was an interest in maximizing the greenhouse effect in order to improve thermal conditions and reduce the energy demand on heating. However, the reviewed studies demonstrate that glazed balconies could compromise the global IEQ by creating overheating problems, decreasing the air infiltration rate, and reducing daylight incidence within the contiguous living space. Several studies were also focused on glazed balconies in warm climatic conditions, proposing passive techniques to prevent overheating, such as appropriate solar shading solutions and the opening of windows during the night for ventilation.



In turn, the studies about eliminated balconies (EB) were carried out based on the comparison between the advantages of open and glazed balconies, aimed at reducing the drawbacks of losing the buffer space effect of the former balcony (67%). Some of these studies tested mitigation solutions, such as the application of shading devices, the use of glazing with low transmittance, the implementation of a double skin, or the addition of a double window system or ventilation slits.



In the literature reviewed, there was a clear lack of a comprehensive study about the impacts of the three different balcony spaces when in mild and Mediterranean climates. The literature also demonstrates the limitations of existing knowledge concerning the balance and the connection between the impacts of balcony features on IEQ factors and the energy consumption of buildings.



Finally, certain limitations of this review must be addressed. Although there were a large number of reviewed articles, it was not possible to go deeper into the morphologic analysis because not enough information was found concerning the dimensions and architectonic design options of balconies. Another limitation was solely considering studies published in English. As this is a subject with particular relevance to Asiatic high-density cities, it would be worthwhile for future researches to review documents published in other languages.



This subject is of particular relevance for dense and compact cities with warm summers. Nevertheless, considering the fact that growing urbanization and climate changes are modifying the comfort needs of high-rise residential buildings in mild and cold climates, this review recommends more holistic studies on balcony design as a way to achieve a more sustainable development.
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Figure 1. Types of balcony spaces. 
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Figure 2. The geographic incidences of papers about the impacts of balcony design. 
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Figure 3. Background of the 105 reviewed studies, within the research topic by balcony type. 
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Figure 4. Correlation between balcony space features and their impacts on IEQ factors. Key: RH = Relative Humidity, Ta = Air temperature, Tr = Mean radiant temperature, SPL = Sound Pressure Level, T20 = Reverberation time, IAQ = Indoor Air Quality. 
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Figure 5. Balcony space impacts on energy consumption identified in the literature. 
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Table 1. Summary of the impacts of balcony spaces on the indoor environment quality (IEQ) of dwellings. Key: + = positive impacts, - = negative impacts.
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	IEQ Factors
	
	Open Balcony Impacts
	Glazed Balcony Impacts
	Eliminated Balcony Impacts





	Thermal comfort
	+
	overhang effect—provides solar shading

airflow pattern transformation—increases the natural ventilation

acoustic shielding effect—reduces background noise with doors open, enabling an increase of natural ventilation
	greenhouseeffect—increase in solar gains with a positive effect in heating season conditions
	-



	
	-
	-
	greenhouseeffect—can lead to excessive heat gains and create overheating problems in cooling season conditions
	loss of buffer space effect—increases the heat loss and excessive penetration of direct sunlight



	Air quality
	+
	airflow pattern transformation—increases the air flow rate

acoustic shielding effect—reduces background noise with doors open, enabling an increase of natural ventilation
	greenhouseeffect—improves the thermal insulation and facilitate the evaporation of moisture
	-



	
	-
	
	increase facade tightness—decreases the air infiltration rate and the natural ventilation
	condensation and moisture—the typical poor insulation of the balcony space can cause mold and indoor dampness problems

loss of acoustic insulation—decreases doors openings, provoking a reduction of natural ventilation



	Visual comfort
	+
	overhang effect—blocks the undesirable penetration of sunlight, reducing uncomfortable glare
	-
	-



	
	-
	
	light barrier—decreases the daylight in the contiguous living spaces
	loss of buffer space effect—provokes excessive penetration of direct sunlight



	Acoustic comfort
	+
	acoustic shielding effect—acts as a protection device against outdoor noise
	acoustic protection—acts as an acoustic barrier against outdoor noise
	-



	
	-
	-
	-
	loss ofacoustic insulation—causes indoor acoustic problems
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