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Abstract. Pursuing high energy performance with the least environmental impact of a building, 

along with ensuring the well-being of the occupants, is the ultimate goal of an institutional 

framework that addresses energy efficiency and environmental sustainability. The building 

sector is responsible for 38% of the total final energy consumption in Europe and is therefore in 

the epicentre of the effort to achieve improvements. This is being expressed by the targets of EU 

policies for 2030 and 2050, which set truly ambitious goals. 

Part of this effort is the improvement of the building’s envelope thermal performance, along with 

the respective one of the HVAC systems, but also integrating those two in the best possible way. 

The façade is the crucial factor, as it is the interface between the building and its environment, 

but also between the environment and the HVAC system; it is truly the building’s skin, which is 

therefore much more than a simple state boundary, if we want to have truly advanced buildings.  

Main scope of the paper is to present the results of an in depth investigation regarding the best 

available technologies and the upcoming trends of intelligent building façades, to be used in Zero 

and Positive Energy Buildings. This cannot be done without discussing the legislative and 

regulatory framework that applies for the building envelope, as solutions have to comply with 

regulations and standards, both national and international. In this line of approach an 

investigation of the practices and technical approaches best suited for Greece is being made, 

specifying their performance, possible drawbacks and approaches that are to be applied and the 

implementation of which is expected to contribute to the improvement of the buildings’ 

performance. 

Furthermore, the constructional approaches and the effectiveness of both naturally and 

mechanically ventilated façades are discussed, along with their adaptation to the Greek building 

practices. The integration of ventilated façades with the building’s HVAC systems may offer 

advantages, especially in spring and fall when preheating the air may lead to reduced energy 

requirements. In the opposite direction, heat rejection may be a problem in summer, where 

alternative cooling techniques can provide a solution. Finally, integration of innovative design 

elements such as the use of different final coating materials on the façades, the use of phase-

changing materials (PCMs) and the integration of photovoltaic systems are evaluated.  
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1.  Introduction 

Climate change affected the policy makers’ and stakeholders’ attitude towards development. In this line 

of approach, the term of sustainability was initially presented in 1948, but it was not until 1987 and the 

Brundtland report that a definition was established [1]. According to this, sustainability is the growth 

that meets today’s human needs without undermine the ability of future generations to catch up theirs 

[2]. Therefore, and in order to achieve this goal, a variety of measures reducing the energy consumption 

need to be adopted.  

Based on Eurostat data for 2016, the transportation sector is the major consumer of final energy 

(33%), followed by the building and industrial sector with 26% and 25% respectively [3]. However, 

considering services, which grows steadily (Figure 1) and accounts for some 15%, and which as a rule 

are provided in buildings, it becomes evident that the building sector has to be in the centre of our efforts.  

 
Figure 1. Final energy consumption in EU28 by sector [3], [4]. 

Considering this tendency, a gradual tightening of the legislation framework regarding the building 

sector has been noted within the last 20 years. The first integrated effort to reduce the energy loads and 

consumption requirements, was denoted in the European Directive 91/2002, the so-called Energy 

Performance of Buildings Directive (EPBD) which foresaw a reduction on energy requirements, the use 

of cleaner energy sources and the introduction of mandatory energy studies and audits [5]. The recast of 

the EPBD, in form of European Directive 30/2010, introduced the goal of the nearly Zero Energy 

Building (nZEB), promoted smart metering as well as the provision for economics and support measures 

[6]. Whilst this Directive stated the need of every country to determine the characteristics of her nZEBs, 

the latest EPBD recast, Directive 844/2018, emphasizes on the need of turning the existing building 

stock into nearly zero energy by 2050, utilizing advances in ICT  and supporting electric vehicles [7].  

In order to achieve these goals a variety of measures and strategies have been applied over the last 

decade aiming to the reduction of energy consumption in the building sector. When examining the 

development of publications regarding the reduction of final energy in the building sector (Figure 2), a 

rapidly increasing interest since the introduction of the first EPBD. Also, the development of the 

publication regarding the nZEBs as well as the measures leading towards this direction is analyzed and 

the results are shown in Figure 3 (a-b). The analysis noted that in both cases the scientific interest started, 

as expected, in 2010 when the term was initially established in the institutional framework and until 

today an intense increase over these areas has been noted. It therefore seems suitable to carry a more 

detailed analysis of the recent literature focusing on the measures of upgrading the building envelope 

towards nZEB. 

 
Figure 2. Number of papers published concerning reduction of final energy consumption in case of 

nZEB based on Scopus Database from 1979 to 2020 [in accordance to [8]]. 
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(a) (b)  

Figure 3. Number of papers published concerning (a) nZEB and (b) measures leading towards nZEB, 

based on Scopus Database [in accordance to [8]]. 

 

Based on the preliminary collected data, an in depth analysis on the strategies and measures applied for 

the upgrade of the building’s envelope is essential. In this respect, the determination of the existing 

applications and practices are to be presented within the scope of this paper and the need of further 

analysis in certain aspects are to be highlighted. 

2.  Conventional building façades  

In national level, every country based on its geographical position and climate characteristics determines 

its construction approaches regarding the building envelope. The climate in Greece is Mediterranean 

with hot/warm summers and mild winters, Csa and Csb based on the Köppen climate classification 

system. This type of climate applies practically to the whole European Mediterranean coastal area and 

also in the coastline of Morocco, Algeria and to part of Tunisia, leading therefore to similar building 

envelope structures [9].  

Contemporary design approaches apply to both the vertical and horizontal surfaces of the envelope, 

with the insulating material being the main tool to improve the buildings’ envelope efficiency, whilst 

thermal storage properties were traditionally utilized to establish thermal comfort in summer. Regarding 

the construction details a variety of approaches are followed based on the type of the surfaces, reaching 

around 8 different construction element types (Figure 4). 

The double brick wall structures was for decades the dominant typology in Greece and the 

Mediterranean region, due to their advantages, however, they are reaching their limits on energy 

performance, unless super insulating materials are used. In conventional construction elements, the main 

differentiation refers to the placement of the insulation material, either externally or internally. External 

thermal insulation composite systems have been applied in northern Europe since the 1960s, while in 

Greece they have been applied sporadically since the 1980s and on a large scale since 2000. The state 

of the art on external thermal insulation composite systems achieve a higher energy performance, but 

there are issues that need to be considered, especially considering their seismic behavior and the their 

performance under hot summer conditions.  

The advantages met in external thermal insulation composite systems (Figure 4a) are the protection 

of the building envelope from the temperature variations, the utilization of the building elements’ 

thermal storage and the reduction of appearance of humidity condensation in the interior. The second 

option (Figure 4b), offers both advantages and disadvantages: it enables the fast heating or cooling of 

the indoor area and provides more degrees of architectural freedom in the design. On the other hand, 

this approach is the least favorable for residential buildings, as there reduced thermal inertia and one 

cannot avoid the presence of thermal bridges. Also, in cases that the construction element are in touch 

with the ground (Figure 4c) additional attention should be given to the insulation material regarding its 

protection against moisture and probable destruction due to wear and tear effects [10], [11]. In both 

cases, the existence of insulation leads to a reduction of the heat transfer coefficient around 50% to 70% 

[10], [11]. Another strategy is the placement of the insulation material in the core of the building 

element, usually as a double brick wall with cavity. This solution (Figure 4d) combines to some extent 

the advantages of the two previous approaches, but is has some structural weaknesses, especially with 

respect to its seismic durability. A typical double brick wall with insulation and an air gap in its core is 

depicted in Figure 4e. In this case, the indoor building element is protected from the outdoor climate 

conditions and therefore has a longer life cycle period. Moreover, through this construction approach 



 

 

 

 

 

 

the phenomena and the impact of humidity and condensation are magnified and a reasonable energy 

efficiency is achieved. 

There are also other construction details that constitute typical traditional building elements (Figures 

4f-g). In Figure 4f a façade with external plants is presented, with two final coatings, either climbing 

plants or vertical gardens, when referring to vertical surfaces, and green roofs when referring to 

horizontal ones [12]. In those cases the same layering of the façade is followed, except for the final 

coating, where the supporting system differs [13], [14]. This construction approach offers a series of 

advantages, such as the improvement of both indoor and outdoor environment conditions and the 

evapotranspirative cooling effect of the building [12], [15]. There are also the well-known passive solar 

elements, like the Trombe and thermal mass walls that constitute good examples of indirect solar gain 

elements, giving emphasis on the energy savings, the delayed heat transfer and the improved thermal 

comfort. The most common materials used in these construction approaches present high heat capacity 

like stone, concrete or even water in tanks. Main goal is the best possible utilization of incident solar 

radiation, so that the highest gain for the adjacent room can be achieved on a daily basis [16], [17]. The 

main difference between a thermal mass and a Trombe wall is the existence of vents on the upper and 

lower positions of the wall, that allow air flow and hence quicker heat transfer in the room [18], [19]. 

Another conventional construction system are the dry construction systems (Figure 4h). Dry building 

systems are particularly popular in Europe and the USA, but only slowly are finding their way in the 

Greek market, as the traditional construction solutions are dominant. However, during the last decade, 

new technological approaches giving emphasis on dry construction systems are becoming popular, 

especially in refurbishment of buildings and also in cases where is required by the architectural design 

[20].  

(a) (b)  (c)  (d)  

(e)  (f)  (g)  (h)  
Figure 4. Conventional building façades [in accordance to [11]]. 

 

3.  Ventilated and double skin façades  

3.1.  Design and construction  

The envelope plays a crucial role in the building’s efficiency, as an outcome, many studies concentrate 

on the characteristics that could be improved, so for the total building efficiency to be further increased. 

Passive systems applied in the building field, are the ones that may be improved scoping in increasing 

the total efficiency of the system. Ventilated façades and especially double skin façades are one of the 

most intriguing fields of investigation ever since they were introduced in the 1900s. The combination 

between the internal demands of the building and the need of exterior design and improvement lead to 

the development of ventilated façades. Ventilated façades have been traditionally applied in cold 



 

 

 

 

 

 

climates, but they have become popular also in warmer climates [21]. Therefore, many studies have 

already been conducted regarding the design and construction application of ventilated façades in hotter 

climates, many more factors should be investigated so for their efficient application to be achieved [22]. 

Ventilated façades have started being investigated in the early 1900 in Germany [23], however, it took 

quite some time before improvement with respect to their building physics’ could be reported [24]. 

Additionally, apart from the specific design and façade parts that should be further investigated, the 

specific thermodynamic effects occurring in ventilated façades have also to be studied in depth [25].  

The double skin façades consists of the external surface (skin), internal surface (skin) and the space 

in between. External surface is usually constructed with glass elements, due this material’s mechanical 

characteristics, its transparency and the maximization of daylighting and its contribution to natural 

heating resulting in energy cost reductions [26]. Heat transfer from the exterior to interior environment 

through the ventilated façade is one of the most important factors that should be taken into account, in 

order to select the appropriate type of surfaces with the suitable specific characteristics considering 

radiative behavior, thermal gains and transparency [27], [28]. The glass type selected for the exterior 

surface is mostly hard and durable type, of increased mechanical qualities, to reduce wear and to avoid 

damages [29]. Flat glass panels are the ones that offer durability and increased resistance to the wind 

effects [30]. Apart from glass, other materials used for the exterior surface of a ventilated façade are the 

metal panels and aluminum panel [31].  

Stone and wood are two other options that can replace glass mainly due to design preferences [30]. 

The distinguished difference between ventilated and conventional façades is the air space within the 

exterior and interior surface leading to energy and building efficiency improvement. Air space may 

result in negative outcomes of energy consumption increase, if its design is not the proper one [32]. In 

this line of approach, the air gap size can vary from 10 cm to 2 meters [27]. That limit is mostly based 

on enough space for maintenance and sun protection systems’ installation, the proper air ventilation and 

avoidance of tensile effect, which is also affected by the building’s height. Additionally, any shadowing 

device may be set in the air gap so for the excess solar radiation and heat gains to be managed. Color, 

positioning, angle and distance between the shadowing device, external and internal surface are some 

of the factors that affect the device’s efficiency [33]. Regarding the interior surface, two of the materials 

mainly be used are glass or concrete. For the best air fluxion and air gap ventilation but also for the 

management of façade temperature, the most common approach is using single glass panel for the 

exterior and double glass panel for the interior surface of the façade [34]. State of the art composite 

materials like sandwich-type aluminium – polyethylene composite panels (the –bonds) and Glass Fibre 

Reinforce Concrete (GFRC) provide options which ‘’traditional’’ materials cannot easily achieved. The 

interior glass type selection but also the analogy between interior surface and panel size may differ based 

on the climate and country that are applied [35], [36].  

3.2.  Efficiency of ventilated and double skin façades  

Ventilated and double skin façades may lead to various positive outcomes, some of which are analyzed 

as follows. Reduction in energy consumption is one of the main positive outcomes that ventilated double 

skin façades may result in. Overall energy requirements are reduced due to the heat gains achieved and 

the reduction in heating loads. Respectively, during the cooling seasons, a temperature decrease in the 

buildings can be achieved due to the ventilation of the air gap within the double skin façade and the 

extraction of the warm air. As it was deducted by [37] ventilated façades may lead up to 26% reduction 

in energy consumption during air-conditioning season by achieving the reservation of desired 

temperature. Additionally, user comfort within the building is achieved by the exploitation of ventilated 

façade by improving optical comfort due to glass transparency and natural lighting and thermal comfort 

by controlling the inside temperature by the proper air gap ventilation [38]. Moreover, the air gap’s 

ventilation results in user’s comfort and reduction of humidity especially during rainy days [39]. Noise 

isolation may also be achieved by using the ventilated double skin façade as the extra air gap acts as a 

protection system from the cities’ and crowded areas’ noise. Within the advantages of double skin 

façades, building aesthetics plays an important role as modern design and architectural combination can 



 

 

 

 

 

 

be applied based on the design preferences. Building protection and life cycle of it are of favorable when 

using double skin façades. However, fire safety decreases as the air gap results in faster air flame 

distribution across the façade [26], thus excess ventilation is needed so as to avoid flame phenomena 

[25]. Internal façade protection from weather conditions and raining increases the life cycle of the 

building to almost 30 years as it has been calculated through numerous studies [25]. Contrary to the 

benefits of ventilated and double skin façades, there are some challenges that should be taken into 

account, mainly for the economic evaluation of them. Due to the second skin needed, the initial cost is 

increased compared to conventional options. Hence, maintenance cost and economic evaluation should 

be further investigated before choosing this option [40]. Finally, external building parameters that 

influence its efficiency are referred to be the orientation and proper placement of them so for the solar 

radiation to be efficiently used [27]. For that reason, south based orientations are concluded to be the 

most appropriate for ventilated double skin façades [36]. Wind speed may influence to a greater extent 

the efficiency of a façade as even wind speed of 4 m/s may decrease the exterior and interior temperature 

difference by up to 70%, compared to calm conditions. Thus, investigating the area and the weather 

conditions, is also a field of studying so for the proper façade placement to be achieved [41].  

4.  Alternative surfaces used for the ventilated façades  

4.1.  Photovoltaic Panels 

Using photovoltaic panels at the exterior surface of the ventilated double skin façade is getting popular 

nowadays. The consumption of the HVAC system decreases, as the PVs act as insulation and thermal 

losses are minimized and the electricity produced by the PVs can be used for the HVAC systems, given 

its temporal coincidence [30]. Regarding the Building Integrated Photovoltaics (BIPV), monocrystalline 

or polycrystalline panels may be used mainly placed to the south side of the building so as to benefit 

from the solar radiation [42]. Additionally, the vertical placement of them on the façade may increase 

the heat gains for winter but also reduce the excess heat production during summer season due to their 

vertical positioning, thus avoiding excess heat production. Transparent or semi-transparent panels and 

even square or cylindrical panels are used based on the preferences of the user. The design parameters 

regarding panel’s dimensions, should also be examined so for their efficiency when integrated to façades 

to be achieved. For cylindrical panels, it has been studied that the best design approach is for the ratio 

between the length and the diameter of the panel to be around 20, leading to minimization of losses and 

sufficient ventilation of the air gap [43]. For that kind of ventilated double skin façades, the façade gap 

at the top or at the bottom of the façade may not be enough for its ventilation, thus more air gaps within 

the façade should be used across the façade and within photovoltaic panels so for their sufficient 

ventilation to be achieved. However, that referred approach of façade ventilation is not that proper for 

Mediterranean climate as the cooling loads will get increased if excess gaps are applied to the façade. 

In this line of approach, mechanical or natural ventilation can be applied for the air gap temperature 

control based on the needs and climate condition. As it is deducted, proper air gap dimensioning is 

crucial for façade’s efficiency thus based on studies for the fraction between width and length of the air 

gap it should be around 0.11 for the maximization of building’s efficiency [30]. Approaching the 

Mediterranean climate, the best distance between the photovoltaic panel and the inlet surface, so for the 

efficiency optimization and the overcoming of overheated phenomena may achieved for 0.15-0.20 m 

[43]. Apart from photovoltaic use at the external surface of the façade, they can also be used at the air 

gap as shading devices for the solar radiation control and simultaneously the electricity production. 

Additionally, hybrid photovoltaic-water heating system may also be integrated in buildings for 

increasing the power output per unit area [44]. The heat absorbed by the system is used to preheat the 

domestic water. Thermal efficiency of such a system was measured to be around 38.9% and electricity 

conversion efficiency about 8.56% [44].     

4.2.  Phase Change Materials (PCMs) 



 

 

 

 

 

 

Phase change materials can be applied both to photovoltaic panels and shading devices. The heat 

capacity of them is the characteristic based on which latent heat is efficiently used for the control of 

temperature. Latent heat is used for receiving or giving heat by changing the phase of the material from 

solid to liquid or from liquid to gas. Within the thermal comfort temperature range (20oC-30oC) there 

can be met many materials able to receive and offer latent heat 5 to 14 times greater than the conventional 

materials [45]. The application of phase changed materials to building envelope can be applied to 

building’s stone or concrete wall with the form of small capsules. Another type of material used as a 

final coating of the building envelop is the cool materials. Researchers have worked on this type of 

materials aiming to decrease the surface temperature especially of roofs, where during summer with the 

use of conventional materials the surface temperature can reach up to 56°C, whilst the use of cool 

materials can lead to a reduction of up to 12°C [46], [47].  

The use of PCMs, takes place when the indoor building temperature is above the comfortable one 

and the material absorbs heat by capitalizing on its melting enthalpy. Material’s temperature may not 

increase, however the rise of the air temperature is avoided. Contrary to the previous approach, when 

indoor temperature is lower than the comfortable one, excess heat stored at the material is released to 

the indoor environment air. Additionally, phase changed materials can effectively be used at shading 

devices and control the receiving heat for avoidance of excess heat released to the indoor environment. 

Paraffin and graphite are two of the most common bases for PCMs used for the shading devices [48]. 

Compared to conventional materials, less amount of phase changed materials is needed so as to achieve 

the needed conditions. As an example it can be referred the need of 30% phase changed material to a 

plasterboard of 3 cm width so as to achieve the same results with a conventional wall of 18 cm width 

reinforce concrete wall or 23 cm of brick wall. Finally, and as PCMs is an increasing research field over 

the past 50 years more analysis should be done taking into consideration the environmental impact and 

the cost effectiveness [49]. 

4.3.  Combination of Photovoltaic Panels and Phase Change Materials  

What is of great importance and lies in the focus of research effort is the combination of PCMs  and PVs 

used in double skin façade. For the desired ventilation of PVs to avoid their overheating, PCMs may 

play an important role to ensure the PVs’ efficiency. Regarding the construction specifications, it has 

been concluded that almost 2.6 kg of PCMs are needed for every square meter of PVs [50], [51]. PCMs 

are commonly be used at the external aluminum surface of the photovoltaic panel so for the heat gains 

to be sufficiently controlled. The described technological approach is efficient when used in warm 

climates, with increased solar radiation values. For Mediterranean climate the PCMs used should be one 

that offer a melting point of at least 35oC, such as paraffins, a mixture of paraffin and sodium, the 

calcium chloride or the composite metal wax [26]. Given that the needs for cooling the PV during the 

summer season may be reduced by up to 48% [50], as an outcome of the PCMs presence,  the panel’s 

electrical efficiency may increase by to 3-5% under the most disadvantageous conditions.   

5.  Conclusions 

Main scope of this paper was to present the state of the art of available technologies and the upcoming 

trends of building façades, which can contribute towards Zero and Positive Energy Buildings. The 

bibliographic review conducted, covered both conventional and upcoming design applications and 

procedures, and highlighted the research gaps and direction towards which further research needs to be 

directed.  

The review showed that four are the main construction solutions developed and implemented in 

buildings: double-brick wall masonry, external thermal insulation composite systems, drywall systems 

and double skin, or ventilated, façades. 

Considering the double brick wall structures, which was for decades the dominant typology in Greece 

and the Mediterranean, it is a type that has certain advantages, but is reaching the limits of its energy 

performance, unless one would use super insulating materials. External thermal insulation composite 

systems have been applied in northern Europe since the 1960s, while in Greece they have been applied 



 

 

 

 

 

 

sporadically since the 1980s and on a large scale since 2000. The state of the art external thermal 

insulation composite systems achieve a higher energy performance, but there are issues that need to be 

considered, especially considering their seismic behavior and the their performance under hot summer 

conditions. Dry building systems are particularly popular in Europe and the Americas, but have only 

lately emerged in the Greek market. Their combination with mechanically or natural ventilated façades 

presents an interesting option, but has to be further analyzed. 

Particular attention is being paid to the constructional choices of ventilated façades either mechanical 

or natural, concerning their geometry, the ratio between the openings and surfaces, the size of the gap 

and the appropriate choice of materials; significant changes in the building's energy characteristics can 

be monitored depending on the combination of those features and they have to be studied both in vitro 

and in the field. Considering all these parameters, it is considered necessary to further investigate these 

constructive approaches. 

Emphasis is placed on changing the final layer of cross sections, focusing mainly on the use of 

materials with innovative thermophysical properties and construction techniques. Particularly, in case 

of ventilated façades, cool and phase change materials can be used both as a final coating of the façade 

and as solutions in shading devices within the air gap. Furthermore, the combination of photovoltaics or 

even hybrid PV-Thermal systems can lead to an improvement of thermal comfort, maintaining the 

desired temperature, avoid overheating and providing a useful energy yield to the air-conditioning 

system. 

It is clear, that are quite some issues considering the technical, economic and environmental features 

of the individual materials and of the system as a whole. The number of such applications is still limited, 

not only in Greece but also in other areas with warm summer and mild winter climate conditions; hence 

there are not many data available on their performance in practice and this is a gap that has to be bridged.  

Acknowledgments 
The authors would like to express their gratitude to the European Union and Greek national funds 
through the Operational Program for the co-finance of the program Intelligent Facades for Nearly Zero 
Energy Buildings (IF – ZEB) through the action Competitiveness, Entrepreneurship and Innovation, 
under the call RESEARCH–CREATE-INNOVATE (project code:Τ1EDK-02045) and the excellent 
cooperation. 

References 

[1] United Nations Department of Social and Economic Affairs (UNDESA), “Prototype Global 

Sustainable Development Report. Executive Summary,” 2014. 

[2] Sustainable Development Commission, “What is sustainable development.” [Online]. 

Available: http://www.sd-commission.org.uk/pages/what-is-sustainable-development.html. 

[Accessed: 09-May-2019]. 

[3] Eurostat, “Final Energy Consumption,” 2015. [Online]. Available: http://ec.europa.eu/eurostat. 

[Accessed: 03-Jun-2017]. 

[4] P. Antoniadou, N. Pivac, S. Nižetić, and A. M. Papadopoulos, “Interaction of Individual 

Characteristics on Occupants ’ Comfort Perception in cases of Office Buildings in Greece and,” 

in 6th International Conference on Renewable Energy Sources and Energy Efficiency - New 

Challenges (RESEE2018), 2018, pp. 104–113. 

[5] European Commission, “Directive 2002/91/EC of the European Parliament and of the Council 

of 16 December 2002 on the energy performance of buildings,” Official Journal Of The 

European Union, pp. 65–71, 2002. 

[6] European Commission, “Directive 2010/31/EU of the European Parliament and of the Council 

of 19 May 2010 on the energy performance of buildings (recast),” Official Journal of the 

European Union, pp. 13–35, 2010. 

[7] European Commission, “Directive (EU) 2018/844,” Official Journal of the European Union, 

vol. 2018, no. October 2012, pp. 75–91, 2018. 

[8] Scopus, “Scopus Database Search,” 2019. [Online]. Available: https://www.scopus.com. 



 

 

 

 

 

 

[Accessed: 09-May-2019]. 

[9] W. Köppen, Handbuch der Klimatologie-Das geographische System der Klimate, no. c. Berlin, 

1936. 

[10] Δ. Αραβαντινός, “Η θερμική προστασία των κτιρίων και τα θερμομονωτικά υλικά- Σημειώσεις 

μαθήματος Οικοδομικής ΙΙ,” Θεσσαλονίκη, 2009. 

[11] Ά. Παπαδόπουλος, Π. Αντωνιάδου, Γ. Αναστασόπουλος, Λ. Σίσκος, and Χ. Δούκας, 

“Πρόγραμμα τεχνικής επαγγελματικής κατάρτισης Build Up Skills Upswing Ενεργειακή 

αποδοτικότητα και εξοικονόμηση ενέργειας στις μονώσεις κτιρίων,” 2016. 

[12] T. Theodosiou, “Green Roofs in Buildings: Thermal and Environmental Behaviour,” Advances 

in Building Energy Research, vol. 3, no. 1, pp. 271–288, Jan. 2009. 

[13] M. Y. L. Chew, S. Conejos, and F. H. Bin Azril, “Design for maintainability of high-rise 

vertical green facades,” Building Research & Information, vol. 47, no. 4, pp. 453–467, 2019. 

[14] F. Yang, F. Yuan, F. Qian, Z. Zhuang, and Y. Jiawei, “Summertime thermal and energy 

performance of a double-skin green facade: A case study in Shanghai,” Sustainable Cities and 

Society, no. 39, pp. 43–51, 2018. 

[15] M. Santamouris, “Cooling the cities - A review of reflective and green roof mitigation 

technologies to fight heat island and improve comfort in urban environments,” Solar Energy, 

vol. 103, pp. 682–703, 2014. 

[16] L. Zhu, R. Hurt, D. Correia, and R. Boehm, “Detailed energy saving performance analyses on 

thermal mass walls demonstrated in a zero energy house,” Energy and Buildings, vol. 41, no. 3, 

pp. 303–310, 2009. 

[17] S. Jaber and S. Ajib, “Optimum design of Trombe wall system in mediterranean region,” Solar 

Energy, vol. 85, no. 9, pp. 1891–1898, 2011. 

[18] O. Saadatian, K. Sopian, C. H. Lim, N. Asim, and M. Y. Sulaiman, “Trombe walls: A review 

of opportunities and challenges in research and development,” Renewable and Sustainable 

Energy Reviews, vol. 16, no. 8, pp. 6340–6351, 2012. 

[19] A. M. Papadopoulos, “Forty years of regulations on the thermal performance of the building 

envelope in Europe: Achievements, perspectives and challenges,” Energy and Buildings, vol. 

127, pp. 942–952, 2016. 

[20] Fibran S.A., “Fibran S.A.,” 2016. [Online]. Available: 

http://www.fibran.gr/frontend/index.php. [Accessed: 07-Dec-2018]. 

[21] P. C. Wong, D. Prasad, and M. Behnia, “A new type of double-skin façade configuration for 

the hot and humid climate,” Energy and Buildings, 2008. 

[22] W. Choi, J. Joe, Y. Kwak, and J. H. Huh, “Operation and control strategies for multi-storey 

double skin facades during the heating season,” Energy and Buildings, 2012. 

[23] O. Kalyanova, “Double-Skin Facade: Modelling and Experimental Investigations of Thermal 

Performance,” Forskningsbasen.Deff.Dk, 2008. 

[24] A. Pomponi, Francesco, Ip, Kenneth and Piroozfar, “Assessment of double skin façade 

technologies for office refurbishments in the United Kingdom,” in Proceedings of the 

sustainable buildings – construction products & technologies, 2013. 

[25] A. Fallahi, F. Haghighat, and H. Elsadi, “Energy performance assessment of double-skin 

façade with thermal mass,” Energy and Buildings. 2010. 

[26] Z. A. Halil and B. O. Mesut, “Thermal comfort of multiple-skin facades in warm-climate 

offices,” Scientific Research and Essays, 2016. 

[27] S. Barbosa and K. Ip, “Perspectives of double skin façades for naturally ventilated buildings: A 

review,” Renewable and Sustainable Energy Reviews. 2014. 

[28] A. Guardo, M. Coussirat, E. Egusquiza, P. Alavedra, and R. Castilla, “A CFD approach to 

evaluate the influence of construction and operation parameters on the performance of Active 

Transparent Façades in Mediterranean climates,” Energy and Buildings, 2009. 

[29] A. L. S. Chan, T. T. Chow, K. F. Fong, and Z. Lin, “Investigation on energy performance of 

double skin façade in Hong Kong,” Energy and Buildings, 2009. 



 

 

 

 

 

 

[30] A. GhaffarianHoseini, A. GhaffarianHoseini, U. Berardi, J. Tookey, D. H. W. Li, and S. 

Kariminia, “Exploring the advantages and challenges of double-skin facądes (DSFs),” 

Renewable and Sustainable Energy Reviews. 2016. 

[31] Κ. Β, “Διπλοκέλυφες κατασκευές και προσόψεις,” 2015. 

[32] C. A. Rundle, M. F. Lightstone, P. Oosthuizen, P. Karava, and E. Mouriki, “Validation of 

computational fluid dynamics simulations for atria geometries,” Building and Environment, 

2011. 

[33] T. E. Jiru, Y. X. Taob, and F. Haghighat, “Airflow and heat transfer in double skin facades,” 

Energy and Buildings, 2011. 

[34] H. Radhi, S. Sharples, and F. Fikiry, “Will multi-facade systems reduce cooling energy in fully 

glazed buildings? A scoping study of UAE buildings,” Energy and Buildings, 2013. 

[35] J. Joe, W. Choi, Y. Kwak, and J. H. Huh, “Optimal design of a multi-story double skin facade,” 

Energy and Buildings, 2014. 

[36] “Intercongreen, Associates WR. (2010) Green buildings. Cambridge: The Cambridge Public 

Library,” 2018. [Online]. Available: http://intercongreen.com/2010/05/04/green-buildingsthe-

cambridge public-library/. [Accessed: 17-Jan-2019]. 

[37] J. Peng, L. Lu, and H. Yang, “An experimental study of the thermal performance of a novel 

photovoltaic double-skin facade in Hong Kong,” Solar Energy, 2013. 

[38] W. Lou, M. Huang, M. Zhang, and N. Lin, “Experimental and zonal modeling for wind 

pressures on double-skin facades of a tall building,” Energy and Buildings, 2012. 

[39] M. A. Shameri et al., “Daylighting characterstics of existing double-skin façade office 

buildings,” Energy and Buildings, 2013. 

[40] J. Zhou and Y. Chen, “A review on applying ventilated double-skin facade to buildings in hot-

summer and cold-winter zone in China,” Renewable and Sustainable Energy Reviews. 2010. 

[41] D. C. M. Pasut W, “Evaluation of various CFD modelling strategies in predicting airflow and 

temperature in a naturally ventilated double skin façade,” Applied Thermal Engineering, vol. 

32, pp. 267–74, 2012. 

[42] K. Farkas, “Designing photovoltaic systems for architectural integration,” no. SHC, 2013. 

[43] R. A. Agathokleous and S. A. Kalogirou, “Double skin facades (DSF) and building integrated 

photovoltaics (BIPV): A review of configurations and heat transfer characteristics,” Renewable 

Energy. 2016. 

[44] K. Panopoulos and A. M. Papadopoulos, “Smart facades for non-residential buildings: an 

assessment,” Advances in Building Energy Research, vol. 11, no. 1, pp. 26–36, 2017. 

[45] Π. Ν., “Δομική Φυσική και Αρχές Περιβαλλοντολογικού Σχεδιασμού Κτιρίου,” Μετσόβειο 

Πολυτεχνείο, 2015. 

[46] P. Antoniadou, E. Giama, S.-N. Boemi, T. Karlessi, M. Santamouris, and A. M. Papadopoulos, 

“Integrated Evaluation of the Performance of Composite Cool Thermal Insulation Materials,” 

Energy Procedia, vol. 78, pp. 1581–1586, 2015. 

[47] M. Santamouris, A. Synnefa, and T. Karlessi, “Using advanced cool materials in the urban 

built environment to mitigate heat islands and improve thermal comfort conditions,” Solar 

Energy, vol. 85, no. 12, pp. 3085–3102, 2011. 

[48] “Rubitherm,” 2018. . 

[49] E. Kyriaki, C. Konstantinidou, E. Giama, and A. M. Papadopoulos, “Life cycle analysis (LCA) 

and life cycle cost analysis (LCCA) of phase change materials (PCM) for thermal applications: 

A review,” International Journal of Energy Research, vol. 42, no. 9, pp. 3068–3077, 2018. 

[50] Y. Li, J. Darkwa, and G. Kokogiannakis, “Heat transfer analysis of an integrated double skin 

façade and phase change material blind system,” Building and Environment, 2017. 

[51] J. A. Waqasa A.,, Jie Ji, Lijie Xu, Majid Ali, Zeashan, “Thermal and electrical management of 

photovoltaic panels using phase change materials – A review,” Renewable and Sustainable 

Energy Reviews, vol. 92, pp. 254–271, 2018. 


