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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract 

Daylightophil concept towards architectural design plays a crucial role in building thermal comfort, as a way to high-
performance architecture in which multi-objective optimization technics adopted to enhance interaction of building envelope and 
level of energy efficiency. Performance-based design is to control heat transfer from inside to outside, solar heat load from 
outside to inside, better efficiently in solar energy, maximum usage of sunlight, innovative building envelope for green biotecture, 
support inside of the building from glare etc. This paper presents a comprehensive review of Innovative Building Envelope 
Technologies, which interact with solar energy. Different types of such building envelope technologies, which are explored, are: 
building window shading, energy frame, vertical garden, solar façade (BIPV, BIPV/T, BIST), adaptive solar façade, building 
integrated intelligent materials, double skin façade, climate adaptive building shell, micro-algae façade system. Then the 
mentioned technologies are evaluated according to solar energy gain efficiency and architectural adaptability factors by a group 
of experts. The results of the research show that in terms of architectural adaptability vertical gardens along with algae bioreactor 
façade systems and in terms of energy efficiency, algae bioreactor façade, solar facades (BIPV/T) and Climate adaptive building 
shells (CABS) acquire the highest score. The overall evaluation results demonstrate that CABS as well as vertical garden, solar 
façade (BIPV/T type), Adaptive solar Envelope (ASE) group stand at the second and the third levels, respectively and algae 
bioreactor façade devotes the highest average score to itself. The results emphasized on the role emerging technologies such as 
algae bioreactors and other green developments on future building envelopes.  
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1. Introduction 

This paper is to materialize interaction of innovative building envelope technologies and solar energy gain which 
has a lot to do with power and energy systems engineering. The goal of the present article is to have a 
comprehensive review on building façade technologies that interact with sun light and energy, as well as to study the 
evolution which embraces new forms of technology. In association with building façade interaction with sun light, 
technologies and solutions are considered that show high effectiveness in obtaining energy by the building and 
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controlling the indoor temperature. These technology forms are: building window shading, Energy Frame, vertical 
garden, solar façade (BIPV, BIPV/T, BIST), Adaptive solar façade, building Integrated Intelligent materials, double 
Skin façade, Climate Adaptive building Shell, algae bioreactor façade system.  

2. Literature Reframing  

Contemporary architecture is devoted to green architecture [1, 2] to meet prosperity and better future. [3, 4] 
Learning from traditional archetypes and nature [5, 6] might be seen as a key to optimum energy efficient 
architecture and planning. [7, 8] Recently developed technologies have brought new opportunities for the 
architecture of future. [9, 10] Literature review emphasizes on the role of building façade [11, 12] in order to 
materialize high-performance architecture and planning. [13, 14]  

“Shading” [15] was one of the original forms of solar energy control. Currently, solar energy is a crucial token in 
different systems and to fulfill various objectives, naming: photo biological systems, photochemical systems, 
photovoltaic systems, and heating and cooling systems [16]. Shades have always been the considerable solution to 
control sunlight penetration and the amount of heat load into the building, from a long time ago like Shanasheel as 
shading screens. Shades are categorized in groups of vertical and horizontal or Moveable and Stable and interior, 
which are used inside and outside of the building. 

“Vertical gardens” dates back to 2500 years ago, in Persopotamia (Mesopotamia) for the Hanging Gardens of 
Babylon. In 1920’s Britania and North America promote trellis structures and self-climbing plants on houses and 
gardens [17]. Vertical gardens or green facades are passive system solution that are used to reduce solar heat as well 
as aesthetic effects, temperature control, air pollution and heat island effect reduction [18]. Green facades consist of 
climbing plants, which grow directly on the walls or on the support structure [19]. Nowadays vertical garden 
concept becomes popular in different parts of the world.  

“Double skin façade” (DSF) Double skin façade was widely noted within North America, Europe, and Japan [1, 
20]. Belgian Building Research Institute [BBRI] [21] defines DSF as a passive façade covered with a one or multi-
level structure made of a multilayer glass skin. The air can flow freely within these skins, or be tight. The air inside 
the void can be ventilated naturally, mechanically or by the semi-automatic way. DSF can be categorized depending 
upon the structure type, the source, target, and flow type of air in the shell void [22, 23]. The classical Trombe wall 
consists of a massive wall installed at a small distance from a glazing. The wall absorbs solar radiation and transmits 
part of it into the building by natural convection through the solar chimney formed by the glazing on one side and 
the wall on the other. The air circulates through the vents at the bottom and top of the wall into the adjacent room 
[24].  

“Solar façade” formally refers to the facade that is integrated with photovoltaic systems (BIPV), or thermo-
photovoltaic systems (BIPV/T) or BIST systems. In their research in 2015, Lai and Hokoi categorized solar facades, 
by using them based on the degree of their transparency [25]. The building integrated with photovoltaic panels will 
provide 22% of the total energy in 27 European countries by 2030 [26]. This system consists of photovoltaic 
modules that have integrated building material performance with building system and uses architectural design 
methods [27].  

“Climate adaptive building shell” (CABS) Concentrating on climate adaptive building shells, began in 1981[28] 
by Mike Davis, creates an opportunity for activating buildings against climate changes [29,12]. Loonen and his 
colleagues (2013) have classified four fields of thermal, visual, airflow, and electrical. They claim that most of these 
systems influence more than one field of building's function. In the thermal field, façade's adaptation with climate 
conditions creates changes in building's energy balance through convection flow, radiation, and storing energy. In 
visual field, this behavior affects the viewer's perception through making changes on transparent shell surfaces of 
the building. In airflow field, the shell performs and adaptive behavior against air direction and speed. 

“Adaptive solar façade” (ASF) is a kind of mobile façade which Velasco argues [30] this field is rapidly 
improving, due to the need for better environmental performance of the building and improving the possibility of 
controlling by computer and electronic gadgets [31, 32]. An integration of thin-film PV and mobile shades that are 
known as ASF creates a system that can be effective on energy consumption. ASF panels are capable of chasing 
sunlight in both vertical and horizontal geographical axis in this system. Rossi and his colleagues came up with this 
idea for the first time in 2012 [33]. They discussed the idea of Adaptive Solar Envelope (ASE), as an 
interdisciplinary concept that links PV systems, robotic, and architecture with each other.  

“Energy frame” as a creative mobile façade system is introduced by Johnsen and Winther (2015), called the 
Energy Frames. This system is a developed version of traditional shutters. Energy frame is the modular frame façade 
system that is installed on the outside of window frame [13].   

“Smart and recombinant materials” have opened a new window for the architecture of future. The use of PCM in 
buildings began in the mid-1940s, not counting the old Arctic igloo constructions [34, 35]. Addington and Schodek 
[36] identify “smart materials” as systems possessing “embedded technological functions” that involve specific 
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controlling by computer and electronic gadgets [31, 32]. An integration of thin-film PV and mobile shades that are 
known as ASF creates a system that can be effective on energy consumption. ASF panels are capable of chasing 
sunlight in both vertical and horizontal geographical axis in this system. Rossi and his colleagues came up with this 
idea for the first time in 2012 [33]. They discussed the idea of Adaptive Solar Envelope (ASE), as an 
interdisciplinary concept that links PV systems, robotic, and architecture with each other.  

“Energy frame” as a creative mobile façade system is introduced by Johnsen and Winther (2015), called the 
Energy Frames. This system is a developed version of traditional shutters. Energy frame is the modular frame façade 
system that is installed on the outside of window frame [13].   

“Smart and recombinant materials” have opened a new window for the architecture of future. The use of PCM in 
buildings began in the mid-1940s, not counting the old Arctic igloo constructions [34, 35]. Addington and Schodek 
[36] identify “smart materials” as systems possessing “embedded technological functions” that involve specific 
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