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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 

Smart materials technologies are the key to 21st-century competitive advantage. Various building materials can significantly increase levels of 
functionality. “Smart Materials” will play critical role in building technology development; these materials that form part of a smart structural 
system, which has the capability to sense its environment, so smart materials can perform like living systems. Recognizing that the traditional 
partition between Materials Science and Architecture is obsolete, the study intent is to show how these two fields are intrinsically connected 
while growing ever more symbiotic as we progress into the future. The paper provides an analytical study of the types of smart materials 
available, giving a new insight into innovative methods and techniques that will give a new inspiration for architectural design, which the study 
will introduce “A New Innovative Design Paradigm”. 
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1. Introduction 

Regarding to the fact that buildings form a part of the environment, therefore cause a larger part of environmental pollutions. 
A great attention has been given to the use of innovative smart materials to enhance environmental sustainability, the cost-
effectiveness, and security. New technologies and high-performance materials are being developed to meet these needs, offering 
creative and innovative solutions to long-standing problems especially negative impact on the environment. They all offer 
benefits, whether to structural stability, the environment or to the maintenance and repair process [1], which will affect positively 
on architectural design thinking. The major goal of researching smart materials is finding the new class of materials with the 
method, considered as a multipurpose material; what required for creative architecture and construction through sustainability. 

According to previous vision, this research focuses on smart materials, which could bring new possibilities and make dramatic 
improvements to construction and architecture innovation. The research will discuss and analyze the integration of smart 
materials technologies and architecture, which promises to transform architecture thought in ways we can hardly imagine today. 
It will bring a paradigm shift in building’s design and performance, it could be said that smart materials will create a new 
revolution in our built environment. Moreover; the research will explain its potential to make a huge impact on serving new 
architectural innovative design methodologies (Paradigm). 

 

 
* Corresponding author. Tel.: +201008750220 

E-mail address:drabeersamy@hotmail.com 

Available online at www.sciencedirect.com 

ScienceDirect
Energy Procedia 00 (2017) 000–000  

www.elsevier.com/locate/procedia 

1876-6102© 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of AREQ 2017. 

International Conference – Alternative and Renewable Energy Quest, AREQ 2017, 1-3 February 2017, Spain 

Smart Materials Innovative Technologies in Architecture; Towards 
Innovative Design Paradigm 

Associate Prof. Dr. Abeer Samy Yousef Mohamed* 
Department Of Architecture Engineering, Faculty of Engineering, Tanta University, Tanta, Post Code 31111, Egypt. 

Abstract 

Smart materials technologies are the key to 21st-century competitive advantage. Various building materials can significantly increase levels of 
functionality. “Smart Materials” will play critical role in building technology development; these materials that form part of a smart structural 
system, which has the capability to sense its environment, so smart materials can perform like living systems. Recognizing that the traditional 
partition between Materials Science and Architecture is obsolete, the study intent is to show how these two fields are intrinsically connected 
while growing ever more symbiotic as we progress into the future. The paper provides an analytical study of the types of smart materials 
available, giving a new insight into innovative methods and techniques that will give a new inspiration for architectural design, which the study 
will introduce “A New Innovative Design Paradigm”. 
 
© 2017 The Authors.Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of AREQ 2017. 

Keywords: Smart materials, Smart structural systems, Architecture, Innovative Design Paradigm 

1. Introduction 

Regarding to the fact that buildings form a part of the environment, therefore cause a larger part of environmental pollutions. 
A great attention has been given to the use of innovative smart materials to enhance environmental sustainability, the cost-
effectiveness, and security. New technologies and high-performance materials are being developed to meet these needs, offering 
creative and innovative solutions to long-standing problems especially negative impact on the environment. They all offer 
benefits, whether to structural stability, the environment or to the maintenance and repair process [1], which will affect positively 
on architectural design thinking. The major goal of researching smart materials is finding the new class of materials with the 
method, considered as a multipurpose material; what required for creative architecture and construction through sustainability. 

According to previous vision, this research focuses on smart materials, which could bring new possibilities and make dramatic 
improvements to construction and architecture innovation. The research will discuss and analyze the integration of smart 
materials technologies and architecture, which promises to transform architecture thought in ways we can hardly imagine today. 
It will bring a paradigm shift in building’s design and performance, it could be said that smart materials will create a new 
revolution in our built environment. Moreover; the research will explain its potential to make a huge impact on serving new 
architectural innovative design methodologies (Paradigm). 

 

 
* Corresponding author. Tel.: +201008750220 

E-mail address:drabeersamy@hotmail.com 

Available online at www.sciencedirect.com 

ScienceDirect
Energy Procedia 00 (2017) 000–000  

www.elsevier.com/locate/procedia 

1876-6102© 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of AREQ 2017. 

International Conference – Alternative and Renewable Energy Quest, AREQ 2017, 1-3 February 2017, Spain 

Smart Materials Innovative Technologies in Architecture; Towards 
Innovative Design Paradigm 

Associate Prof. Dr. Abeer Samy Yousef Mohamed* 
Department Of Architecture Engineering, Faculty of Engineering, Tanta University, Tanta, Post Code 31111, Egypt. 

Abstract 

Smart materials technologies are the key to 21st-century competitive advantage. Various building materials can significantly increase levels of 
functionality. “Smart Materials” will play critical role in building technology development; these materials that form part of a smart structural 
system, which has the capability to sense its environment, so smart materials can perform like living systems. Recognizing that the traditional 
partition between Materials Science and Architecture is obsolete, the study intent is to show how these two fields are intrinsically connected 
while growing ever more symbiotic as we progress into the future. The paper provides an analytical study of the types of smart materials 
available, giving a new insight into innovative methods and techniques that will give a new inspiration for architectural design, which the study 
will introduce “A New Innovative Design Paradigm”. 
 
© 2017 The Authors.Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of AREQ 2017. 

Keywords: Smart materials, Smart structural systems, Architecture, Innovative Design Paradigm 

1. Introduction 

Regarding to the fact that buildings form a part of the environment, therefore cause a larger part of environmental pollutions. 
A great attention has been given to the use of innovative smart materials to enhance environmental sustainability, the cost-
effectiveness, and security. New technologies and high-performance materials are being developed to meet these needs, offering 
creative and innovative solutions to long-standing problems especially negative impact on the environment. They all offer 
benefits, whether to structural stability, the environment or to the maintenance and repair process [1], which will affect positively 
on architectural design thinking. The major goal of researching smart materials is finding the new class of materials with the 
method, considered as a multipurpose material; what required for creative architecture and construction through sustainability. 

According to previous vision, this research focuses on smart materials, which could bring new possibilities and make dramatic 
improvements to construction and architecture innovation. The research will discuss and analyze the integration of smart 
materials technologies and architecture, which promises to transform architecture thought in ways we can hardly imagine today. 
It will bring a paradigm shift in building’s design and performance, it could be said that smart materials will create a new 
revolution in our built environment. Moreover; the research will explain its potential to make a huge impact on serving new 
architectural innovative design methodologies (Paradigm). 

 

 
* Corresponding author. Tel.: +201008750220 

E-mail address:drabeersamy@hotmail.com 

© 2017 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of the organizing committee of AREQ 2017.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.egypro.2017.05.014&domain=pdf


140	 Abeer Samy Yousef Mohamed / Energy Procedia 115 (2017) 139–154
2 Associate Prof. Dr. Abeer Samy/ Energy Procedia00 (2017) 000–000 

1.1. Research objectives 

This research aims to study the terms of smart materials and their impact on architecture to investigate the role and function of 
smart materials as a flexible approach in architectural materials in order to reduce energy consumption which will reduce 
environmental emissions from the construction. That aim was reached through the following objectives: 

 Study the relation between architecture and materials.  
 Classify smart (materials, structure, and system) into that taxonomy.  
 Analyze the properties and behavior of smart materials with an overview of smart (structure, system). 
 Show how smart materials and its Innovative technologies application can be applied in the architectural field.  
 Suggest the new Innovative Design Paradigm, the study introduce. 

1.2. Research questions &hypotheses 

There are many problems affect negatively on architectural design and creation, the progressive field of smart materials may 
help in:  

  Application of proper smart materials in architecture can influence operation and maintenance of the environment.  
 Applying smart materials in architecture to achieve new forms and new method, because refers to important issues such as 

smart materials and regarding the lack of using environmental pollutants.  
But through that it still questions about: 

 Does using smart materials leads to better quality of sustainable architecture?  
 Does using smart materials put the building in front of nature or along with it? 

1.3. Research methodology  

Through the suggested vision of research, the study will use deductive analytical studies for smart materials effect on 
architectural form elements and functions to answer the research questions. 

Based on the objective of this study to determine the application of smart materials in construction industry and architecture 
design creative paradigm, using analytical-descriptive methods, investigates various aspects of materials in construction and 
architecture then studies their effect on sustainable environment and reduction of pollution. 

2. Architecture Creation Through Construction Materials 

2.1. Architectural design process 

Architectural design is a continual process of selecting and organizing elements, trying to create a functional creative space 
[2]. Material and structural systems are sub-systems in this configuration, which link all systems together. Both variables 
influence the extension of the design process as a whole, and consequently, the architectural product. Therefore, the character of 
the architectural space depends on how things are done and formed, and hence it is determined by its structural composition of 
the substances and the used building materials, (table 1). 

Table 1: Interrelation in building design [2]. 

Interrelation in building design 

Environmental system Building system Human system 

Cultural context Physical 
context Building technology Internal ambience User requirements Client 

objectives 

social Climate Available resources Structural 
mass Organic Security 

Economic topographical Material equipment Sensory 
environment 
(lighting/ 
sound 
control/ 
heating/ 
vent 

Locational 
(static/dynamic) Profit 

Technological 

Constrains 

Structural systems 

Spatial 
The 

ability to 
change 

historical Services system 
political 

Fitting system aesthetic 
religious 

 Associate Prof. Dr. Abeer Samy / Energy Procedia00 (2017) 000–000 3

2.2. The dilemma of material impact on architecture (Materials considerations in architecture) 

The materials configure central stone of building construction; it is expected to benefit from modern technologies [3]. Material 
has been traditionally a follower to the form, mainly it changes the final image of the architectural product but it is not 
participating in an early stage in the design process itself. In fact, it appears that the hierarchical sequence “form–structure–
material” is dominated the design process from a perspective of building systems. But is it possible that material occupies a 
preliminary stage in the design process?  

The study of material structure and its role in creative design has become an important subject on both the professional and the 
academic levels. Researching and understanding the function of material in design has become an important element of the 
architectural knowledge base and one of its research areas. These research areas also include the techniques of manipulating 
representations of material structures, [4]. Lorraine Farrelly [5]; puts in her book "construction materials" a global layout, to 
explain the way materials have been used historically in architecture, and also give an awareness regarding innovations in 
material applications, see Fig. 1. 

 

	

	
 
 
 

Fig. 1. Construction materials layout, [2, 5]. 

The recent developments of material performance became a key driver of architectural design, new smart materials that start to 
appear in the architecture field which we can control and adapt its thickness, pattern density, stiffness, color, flexibility, and 
translucency, emphasizes this design approach, and it gives us new possibilities and potentials which affect the way we think [2], 
see Fig. 2. 

 
 
 
 
 
 
 
 
 
 

Fig. 2. Materials role in design operation 

2.3. New material requirements 

Architectural materials are generally deployed in very large quantities, and building systems tend to be highly integrated into 
the building to maintain homogeneous interior conditions. Materials and systems must also withstand very large ranges of 
transient exterior conditions. The combination of these two general requirements tends to result in buildings of high thermal and 
mechanical inertia.  

To achieve a specific objective for a particular function or application, a new material or alloy has to satisfy specific 
qualifications related to the following properties, [6]: 

 Technical properties, including mechanical characteristics such as plastic flow, fatigue, and yield strength; and behavioral 
characteristics such as damage tolerance and electrical, heat and fire resistance; 

 Technological properties, encompassing manufacturing, forming, welding abilities, thermal processing, waste level, 
workability, automation and repair capacities; 

 Economic criteria, related to raw material and production costs, supply expenses and availability;  
 Environmental characteristics, including features such as thermal comfort and proper lighting and avoid pollution; and 
 Sustainable development criteria, implying reuse and recycling capacities. 

If the functions of sensing and actuation are added to the list, then the new material/alloy is considered a smart material. 
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