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The fundamental notion of ‘smart’ in building materials discourse is responsiveness—the ability of materials to react to

environmental stimuli by manifesting a noticeable physical change when there is a difference in the conditions of their

immediate surroundings. This notion, however, is also interchanged with ‘intelligence’, which involves an array of control

protocols. Notwithstanding, both notions are used synonymously and as occupant comfort and energy efficiency strategies

in buildings. 
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1. Introduction

The primary notion of smart and smartness in building materials discourse is responsiveness—the ability of a material or

system to react to (environmental) stimuli by manifesting a noticeable physical change when there is a difference in the

conditions of its immediate surroundings . Inspired by the need to find alternative solutions to the issue of energy

consumption by exploring the properties of (building) materials, the notion provides an efficient means to manage energy in

and around buildings , which has not changed since the energy crises of the 1970s and is still dependent on the

combustion of fossil fuels. In fact, coal, oil and natural gas currently make up about 80% of today’s energy use globally .

Energy, which is linked with all aspects of development and has a tremendous impact on the wellbeing of urban citizens’

health, education, productivity, as well as economic opportunities, mainly comes from fossil-based sources , and the

building industry, with its complex matrix of houses, factories, offices, schools, roads, bridges and parks, is one of the

biggest consumers in the world, accounting for about 40% of energy consumption globally .

The resulting consequences of this combined with the increased awareness of climate change and other environmental

concerns are empowering innovative solutions that seek to improve quality of life while being environmentally friendly. In

fact, it is now possible to satisfy and eventually reduce the energy demands of buildings with less carbon-intensive

approaches through advances in the realm of building physics, new technologies and materials science , among which

advances in materials would make the most impact since it has the most direct influence on buildings. Eight trends have

been identified that are inspiring the new material science research directions . They include:

Green materials (materials that can be reused with no adverse effect on the environment)

Fashion materials (materials developed for their aesthetic appeal)

Security materials (materials that provide increased resistance against storms/natural disasters as well as detection and

alert systems)
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Modern materials (referring to style genres—modern design, based on the use of new materials and processes)

Digital technology materials (materials aligned with technological fabrication processes otherwise difficult to realize)

Biomimicry (materials that imitate nature/natural processes)

Nanotechnology (materials used at atomic scale for industrial purposes)

Intelligent materials (materials that are responsive to external stimuli)

Intelligent materials have been described as being imbued with built-in sensors, actuators and control mechanisms able to

detect stimuli, respond to it and then revert to its original state as soon as the stimuli is removed . Intelligence has also

been used in connection with buildings since the early 1980s, with the first definition given by the Intelligent Buildings

Institute as “one which provides a productive and cost-effective environment through optimization of four basic elements:

structure, systems, services and management, as well as the interrelationship between them” . It uses computer

technology to provide a more efficient environment by enhancing the connection between a building’s form, flow,

mechanical and electrical services, as well as its operation . Thus, intelligent buildings adjust basic elements to meet

user requirements using computer technology to make the communication between the elements possible. They are able to

recognize stimuli (by acquiring information from the environment), discriminate (making good judgment by analyzing

recognized stimuli), and then adjust accordingly (making regulated or controlled responses to stimuli received)  by

using computers and electronic technology systems. However, a common factor with all electronics, computer technology

control systems, machines and any material with an electrical control need, is the provision of power. No matter how small,

direct or distributed a component may be, electricity must still be supplied. If the device is made smaller, its power needs, in

terms of both voltage and current, are reduced accordingly, but traditional power sources, which mostly come from fossil

fuel combustion, cannot be correspondingly reduced .

With smart materials, however, the response ability to the received environmental stimuli is embedded in the material itself,

requiring no external control system. Smart materials will exhibit the characteristics of immediacy (respond in real-time),

transiency (respond to more than one environmental state), self-actuation (triggered discernment internal to, rather than

external to, the material), selectivity (respond in distinct and predictable way), and directness (respond head-on to the

stimuli) .

Indeed, while the responses of smart materials and systems come direct from the material itself and are reversible and

predictable, it is practically impossible to have intelligence without (additional) computers and electronic technology (control)

systems , which require a constant supply of energy, currently mainly sourced from the combustion of fossil fuels,

which exacerbates climate change.

Both notions (of smart and intelligence) have also been combined in some instances as hybrid systems, with computer

intelligence connected with smart materials to provide occupant comfort and efficient ways to manage energy. In fact, one

of the first uses of the term “smart” in association with buildings was in connection with improved sensor-based monitoring

and control systems for “intelligent” regulation of the indoor thermal environment of a house, which was imbued with

computer intelligence along with miles of wiring and walls that concealed a household-wide skeleton of pipes to facilitate the

distribution of data throughout the house .This hybrid system also promises to solve many of the issues associated with
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progressive urbanization, such as traffic congestion and strains on energy and water systems, amongst other things,

through digitalization, with the use of computers and the internet. As a result, several highly innovative information

technology companies, including IBM, Cisco, Telekom, Siemens, Toshiba, and Google, along with public utilities around the

world, are actively investing in what has been termed “smart city development.” Indeed, the socio-political requirements for

energy management as a result of the energy crisis, and the possibility of interconnectivity within the internet of things (IOT)

framework, are inspiring the transformation of urban centers into smart cities , and “…technology enabling data capture

and analysis, connectivity, monitoring and control is becoming the new baseline for smart buildings” . However, as far as

the preservation of energy and the conservation of the environment are concerned, computers and the associated

infrastructure facilitating communications between them, are a huge part of the problem. Receiving, analyzing and

processing data requires a great deal and constant supply of (additional) power. Buildings are already huge energy

consumers. Why make a case for additional energy, only to justify its management and efficient use? Even if alternative

energy is used to satisfy this ‘additional’ power, how much of it will be left to substitute current fossil fuel sources? Indeed,

although information technology (IT) is transforming the way we create and interact with buildings, their energy, as well as

associated operational requirements, cannot simply be overlooked.

2. Smart and Intelligence in Building Materials Discourse

The energy efficiency and comfort strategies concerned with intelligence involve machine components of learning and

control algorithms, actuators working under a governing central intelligent system, an integrated system of sensors

complementing each other, as well as integrated circuits to help increase the accuracy of measured data and convert the

same into digital signals that can be transmitted wired or wirelessly to a control system. These control systems require the

application of information and communication technology (ICT) to facilitate the implementation of advanced sensors and

control algorithms. Thus, the measure of energy efficiency and comfort is largely dependent on the degree or level of

automation and sophistication of the control system, which has also been described as complex and expensive, requiring

high operational energy and a payback period, in some cases, of up to 20 years.

So-called ‘hybrid systems’ featuring human-in-the-loop approaches enabled by human-centric computing, smart devices

and machine components of intelligence complementing each other have been suggested. However, the machine

components still require continuous monitoring technology, computers for supervisory control, and other associated

hardware, including data transmission systems, which would consume power, increase equipment costs and decrease the

overall system efficiency. Consequently, systems with zero additional energy demand remain the best approach to the issue

of energy use, and passive systems were identified as meeting these criteria, with smart materials able to respond

independently to environmental stimuli without any external or induced input. Additionally, their installation is easy and

reliable. However, direct user control according to occupant/user preference is not possible. Indeed, while smart/passive

systems comprise advanced materials with multiple functionalities able to respond to the emerging environmental-energy

problems in the society, it is practically impossible to have intelligent/hybrid/active systems without additional computer

control and its resulting implications. Moreover, user control (an identified problem with smart systems), still presents a

problem in intelligent systems, with some occupants still reporting feeling uncomfortable with the deployed optimized

solutions, especially with mechanical heating, ventilation and air conditioning (HVAC). Studies reveal that as many as 43%

of occupants are actually dissatisfied with mechanical HVAC, and 56% to 89% of government workers regard it as a

problem in Europe and the US , and thus a mismatch between building systems and occupant comfort. Since energy

savings in intelligent systems are largely determined by the degree of automation of the control system, and system
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performance depends on user behavior or acceptance, the personal preferences and requirements of each user would

need to be taken more into account when optimizing control algorithms to achieve better system performance and thus

higher energy savings. This, however, still presents a problem, because occupant behavior is not a precise and quantifiable

science. Even with passive sensors (widely used because they are cheaper and consume less energy than active ones), an

external power source is needed, ‘false-off’ readings may also occur frequently in systems as sensors may fail in detecting

a stationary body, and so on . Generally, now, building occupants actually accept a larger range of temperature variation

in naturally ventilated buildings than in computer controlled air-conditioned ones .

3. Summary

It was found that both notions were often used interchangeably even though they have distinct implications. On the one

hand, while smart materials could be connected to computers to provide building occupants with control, the resulting

intelligence, on the other, adds complexity to the system and ultimately increases the demand for energy. It has been

argued that this ‘additional energy’ could be supplied from renewable sources. However, renewable energy systems still fall

short because of their high upfront cost, intermittency and general low capacity. Additionally, sensor feedback is necessary

to deploy comfortable solutions and energy savings in intelligent systems, but only after they have ‘sensed’ or detected all

environmental variables. Monitoring, calculating, analyzing and transmitting all this data across a range of users with

different needs would consume a lot of power, increase equipment as well as associated (installation) cost, and decrease

the overall system efficiency. Consequently, until the global community finds more considerable alternatives, focus and

attention should indeed be on zero energy demand technologies and systems.

Buildings remain the biggest energy consumers in the world, and thus present a huge opportunity for significant savings in

global energy use, especially when the focus is shifted to address the issue from the point of demand. With smart materials,

the requirement of zero additional energy demand and occupant comfort can be achieved without the need for computer-

controlled intelligence. In fact, the current study revealed that while smart materials and systems independently manifest

direct responses to external stimuli by altering their physical state and reverting back when the stimuli is removed,

intelligent materials and systems provide occupant/user control of the environment and technological appeal, rather than

comfort and energy efficiency. The prevalence of information and communication technology, interconnected devices and

IOTs, enabled by even faster internet speeds, inadvertently positioned intelligent buildings as the next logical step in the

evolution of buildings, and is now gradually expanding the current approach to building design to include automation and

computer-based (control) systems, which will require machine learning and human-in-the-loop approaches with computers

able to predict behavior and deploy solutions after close monitoring.

The world is experiencing an increase in energy demand. From energy use charts, energy use is on the increase, and this

is largely due to the demand from electrically powered technologies that are presented as clean or efficient. The current

study makes the case that focus should be on reducing or eliminating demand altogether with less pressure on existing

sources of energy production. Thus, when assessing the key challenges of buildings in making them truly smart, the focus

should be towards zero additional energy. Interventions in old and new buildings alike can come in the form of advanced,

high-performance, passive smart materials that use their (material) properties to respond to the changes in their

environment, resulting in significant energy savings by eliminating demand and ensuring overall occupant comfort. The

approach to design and overall solutions to environmental problems should be region specific. Technology is not a one-stop

approach to issues, and the ‘one size fits all’ approach is no longer feasible. Instead of changing energy use, the focus
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should be on eliminating demand altogether. The properties of existing advanced smart materials with multiple

functionalities can be further modified so they are able to respond to the emerging environmental-energy problems in our

society.
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