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Introduction 

Hyper intelligent buildings are the future of 

architecture, as the computer revolution has 

touched yet another area of human society: 

our shelter. Intelligent buildings look like 

any other kind of building from the outside, 

but what makes them so special is that they 

use highly advanced computer technology to 

make all familiar aspects of the building (i.e. 

heating, appliances, lights, etc.) more 

convenient and efficient. 

 

Take commercial offices, for instance. 

According to Scientific American, the 

Japanese are developing the world’s first 

highly functional distributed system in 

which individual workers will be recognized 

by a central computer system as they 

arrive[1-9]. Then, the system will 

automatically open doors, serve 

refreshments, and regulate temperature and 

humidity for each worker. Although the 

visionary behind this project, Ken 

Sakamura, admits that this first building will 

be more of a showcase than a functional 

office building, he says that others will soon 

follow. 

Perhaps an even more important application 

of this technology will be in private 

residences.  

In an article in Business Week, Heather 

Millar describes the house of the future:  

 

 Instead of getting jarred out of bed 

by a blaring alarm clock, soft music 

from a compact-disc player nudges 

you into consciousness.  

 Your curtains glide open 

automatically to let in the light.  

 You crawl out of bed into a perfectly 

controlled climate.  

 In the bathroom, the shower is on, 

set to just the right temperature.  

 Downstairs, the coffeemaker has 

stirred to life. 

 

Of course, any discussion of technologically 

advanced homes would be incomplete 

without a description of one of the most 

technologically advanced private residences 

on earth: Bill Gates’house[10-15]. In 

describing the home, Newsweek wrote: 
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“Like the TRON Hyper Intelligent Building, 

which was scheduled to be built between 

1997 and 1998, Gates’ house requires the 

people living inside it to carry an electronic 

identifier. But while the TRON building will 

require a card, Gates simply gives you a pin 

to attach to your clothes[16-19]. This pin 

tells the house where you are, so it can 

adjust lighting, temperature, etc., as you 

move about. Additionally, music or 

television shows can move with you. 

High-resolution monitors will replace the 

archaic frames we all hang on our walls.” 

 

Business Week writes, “Why are these 

gimmicks the way of the future? Well, first 

of all, investors (who make their living by 

predicting the future) are rapidly pumping 

vast amounts of money into intelligent 

building research.  

 

Manuscript  

Increasingly smart, better connected, self-

monitoring homes and offices provide 

safer, more secure, low energy 

consumption buildings able to self-manage 

heating, lighting, security and air-flow  

One of the much discussed, but yet to be 

realised, dreams for architects, engineers 

and progressive developers in the idea of the 

zero-waste, zero-energy building: One 

which, in use, has zero net energy 

consumption and zero carbon emissions. As, 

operation accounts for 85% of the total 

whole-life energy consumption and 

buildings account for the majority of global 

CO2 emissions, this would be a big step 

forward[20-26]. Alongside the design of an 

office, home or factory, and the materials 

used in its construction, a pivotal enabling 

issue in this aspiration is the idea of having 

intelligent buildings – ones which adopt low 

and high tech methods to ensure optimum 

management of resource. With major 

advances taking place across the ICT field, 

increased integration of control systems and, 

in some markets, regulations for the roll-out 

of smart meter systems, all the ingredients 

for the high tech option are coming into 

place.  

With several countries such as South Korea 

taking the lead, smart homes that control 

energy, ventilation, communication services 

and so on are starting to be built. By 2020, 

many see that the  majority of new buildings 

being constructed around the world, and 

many that are being refurbished, will be 

increasingly intelligent and so provide a big 

push towards the zero energy building that 

so many are aiming for. 
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Today 40% of the world’s raw materials go 

into buildings and in the U.S. they already 

represent 70% of total energy use, of which 

around half is wasted. In the EU, where air-

conditioning is less prevalent and the 

average home is smaller, buildings currently 

account for 40% of energy end-use. A recent 

report from the SMART programme 

forecasts that, with increasing urbanization, 

worldwide energy consumption for 

buildings over the next 20 years will grow 

by around 45%. The challenge has therefore 

become increasingly clear and action is now 

finally being taken: While the concept of the 

intelligent building has been around for 

several years now, as we move towards 

delivering the reality, there is increasing 

alignment around what it is and what it can 

mean. 

With a vast array of organizations from the 

EU and the city of New Delhi to IBM and 

Cisco all pushing towards the realization of 

the intelligent building, there is a growing 

wish-list of the capabilities that they will 

have. Most agree that, at the core, is a 

networked digital control system that will 

manage a host of services in the most 

sustainable and economical manner. On top 

of that backbone we have the ability to 

manage and control energy and water 

provision and consumption, heating and 

ventilation, lighting, building access as well 

as options such as surveillance and even 

tracking of people and things within the 

building[27-29]. Some even see that, as part 

of new tele-care and tele-heath systems, 

buildings will soon have a major role to play 

in healthcare and be a key component to the 

roll-out of automated people care. 

As IBM views it, “thousands of sensors can 

monitor everything from motion and 

temperature to humidity, precipitation, 

occupancy and light. The building doesn’t 

just coexist with nature – it harnesses it. 

Smart buildings can reduce energy 

consumption and CO2 emissions by 50% to 

70% and save 30% to 50% in water usage.” 

The SMART 2020 programme, which looks 

at both technological and social change 

around carbon emissions, sees that smart 

buildings and accompanying smart grids 

will save around 4Gt of CO2 equivalent 

emissions in 2020. 

By bringing together ubiquitous computing 

and ‘The Internet of Things’ into the built 

environment, sensors and embedded micro 

and nano control systems can effectively 

make the intelligent building and all its 

services into  high tuned machine just like in 

a high performance vehicle. The majority of 
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energy, ventilation, access and water devices 

will have embedded RFID chips and SIM 

card and so become intelligent objects 

within a wirelessly connected environment. 

Clearly the volume and complexity of all the 

information generated by the different 

systems within each building will be 

significant, but with the ever increasing 

availability of cheap processing capability, 

most experts in the field do not see this as a 

barrier[29-32]. What does raise concern are 

issues such as conflicting standards in the 

construction industry, differing opinions of 

the best solutions, a lack of financial 

incentives for building owners to invest in 

smart technology and the generally slow 

response of the building sector to change. 

However many see that progress is on the 

cards and momentum for change is itself 

building. 

A critical element in all of this is the role of 

smart meters which are being introduced 

across many parts of the developed world 

over the next decade. In the EU smart 

meters are seen as pivotal to meeting the 

energy consumption targets that have been 

agreed for 2020[30-31]. Wirelessly 

connected to both utility suppliers and home 

management systems these will not only 

measure instantaneous energy and water 

consumption but also be able to provide 

pricing information to help building owners 

and occupants tailor supply and demand. 

With their ‘bi-directional communication 

capability’ that will enable utility companies 

to undertake better demand side 

management, these smart meters also open 

the door to the idea of smart grid where 

energy is sent to, from and between different 

locations. With each building effectively 

acting as an active node in a grid, local 

energy production and storage can become 

far more efficient and consumption peaks 

and troughs can be smoothed. Taken in 

conjunction with more distributed sources of 

renewable energy supply such as wind, solar 

and biomass, the smart grid and intelligent 

buildings can really make a difference in 

energy consumption and sustainable living. 

As part of the Future Agenda project a team 

of postgraduate student at the Royal College 

of Art designed a localized smart grid 

system ‘Just Energy’ that showed how this 

concept may look and feel in reality by 

2020. 

On top of the functional side, many 

architects and engineers are also very keen 

that future intelligent buildings are also 

better places to live and work in: They 

should be “safe and secure” but also 
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“comfortable and make us feel happy and 

valued.” The regulatory actions already 

undertaken will ensure that in many 

markets, the ability for more of the 

infrastructure to become more ‘intelligent’ 

in the way that utilities, communications and 

access are managed. The challenge will be 

for us and individuals to both change our 

consumption behaviours many of which 

conflict with improved efficiency, while at 

the same time, preserving – and ideally 

enhancing – our ability to get the most out 

of our buildings. 

The average building is around for 60 years 

so whole-scale change towards the zero 

energy ambition will take far longer than ten 

years but, through a combination of retrofit 

and new-build, over the next decade, many 

are positive about progress in developed and 

developing markets.  Indeed some suggest 

that, linked to the roll-out of high speed 

broadband, developing countries could again 

use intelligent buildings as another leap-frog 

opportunity over developed economies with 

more of a legacy infrastructure. 

The Realization of Hyper Intelligent 

Buildings  

Ten years ago, conversations about 

intelligent buildings included phrases like 

"what if" and "in the future." Today, the 

same excitement permeates, but talk of 

intelligent buildings is no longer about the 

potential - it's about the reality.  

Thanks to a few courageous building owners 

and developers in North America and 

overseas, the real estate industry is 

beginning to catch a glimpse of what's to 

come. Ask the pioneers involved in these 

projects to provide a firsthand account of 

their experiences and you'll hear how the 

design, construction, and operation of 

intelligent buildings requires a new 

approach, innovative strategy, and a team 

with different players.  

Widespread adoption of intelligent 

technologies can mean only one thing for 

the real estate industry: transformation. 

Defining Hyper Intelligent Buildings 

 

Not even Google can give you a 

straightforward answer to the question, 

"What is an intelligent building?" While no 

standard, agreed-upon definition exists, most 

attempts have several things in common. 

Intelligent buildings: 
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 Integrate disparate building systems 

so they can be controlled by a 

centralized common user interface. 

 Use a shared network for all 

building-system communications. 

 Are high-performance buildings that 

provide significant benefits to 

building owners, property/facility 

management professionals, and end-

users. 

 Maximize building performance and 

efficiency by integrating building 

systems such as lighting, HVAC, 

safety, power management, security 

(access control, video surveillance, 

and visitor management), etc. 

 Use technology and strategies that 

add long-term, sustainable value to 

the property. 

 not all or nothing, which is 

frequently the perception." 

Intelligent buildings successfully merge 

building management and IT systems to 

optimize system performance and 

simplify facility operations. Integration 

greatly reduces the expense and 

frustration associated with installing and 

operating multiple autonomous building 

systems. 

 

Benefits and Capabilities 

Because we are only at the onset of 

implementation, it's impossible to know all 

the ways in which intelligent buildings will 

benefit owners, property/facility 

management professionals, and end-users. 

The experiences of early adopters, however, 

have uncovered the following advantages. 

Tenant attraction and retention. 

A significant benefit to the building owner is 

the expectation that intelligent buildings will 

get above-market rents, have lower vacancy 

rates, and reduce turnover.  

Lower operating costs. 

Because integrated buildings are also 

efficient buildings, operating costs are 

significantly lower. More accurate 

monitoring and control of energy-intensive 

systems like HVAC and lighting help keep 

costs in check. At the entirely new, 500,000-

square-foot campus of Ave Maria 

University, during the design phase, 

consultants overshot the estimate for the cost 

of operations (including staff and building 

costs) by $600,000 per year. "I'm operating 

at about $3.15 per square foot for utilities 

across the board. The estimated cost was 

between $3.60 and $4.25, based on our 
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architecture. That's including the outside 

utilities as well," says Mehaffey. Here, 

integrated systems made a bankable 

difference. 

Energy metering. 

"It's very, very common in buildings to have 

no information, other than the electric bill, 

on electrical distribution and electrical 

metering," says Ehrlich. This is an area 

where intelligent buildings really shine. 

Integrated systems can track and 

automatically invoice tenants for their 

energy use. At Ballantyne Village, a mixed-

use (retail, office, entertainment) facility in 

Charlotte, NC, intelligent-building systems 

enable energy sub-metering, and tenants are 

re-billed for the precise amount of energy 

they use - all without the need for the power 

company to install and monitor individual 

meters. 

Fast and effective service. 

Intelligent building technologies give 

building management professionals the tools 

they need to better serve tenants, occupants, 

and users[31]. Accessing building systems 

via the Internet makes it easier for facilities 

professionals to answer questions and 

monitor building performance off-site. 

Problems are identified early and solved 

immediately. "It's a really fabulous tenant 

relations/property management tool," 

explains Nancy Cleveland, senior vice 

president and director of sustainability, BPG 

Properties Ltd. 

Tenants can file work orders in a Web-based 

tenant services system. The Irvine Co., 

owner of One America Plaza in San Diego, 

is using its building-owned wired and 

wireless network to better service tenants in 

its 600,000-square-foot, multi-tenant 

skyscraper. Engineers carry Web tablets and 

pocket PCs to eliminate much of the 

paperwork typically associated with work 

orders, and to accelerate their response time. 

Simplified property management. 

At Ave Maria University, maintenance 

crews don't take pressure readings or adjust 

valves by hand. Adjustments are made from 

the network operations center with a few 

simple keystrokes. The result is a leaner 

facility management operation. Support for 

the university's optical transport backbone, 

the voice/data network, two data centers 

with approximately 75 servers, a $23 million 

chiller plant, access control, audiovisual, 

cable television, and power management is 

managed by a team of eight, including 
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Mehaffey. Only two of those people are 

exclusively responsible for the facilities-

related systems. 

Enhanced life safety and security. 

A fire situation is perhaps the most 

commonly cited example of how integrated 

systems are beneficial. The alarms sound 

and other building systems begin to react: 

Exhaust dampers open, the IP paging and 

intercom system issues instructions to 

occupants, the access-control system 

unlocks doors for evacuation, and CCTV 

cameras provide emergency responders with 

a view of the fire.  

Intelligent buildings offer life-safety 

enhancements in other emergencies as well. 

An earthquake sensor or signal from the 

national geological service can be connected 

with building systems for facilities in 

seismic zones. "In the event of an 

earthquake, an integrated building can 

automatically shut off gas lines, shut down 

computers, and automatically notify 

occupants of the earthquake," Ehrlich says. 

Security becomes mobile in intelligent 

buildings. Wireless surveillance cameras 

and a Web-enabled security system at One 

America Plaza allow guards to view live 

video from a laptop or pocket PC.  

Anticipation of future technology. 

While no one can foresee where the future 

of technology is going, experts predict that a 

building with an IP backbone will be ready 

to support almost anything that comes onto 

the market[32]. And, with tenant needs 

changing, it's important to have a building 

flexible enough to adapt quickly.  

1000 Continental, a 200,000- square-foot, 

Class-A office building in King of Prussia, 

PA, was built by BPG Properties Ltd. with 

an enhanced IP core and shell. In that 

building, adding services for a tenant is 

simple. Assuming that a space is already 

built out, a tenant can move into 1000 

Continental and have voice, data, and 

communication systems up and running 

almost immediately - forget waiting 30 to 45 

days for a telecomm provider[33].  

Additional revenue. 

Intelligent buildings can offer tenants wired 

and wireless high-speed Internet, and other 

communications services that will maximize 

the building's revenue per square foot. One 

America Plaza provides free Wi-Fi as an 

amenity to all tenants and visitors, and offers 

International Journal of Pure and Applied Mathematics Special Issue

1730



bandwidth as a fourth utility. The facility's 

Building Optical Network enables tenants to 

purchase bandwidth of up to 100 megabits 

per second (60-times faster than a typical T1 

connection). Wi-Fi, integrated paging, 

Bluetooth, digital signage, and rich media 

communications can be made available for a 

fee (or free) to differentiate the building. 

Single point of contact for requests. 

Since the technology and systems 

engineering department at Ave Maria 

University handles both IT and facility-

related services, students and faculty aren't 

confused about who addresses their 

problems. "If they need their ID [smart] card 

fixed or their laptop repaired, they go to the 

same shop. If they're locked out of their 

rooms or can't get on the Internet, they come 

to the same place to get support," explains 

Mehaffey. "That's created a quality of life 

for students that have been extremely well 

received."  

Environmentally friendly. 

Careful measurement and monitoring of 

energy use for the purpose of reducing 

consumption is a hallmark of green and 

intelligent buildings. While it's possible to 

have a green building that isn't intelligent 

(e.g. using recycled carpet, low-VOC 

products, etc.), because of the efficiencies 

that smart technologies provide, all 

intelligent buildings are some shade of 

green. For example, at 1000 Continental, a 

daylight-harvesting system could work in 

concert through the IT backbone with 

interior lights and occupancy sensors to 

provide optimum light levels and save 

energy use. 

Conclusion 

This study has set down the foundation for a 

meticulous examination of intelligent 

buildings and sustainability in the built 

environment context. The development, 

which will result from this research, shall 

help establish a relationship between 

sustainability and intelligent architecture. 

From a practical perspective, it provides a 

way for developers or design teams to value 

sustainability of intelligent systems and lay 

emphasis on a sustainable design strategy. It 

can help set up industry standards in the 

future, which clients can refer to and decide 

the best suited intelligent green design for 

their organizational needs[34-36]. It will 

also help enhance the productivity and 

effectiveness of organizations by optimizing 

energy consumption, increase user 

satisfaction, minimize operating costs, and 
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address key environmental issues. Owing to 

the continuous, evolving technological 

progress that intelligent buildings are a part 

of, this subject area warrants further 

exploration. 
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