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An intelligent building is one in which through the design, planning, construction, and the use of adaptive computer technology has taken into account and used the latest in technology and innovation allowing systems to sense and respond to internal/ external stimuli and respond accordingly.  Efficiency is a key word in an intelligent building.  From start to finish, including design, construction, usage, future uses and renovations the process should be streamlined.  The systems used should also be as efficient as possible.  In order to maintain this efficiency, sensing becomes a very integral part of these intelligent systems.  If a building is able to sense what is going on around it, it can react and adjust to minimize unnecessary consumption and losses.  These buildings must also have a certain amount of flexibility.  They must be flexible in a sense of reacting and understanding the need at the specific time.  Intelligent sensing again helps with this.  As new technology emerges, a need to be able to upgrade in order to truly remain “intelligent” is required.  Control systems are also an important part of these buildings.  Whether they are networked or have a local control system, manipulation, whether done by the system itself or by a person, is very important.  

An intelligent building will lead to many benefits for the owners, patrons, and the environment. Minimizing consumption and optimizing usage will lead to many positive environmental implications.  “Green” buildings are a sub-genre of intelligent buildings, in which the intelligence is geared towards environmental optimization.   Things like day light harvesting and the use of occupancy sensors and solar panels, among many others, are what help green buildings achieve these savings. With an environment growing in sensitivity due to global warming and perhaps other factors, intelligent green buildings will soon become a necessity.  Higher efficiency leads to positive environmental implications as well as dollar savings.  Construction will be cheaper and done quicker.  Reduced costs, better usage of space, will yield overall better buildings.  Intelligent buildings are also easier to use.  Patrons will have more time freed up to get work done instead of dealing with building systems.  This will increase productivity and provide a better working environment.  An employee using space in a building is the most expensive part of the building.  That being said, owners will be surely be happy to increase productivity.  With all the positive aspects induced by an intelligent building, it seems like the logical way to build, however there are many obstacles that must be take into account.  

When a new technology emerges, often times there is a lag in its usage due to the fear of the unknown and unproven.  Intelligent buildings seem to be currently stuck in this hole.  The technology is ready and waiting, however expensive up front costs and the fact that they have not yet been proven to work in the field, steers builders in other directions.  A few major projects must be constructed “intelligently” and proven successful in order for the mainstream to follow.  Another issue is the cost.  Although savings are proven to accrue over time, it is sometimes a few years before these savings can be realized.  This is also a difficult decision for builders to make which often time is enough to steer them away from intelligent designs.  

As previously stated, sensing is an integral part of intelligent design, and in the future may be the most defining factor of an intelligent building.  Sensor technology has made very big strides forward recently.  Sensing nodes can now be put into place to collect data and remotely send it back to a sink where the data can be collected and analyzed.  The applications range widely from the sensing of forest fires to the analysis of bodies in a room for HVAC.  The sensing technology is ready for full integration into the field.  However, one huge drawback is the methods of powering these devices.  Current methods involve the use of batteries, which are large, heavy, and have a short lifespan.  In order for sensor nodes to reach their full potential for intelligent b[image: image1]uilding or any other applications, alternative power methods must be used.  These new methods must allow the sensors to be completely self sustaining for a long period of time.  There are many different methods currently being explored, including novel power reservoirs, power distribution, and power scavenging.  Power scavenging seems to be the most applicable to these sensor nodes because they collect energy from the environment and convert it into electricity to power the sensor nodes.  Photovoltaics, temperature gradients, wind flow, human power, and vibrations are the most common forms of power sensing. These power scavenging micro-electromechanical systems are completely self sustained on the sensor node itself.  It seems that each will have its applications to sensor nodes based on the individual sensor type. 
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Photovoltaics, or solar cells, convert solar energy into electricity.  The sun, the most abundant power source, showers the earth with 100mW/cm^2.  Current technologies are capable of harnessing 15%-20% of this power under direct lighting conditions.  This technology can also harness lighting from man created sources, but with less power output and a conversion efficiency of about 10%.  With these efficiencies, power densities range from 10-15 mW/cm^2.  These solar cells can be placed in series to create whatever voltage is required, however taking up more space.  These systems can provide a fairly steady DC power output however their reliability is a direct correlation to the amount of sunlight, which is always variable.  Since the sun cannot always be counted on, these systems will find more applications as a secondary power source, or where a power reservoir, along with smart wake up techniques can be used.  They can also be used to recharge a battery source. 
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Temperature gradients, also known as heat engines are systems in which ambient heat is used to create electricity. The determining factor to produce energy in these systems is a temperature difference between two separate parts of the system.  Purely high temperatures alone will not create the energy.  These efficiencies are lower than solar cells, but can under the right applications, say heating vents or near a big load, can provide constant power.  Power efficiencies correlate to the Carnot efficiency but tend to be around 1.6%-3.3%.  Upon further work, and with higher efficiencies, these systems will find plenty of applications for nodes in places with high temperatures.  Separating the different temperature regions on such a small scale proves to be difficult for MEMS heat engines.  

Wind flow can also be used as a natural source to scavenge energy.  Large scale windmills can achieve efficiencies of up to 40% however; small scale systems used for these types of applications are currently in development.  Small scale devices are expected to yield efficiencies ranging anywhere from 5%-20%.  These systems will once again be application specific as a constant wind source is necessary.  HVAC ducts seem to be a perfect application for a wind flow power generation system for a sensor node.  

Systems working off ambient vibrational energy have also been explored.  Most buildings, bridges, and highways vibrate consistently.  Areas nearby generators and fans will always vibrate at a steady rate.  For these reasons these systems could be a very attractive method to powering sensor nodes.  Existing systems have produced 100’s of mW/cm^2 and as they get smaller in size, efficiencies seem to rise.  One downfall of these systems is that they need another component to clean up the energy created.  Power is used to clean up the signal which causes levels of efficiency to decrease.    
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Through its natural functioning, the human body creates approximately 10MJ of energy.  Research has been performed to see if this energy could be harnessed.  It has been found that the heel striking the ground produces the highest amounts of energy.  Systems harnessing heel strike energy have produced up to 330 mW/cm^2.  Applications of these systems for intelligent buildings will be limited as the device must always be located on the body.  Perhaps a sensor sending body comfort information can control an employee personal environment system to increase productivity.  A negative aspect of this system is the difficulty in transporting the energy created to wherever the load may be.  

The last energy scavenging system being looked at has many road blocks.  Radio frequencies are constantly traveling through the air and thus can be used to provide power.  Having a cluster of nodes powered by this method would invoke problems with interference.  Depending on the direction of propagation of the incident RF wave, the first nodes would absorb the wave and leave no power for the rest.  Also, important RF signals could be absorbed by sensor systems for power purposes and never complete their intended tasks.  Power densities would also be low through ambient RF, so a lot of absorption of signals would have to occur to power a node.  A way around these problems would be a specific frequency with high power emitted solely for the purposes of powering nodes in a localized system.  However, the amount of power that could be transmitted is limited by the FCC.  

Sensor nodes will definitely be a large part of an intelligent building.  In order for a system to respond to its surroundings, it must know what is going on.  The sensing technology is ready for integration into these systems; however the powering techniques are not quite ready.  As these systems progress, conversion efficiencies and power densities will increase, and these systems will be fully self contained.   They will also have to overcome reliability issues, and resistance to wear over time. Work is currently being done in order to quickly close this gap, and soon intelligent buildings will sense their entire surroundings.  


Once these sensor nodes can be completely self-sustainable and self-powered, the concepts of an intelligent building will go beyond an idea and into a standard.  A building that can thoroughly sense and understand its surroundings, mixed with adaptive computer technology will be characterized as intelligent and will serve to create a cleaner more efficient and productive environment. 
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