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1. Introduction
Scientists, ecologists, and environmentalists all agree that humans’ exploitation of the environment is leading to problems such as ozone layer destruction, acid rain, and global warming.  Some ways humans exploit the environment are by emission of carbon dioxide, over-consuming energy, and over consuming natural resources.  All of these environment exploitations are directly related to building construction [1].

Energy efficiency means using less energy for heating, cooling, and lighting. It also means incorporating different methods to ensure that energy is conserved.  Energy-efficiency applies to everything from the building envelope, which includes energy efficient windows, insulation, foundation, and the roof, to appliances, lights, and air-conditioning systems. It also applies to space heating and cooling systems, which are aided through the use of automated controls, ventilation, improved duct systems, and other advanced technologies. Energy efficiency can also apply to water heating when combined with water-efficient appliances and fixtures that will save water, energy, and money.  The building envelope includes everything that separates the interior of a building from the outdoor environment, including the windows, walls, foundation, basement slab, ceiling, roof, and insulation.

The influence of the building envelope, the heating, cooling, and lighting systems is analyzed in this work. The material has been taken basically from projects developed by graduate students as a requirement of the course “Developments in Construction Technologies” imparted in the Department of Construction Management at Florida International University.
2. 
Building Envelope
The building envelope is the combination of materials that surround the interior space where people live including walls, floors, ceiling, roof, windows and doors. The quality and integrity of the home’s envelope greatly affects the comfort and cost to operate the building itself.

Large amounts of heat loss can arise if the foundation of a building is not properly insulated.  The lack of insulation can also make below grade rooms uncomfortable. Foundation insulation can result in lower heating requirements and may help avoid water vapor condensation problems. However, a poorly designed foundation insulation system can cause many problems such as radon infiltration, moisture problems, and insect infestation [2]. 

Among the many characteristics of insulating materials, one of the most important is thermal resistance, since that will determine the required thickness. Other important characteristics are: moisture resistance, fire resistance, potential of generating toxic smoke, physical strength, and stability over time.
The U.S. Department of Energy has established the recommended total R-values for existing houses, dividing the country in six regions, as can be seen in Figure 1. Table 1 shows the recommended values for the State of Florida [3].
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Figure 1. Recommended Total R-Values for Existing Houses
Table 1. Example for the state of Florida. 
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2.1.  Roofs, Floors and Walls

The following recommendations should be taken into account [4].
· As much as possible, a continuous, unbroken layer of insulation should surround the building. Roofs in commercial and industrial buildings are generally flat and the insulation can be either on top of the roof deck on resting on the suspended ceiling.

· Insulation is not required under a slab-on-grade except around the outside edge. Rigid insulation should extend down to the frost line or an equal distance sideways.

· Buildings with sloped roofs and unheated attics should have their insulation on the ceiling and not on the roof. If there is a crawl space, then the floor should be insulated.

· In residential construction, the use of 2x6 rather than 2x4 studs should be considered. This not only permits the use of thicker insulation, but it also reduces the heat bridges created by the studs.

· Movable insulation is a present-day practical technique. Drapes with thermal lines are very appropriate since curtains of some kind are often specified anyway for aesthetic and lighting reasons. With insulating foam of reflective liner, drapes can increase the R-value as much as 3 R-units. The drapery should also contain a vapor barrier to reduce condensation on the windows.

 2.2. Windows

Fenestration systems (design and placement of windows) should be selected according to climate, building orientation, interior comfort, day lighting, ventilation, furnishing durability, and egress requirements. Windows technologies have advanced dramatically and prices for these windows have dropped significantly. It is necessary to look for windows with the ENERGY STAR label. Heat gain and loss through windows can account for up to 50% of a home’s heating and cooling needs. Many technological improvements have been made in recent years that have advanced the insulating quality of windows including double glazing, improved framing materials, etc [5].
As an example, Figures 2 shows the losses for heating and cooling in a hot region [6].
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Figure 3. Annual Cooling Energy Cost for a typical House in Phoenix, AZ Depending   
 
   on the Window Type

2.3. Doors
Doors should be carefully selected. In residential buildings, they account for up to 10% of energy loss. Properly fitted, solid wood doors should be considered. Because of the air leaks around the edges, avoid the use of sliding glass doors. In cool places, longer and colder winters make the addition of storm doors effective in reducing energy losses [7].

3. Lighting System
For commercial buildings lighting can become the most energy-consuming factor.  Not only do light fixtures consume energy to operate but they also generate heat, which in turn increases the workload of the cooling system.  Therefore, several considerations shall be taken to maximize energy saving in lighting.  One of the main reasons for energy waste in lighting is that lights are left ON more than needed.  Energy in lighting can be saved by providing occupancy sensors and dimming controls.  Occupancy sensors work by turning ON and OFF when the presence of an occupant is recognized by a sensor.  Occupancy sensors are most effective in rooms with low occupancy levels where lights are usually left ON.  In rooms where circulation is frequent, occupancy sensors might become a distraction since they will activate every time a person walks by.  In such cases, it is recommended to use manual switching to turn ON and automatic switching to turn OFF.  Dimming, likewise, works by reducing the amount of light given by a fixture.  Not only does the dimming provide different ambient but most importantly it saves energy by reducing the electricity according to the lighting output percentage.  Furthermore, time controls can automatically turn ON and OFF lights according to a given schedule. Yet the most efficient way to save energy in lighting is to provide natural lighting.  Before the introduction of fluorescent strips buildings would be designed maximizing the entrance of natural light into spaces.  Yet, when artificial lighting took over about fifty years ago, energy consumption and global warming were not hot issues like they are today.  Fluorescent strips not only drain energy resources, but also have a physiological impact on building occupants.  While natural light creates a range of colors from blue to red, fluorescent strips make objects look white and unnatural.  Yet, it is not only a problem of color perception, but also of attitude and comfort.  Natural light provides a sense of exterior weather and time changes.  Most importantly, natural light saves energy by reducing the use of electricity by artificial lights [1]. 
When the use of artificial light is necessary, it is convenient to use, whenever possible, lamps with the best relation lumens/watts. Figure 4 shows the mean lumens per watt for different types of lamps on wattage of approximately 200 watts.
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Figure 4. Relation Lumen/Watts for Different Type of Lamps.
4. Cooling and Heating
Natural ventilation, a method being used for centuries, is the most successful energy saving method one can use to reach thermal comfort.  In order to be successful in providing thermal comfort through natural ventilation one must first understand the zero energy band.  The ZEB is the “range in which neither heating nor cooling are required and no energy is consumed at all.  Heating or cooling only becomes necessary when the room temperature starts to move beyond this temperature range” [8]. If natural ventilation is not sufficient to reach thermal comfort then artificial mechanical ventilation can be integrated, called mixed-mode system.  If neither natural ventilation nor mechanical ventilation work then the last alternative is to use air-conditioning. This last option is less energy efficient.  Natural ventilation can be achieved in many ways.  First, the building orientation on the site should be considered.  For cross-flow ventilation the building needs to be placed on the site in accordance with the flow of the wind.  The building skin also plays a major role since it provides the openings for air penetration and exhaust.  Operable windows, louvers, and pipes can allow air to enter thru one side and exit thru the opposite side.  If air openings are provided in a low portion of the building the buoyancy effect will let the hot air escape thru higher openings.  The technique works since hot air is lighter than cold air and therefore it rises.  If the openings are not provided in the building sides then chimneys can be used.    Chimneys are convenient for projects were windows cannot be used on the facades or site noise prohibits the use of openings on the side of the building.  One drawback to natural ventilation is that if the air outside is polluted it will be brought into the building.  Yet, this is a problem only if the outside air is polluted and there is no way to reduce the polution.  The solution is to place the openings at a high point so that less pollution can come in.

Air conditioning is the process of cooling the air by using a refrigerating system together with humidity control.  The building skin needs to be completely sealed to avoid leakage of air.  The air-cooling is more precise and stable but the energy consumption increases substantially.  Some ways to reduce the energy consumption of air conditioning systems are enumerated below:
· The use of high-efficiency equipment (SEER # 12 or higher)

· The use of programmable thermostats.
· The division of a building into multiple zones.
· The integration of an automated system, including the air flow control through ducts.
· The use of fans.
· Installing ducts within the conditioned area of the building.  

4. Conclusions

Energy-efficiency applies to everything from the building envelope, which includes energy efficient windows, insulation, foundation, and the roof, to appliances, lights, and air-conditioning systems. It also applies to space heating and cooling systems, which are aided through the use of automated controls, ventilation, improved duct systems, and other advanced technologies. In the paper, the main factors affecting the energy efficiency in a building have been presented. The use of alternative sources of energy, whenever possible, should never be discarded.
Important benefits are obtained when using these methods in the building construction and operation. Among them can be cited:

· Reduced maintenance costs
· Environment protection

· Protection of future generations
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