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I. Introduction


Buildings are an important part of human civilization. These manifestations of human ingenuity encompass many different aspects of people’s lives from personal living to their business environments. Building construction plays a major role in how humans consume resources. If design and construction are inefficient the humans occupying the building will be inefficient as well. Green Buildings are an attempt to maximize the efficiency with which resources are used by people. “Buildings consume 40% of the nation’s energy, 25% of the timber harvest, and 16% of the freshwater in the United States.”
 


These building are divided into four major categories: government, residential, industrial, and commercial. Green buildings encompass three main categories of energy and raw material use. The amount of energy that buildings consume is a major portion of the populations total energy consumption making it an ideal target for conservation measures. The timber harvest and freshwater usage of buildings are other areas that have potential conservation measures that can be implemented. The reduction in energy needed to sustain a green building alone, up to 50% less than a normal building, is enough to make this form of construction appealing and economically viable.
 

Green buildings have a large potential to save the United States from needing to build new power plants, cut down old growth forests, and drain the nation’s aquifers. Other places in the world like Europe have embraced this building style with much success. Currently groups like the US Green Building Council with the LEED (Leadership in Energy and Environmental Design) rating system for commercial buildings are leading the way in this movement. While various cities around the United States embrace the need for Green Buildings by making it a requirement for all new government buildings to be green, commercial builders are side stepping the issue for fear of increased costs of construction. They do not realize the added cost is minimal and can be recouped easily with the decreased energy and water costs to maintain the building. It is difficult for Americans to grasp the bigger picture on this issue of energy and resource conservation. The United States embodies a capitalistic persona of build it fast and cheap to ensure the best profits. Green building might not encompass this dominating capitalistic presence; however it has the potential to save the country from a lot of headaches in the future if the practice gained widespread use. The technology is already there, but the strong support is still lacking in the commercial sector. Continued support by the US government along with education programs for architects, contractors, and the general public could potentially procure a strong Green Building movement that will benefit this country for years to come.
II. US Commercial and Industrial Costs


Green building has been around for years, but it has not been until recently with the introduction of rating systems like LEED in 2000 that the movement has gained momentum.  Even with the staggering growth of the green building industry at around 100% to 200% per year, green buildings only make up about 6% of new commercial construction projects a year.
 This percentage is steadily increasing but it does not compete with the government and non-profit groups who make up around 65% of the green building market.
 The government’s involvement in green building is commendable but it does not compensate for the lack of support in the commercial sector. Noting that these “commercial buildings use nearly one-third of the non-renewable energy consumed annually on the planet,” the need is apparent for green building to become more prevalent in the commercial building scene.
 As society grows the need for commercial office space and other such buildings will increase as well leaving the US with a much higher energy bill than need be if green construction is not adopted for most of these new buildings.


Green Buildings are more expensive than other buildings because of their energy efficient components like smart lighting, and efficiently designed HVAC systems. The difference and design, material, and construction costs are a mere 2.5% for green buildings that meet LEED standards. This number jumps to 4% for buildings that meet the high efficiency silver or gold LEED ratings.
 The increase in overall costs of a building is negligible when the energy and water savings plus the improved worker productivity are analyzed. For the owner the reduced costs will eventually pay for the increased construction costs in a few years and save the owner money during the lifetime of the buildings. This return on the initial investment has a time scale of around 5 to10 years, which does not sit well with the some people. Construction currently goes to the lowest bidder so that the builders can maintain the best profit possible. The added costs associated with the green technology are a headache to contractors who cannot grasp the whole picture. The technology coupled with green buildings is fairly simple and easy to implement if the proper training and knowledge base is there.
III. Creating Materials Energy Costs


A major portion of the ‘Green’ aspects of these environmentally friendly buildings are the materials used to build them. Recycled materials along with new green technology help ensure that the building uses the least amount of energy for construction and operation. To grasp the difference in energy needed to produce certain materials a list with the “estimated embodied energy of some common materials (in MJ/kg)” are below.

· Baled straw = 0.24

· Kiln-dried hardwood = 2.0

· Cement = 7.8

· Float glass =15.9

· Fiberglass = 30.3

· Virgin steel = 32.0

· Recycled steel = 10.1

· Expanded polystyrene plastic (EPS) = 117

· Virgin Aluminum = 191

· Recycled Aluminum = 8.1
The difference between recycled and new materials is staggering for some of the common materials used for construction like aluminum and steel. Plastics are another material that is ‘energy’ expensive to manufacture but if it is recycled the energy costs decrease drastically. The importance of using recycled materials with low embodied energy needed for re-manufacturing is a major consideration in green buildings. In addition to being recyclable, the lifetime of these materials is important. 

Some green building materials like certain wall paints are less durable than their environmentally hazardous counterparts resulting in future expenses for these green buildings. Although this increase in costs may seem like a drawback, the decreased presence of harmful VOCs (volatile organic compounds) in the building is well worth from an occupant’s perspective. VOCs are harmful to humans and lead to health problems which can ultimately cause decreased worker productivity. The increase in initial and future costs of non-volatile green materials with respect to normal materials is initially detracting. However, the potential of improved efficiency and well being of workers within the building more than make up this cost difference over the lifetime of the building.


The energy that goes into transporting a material to a construction site also contributes to the total energy it takes to construct a building. Local sources for metals, wood, and plastics should be used to cut down on the energy needed for transportation. Indigenous building materials specific to that region are ideal for the green buildings. Most places in the US are close to sources of metal and other raw materials needed to make building components. In combination with local materials, local designs can be used for green buildings. For instance structures in the US Southwest can be made “of high-thermal-mass adobe with water cooled courtyards” to ensure that the building remains around the same temperature throughout the day even with the large temperature swings from night to day.
   

In some cases where a new building is replacing an existing facility, some of the material from the demolition can be recycled for use in the new building or other green buildings. “Building materials account for 40% of landfill waste.”
 A 50% reduction in this waste through recycling and reusing the materials would decrease the need for new landfills in the US. Some estimates claim that around 90% of this waste material can be recycled and reused. Construction practices that are consistent with the idea of environmentally friendly building include:

· Specification of waste-reducing construction practices
· Reuse of construction waste material on the construction site

· Salvage of construction and demolition material for resale of donation

· Return of unused construction material to vendors for credit

· Delivery of waste materials to recycling sites for remanufacturing

All of these practices are not the norm for contractors. The people funding the building might have to persuade the contractors to follow these practices because it requires a good deal of up-front planning. Therefore building green is not the easiest thing for some contractors who lack the experience making them more averse to taking on these new projects.
IV. Constructing the Building


Along with waste management from building demolition and construction, construction techniques are important parts of green building practices as well. The green building process requires the collaboration with both the designers and the contractors in the design phase. Contractors are there to help the designers determine what is feasible to accomplish with construction crews and tradesmen. During the construction a green design team is needed to oversee certain aspects of the building to ensure that it is up to the owner’s standards. This may include installation of special insulation, green roofing system, or thermally efficient windows. Additionally a third-party commissioning authority is needed to over-see the design team and contractors to ensure that all the aspects of the green building are implemented correctly.
 The added time for the design work involved with green buildings appears discouraging at first. Nevertheless, as these practices become more prevalent in the building industry more contractors and architects alike will become comfortable with the new processes. 


To alleviate the increased initial costs of green buildings several different financing options are available. There are incentive programs, in the form of rebates and tax incentives, from both the federal and state governments. Certain stipulations are tied to these incentive programs, for instance in the state of Maryland a commercial building has to have a silver LEED rating in order to qualify for tax credit equivalent to 6-8% of the buildings construction/rehabilitation costs. Oregon offers a similar program where a tax credit of 35% of the construction costs is handed out.
 Programs offered by utility companies provide financial assistance as well. The decreased energy use of green buildings is beneficial for utility companies because they don’t have to expand their production capabilities as much as much, thus rebates for energy production equipment like solar arrays may be available. 

The federal government has some programs that may be used for commercial green buildings like the 10% business investment tax credit for solar distributed generation projects or the new “American Jobs Creation Act of 2004.” The act “authorizes $2 billion dollars in tax-exempt bond financing for green buildings, brownfield redevelopment, and sustainable design projects.”
 Brownfields are sites that are slightly contaminated but could be commercially viable for development if they were cleaned. The tax-exempt financing is an important cost savings measure that can make green buildings more feasible for certain builders who lack to capital to pay for the increased costs associated with these buildings.


Some people argue that the tax credits and rebate programs for green buildings will create an artificial market thus increasing the chances of the market collapsing when these programs are gone. In most commercial cases the added cost of building green is not substantial enough that everyone who builds an environmentally friendly building needs help covering the costs. The money back programs are just further enticement to get the ball rolling in the green building industry. If green buildings become more prevalent then more contractors and designers will have experience with building them thus making it easier for future green builders. Thus the main reason for these incentives is to get the buildings into the commercial builder’s eyes to increase awareness, not necessarily to fund expensive uneconomically viable construction. 

The construction materials and energy usage systems utilized in green buildings are readably available and do not cost much more than traditional methods. The added costs from these environmentally friendly methods are equalized by decreased energy and resource use of green buildings. Therefore maintaining a green building will cost the owner less than traditional building eventually saving money in the long run. The increased efficiency of electrical, water, and ventilation systems are all responsible for the savings.
V. Green Building Technology and Maintenance 

Electrical systems are a large part of modern commercial buildings. Computers and other electronic office related devices are becoming ubiquitous throughout the U.S. Even with all these new sinks for electricity, one of major uses for electricity is still lighting. “Lighting uses between 20-30% of electricity in the commercial facilities” with “at least 50% of the energy being wasted due to inefficient fixtures, poor maintenance, or inappropriate use.”
 Typically incandescent lighting is most prominent in traditional buildings, but it is also the most expensive because of its low efficiency. Green Buildings use fluorescent lighting saving as much as 75% in energy usage as compared to incandescent lighting. Designing green buildings with dimmer switches, motion sensors, and timer switches for lighting fixtures greatly decreases the daily demand of electricity as well. 

The biggest factor in lighting does not have to do with implementing high efficiency lights and lighting control systems, but has to do with the actual layout of the building. Orienting the building to receive the maximum amount of day light can drastically reduce the amount of lighting needed in a building. Green buildings are designed to maximize the amount of natural light resulting in 40-60% savings in energy costs.
 Incorporating Energy Star appliances and electronic devices, which are energy efficient, also will reduce the amount electricity needed to run a green building. Additionally electricity generation through the use of photovoltaics, wind power, or biomass can be incorporated into a building to reduce the electricity needs of the structure. 

Water conservation is another important aspect of green buildings. Collection systems for rain water for both non-potable and potable applications in the building are employed in green buildings to reduce their dependence on the water grid, thus relieving some of the strain on the US’s already exhausted water table. Rain water can be collected in cisterns measuring up to 30,000 gallons, providing commercial office buildings with a consistent source of essentially ‘free’ fresh water. Other smart appliances like “waterless urinals, and automatic shut-off sinks, and low flow toilets” are in green buildings as well to reduce the water consumption.
 Some commercial buildings like the soon to be Comcast center in Philadelphia are set to save “500,000 gallons of water annually” because they went with a green building design.
 Water and electricity tie into the last conservation area that green buildings excel in, the HVAC (heating ventilation and air conditioning) system.

HVAC systems are another integral component of a building that can be modified to procure significant reductions in the energy consumption of a green building. There are multiple types of designs for both the heating and cooling portion of the main ventilation system. HVACs are usually larger than the building needs, typically by no more than 5%.  Building too large an HVAC can reduce the efficiency of a building in the long run. The size of the HVAC system depends on the dimensions of the building and the thermal efficiency of the building.
 For instance green buildings, like the commercial office building just finished in Toronto for Nortel Networks, that choose to install high efficiency window panes can buy a smaller HVAC system because of the increased thermal efficiency of the building. In the case of the Toronto building the company saved over $1 million dollars because of the smaller HVAC system.
 Other systems like the one set to be installed in the Bank of America building in New York City employ basic methods of using waste heat from an on sight power plant “to make ice at night to help air condition the building.”
 Innovative simple systems like this can be introduced into buildings to help them reduce the need for both electricity and other resources. Reducing the energy consumption of a building not only lies in the main systems of a building, it also encompasses the lifestyles of the people using the building.

Green commercial buildings have active recycling programs that make it easier for its users to recycle office materials, thus decreasing the waste of the building. Education programs within the building about turning electronic devices off when not in use are present as well, along with water conservation programs. There is an attitude about using a green building that helps make the building even more efficient. People are rewarded from constructing green buildings because of the return on investment. Green buildings last longer than traditional buildings because of the increased resilience and longevity of the materials used to build them. Green building components are designed to last for a long time thus mitigating a substantial savings in energy and resource costs year to year. 

A study done by the California Sustainable Building Task Force found that green buildings “cost on average about 2 percent more” to construct, however these extra costs develop into a tenfold savings over a twenty year span. The savings that the report talks about are “lower energy and water bills, reduced waste disposal costs and increased productivity and health of workers.”
 The increased efficiency of the building pays off with the value of the building. The high efficiency and thus low maintenance costs are ideal for a commercial building. It is no wonder that green commercial buildings have consistently higher occupancy levels than other commercial buildings.
VI. Effects on building occupants


Green buildings are attractive for companies and individuals who want to both save money and do their part to minimize their impact on the environment. Individuals are pleased with green buildings as well because of the natural atmosphere these buildings imitate with natural lighting and superb ventilation systems. Companies that build green buildings are likely to see increases in productivity in their workers, along with decreased absenteeism because the workers will actually enjoy the atmosphere not loathe it. The efficient and natural ventilation systems used in green buildings also cut down on the amount of airborne containments thus lowering the chances of sicknesses rapidly spreading through employees.
 The increase in worker productivity is actually the major source of cost savings for green buildings.
VII. Builders Aversion to Green Buildings


Not all the people involved in the design and construction industry are enthusiastic about green buildings. The increased costs on the construction side are a pain for many builders who have no stake in the buildings future. Green building practices do not represent the stereotypical capitalistic views of the U.S., which are to build cheap, fast, and sell as soon as possible. Green buildings take more planning than the average building. They cannot be rushed or ill-designed or else these intricate systems may run awry like with the green roof of the new justice department building in Seattle.  Instead of a self sustaining green roof, the soil composition combined with a dry summer and non-drought resistant plants produced a bunch of dead plants which could be a fire hazard.
 

Green buildings are not flawless but if designed and built correctly after all the appropriate modeling and planning is done, these buildings should not pose anymore problems than a traditional building. Educational programs for both contractors and designers are needed to decrease the frequency of these design accidents associated with green buildings. The majority of contractors are hesitant to jump into the green building scene because it is a change in an industry that has been known for its consistency.
 People mistrust something they do not understand plus they are hesitant to be the leader in a new practice no matter how reliable it is. The contractors only see themselves paying more and the end users paying less. They do not grasp the importance of green building on a national level. 
VIII. Government Acceptance of Green Buildings


The federal and state governments have realized the importance of green buildings. The LEED standard has be applied to many federal and state buildings with good success. Towns like Scottsdale, Arizona are taking the lead and requiring all new government “to adopt a LEED Gold policy.”
 Scottsdale is the first city in the nation to require such standards to be met for new buildings. This city is a leader and an example to both its community and the nation about how important green buildings are. Federal, state, and local governments should continue to promote green building certification systems like LEED in conjunction with providing some incentives for commercial builders who choose to go green. 
IX. Conclusion


To provide a reference for how much energy green buildings can save take this example. If all current commercial buildings were built with green designs that used 50% less electricity because of efficient lighting systems,   assuming commercial buildings’ lighting systems use 20%
 of the 343.3 terawatthours
 of electricity that the US consumes annually, a savings of 34.33 terawatthours a year would be realized. This savings is equivalent to the annual electricity production of about 94 1000 megawatt coal fired power plants. Green buildings save a lot more than just electricity with their environmentally sound designs making them an obvious choice for commercial buildings.

Green commercial buildings are good for the environment, the employer and the employee. They use recycled and local materials to cut down on both the costs and the total embodied energy of the materials. Lighting, water, and heating/cooling systems are fine tuned to fit individual buildings procuring lower maintenance costs for building owners. The open atmosphere of green buildings through the use of natural light and ventilation systems increases productivity among employees thus bolstering the revenues of that bushiness. It seems like a solid choice for any new building because of all these benefits to the users and owners. However these new practices still remain on the outskirts of commercial builders’ minds due to the lack of knowledge that they have about these easy to implement designs. Only with continued support by the various levels of governments in the U.S. through such rating systems as LEED can green building become the norm in the commercial industry. 
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