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PREFACE 

 

 All students completing the Environmental Science and Studies major enroll in ENVS 

491, Senior Seminar, during their senior year.  In this course, students are presented with an 

environmental problem and „charged‟ with assessing it, investigating it, and developing 

solutions/suggestions that are economically sound, logistically feasible and that incorporate 

stakeholder needs and constraints.   

This year the class received its „charge‟ from Mr. LeRoy McKee, Energy Coordinator, 

and Mr. Dennis Bohlayer, Director of Operations and Maintenance, Facilities Management at 

Towson University.  The University is faced with increasing amounts of electrical consumption 

associated with the increased size of the student body and an increased dependence on 

technology, which is expected to increase 2-3% (Bohlayer 2004).  This consumption of electrical 

energy is costly ($3.7 million in fiscal 2004) and these costs are projected to rise 24.3% to $4.6 

million in fiscal 2005 (Bohlayer 2004).  This situation presented these students with an 

environmentally important problem that had important (and immediate) economic implications.   

 The students took a broad view of electrical consumption.  Starting with the fuel source 

for generation (electricity doesn‟t start at the switch), they then looked to the attitudes about 

energy conservation on campus and the amount of electricity being consumed (and wasted) by 

lights and computers.  This information gave rise to their suggestions.  What follows is the result 

of a semester of work on this topic.   

The students have worked on their own.  I provided only limited guidance and help as 

requested.  They deserve the credit for their success.   
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I.  THE INS AND OUTS OF ELECTRICAL ENERGY SOURCES  

 

Electricity can be produced from many different fuel sources, both conventional and 

“green.”  Conventional methods include coal, nuclear, natural gas, and hydroelectric power.  In 

Maryland, approximately 53% of our energy is generated from coal, 33% from nuclear, 8% from 

natural gas and 2% from hydroelectric power (Reliant Energy undated).  All of these sources 

have both positive and negative attributes associated with their retrieval and use; however, 

improved practices assist in making them more efficient.  “Green” power sources are 

environmentally friendly alternatives to conventional fuels.  Renewable resources, such as wind, 

sunlight, and biomass, can be used to generate energy and produce relatively little pollution.  

Technological developments in wind power, solar power and bioenergy are making these 

resources increasingly viable in regional, national, and global markets.   

Conventional Power Sources 

Hydroelectric Power 

 Basics:  Hydroelectric power, or hydropower, is a renewable energy source that relies on water 

cycles.  The first record of using water to assist in manpower was in 200 B.C. when the first 

water wheel was built (Crawford et al. 2004).  However, it was not until 1882 that water was 

used to generate electricity (Crawford et al. 2004).  Currently, 24% of the world‟s electricity is 

generated by hydropower (Bonsor 2004).  This energy source provides over one billion people 

with more than 650,000 megawatts of power, equivalent to the power provided by 3.6 million 

barrels of oil (Bonsor 2004).  Hydropower can be a very efficient way to generate electricity.  

Ninety percent of the energy provided by flowing water can be converted into electricity for 

about $0.85 per kWh (WVIC 2004).  This is 50% of the cost of nuclear power and 25% of the 

cost of natural gas power (WVIC 2004). 
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Retrieval and Use:  Once the gates of a hydropower dam are opened, water is released from the 

reservoir and flows into a pipe that leads to a turbine (Bonsor 2004).  The force of the water turns 

blades within the turbine, which forces the water up a shaft into a generator (Bonsor 2004).  

Within the generator, magnets turn concurrently with turbine blades (Bonsor 2004).  The 

magnets pass by copper coils that move electrons to create an alternating current (Bonsor 2004).  

This is transformed into a high voltage current and sent through a series of power lines to 

distribute the electricity (Bonsor 2004).   

The fate of the water after exiting the turbine is dependent on the type of hydroelectric 

power plant.  Conventional power plants carry water through a pipe or a series of pipes, which 

discharge downstream (Bonsor 2004).  Pumped-storage power plants use water from an upper 

reservoir to generate electricity and then release it into a lower reservoir (Bonsor 2004).  During 

off-peak consumption hours, the water is pumped back into the upper reservoir via a reversible 

turbine (Bonsor 2004).   

 

Environmental Considerations:  Though considered a “green,” environmentally friendly 

renewable resource, hydropower has several ecological consequences.  The dams required to 

harness hydroelectricity have many impacts, including armoring, downstream erosion, alteration 

of local hydrology due to operating rules, and the loss of biodiversity (Roberge 2004).   

 Armoring, the process of removing the smaller stream sediment particles from the 

ecosystem leaving only larger cobbles and boulders, occurs due to fast moving waters released 

from dams (Roberge 2004).  Floods created by dams do not occur in small, repeated frequencies 

as in natural processes, but instead in extremely forceful, uncommon patterns (Cave 1998).  As a 

result, those organisms that inhabit small intricate habitats are no longer able to survive in the 

river (Cave 1998).  
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 Additionally, species which are adapted to living in flowing waters and cool temperatures 

may not be able to adapt to the changes brought about by a dam (Smith and Smith 2001).  The 

temperature of the dammed river tends to behave much like that of a lake; the water located in 

the upper layers remains warm, while lower layers stay cold (Cave 1998).  Macroinvertebrates, 

such as stoneflies, may need warmer temperatures to begin metamorphosis (Cave 1998).  Cooler 

waters may delay important life stages (Cave 1998).  If a predator is dependant on a 

macroinvertebrate during a particular stage in its life, the development of the predator could be 

affected.   

 Downstream erosion is also a major environmental concern.  Suspended sediment from 

rivers is deposited in slow moving waters behind dams, allowing water that flows through dams 

to be clean and clear (IDSNET 2002).  As this clear water moves downstream it picks up new 

sediments (IDSNET 2002).  The swiftness of moving water ensures that riverbeds located 

downstream of dams will be drastically eroded in a short period (IDSNET 2002).  Following the 

construction of the Hoover Dam, the riverbed downstream was eroded by at least four meters in 

nine years (IRN 2004).  This can result in further impacts, including increased crop irrigation due 

to lower water tables, depletion of fish habitat and spawning areas, and decreased habitat for 

other invertebrates (IRN 2004).   

 One of the most influential aspects of hydroelectric power is the operators.  Hydrologists 

determine the consistency of flooding, water velocity, and water levels throughout the year, 

creating an alteration of local hydrology (Roberge 2004).  For example, during the spring and 

winter, the dams are opened more often because of increased rainfall; a consequence attributed to 

the reduced need to conserve water (Roberge 2004).  During summer and fall months, gates tend 

to remain closed in order to conserve water throughout the dryer seasons (Roberge 2004).  

Additionally, daily fluctuations in energy demand are common because of varying temperatures 
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state dam safety agencies to procure equipment, implement new technology, and inspect more 

frequently (ASCE 2003a).  It also provides funds for continuing education for dam safety 

engineers and funds technological research (ASCE 2003a).

Research is being done on how to mitigate adverse effects on the environment (DOE 

2004a).  Scientists from The United States Department of Energy (DOE) have been studying fish 

habitat, fish survival in turbines, water quality downstream of dams, and the response of fish to 

physical stresses such as hydraulic shear and pressure changes (DOE 2004a).  Advanced turbine 

research has produced improvements to some existing turbines, as well as an innovative turbine 

runner with a helical screw shape, patterned after centrifugal pumps (DOE 2004a).  Due to lack 

of funding, most of the efforts at the DOE are concentrated on advanced turbine research (DOE 

2004a).  Biological design criteria based upon laboratory tests of fish stress responses have also 

been developed (DOE 2004a).  Future DOE research projects include computational fluid 

dynamics modeling and biological testing to quantify turbulence and strike effects on fish (DOE 

2004a).   

The most important future need is regular maintenance and technological upgrades of 

current plants (ASCE 2003a).  There are over $1 billion in maintenance and upgrading backlogs 

for hydropower plants (ASCE 2003a).  While over 90% of the nation's approximately 100,000 

dams are state-regulated, over half of these dams are privately owned (ASCE 2003b).  

Unfortunately funding (state or private) is erratic, severely inhibiting efforts to rehabilitate dams 

(ASCE 2003b).  Deterioration of dams and hydropower plants causes them to be more 

susceptible to failure and increases possible negative environmental impacts (ASCE 2003b).  

Continued downstream urbanization coupled with aging dams and hydropower plants requires 

that dams are fully funded and staffed in order to prevent possible catastrophic events (ASCE 

2003b).   
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Future Directions:  The future of hydropower lies in the creation of new technologies, public 

policy and grassroots activism.  The DOE and The United States Army Corps of Engineers are 

researching new technologies to reduce the impacts on wildlife, plants and hydrological systems 

(ASCE 2003a).  In addition, there is a growing movement to remove dams that are no longer in 

use by working at local, state, and national levels to educate the public and do restoration work 

(Am Rivers 2004).  

New technologies may make hydropower a safer and less invasive source of renewable 

energy.  By the year 2010, the DOE is hoping to upgrade aging equipment, retrofit hydropower 

plants at existing (but unused) dams, and to produce hydropower at sites without the use of dams 

(DOE 2004a).  In addition to upgrading of older equipment, testing is being conducted on large 

turbines, new tools are being created to improve water use efficiency, and best practices for 

environmental mitigation are being compiled (DOE 2004a).   

If hydropower plants were maintained and kept up-to-date a powerful change in 

electricity generation could occur (ASCE 2003a).  Increased competition due to deregulation in 

conjunction with advanced environmentally friendly technologies, such as microturbines, fuel 

cells, and photovoltaics, could give utility companies the ability to generate their own electricity 

instead of buying it and then redistributing it (ASCE 2003a).   

 

Coal  

Basics:  Coal is an extremely plentiful and inexpensive form of fuel, often used for generating 

electricity.  Approximately 52% of the electricity in the United States is generated by coal (EIA 

2004c).  The average family of four would use 3,375 lbs of coal per year to heat an electric water 

heater, 560 lbs to run an electric stove top, and 256 lbs of coal for a television; totaling over two 
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tons of coal per year (EIA 2004c).  Coal consumption in the United States is expected to rise to 

about 1,500 million tons in 2025 (EIA 2004d).  Globally, usage will increase over the next 

twenty years to meet growing energy demands (Keay 2002).   

 

Retrieval and Use:  Two methods are used to extract coal.  The first method, underground 

mining, involves sinking a horizontal and vertical shaft into the ground.  Miners then travel 

through the shaft or tunnel to dig for coal (Energy Quest 2002).  The second method, strip 

mining, starts with removal of the overlaying soil and vegetation in an area, followed by blasting 

and removal of the bedrock (Energy Quest 2002).  Cranes at the top of the stripped mountain are 

used to take out the coal (Energy Quest 2002).  When mining is complete, the layers of topsoil 

are replaced (Energy Quest 2002).  Strip mining provides 60% of the coal used in the United 

States, while the remaining 40% comes from underground mines (UCS 2001).  The process of 

producing electricity from coal is relatively simple.  Coal is burned to heat water, which 

produces steam that turns a turbine, which produces electricity (Energy Quest 2002).   

 

Environmental Considerations:  Coal is damaging to the environment when it is mined, 

transported, stored and burned (UCS 2001).  For instance, in order to produce steam, coal fired 

power plants draw in massive amounts of water from surrounding tributaries (UCS 2001).  This 

results in water quality degradation and often destroys many fish and fish eggs (UCS 2001).  In 

addition, coal storage can contaminate groundwater and surface water with metals, sulfuric acid 

and other contaminants (UCS 2001).  Water used to clean the smoke stacks is strongly acidic, 

and can contribute to acid rain as well as potentially seeping into the groundwater table (UCS 

2001).   





 10 

emissions by 90% and particulate matter to a level that cannot be traced; also, efficiency is 

improved by almost 40% (Burnett 2001).  In addition, this initiative includes a research program 

with the objective of developing new technologies that will turn pollutants into safe, 

commercially valuable products, and limit the emissions of greenhouse gases (WCI 2002).  

The Clean Power Act has been proposed in the Senate, and would decrease mercury 

emissions by 90% by 2008 (Novak 2004).  The main goal of this legislation is to lower air 

pollution from coal burning power plants by requiring coal power plants to reduce emissions of 

nitrogen oxide, sulfur dioxide, carbon dioxide, and mercury in a manner which is fair, cost 

efficient and technically feasible (Novak 2004).  Economically, jobs associated with the coal 

industry would be eliminated as other forms of energy production are emphasized (Novak 2004).   

 President Bush‟s Clear Skies Initiative calls for a reduction in nitrogen oxide, sulfur 

dioxide and mercury by 2010 with further reductions by 2018 (WCI 2002).  Using a market 

based approach, the plan calls for a cut, by 2018, in sulfur dioxide emissions by 73%, nitrogen 

oxide emissions by 67% and mercury emissions by 69% (WCI 2002).   

Future Directions:  Although environmental issues concerning the use of coal for electricity will 

continue, the fact that coal is cheap and plentiful will drive its usage well into the 21
st
 century 

(Burnett 2001).  It will no doubt play a major role in supplying not only electricity to the United 

States, but to the rest of the world as well (Burnett 2001).  The technological improvements that 

are being developed have the potential to reduce negative environmental effects, and ensure that 

coal will continue to be used in electricity generation (Burnett 2001).   

 

Nuclear Power 

Basics:  In 2003, nuclear power plants produced 20% of the electricity generated in the United 

States (NRC 2003a, EIA 2004a).  Worldwide, the United States ranks 19
th

 in generating 
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electricity using nuclear power (IAEA 2004a).  Lithuania and France lead all other countries, 

with each obtaining close to 80% of their electricity from nuclear power (IAEA 2004a).  



 12 

which is most commonly used for energy production, has a half-life of 713 million years (UCS 

2003).  As uranium decays in nature, it turns into lead (UCS 2003).   

 The process of mining uranium is similar to coal mining, with both open pit and 

underground mines (UCS 2003).  The amount of uranium concentrate used in the United States 

was two million pounds in 2003; however, this number is declining each year (EIA 2004b).  In 

order to be used in a nuclear reactor, uranium must be transformed from an ore to solid ceramic 

fuel pellets and finally to rods (NEI 2004a).  This processing involves several steps: mining and 

milling, conversion, enrichment, and fabrication (NEI 2004a).   

 First, uranium is mined and transported to a conventional mill where the ore is turned into 

uranium oxide or yellowcake and packaged (NEI 2004a).  In the next step, yellowcake is shipped 

to a conversion plant where it is converted chemically to uranium hexafluoride (NEI 2004a).  

Uranium can be enriched by two different methods: gaseous diffusion and centrifuging (NEI 

2004a).  Gaseous diffusion, the method most commonly used in the United States, allows 

gaseous uranium hexafluoride to pass through a barrier that separates the isotopes of uranium by 

weight (NEI 2004a).  The second method also separates the isotopes by weight, but in this 

method centrifugal force is used (NEI 2004a).  In the fabrication process, the enriched uranium is 

converted into uranium dioxide powder and pressed into fuel pellets (NEI 2004a).  At this point 

the fuel is ready to be used in the reactors (NEI 2004a).   

Nuclear power plants generate electricity through the process of fission, which involves 

splitting the atoms of heavy elements such as uranium or plutonium into lighter elements.  In this 
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 There are two types of light water reactors: boiling water reactors and pressurized water 

reactors (NRC 2003a).  All existing commercial reactors are light water reactors (Wardell 2001).  

Light water reactors use water as a coolant to remove heat produced from a reactor core during 

nuclear fission (NRC 2003d).  Water is also used as a moderator to reduce the speed of neutrons 

produced in nuclear fission in order to allow for a controlled sustained chain reaction (NRC 

2003d).   

In order for fission to occur inside a light water reactor, uranium concentrate is needed 

(NEI 2004a).  This uranium is generally formed into cylindrical pellets, which are arranged into 

fourteen-foot-long metal rods (NEI 2004a).  The rods are bundled together and hundreds of 

bundled rods are lowered into a pressure vessel, which is usually made of steel (NEI 2004a).  

Inside the pressure vessel, uranium atoms give off neutrons, some of which crash into other 

uranium atoms, splitting them, generating heat, and freeing more atom-splitting neutrons 

(Wardell 2001).  The heat from this reaction heats water which drives a steam turbine, forcing 

generators to spin and produce electricity (FEPC 2004).   

Continuing fission beyond this point causes the system to overheat, causing an extremely 

hazardous situation.  Control rods, which absorb neutrons, are used to prevent overheating and 

control excessive fission (Hostetter 2002).  The rods are consistently raised and lowered to 

regulate the rate of reaction (Hostetter 2002).   

 In typical boiling water reactors, a single loop directly delivers steam from a pressure 

vessel to the turbine and returns water to a reactor core to cool it (NEI 2004a).  The same water 

loop serves as a steam source for turbines (NEI 2004a).  However, in pressure water reactors, the 

primary water loop transmits heat through the tube walls to the surrounding water of the 

secondary cooling system to generate steam, and the secondary loop delivers steam to the 

turbines.  Even though there are differences between boiling water reactors and pressure water 
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reactors, the overall system, which produces steam to rotate turbines, is the same (FEPC 2004).  

In the United States, sixty-nine of the104 reactors are classified as pressure water reactors and 

thirty-five are boiling water reactors (EIA 2004b, IAEA 2004b).   

 

Environmental Considerations:  Nuclear energy is the world‟s largest source of emission
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Most of the reactor is considered “low level waste” and does not require high-safety storage 

(UCS 2003).  Currently, only two sites accept low-level waste: Barnwell in South Carolina and 

Hanford in Washington (UCS 2003).  Estimated decommissioning costs range from $133 million 

to $303 million per reactor, but so far no large reactors have been decommissioned (UCS 2003).  

A number of reactors are in storage waiting to be decommissioned at a future time (UCS 2003). 

The Chernobyl disaster was the only accident in the history of commercial nuclear power 

where radiation-related fatalities occurred (WNA 2004).  The accident destroyed the Chernobyl-



 16 

Policy Implications:  The American public‟s concern about nuclear power was at its highest 

when the nation‟s most significant nuclear accident occurred at the Three Mile Island facility in 

March 1979 (EIA 2000).  Since then, public opinion seems to have changed regarding the use of 

nuclear power (NEI 2003).  A recent survey conducted for the Nuclear Energy Institute found 

that 64% of Americans favor the use of nuclear power to generate electricity, although only half 

of those surveyed favor construction of new nuclear power plants (NEI 2003).  Despite this split 

in public opinion over the construction of new nuclear power plants, a consortium of nuclear 

plant operators and manufacturers may apply for a license to construct a new nuclear power plant 

at a yet undetermined location (Wald 2004).  The last year in which a new commercial nuclear 

power plant became operational in the United States was 1996 (IAEA 2004a).   

 The Nuclear Regulatory Commission (NRC) is the federal agency responsible for 

regulating the operation of all commercial nuclear reactors in the United States (NRC 2003a).  

The NRC oversees the licensing process for all nuclear power plants, including the application 

for new licenses and the renewal, transfer, and amendment of existing licenses (NRC 2004).  The 

NRC also oversees safety at commercial nuclear facilities through inspection, evaluation, and 

enforcement of operating regulations (NRC 2004).   

 

Future Directions:  
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Natural Gas 

Basics:  The first use of natural gas was around 500 BCE in China, where it was used to distill 

seawater (API 2004d).  Beyond its limited use in China, natural gas was not used as a fuel until 

the early 1800's.  In 1816, Baltimore was the first city in the United States to use natural gas to 

light street lamps (API 2004d).  Several other small cities also began to use natural gas for 

lighting shortly thereafter (API 2004d).  The advent of electric lights made natural gas no longer 

necessary for lighting; however, after World War II, the use of natural gas for cooking became 

widespread (API 2004d).   

In the United States, natural gas is used to generate 14% of the electricity used annually 

(DOE 2003a).  This figure is expected to grow, because 87% of new electric-generating capacity 

is natural gas fired (API 2004c).  The United States is the second largest producer of natural gas 

worldwide (DOE 2003a).  Currently, the cost for natural gas is roughly $7 per one million British 

thermal units (Btu) (API 2004a).  In 2002, the United States consumed 22.5 trillion cubic feet of 

natural gas; 83% of this was produced in the United States (API 2004b).  The majority of the rest 

is imported from Canada (API 2004b).   

 

Retrieval and Use:  Natural gas is f
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There are two methods in which the natural gas is converted into electricity (EPA 2004).  

The most common practice is to burn the natural gas in a boiler to produce steam to generate 

electricity (EPA 2004).  A more efficient method to produce electricity involves burning gas in a 

combined cycle combustion turbine (EPA 2004).  This process burns the natural gas in a 

combustion turbine and then uses the hot combustion turbine exhaust to create steam to drive a 

steam turbine (EPA 2004).  This method achieves a much higher efficiency by using the same 

fuel source twice.   
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increased and is now one of the fastest growing and cleanest sources of renewable energy (EERE 

2004a).   

 Wind results from solar heating of air masses on the earth‟s surface.  When heated air 

rises, cooler air moves in to take its place, 

creating wind.  Since air has mass, its 

movement is a form of kinetic energy that can, 

in part, be converted into mechanical or 

electrical energy (EERE 2004b).  Windmills 

are the mechanism for harnessing wind to do 

mechanical work, such as pumping water.   

             Energy systems using wind to generate 

electricity are called turbines and are becoming more widely used to supply electricity to 

residential, commercial, and industrial sites (AWEA 2004a).   

 In today‟s wind energy market, most systems used by utilities are composed of 

horizontal-axis or propeller-style turbines, which are manufactured in a range of sizes and power 

capacities (EERE 2004b).  Vertical-axis, or egg-beater, style turbines are less common, but share 

the same mechanisms for wind energy conversion (AWEA 2004a).  The components include a 

rotor or blades which convert wind force into rotational shaft force, a drive train and generator, a 

tower supporting these structures, and necessary electronic equipment (Fig. 1) (AWEA 2004a).  

The amount of energy produced by a turbine depends on the diameter of its rotors as well as 

wind speed.  For example, a turbine with a diameter of 71 meters has the capacity to produce 

nearly 124 times the power of a 10-meter diameter turbine (AWEA 2004a).  Turbines used for 

land-based utilities and in offshore wind harvesting systems can have diameters as large as 110 

meters (AWEA 2004a).  Most often, turbines are not referred to by their diameter, but by their 

Figure 1 Horizontal-axis turbines are comprised of a 

rotor or blades, drive train, generator, tower, and 

electronic equipment (AWEA 2004a). 
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power rating, which generally ranges from 250 watts to 1.8 megawatts depending on size 

(AWEA 2004a).   

The average American household uses 10,000 kilowatt-hours of energy per year, roughly 

the amount of power that can be generated annually by a 10 kilowatt (kW) turbine under average 

wind speed conditions of 12 miles per hour (AWEA 2004a).  Under the same wind conditions, a 

1.8 megawatt (MW) turbine generates enough power to support more than 500 households 

annually (AWEA 2004a).  “Utility-scale” turbines, used for industrial output, usually have power 

ratings between 700 kW and 1.8 MW.  A wind energy facility with 10, 1.8 MW turbines could 

produce up to 18 MW, or enough to theoretically power 4,300 to 5,400 households (AWEA 

2004a).  In reality, variant wind speeds cause fluctuations in power production, and as a result, 

wind energy utilities are currently paired with other energy sources to provide more consistent 

utility service (AWEA 2004a).   

 

Economic Perspectives:  Proponents of wind power tout this renewable energy source as 

positively contributing to the economy by providing jobs, generating nonpolluting fuel, and 

being virtually resistant to inflation because it is free and ubiquitous (AWEA 2004a).  Currently, 
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is not necessary to privately own turbines to benefit from wind energy.  The least risky way to 

invest in wind energy is by leasing one‟s land to a wind harvesting company (Windustry 2004).   

Social Perspectives:   Wind power generally garners popular support, with 80% of people polled 

in favor of it and 5% against it (AWEA 2004a).  Surveys show that social attitudes are favorable 

toward wind power and wind farms because this energy source is believed to be clean, safe, and 
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alternative fuels, but are skeptical or fully opposed to this plan.  Opponents, such as the Alliance 

to Protect Nantucket Sound, are concerned about aesthetic impacts and the degree to which bird 

life would be affected (Leaning 2004).   

 

Environmental Perspectives:  
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investigations of impacts on bat populations (AWEA 2004a).  Additional concerns include 

habitat fragmentation due to access roads and utility line right-of-ways (AWEA 2004a).   

 Wind turbines of various sizes can be constructed where there is ample wind supply and 

open land, and often these areas can be simultaneously used for agriculture and ranching 

(AWEA 1999).  To generate one MW of energy with turbines, sixty acres of open, relatively flat 

land is needed, but only 5% of this land is needed for development of turbines; therefore, 95% of 

the land is potentially free for compatible uses (AWEA 2004a).   

 

Current Perspectives:  Currently, the United States has 8,000 megawatts of wind energy in place 

(DOE 2004c).  Recently, wind energy use has shown some decline due to deregulation of the 

energy industry; however, wind energy can still have an important place within the national 

energy industry (DOE 2004c).  The relative cost of  

wind power at a typical productive wind site has  

decreased from approximately $0.35 per kWh in  

1980 to approximately $0.05 per kWh currently,  

and is projected to drop to an even lower rate  

(Fig. 2) (DOE 2004c).  The DOE ranks each state 

 according to its average wind speed and amount of  

available land that can be developed for harvesting  

wind energy (EERE 2004b).  In Maryland, 0.02% of  

the land has potential for wind energy development.  

If this amount of land were used for wind power, Maryland could generate approximately 

700,000-megawatt hours, an amount equal to 2% of the total electric consumption of the state 

(EERE 2004c).  The Savage Mountain Wind Energy Project in Garrett and Allegany Counties is 

Figure 2 This graph illustrates the current and 

projected costs of development and use of 

wind energy technology (DOE 2004). 
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one of two prospective wind power initiatives being considered in the state (AWEA 2004b).  

This and other efforts to increase the use of wind power in the region will likely benefit from 

progressive policies set forth by the United States DOE.   

 

Future Perspectives:  In 2003, the United States DOE set forth a six-year wind energy plan 

which aimed to promote renewable energy development and viability primarily through bettering 

technologies, reducing costs, and increasing the attractiveness of green power in the energy 

marketplace (DOE 2003b).  For example, in 2010 the DOE plans to aid sixteen states in the 

installation of at least 100 MW of wind turbines, and in 2012, the DOE plans to establish 

guidelines that would prime wind energy for competition in the national energy market (DOE 

2003b).  The DOE has established a goal of 100 gigawatts (GW) of wind energy to be used in the 

United States by the year 2020 (DOE 2003b).  Implementation of the DOE‟s plan could displace 

approximately three quadrillion Btus per year of primary energy, which in turn could displace an 

annual 65 million metric tons of carbon emissions (DOE 2003b).   

 New technologies for wind power are on the horizon.  Improvements to turbine efficiency 

and output will allow for low speed winds to generate the same amount of power as current 

turbines harvest from high-speed winds (DOE 2003b).  This technology would allow more states 

with lower average wind speeds to adopt wind energy systems.  The DOE‟s plan also focuses on 

distributed wind technology, which would allow smaller wind turbines to be constructed in areas 

where there is not enough land to construct 
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Solar Energy 

Basics:  Solar energy is a renewable energy source that uses sunlight to produce electricity.  

Energy from the sun provides the equivalent of 10,000 times the current global energy demand 

while creating little to no air pollutants (CAT undated).  In 1999, renewable energy sources 

accounted for only 13% of the global energy demand, with solar energy only accounting for a 

small fraction of that percentage (Solarbuzz 2004).  Currently, even after rapid growth of solar 

energy use, it only accounts for less then 1% of global primary energy demand (Solarbuzz 2004).   

 In 1839 a French scientist discovered the possibility of solar power when he noticed that 

light increased the current of a simple battery (CAT undated).  Thirty-four years later, it was 

discovered that selenium was light sensitive and had the ability to conduct electricity (CAT 

undated).  These two discoveries sparked the research that led to the first selenium-based solar 

cell (CAT undated).  However, solar energy did not get much recognition until the 1950s when 

Bell Laboratories developed the silicon-based solar cell, which had low efficiency and was 

expensive to produce (CAT undated).  In 1991, a more efficient system was developed by Ron 

Swenson who built and introduced his solar car at the Denver Grand Prix (Ecotopia 2004).   

Solar-thermal and photovoltaic (PV) technologies are the two basic ways to convert solar 

energy to electricity (EPA 2004).  Solar-thermal technologies concentrate the sun‟s rays with 

reflective or absorbent devices to heat a liquid, creating vapor that is then used to turn a 

generator and create electricity (EPA 2004).  PV systems consist of semi-conducting cells that 

release energy when struck by sunlight (EPA 2004).  The leading commercial semi-conductive 

material is crystalline silicon, which is based on silicon, the predominant semi-conductor 

material used in electronics and computer industries (Azom 2004).  The atomic properties of 

semi-
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electron volts.  The electrons are then able to enter into the conduction band and become part of 

an electrical current to power electrical appliances (Quinn 1997).   

 

Environmental Perspectives:  The use of solar energy itself has minimal environmental impacts, 

yet issues have arisen regarding manufacturing, installation and disposal processes.  For 

example, PV cells can be made with arsenic, cadmium and silicon, and should be considered 

hazardous materials and be treated accordingly (UCS 2004).  However, with proper handling, 

solar energy use has few environmental impacts (UCS 2004).  Assuming proper techniques are 

employed producing electricity with PV cells emits no pollution, produces no greenhouse gases 

and uses no finite fossil fuel resources (Azom 2004).   

Some risks arise during manufacturing, disposal or recycling of PV components.  The 

most significant health risks are confined to those who directly interact with the components in 

manufacturing plants and disposal areas (EPRI 2003).  Inhalation of dust particles containing 

various heavy metals and toxins could cause lung disease and other respiratory illnesses (Azom 

2004).  
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conventional building materials.  Roofing materials, for example, can now be replaced by PV 
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the energy stored within organic matter such as wood, paper, corn stalks, algae, and even manure 

(Carless 1993).  These organic waste products are collectively called biomass.  Today, the use of 

bioenergy goes beyond simply using combustion to produce heat.  Not only can biomass be used 

to produce electricity, but it can also be used to produce liquid or solid fuels and chemicals 

(Carless 1993, DOE 2004d).   

 Biomass crops are usually harvested, dried, and then shipped to their destination where 

they are converted into energy (Borowitz 1999).  Various technologies are used to convert 

biomass into energy, including combustion, thermochemical conversion, and biochemical 

conversion (Carless 1993).  The primary by-product of many of these technologies can be either 

gas, liquid, or solid fuel (Carless 1993).  Of these technologies, the one that is most commonly 

used to produce electricity is combustion (ORNL undated).   

 Any type of biomass is suitable for combustion, as long as it contains less than 60% 

moisture (Carless 1993).  Currently, in the United States, power plants that use direct combustion 

have a capacity of up to ten GW (DOE 2004f).  Co-firing is another form of biomass combustion 

that involves the burning of biomass along with fossil fuels in power plants (DOE 2000, DOE 

2004f).  Co-firing reduces dependency on fossil fuels and harmful emissions of nitrogen oxides 

and sulfur dioxides (DOE 2000).  The burning of biomass with coal is one of the least expensive 

renewable energy options (DOE 2004f).   

 A more contemporary technology that can be used to produce electricity is termed 

gasification, a type of thermochemical conversion (Carless 1993, ORNL undated).  This method 

involves a partial combustion of biomass in a low oxygen environment in order to produce a 

mixture of gasses, which can then be used as fuel for driving a gas turbine (Carless 1993, DOE 

2004f).  Gasification has several advantages over combustion of biomass.  First, gasification can 

take advantage of a wider range of fuels (ORNL undated).  Instead of using wood and wood 
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plants are no longer considered suitable for meeting the United States‟ energy demands (DOE 

2004g).  In rural communities, small biopower facilities can employ local residents, use local 

crops, and produce clean energy (DOE 2004g).  Building biomass plants could result in a 

reduced need for fossil fuels, which in turn could mean greater energy independence for 

countries which do not have fossil fuel reserves (Carless 1993).  In addition, a reduction in 

pollution and greenhouse gas emissions could benefit public health and the environment (DOE 

2004i).   

There is no one type of biomass that is most appropriate for energy production.  

Depending on the climate and amount of land available, different types of biomass are going to 
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crops require less fertilization and one-tenth of the herbicides and pesticides of agricultural crops 

(ORNL undated).  Biomass crops also have the potential to act as stream buffers, and thus could 

be used to prevent erosion and absorb excess nutrients often associated with traditional 

agricultural practices (ORNL undated).   

 Although there are many benefits associated with bioenergy, there is also cause for 

concern.  It is possible that farmers will not plant and harvest biomass in a sustainable way, thus 

depleting land and forest resources (Carless 1993).  Some are concerned that old growth forests 

and fragile wetland ecosystems will be vulnerable to biomass harvesting (Carless 1993).   

 

Current Perspectives:  Worldwide, the use of biomass for energy varies greatly.  In countries 

such as Denmark and Sweden, biomass accounts for as much as 10% of energy production 

(Borowitz 1999).  In many developing countries, the proportion is much higher; for instance, 

India produces 56% of its energy using biomass (Borowitz 1999).  Before coal and oil became 

readily available in the United States, biomass was the primary source of energy (Carless 1993).  

Today, however, biomass accounts for only 4% of energy production in the United States 

(Borowitz 1999).   

 Between 2000 and 2003, biomass was the leading source of alternative energy in the 

United States (DOE 2004e).  The most commonly used biomass fuels are agricultural and 

forestry by-products, particularly from paper mills (DOE 2004e).  Other materials can be used as 

well, such as herbaceous and woody plant crops, aquatic crops, municipal wastes, and animal 

wastes (DOE 2004e).  The United States Department of Energy (DOE) is responsible for the 

development of technologies that will allow biomass to become a more readily used resource 

(DOE 2004i).  The DOE Biomass Program focuses not only on the production of electricity, but 
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also on the use of biomass to create fuels and chemicals (DOE 2004i).  Their goals are to 

increase the presence of biorefineries and to reduce dependence on foreign oil (DOE 2004i).   

 

Future Perspectives:  Bioenergy has great potential.  In the United States, production of 

bioenergy is based on direct combustion (DOE 2004f).  New analytical and evaluation 

techniques, as well as increased genetic manipulation of crops is allowing for better fuels to be 

grown on poorer land (DOE 2004d).  This has the potential to decrease costs and to improve 

environmental quality (DOE 2004d).  The ideal bioenergy crop would be photosynthetically and 

water efficient, able to grow with little or no fertilizer, and disease and pest resistant (Borowitz 

1999).  Bioenergy holds great promise for producing clean, economical, renewable energy.  

Although biomass is a renewable resource, the degree to which it is sustainable will depend on 

the methods implemented by farmers (Carless 1993). 
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II  STATE OF THE CAMPUS 

The Energy Usage Survey 

Introduction:  
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Materials and Methods 

 An attempt was made to survey all members of the community in proportion to their 

distribution on the Towson campus.  The composition of the University is 84% students, 6% 

faculty, and 10% staff (TU 2000).  Convenience sampling was used.  Members of the class went 

to places on campus where they were likely to meet different members of the community.  

Sampling sites included 
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Question 18 – What do you think might make other people more willing to conserve 

electricity on campus? 

1) No answer 

2) Don‟t know 

3) Signs/ Awareness/ Education 

4) Raise tuition 

5) Lower tuition 

6) Increase Fees 

7) Pay own bills 

8) Other 
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Interestingly, respondents do care about energy usage in their own homes.  Over 88% of 

respondents answered that they “always” or “often” turn off lights when they are not at use at 

home (Fig. 5) and over 55% answered that they “always” or “often” turn off their home personal 

computers when they are finished using them (Fig. 6).   

Figure 4 The responses of survey participants to statement 10 – “When I am done 

using a computer in a computer lab or in the library, I shut it down” are presented 

above.   

Figure 3  The responses of survey participants to statement 6 -“I stop and turn the 

lights out in a classroom when I observe that the room is not being used” are 

presented above.   
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 The above answers suggest that while respondents make an effort to use less energy in 

their homes, they are indifferent to energy usage on campus.  Responses concerning household 

electricity consumption imply there may be a need for educational programs on campus.  Over 

Figure 6 The responses of survey participants to statement 11 –“When I am done 

using my personal computer at home, I shut it down” are presented abne 

  



 41 

51% of the respondents “agree” or “strongly agree” that signs requesting that switches be turned 

off are effective (Fig. 7).  Moreover, over 60% of the respondents answered that they “often” or 

“always” turn off switches in response to such signs (Fig. 8), suggesting that signs may be an 
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The data suggests that education and increasing awareness about the role of energy usage 

on campus would be an effective means of influencing energy conservation behavior on campus.  

Over 44% of the respondents did not know whether or not the cost of electricity had declined 

over the past five years (Fig. 9), reflecting a general lack of knowledge about energy cost, 

efficiency, and usage.   
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  A large portion of those surveyed stated that the level of lighting on campus is fine (Table 

1).  Still a quarter of the faculty and students answered that campus pathways are too dark and a 

quarter of the students answered that classrooms are too well lit.  This clearly suggests areas 

where lighting levels can be lowered and where they need to be improved.   

Table 1.   The responses of survey participants to question 16- “Are there places on campus that are too dark or 

too well lit?  Where?” are presented below.   

 Unidentified Staff Faculty Students 

No Answer 10.0% 11.8% 15.8% 25.9% 

Don‟t Know 10.0% 19.1% 24.6% 23.9% 

Lighting is Fine 10.0% 7.4% 3.5% 23.9% 
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Every group surveyed felt that implementing education or awareness programs would be 

the best way to promote energy conservation (Table 2).  The majority of respondents in each 

group also said the campus could employ new electrical technologies as well as turn off lights 

and computers when they are not in use to reduce campus consumption of electricity (Table 3).   

Table 2.  The responses of survey participants to question 18- “What do you think would make other people more 

willing to conserve electricity on campus?” are presented below.   

 Unidentified Staff Faculty Students 

No Answer 40.0% 44.1% 45.6% 33.0% 

Don‟t Know 0% 0% 3.5% 8.0% 

Signs/ Awareness Programs/ Education 0% 2.9% 7.0% 10.2% 

Tuition Increases 0% 7.4% 
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Conclusions and Suggestions 

The survey results suggest it is important to educate people and increase awareness 

among members of the Towson University community about the amount of energy usage on 

campus, its impact on their environment and its impact on their daily lives.  The survey 

established that the members of the Towson community may not be aware of the amount of 

money spent on electricity and therefore are less likely to be involved in actions to reduce 

electric consumption.  The survey suggests that signs or incentives that encourage people to take 

an action to turn off the lights and computers would be effective in reducing energy usage on 

campus.   

The survey results should be considered when deciding upon methods of reducing 

electrical waste.  Technology is only one part of the solution.  For technology to be effective, 

community members must feel they have a stake in the process and be actively involved in 

making changes.  A model protocol that combines education and technology could help Towson 

University successfully reduce campus electrical consumption.   
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The sensors were mounted on the ceiling as close as possible to the lights being 

monitored.  If the room chosen had windows, care was taken to ensure that the sensor was only 

registering artificial light and not sunlight.  If it was not possible to prevent sunlight from 

affecting the sensor, the light detector‟s sensitivity could be adjusted so that it would only 

register artificial light.  To ensure the accuracy of the occupancy status of the monitored area, the 

sensors were placed so that the motion sensor was pointed towards the part of the room that was 

most likely to be in use.  Care was also taken to position the sensors away from doors so that 

motion or light from the hallway would not be picked up. 

After each sampling period, the information collected by the sensors was downloaded to 

a computer via a serial connection using ITProSoft version 2.10 software (The Watt Stopper, 

Inc., Santa Clara, CA).  The data were then used to analyze lighting per occupancy for each 

sensor location.   

In order to accurately estimate power used in sampled buildings based on the six rooms 

sampled, students counted the number of light fixtures and bulbs in as many rooms as possible in 

each of the buildings included in the audit.  Room number, room use classification, number of 

fixtures, number of lights per fixture, type of bulb, and general comments were recorded.  In the 

event that the type of bulb could not be identified, it was assumed that the bulb was the lowest 

wattage available for the particular fixture in order to give the most conservative estimate of 

power usage.   

 

Computer Usage:  The main goal of the computer usage portion of the audit was to determine 

how much electricity is wasted due to computers and monitors being left on when not in use.  

According to the University‟s Property Records Department, 414 desktop computers are located 
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in Smith Hall.  Two hundred and eighty-five of these computers are used by faculty.  The 

remainder are located in the building‟s computer labs and teaching labs. 

A survey was conducted to determine how computers and monitors are managed by 

faculty during off-peak hours.  Specifically, faculty in Smith Hall were asked if they turned off 

equipment at the end of the day.  In addition, a visual inspection of computer usage in the 

building‟s computer labs was conducted.  Power consumption of a typical desktop computer and 

monitor was measured using a PL-100 Plug Load Analyzer (manufactured and provided by Watt 

Stopper, Inc.). 

  

Results 

Light Usage:  The classification, size, and 2003 actual electrical consumption for Glen Tower B, 

Cook Library, Enrollment Services, and Smith Hall based on university electric bills are shown 

in Table 9 (McKee 2004).   

Table 9.  The classif
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Table 10.  The percentage of sampling period for the On + Vacant usage 
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Computer Usage:  Approximately 60 faculty responded to the e-mail survey.  Faculty survey 

responses indicated that 53.3 % of the computers and 61.7 % of the monitors were left on 

overnight.  These data appear to be consistent with the campus-wide survey, which found that 

55% of the students and faculty surveyed never or rarely shut down computers when they are 

finished.  Assuming that all faculty in Smith Hall practice similar off-peak computer 

management to those responding to the survey, it is estimated that of the 285 faculty computer 

systems, 152 computers and 109 monitors are left on when not in use.  A visual inspection of 

computer labs in Smith Hall showed that 96.9% (125) of the computers and 99.2% (128) of the 

monitors were left on when not in use.   

The power consumption of a typical computer and monitor were measured at forty-eight 

watts (W) and seventy-one W, respectively.  The estimated amount of electrical energy wasted 

(Table 12) was determined by using these values, assuming that 66.9% (277) of the computers 

and 73.4% (304) of the monitors in Smith Hall are left on when not in use.  

Table 12.  Presented below is the estimated energy wasted per year due to computers and monitors being left on 

while not in use in Smith Hall, where wasted energy per year equals the number of system components left on 

while not in use multiplied by the number of hours per year the system components are not in use (6,680 hours) 

multiplied by the power consumption of the system component.  Not in use hours are based on 2,080 hours of use 

during an 8,760-hour year. 

System Component Percentage On  

While Not In Use 

Power Consumption (W) Wasted Energy Per Year (kWh) 

Computer 66.9 (277) 48 88,817 

Monitor 73.4 (304) 71  144,181 

Total   232,998 
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 A total estimate of 232,998 kWh of electricity is wasted each year by not turning off 

computers and monitors in Smith Hall.  Based on a price of $0.07 per kWh, this waste is 

estimated to cost the school more than $16,300 per year. 

Two factors must be kept in mind when interpreting the data collected during this audit.  

First, the audit included only four buildings for the light usage audit (less than 10% of the 

buildings on campus) and only one building for the computer usage audit.  Electrical waste seen 
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IDEAS FOR THE FUTURE 

Computer Power Management 

University computers and monitors use more electricity than all other forms of office 

equipment combined (Energy Star 2004c).  Instead of paying utility bills for computers that are 

kept on all day and night, it makes sense that schools and universities should only have to pay for 

the time they are in use (Energy Star 2004c).   

Monitors 

During periods of inactivity, computer monitors can go into a low-power sleep mode 

(Ryan undated).  This does not interfere with downloading or network connections and 

performance is not sacrificed (Ryan undated).  When a user touches the keyboard or mouse, the 

monitor is quickly “awakened,” returning the computer to full power and capacity (Ryan 

undated).  This low-power sleep mode is standard on all new computers sold today (Energy Star 

2004a).   

Making sure this feature is employed across a large institution poses a challenge.  There 

have been programs developed to implement power management across networks, including one 
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a full refund of license and maintenance fees if Surveyor has not achieved a minimum energy 

savings of 120 kWh per PC per year (Wise 2004).   

 

Verdiem: A Viable Option for Towson? 

An audit of computers and monitors was conducted to find out if implementing power 

management would make a significant difference in cutting Towson University‟s kWh consumed 

per year (Table 13).   

Table 13.  There are 414 computers in use in Smith Hall, a science 

building which houses classrooms, offices and research laboratories.  

The kWh used and potential savings from installing a power 

management system are presented below.   

Current computers and monitors 

situation 

Amount of kWh used for 

computers and monitors 

Per unit kWh consumption 1042 

Total consumption all units 431,388 

Estimated power wasted based 

on data collected. 232,998 

Potential savings with power 

management 198,390 

 

Fees for installing Surveyor on PCs in Smith Hall would be $9,108 for the first year but 

will amortize in about 7.9 months at $0.07 per kWh (Table 14).  (Calculations can be found in 

Appendix VII).   

Table 14.  Presented below are current usage figures and potential savings at two 

different billing rates with power management enabled on computers and monitors 

in Smith Hall. 
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Depending on the size and number of features that come with it, a typical LCD monitor 

could cost anywhere from $200 to $1,500 (Dell PC 2004).  LCD monitors that Towson might 

purchase would probably have an average cost of about $300 (Dell PC 2004).  The cost of a CRT 

monitor averages about $140 (Dell PC 2004).  This $160 difference in price would be returned to 

Towson through energy savings after six years.  The life of the LCD monitor would also last for 

about another six years after this point.  Assuming energy costs stay constant, the flat screen 

monitor will almost pay for itself with the energy it has saved over its lifespan. 

LCD monitors would initially work best in offices around campus.  The screens tend to 
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Although a wide variety of occupancy sensors are available, only information for models 

manufactured by Watt Stopper, Inc. (Santa Clara, CA) were used.  From the available product 

literature, models that were most suited for each of the applications were selected (Table 16).   

Table 16.  Presented below are proposed occupancy sensor models, price per unit, number of units required, and 

total cost of sensor installation. Occupancy sensors are from Watt Stopper, Inc, Santa Clara, CA.  The price per unit 

includes the sensor 
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Reduced Energy Lighting Technologies 

Easylite 

One means of saving energy is with a computer controlled fluorescent light dimming 

system manufactured by Easylite.  The Easylite system reduces the cost of lighting from storage 

to office and educational purposes and is capable of reducing energy consumption and increasing 

system control.  Similar technologies do not allow dimming of fluorescent lights; they simply 

turn the lights on or off (Fisher 2004).  Turning fluorescent lights on and off on an irregular basis 

affects the longevity of bulbs (Fisher 2004).  Dimming fluorescent light bulbs could possibly 

extend the life of the bulb (Fisher 2004).   

 The Easylite system is controlled from one main computer that can handle up to 64,000 

fluorescent light fixtures, or 265 individual dimming ballasts (Fisher 2004).  Instead of “de-

lamping,” which does not reduce electricity costs, Easylite simply lowers the light output (Fisher 

2004).  Easylite dims output to a lower level, causing the light to draw less power and watte gu 
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 Wall Mounted Dimmer/Occupancy Sensor – Allows the user to have more control 

over the system 

 Power Link – A twenty-Amp line voltage relay used to control non–Easylite 

fixtures 

 DC Analog Control Loop – Ballast powered and utilizes “plug and play 

technology” with low voltage cable 

Based on the information gathered from the campus audit, the potential for reduced 

electricity consumption from this type of technology is possible.  If the ligh<00B ( c)4(on4ouhe poput .  )-s
BTtd 
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bulb 2003).  This light draws approximately 2.3 W and provides a brightness of 11,000 Lux 

(Super-Bright LED bulb 2003).   

 There are also LED ceiling drop lights designed to replace in-ceiling fluorescent fixtures 

(TheLEDlight.com undated).  These drop lights are capable of producing a light output of 130 W 

while drawing 360mA/hr and retail for $840.00 per unit (TheLEDlight.com undated).  In 

addition to these, there are a wide variety of replacement LED bulbs styles (TheLEDlight.com 

undated).  LEDs bulbs can last up to twenty-five years depending upon the quality of the bulb 

(Resculite.com 2004).  While this form of lighting is quite expensive, they draw only one-third to 

one-tenth of the power drawn from conventional lighting sources (TheLEDlight.com undated, 

Super-Bright LED bulb 2003).   

 LED lights are well suited for applications in exit signs.  Despite the fact that they are 

low wattage, exit signs consume a large amount of electricity simply because they are on twenty-

four hours a day.  LED exit signs last 100% longer than incandescent exit signs (EPA 2001).  In 

the late 1990s, Towson replaced many exit signs in many of the academic buildings with LED 

exit signs (see Table 18) (Bohlayer 2004).  Exit signs were counted in Hawkins Hall, 

Psyc
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Table 18.  Presented below is a count of exit signs in 

selected Towson academic buildings. 

BUILDING LED NON-LED TOTAL 

Hawkins Hall 32 0 32 

Psychology 25 0 25 

Towson Center 
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and staff, and because of this the bulk of educational programs should be directed towards 

students.   

One method to incorporate conservation education at Towson is to place an annual article 

in the Towerlight, the campus newspaper.  A brief article could outline sources of locally 

available electricity and the environmental damage and health risks associated with these 

sources.  It could also emphasize the rising cost of electricity and offer simple ways to save 

through energy efficient light bulbs and wise computer use.  The article could also describe what 

Towson has done so far to conserve energy and how much energy and money the university has 

saved as a result of these efforts.   

 It became apparent, through the survey data, that some community members are 

uncertain when they should shut off computers and lights.  Towson University can save energy 

by sending a clear message regarding when it is appropriate to shut off the lights or computers in 

a room.  This message could be sent out through the Daily Digest or the Towerlight.  In addition, 

readable signs could be posted outside of classrooms or near light switches instructing people to 

turn off the lights or computers.   

 Another possibility to educate the campus is to distribute manuals or informational 

brochures on campus.  This brochure would be brief and contain energy saving information and 

suggestions that are applicable both on and off campus.  For instance, the brochure could offer 

information about energy efficient products such as lights, mini-fridges, and computers.  This 

brochure could address common energy myths and misconceptions.   

 The university could also take a more active role by setting up booths or giving out 

information at events such as TigerFest and freshman orientation.  If students are introduced to 

campus life with conservation in mind, they will have more opportunity to apply that information 

over the course of their school career.  Distributing information at annual events such as 
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TigerFest will reinforce the energy conservation message.  At these events it may be possible to 

catch students‟ attention by handing out bumper stickers and other paraphernalia with catchy 

phrases on them such as “Lights Out for a Brighter Future!”   

 Another way to reinforce the conservation message would be to air informative but 

entertaining commercials or programs on Towson‟s television and radio station.  For instance, a 

program might involve students answering energy related trivia, and awarding a prize to the 

winner.  It might even be possible to get students involved in conservation through activities 

such as dorm-based contests, in which the dorm that conserves the most electricity is awarded a 

prize.  Students might even be engaged by periodic energy saving seminars.   

 Lastly, Towson University could work closely with the campus club, Students for 

Environmental Awareness, to support activities on campus that encourage energy conservation.  

Members could be encouraged to introduce innovated conservation measures, or could hold an 

annual contest for the most effective conservation idea (SEA 2004).   

 

Energy Conservation Efforts by Other Universities 

 Conservation is not only good for the environment; it also has the potential to save large 

sums of money.  This is especially significant for large institutions such as universities, whose 

electricity costs include the powering of many academic, administrative, and residential 

buildings.  In its efforts to conserve electricity Towson University is a part of the ranks of 

conservation minded universities across the country.   
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ensured financial incentives for saving energy in construction design and systems, and promised 
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task lighting (such as small table top lights) when overhead florescent lights are excessive, 

adjusting window blinds to maximize the use of sunlight, and turning off lights whenever they‟re 

not needed (SUNY undated b).  SUNY-Buffalo found that as many as 50% of corridor lights 

could be removed while still maintaining adequate light levels (SUNY 1996).   

 The University of Washington has promoted and developed ways to conserve electricity 

for close to a decade (The University of Washington 2003).  In January 2001, the University of 

Washington created the Conservation Project Development Team at Facilities Services to 

implement several energy and water reduction measures (Roseth 2002).  The energy audit 

reported that thirty-eight campus buildings had lights that were not in effective use, and de-

activated them (The University of Washington 2003).  This resulted in an energy consumption 

reduction of 4,290,445 kWh per year, which translates to $214,500 in savings (The University of 

Washington 2003).  Other implementations and programs include the cutting back lighting by 

25% during operation of Husky Stadium, adjusting library lighting shutdown hours, and 

publishing and distribution of “Guidelines to Follow” for the University of Washington Medical 

Center staff and faculty (The University of Washington 2003).   

 Many other universities have taken steps to conserve energy by more efficiently 

managing computer equipment.  Universities such as Pennsylvania State University and Tulane 

University have tackled this issue by joining the Million Monitor Drive (Energy Star 2004b).  

The Million Monitor Drive is an Energy Star campaign to activate monitor power management 

on at least one million computer monitors (Energy Star 2004b).  Joining requires pledging to 

activate power management on all monitors, organization-wide (Energy Star 2004b).   

 SUNY-Buffalo also began a Green Computing Campaign, which published a Green 

Computing Guide (SUNY 1996).  The guide contains many energy saving suggestions, dispels 
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University undated).  A typical beverage vending machine uses 3500 kWh per year, compared to 

a residential refrigerator, which uses 450-800 kWh per year (Tufts University undated).   

 The University of Washington is using this type of technology as well, called vending 

misers (The University of Washington 2003).  Each of the 200 campus cold-drink machines has 

been retrofitted with these devices (Roseth 2002).  These devices allows the machine to “go to 

sleep” when the area around the machine is unoccupied (Roseth 2002).  After fifteen minutes if 

the motion sensor does not sense anyone, the vending miser will shut the machine off and 

powers back up when someone walks by (Tufts University undated).  Vending misers do not 

influence the internal thermostat or the compressor (Tufts University undated).  Initial tests show 

that energy savings could be up to 50%. (Roseth 2002).   

 It is possible to use energy conservation as an educational tool.  In January 2001, 

Pennsylvania State University installed a solar rooftop system on the roof of the Main Building 

of Penn State Delaware County (PSU 2001).  This system will not only produce energy, but will 

be monitored through the Internet (PSU 2001).  This information can be incorporated into 

relevant courses and will allow students to examine relationships between energy, the sun, and 

the environment (PSU 2001).   

 

Technologies of the Future 

Hybrid Lighting Technologies 

 In the future, hybrid lighting may be of interest to Towson University.  Hybrid lighting is 

a system in which sunlight is piped into a building via fiber optic cables and is used as a source 

of light along with fluorescent lighting.  Currently the Oak Ridge National Laboratory is 

developing hybrid lighting (Minkel 2004).  Rotating forty-six inch mirrored dishes are used to 

focus light into fiber optic cables which run to the interior of the building where light fixtures 
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emit a mixture of sunlight and fluorescent light (Minkel 2004).  These fibers are made of a 

silicone gel that transfers light far more efficiently than other commonly used fibers (Minkel 

2004).  Once inside, the sunlight is diffused through an acrylic light
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CONCLUSION 

 

We undertook this project with the full cooperation of Facilities Management, an office at 

Towson University aware of the importance of being environmentally and economically 

responsible.  In the late 1990s, Facilities Management updated the lighting fixtures in all 

academic buildings except for residence halls, Enrollment Services and Towson Center 

(Bohlayer 2004).  The ballasts were changed from magnetic to more efficient electric and light 

bulbs were changed from T12 to the more efficient T8 (Bohlayer 2004).  In addition, Facilities 

Management has made it a priority to replace obsolete equipment with more efficient technology 

(Bohlayer 2004).  Roofs have been replaced using better materials at Towson Center (1998), 

Media Center (2003), Dowell Health (2004) and Cook Library (2004) (Bohlayer 2004).  

Between1995-1997, higher efficiency chillers and boilers were installed in the power plant 

(Bohlayer 2004).  The continuing mission to manage costs is reflected in the ongoing discussions 

among the Towson Four (TU, St. Joseph Medical Center, Greater Baltimore Medical Center and 

Sheppard Pratt Hospital) to consider building an electrical generation plant run by natural gas to 

supply the needs of the institundsn.s T8 (Bohlayer 2(r)4).  
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13. I see my peers taking action 
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Additional response summaries are found in the tables below.   

 

The responses of survey participants to statement 15: “I am or have been responsible for paying 

some or all of my electrical bill.” compared to tatement 7: “I am bothered when I see lights left 

on that are not being used.” 

 Statement 7 

Responses 

Never Rarely 
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SMITH HALL LIGHT SURVEY DATA 

Room 
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COOK LIBRARY LIGHT SURVEY DATA 

Room Classification Floor ID Room ID Fixtures 

Tubes per 

Fixture Type 

Total 

Tubes 

Bulb 

Wattage Power (W) 

Bathroom 3 304 1 1 2 1 32 32 

Bathroom 3 303 1 1 2 1 32 32 

Bathroom 4 
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COOK LIBRARY LIGHT SURVEY DATA 

Room Classification Floor ID Room ID Fixtures 

Tubes per 

Fixture Type










