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Abstract


Our sustainability project was designed to reduce Colorado College’s ecological footprint by decreasing the energy consumption due to computers on campus. Knowing there was a lot of energy being wasted from the lab computers, our project focused on the energy consumption of these labs at Colorado College. By turning off all of the lab computers at night for seven hours we will be able to reduce the amount of energy the lab uses every year by 218,475 KW. Since many computers were not turned on until later in the day we calculated the savings to be an additional 189,137KW per year. For the year, our total financial savings from turning off the public computers at night will be $23,233. Our group also set up the power-saving devices on all of these public computers so that they will run at full capacity only when being used. The energy savings from these features will amount to 69,350KW a year. In financial terms this would equal $3,952. The total energy and financial impacts from our green computing project will reduce Colorado College’s energy by 476,962KW and reduce its electrical spending by $27,186 for the year. This decrease in energy will reduce Colorado College’s ecological footprint from 91 hectares to 34 hectares, which is a reduction of 54 hectares. While our project also focused on educating the Colorado College community we are unable to calculate these additional savings at this point in time. 
Introduction


Electricity production is the largest source of greenhouse gas emissions in the United States1. Eighty-five percent of all commercial energy comes from burning fossil fuels, which emit carbon dioxide into our atmosphere2. There is great evidence that greenhouse gases, such as carbon dioxide, contribute to global climate change. In addition to the harmful affects of carbon dioxide to our environment, the production of electricity from burning fossil fuels also has a large impact on the earth. Because of the impacts, electricity is usually the greatest contributor to ecological footprints. When Emily Wright calculated Colorado College’s ecological footprint in May of 2002, she found that electricity made up eighty percent of the school’s footprint.3 

Learning how Colorado College uses electricity unsustainably, our group was driven to reduce the number of hectares, which make up the campus’s ecological footprint. Assuming most others in the community were just as uneducated as we were about the energy it takes to run a computer, we choose green computing for our project. Marla Gerein, an Information Technology staff member at Colorado Collage had put together “Green (er) Computing at Colorado College: Promoting and Supporting More Sustainable Computing Practices In Our Community” in June of 2003.4 This twenty-seven-page document lays out specific plans and initiatives for making our campus computing system more sustainable throughout the next few years. Since Gerein has already done a lot of research for the green computing campaign, we were able to use this information and her ideas to shape our project. In her Data Collection, Analysis, and Reporting section Gerein gives specific data that needs to be collected to move the campaign forward. The issues our group chose to concentrate on from her report were those that addressed the campus’s computing practices and perceptions. For our project we examined the computing practices in the lab. By having the computers turned off at night and the power-saving devices turned on we were able to change the schools computing practices to benefit both the environment and the school. Our educational piece was designed to address common misconceptions that prevent people from using their computers sustainably. One of these common misperceptions is that frequently turning your computer on and off will shorten the computers lifespan.  

In doing research for our project we also discovered that there are other schools that have started environmental computer initiatives. Tufts University has been working on its “Tufts Climate Initiative,” which plans to reduce greenhouse gas emissions by at least seven percent by the year 2012.5 In reaching this goal Tufts has made progress by reducing the amount of energy that their computers use on campus. The web pages for “Tufts Climate Initiative” have been useful resource tools, as well as models for both our project group and Gerein. Their pages address many of the issues we choose to focus on for our project.  These issues include the importance of using power-saving devices, of turning off computers at night, and of educating the campus community. The monetary savings from such initiatives are driving forces for those who are not environmentally motivated. By having multiple motives for working on such campaigns, schools can draw attention and support from many members of their community. Presenting the school’s financial savings from our project should help to attract many faculty, staff and students in our present energy-saving initiatives. We also hope to use some of this saved money to   support other sustainable projects on campus, such as replacing the fume hoods in Olin.   

To encourage Americans to buy energy-efficient products the Environmental Protection Agency, a government-backed program began Energy Star. Capitalizing on monetary savings from energy-efficient products, Energy Star has made consumers more aware of energy consumption. The program advertises financial savings as an incentive for consumers to buy energy-efficient products.6 Products that meet Energy Star’s energy-efficient requirements are then given the Energy Star logo so that consumers can be informed of both the energy and financial savings of their products. By buying Energy Star approved products, Americans saved enough energy to power fifteen million homes and the equivalent amount of greenhouse gasses from fourteen million cars during last year.7 Along with the environmental savings, around seven billion dollars was saved from American’s energy bills.7 Because part of our educational component concerns purchasing computers we have worked to inform the community about buying Energy Star approved products. 

Research Methods

To gain basic knowledge about energy-efficient computing, we set up meetings with faculty and staff members. From our meetings with Joseph Sharman, who is a director of Colorado College IT, we were able to design the project and define its purpose.  Also, Marla Grein helped us with more specific data and information from her “Green (er) Computing” proposal.  David Ziemba, who is in charge of the lab computers, helped us by carrying out our requests for saving energy in the labs. Ziemba was more than willing to activate power-saving devices on the lab computers and to turn off all the computers each night. 

The total amount of electricity used by Colorado College to run its public computers can be calculated by adding the average electrical consumption of the computers’ different components.  The components are the desktop mainframe, a regular (CRT) monitor, and flat (LCD) monitor.  Also, the PC and Macintosh computers have to be measured and calculated separately since their electricity consumption amounts are significantly different from one another. The average electrical consumption can be found either under or behind the computer or each component, and they are usually expressed in current and voltage.  The current and the voltage can be multiplied to find the electrical use in watts (power).  Since it is not feasible to calculate the exact amount of electricity used by the public computers, one must assume that the computers are on for a certain amount of hours every day.  Because the computers were never turned off and did not use power-saving devices we made the assumption that all the public computers at Colorado College use the same amount of electricity during the twenty-four hours that they are left on.
In order to measure how much electricity our project will save Colorado College we had to use three different procedures.  First, we calculated how much electricity turning off all the public computers at night for seven hours saved. One thing that needs to be considered when one calculates this first step is that a PC runs on about 2.3 watts and a Macintosh runs on about 3.1 watts even when they are turned off.  However, monitors use no electricity when they are properly turned off so there is no energy being wasted.  One benefit of turning off all public computers at night is that only those computers that need to be turned on during the day will be turned on.  The savings from these unused computers make up the second component of our calculations.  We found that having the computers off in the morning maximized our electrical savings. When people entered the lab they used computers that were already turned-on, instead of turning on computers that were off.  In order to find how many computers were being turned on during the day, and at what times, we monitored the Barnes and Tutt Science Center computer labs. To calculate the percentage of computers that were running in these labs, we checked each lab at 11:30am, 12:30pm and 10:30pm Wednesday through Friday. This research allowed us to calculate the savings from those computers that remained off for more then seven hours. Lastly, activating power-saving features on public computers can save electricity. Calculating electrical savings from these features also required additional research. We needed to know on average how often the power-saving features came on, and how long they remained on. To determine these numbers we had someone stay in the Barnes PC lab all day to observe the usage of power-saving devices. 

The final calculations for our project were to determine the financial savings as well as our ecological footprint reduction. To compute the campus’s electrical spending on the public computers we multiplied the average cost of electricity in Colorado Springs, which is 5.7 cents per kilowatt-hour, by the total electricity required to run the computers.8 By multiplying our energy savings by the cost of a kilowatt-hour we could then see the total monetary savings from the project. To perform the ecological footprint analysis we needed to convert the electricity use and electricity savings into gigajoules. We divided our values by the conversion factor, 2.778*10-7, and then by a factor of 100. Since 100 gigajoules is equal to the ecological footprint of 1 hectare we were able to find the campus’s ecological footprint from running the 198 public computers year round. 

To calculate the electricity used by student computers we need to know more information about students personal computer use. For our calculations we would need information such as, the number of students already using power-saving features on their computers and how many hours a day their computers are running at full power. To research these numbers we sent out a student survey that asked specific questions about how students use their computers.  In order to evaluate the success from our public outreach we will have to send out a follow-up survey to analyze students’ energy consumption.  

Results and Discussions

Before starting any calculations, we were required to collect basic information from the Colorado College inventory, from each component of the public computers, and from various websites.  After collecting this basic information we could then carry out the necessary calculations to determine how much electricity computers use when they are running year round (See Table 1 & 2).

There are three major portions of our green computing project that save energy. The first saving component is turning off all the lab computers for 7 hours every night.  Since computers still use some electricity when they are off we had to take this energy consumption into consideration.  We subtracted the energy that computers use while off from the amount of electricity that is used by running computers. These energy values were then multiplied by the number of computers, times the amount of time they were off each night, times 365 days. This formula calculates the annual amount of electricity saved from turning off all public computers for 7 hours each night (See Table 3). 
The second component of the electricity savings came from the computers that were not turned on by students who used the labs later in the day.  Sixty-seven percent of the computers in labs were left turned off from 7:30am to 11:30am, and twenty-six percent of the computers were left off between 11:30am and 12:30am.  These percentages were multiplied by the number of hours that the computers were left off and by the kilowatts of electricity saved by turning off the computers for one year (See Table 4)
The last component of the electricity savings comes from the use of power-saving devices.  When calculating the electricity saved from the power saving features, we had to consider that not all the computers were turned-on and that the power-saving devices were only on for parts of the day.  Therefore, we had to measure the average amount of time that the power-saving devices were on during the day. These estimates, 1.8 hours and 2.2 hours came from our observations in the Barns PC lab (See Table 5). 

The total amount of the electricity saved from the project is calculated by adding all three of the energy-saving components.  This number is then multiplied by the average cost of electricity in order to find how much money Colorado College will save over the course of a year from our green computing project.  By reducing the energy consumption in the labs we found that Colorado College can save $27,186 a year.  This financial savings is sixty-three percent of the annual budget that is currently being spent to run all the public computers (See Table 6).
The ecological footprint of the Colorado College campus can also be reduced from our green computing project.  To find the ecological footprint, the amount of electricity has to be converted into gigajoules because 100 gigajoules is equal to 1 hectare.  Also, the efficiency of electricity production from a power plant has to be taken into consideration for the calculations.  Because most Coal plants are thirty percent efficient, we assumed 30% electrical production efficiency for this calculation.9  Our project will reduce Colorado College’s ecological footprint for electrical spending on lab computers by about sixty-three percent (See Figure 1). In Wright’s ecological footprint of Colorado College she shows that the campus’s use of electricity requires 4461 hectare to maintain our energy usage.9 Ninety-one of those hectares represent the amount of land needed to care for Colorado College’s public computers. From our project’s energy savings we will be able to reduce the ecological footprint by fifty-seven hectares (See Table 7). 

Since some of these figures that we used for our calculations were assumed, and not exact figures, our calculations will be slightly off. However, all of the values we used represented numbers that were close to the exact figures, giving us a respectable estimate of the savings to Colorado College. Some examples of figures that we were unable to determine are: the differences in energy consumption by different computer programs, the amount of energy required to “wake” the computer from its hibernated mode, and the exact length of time that computers are in these power-saving modes. 

Conclusion

By implementing the use of power-saving devices along with the turning off of public computers at 12:30am, Colorado College’s ecological footprint for the year will be reduced by fifty-seven hectares. Our green computing group has also created a web page that automatically pops up on all the public computer. This web page gives some brief information about green computing along with a link to our website. The website goes into further detail about sustainable computing by providing information on purchasing, use, and disposal of computers. With directions on how to set up power-saving devices for personal computers and information about common misconceptions about turning computers off, we expect to further decrease Colorado College’s ecological footprint. 

While our public outreach thus far has been impersonal due to time restraints we have plans to meet directly with students, staff, and faculty to promote sustainable computing. Throughout the year we will be attending department meetings to discuss the importance of energy conservation and teaching the staff and faculty what they can do to be more sustainable. To educate the students, we plan to have similar meetings in the dorm lounges. After these brief meetings we will follow up with an email that restates the important information about green computing, as well as directions on how to set up their power-saving devices. To calculate the savings from our public outreach component, we will have to compare the results of our current survey to those of a future one. In the results and discussion section we only included the savings calculations from the labs because the data from those reducing energy on personal computers is unable to be collected and analyzed at this point in time. Our educational initiative could also benefit from further research about purchasing computers as well as their disposal. Our project primarily focused on the use of computers. However, we plan to have an equal emphasis on the purchasing and disposal aspects of green computing. 

As members of the world community, it is our responsibility to make sustainable choices and reduce greenhouse emissions. The consequences of our actions, such as wasting electricity, not only cost the Colorado College community but also every living thing on our planet. It is our hope that with the continuation of our project that Colorado College will be a model that other schools will emulate. By informing the Colorado College community about their computer’s impacts, in terms of an ecological footprint and financial analysis they will have the knowledge to make sustainable computing choices. We hope that with this education our community members’ own lives will become more sustainable and, in turn, influence the lives of others.

Tables
Table One

	Total Number of Public Computers at Colorado College:

	
PC
	176

	
Macintosh
	21

	Average Electricity Use:

	
Desktop (Mainframe Only)
	286 W*h

	
Laptop
	209 W*h

	
CRT (Regular Monitor)
	198 W*h

	
LCD (Flat Monitor)
	88 W*h

	Average Electricity Use Under Power-Management Device:

	
PC (Mainframe Only)
	2.3 W*h

	
Monitor (Either LCD or CRT) – when properly turned off
	0 W*h

	
Macintosh
	3.1 W*h

	Colorado Average Electricity Price:

	5.7 cents/Kwh


Table Two

	Current Electricity Use to Run Public Computers

	
	176 Desktop * 24 hours * 365 days * 286 watt / 1000
	440943 KWh

	+
	155 CRT * 24 hours * 365 days * 198 watt / 1000
	268844 KWh

	+
	21 LCD * 24 hours * 365 days * 88 watt / 1000
	16188 KWh

	+
	21 Mac * 24 hours * 365 days * 170 watt / 1000
	31273 KWh

	Annual Electricity Use to Run Public Computers
	757249 KWh


Table Three

	Electricity Saved – Turning off Computers for 7 hours at night

	
	176 Desktop * 7 hours * 365 days * 283.7 watt / 1000
	127574 KWh

	+
	155 CRT * 7 hours * 365 days * 198 watt / 1000
	77225 KWh

	+
	21 LCD * 7 hours * 365 days * 88 watt / 1000
	4721 KWh

	+
	21 Mac * 7 hours * 365 days * 166.9 watt / 1000
	8955 KWh

	
	218475 KWh


Table Four

	Electricity Saved – Computers not being turned on during the day

	7:30am – 11:30am = 67% of computers off (average)

	
	218475 KWh / 7 hours * 4 hours * 0.67
	83645 KWh

	11:30am – 12:30am = 26% computers off (average)

	+
	218475 KWh / 7 hours * 13 hours * 0.26
	105492 KWh

	
	189137 KWh


Table Five

	Electricity Saved – Power-Saving Device During the Day

	7:30am – 11:30am = 33% of computers on & 108 average minute sleeping

	
	218475 KWh / 7 hours * 1.8 hours * 0.33
	18539 KWh

	11:30am – 12:30am = 74% computers on & 130 average minute sleeping

	+
	218475 KWh / 7 hours * 2.2 hours * 0.74
	50811 KWh

	
	69350 KWh


Table Six

	Total Financial Impacts

	Current Electricity Use

	
	757249 KWh * 5.7 cents / 100 cents
	$ 43163

	Total Electricity Saving from the Project

	
	(218475 + 189137 + 69350) KWh * 5.7 cents / 100 cents
	$ 27186


Table Seven

	Total Ecological Footprint Impacts

	Current Electricity Use

	
	757249KWh / 2.778*10-7 / 109 / 100 / .3(electricity efficiency)
	91 hectares

	Total Electricity Saving from the Project

	
	476962KWh / 2.778*10-7 / 109 / 100 / .3(electricity efficiency)
	57 hectares


Figures

Figure 1
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