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Energy Use at Ellison Hall, UCSB
The Role of Computer Monitors in the Reduction of Building Energy Use and Carbon Dioxide Emissions.

1. Introduction

Inditutionsof highe eduction and
thar assodated buildingsand infrastructure
are responsble for massive energy and
resource consumption, resulting in impacts
onthesodal, econormic, and environmental
systems they are integrated with. Itisupto
these inditutionsto teach and practice
methodsof energy efficiency and resource
conervation to enaure that future
geneationswill have adequae access to
these needs TheUniversity of Californiais
beginning to take the necessary stepsto
implement sudainability initiatives
throughoutthe statewide system; such as
mandaing a green building policies, clean
energy, and trangortation policies. At the
University of California, Santa Barbara,
there many variousgroupsare collaborating
ontheseinitiatives from a campuswide
level to departmental. TheEllison Hall
Sudainability Committee, afaction of the
Geography Depatment, is onesuch group
tha is actively engaged in putting
sudainability into practice. This group
congsts of faculty, staff and students that
use the multi-departmental facilities of

EllisonHall. Thecommitteeis currently
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involved in creating arecycling program,
vermaculture, and research and
implementation of building energy
efficiency practices.

A god of thecommitteeisto aid and
assist in the process of becoming accredited
as agreen building throughthe Unites States
Green Building Coundls Leadership in
Energy and Environmental Design for
Existing Buildingsprogram (LEED EB).
With increasing development, the building
sector will increase its energy consumption
in the United States dramatically unless
there are strict building codes implemented
tha enforce energy efficiency and
consumption throughtheoverall design of
thebuilding and use of clean energy. As
illugrated in Figure 1 and Figure 2,
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thebuilding sector uses the mgjority of the
U.S. Electrical Energy and is subsequently

hasthelargest emissionsin C02.
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Figure 2

Guiddines such asthe US Green Building
coundlswill assist buildingsto reduce ther
C02 emissionsand energy conumption.
LEED EB "maximizes opaationd
efficiency while minimizing environmental
impacts. It provides arecognized,
performance-based benchmark for building
owne's and opeators to measure opaations
improvements and maintenance on a
congstent scale. LEED for Existing
Buildingsis aroad map for ddivering
econonically profitable, environmentally
responsble, healthy, produdive placesto
liveandwork." To apply andreceive the
LEED EB statusthe building mug show
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improvements in building cleaning and
maintenance, reductionsin chemical use,
improved indoorair qudity, energy
efficiency, water efficiency, recycling
programs and facilities, exterior
maintenance, and upgrades in the buildings
systems to meet peformance standadsin
energy, water and lighting(www.usgbc.org).
There are many aspects tha mug be
addressed in theoveral sudainability of a
building, however they mug al be
individudly addressed in order to reach the
god of aLEED EB rated building. Through
my involvement with the Ellison Hall
Sudainability Committee | have assisted in
the development of therecycling program,
and am pursuing theresearch and
recommendaionsto improvethe overall
energy efficiency of Ellison Hall. Electrical
energy use for a building can be subdivided
into three categories; lighting, process and
plugload. Lighting electrical usisthe
oveall energy used for al of theindalled
lighting applicationssuch as hdlway, office,
classroom, and outdoorlighting. Secondly,
the process electrical consumption conssts
of the building systems such as ventilation,
heating and cooling, water heating and other
building electrical needs Thefind, and
mo4g readily accessible place to make

energy efficiency improvements, conssts of



theplugload. Theplugload measures how
much energy is drawn from persond, office,
and laboratory outlets. Persond lights,
computers, refrigerators, research tools, and
other appliances are examples of eectricity
consuming aspects of buildingsneeds
Recording the measured electrical use for
these facets requires sub meters for each
category, and unfortunaely many buildings
such as Ellison Hall are nat equipped with
thistechnology. Sub metersallow for
facilities opeationsto record and observe
current energy trendsin these facets, and
make necessary energy efficiency
improvements. Ellison Hall has onemeter
tha thefacilities department oversees which
indudes all three facets of building energy
use aswell asthe same usesin the adjacent
Buchanan Hall. Currently, in order to assess
theenergy use of the building energy and
make necessary improvements, specific
audits of energy use mug be studied. To aid
and assist in the ongoing assessment of
energy usin Ellison Hall | peformedin
combinaion with members of theEllison
Hall Sudainability committee a study on
theoverall energy use of thebuildingand
specifically onthevariables of energy used
by computer monitors and thevarious
energy settingstha can be adjuged to make

them more efficient.
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2. Methods, Research, Results.

Thegod of thisstudyisto establish
abasdineundestanding for energy usein
Ellison Hall, and develop energy efficiency
recommendaions Research methodsand
tools tha were used in this study congsted
of accessthe UCSB facilities metering
computer energy andysis program, use of
theKill-a-Watt energy meter for plugload
studies, and randomsamples of computer
monitor type and persond display settings
Throughtheandyses of paternsand trends
of energy use a thelarger scale usngthe
facilities energy andysestools, to
compaing the energy consumption of CRT
(CathodeRay Tube and LCD (Liquid
Crystal Display), we were able to formulate
and quantify theability to decrease
subgantialy the buildingsenergy uses and
C02 emissions

Thefacilities energy andyst tool isa
comprehensgve research and computationd
program that they use to keep track of
energy throughoutthe campus After a
meeting with Jim Dewey, Director of
Facilities, | was able to obtain limited access
to this research tool. My access conssted
only of the Ellison Hall/Buchanan energy
meter and a limited rangeof graphical

comparison tools



To broaden my undestanding of energy trendsand paternsfor the building of Ellison Hall, |
created aview of monthly energy usageasilludrated bdow in Figure 3. Theenergy use at
Ellison hdl isvariable with the user occupancy and work-week as can be seen in thehighuse

trendsduring theweekdays, and lowered energy uses on the weekendsand holidays.
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Elliso Ltilt- EEMete Elison/Buchanan Electric Meter
Data summary
Point ID Point name ’ Minimum ’ Minimum time stamp ’ Maximum ’ Maximum time stamp ’Average ’ Units

165 | Elliso.Utilit-- EEMete.Ellison/Buchanan Electric Meter 89.70 | 2/18/2007 6:15 AM 312.00 | 2/23/2007 1:00 PM 1567.68 | KW
Note: point data recorded at uneven timestamps have been fitted into even intervals for charting purposes.

Figure 3

Gengaally, after observing and compaing variousmonthsthereisa declinein energy use
towardsthe end of every week. This can beexplained by the decrease in users of the buildings
facilities a thistime in theform of plugload and lighting. Many of the buildingsprocess energy
loadsare automatically lowered and fundionsputon standbyfor weekend periodsand holidays
which explains some of the dramatic decreases in energy use at these times. Theestimated
average maximum energy use during themonth isabout 270 kilowatts (kw). Thisenergy use

trend falls during the peak hours of thework weekdays. Theaverage minimumenergy useis
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estimated at around100kw, which occurs during the middle of the night when facilities process
systems are shut down, and there are minimal lighting and plug loads

To further andyze theenergy use trendsof Ellison Hall, | then narrowed my study down
to compare theenergy use trendsfrom Thursday throughMondg. | choethese daysas|
assumed tha the energy usages throughoutthis time period mog accurately displayed the highest
energy use of theweekdays with the lowest energy use of theweekends Infigure 4, thedaly
energy trendsfor these five days are displayed based uponther kw usage per day. This
comparison shown gives a more detailed evaluation for the characteristics of daly energy use
and paterns Daily weekday trendsshow an oveall declineand stabilizationin energy at 100
kw at or around2:00am. andashap inaease in energy at around7:00 am. followed by a
gradud increase until pesk hous at around12:00 p.m. reaching usages around270kw. At this
time theenergy use beginsa gradud decline back to the baseline energy use of 100kw from
where thetrendsrepeat themselves. Theweekend trendsshow similar butless dramatic trends
and have a peak energy use at around160kw.
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Data summary
’ Elliso.Utilit- EEMete.Ellison/Buchanan Electric Meter (Point ID: 165)

’ Minimum ‘ Minimum time stamp ‘ Maximum ‘ Maximum time stamp ‘Average ‘ Units

‘ 91.20 | 3/10/2007 1:45 AM 297.60 | 3/9/2007 11:30 AM 158.81 | kW

Figure4
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To undestand more thorougHy where this energy is beng used and distributed more
accurate meters will have to beingdalled. To continuewith amore narowly focused energy
assessment we focused our study on plugload, and more specifically therole of computer
monitors. Initialy, in thestudy of plug load of computers we intended to measure and evaluae
theoverall energy use of variouscomputers induding both the monitor and mainframe. The
study and implementation of energy efficiency and usage of the mainframe computer system is
temporarily on hold dueto the overwhdming consensusthat the computer systems mug remain
fundiond at all periodsof time dueto backup systems for hard drives and remote network
access. Therefore, many obdacles are present when addressing energy savingsin aresearch and
computer dependant building such as Ellison Hall. For the purpo< of this studyto provide
realistic energy savingsandyses and options we decided to focus specifically onthe
comparison of LCD and CRT computer monitors, and thedisplay and energy efficiency settings
We have, by meansof measuring energy use with the Kill-a-Watt meter, been able to compare
and isolate variousmeans of energy savingsthat are presented bdow in figure 5.

CRT v. LCD Power Draw

CRT

Viewsonic P220f
Size: 22 inches
High Resolution: 1600x1200
Default Resolution: 1280x1024
Low Resolution: 640x480

Viewsonic P95f
Size: 19 inches
High Resolution: 1920x1440

Default Resolution: 1280x1024

Low Resolution: 800x600

® Viewsonic UltraBrite E70f+

Size: 17 inches

High Resolution: 1280x1024

Default Resolution: 1024x768

Low Resolution: 800x600
LCD

Viewsonic G910b
Size: 19 inches
High Resolution: 1280x1024
Default Resolution: 1024x768
Low Resolution: 800x600

On (High On (Default On (Low Screensaver Screensaver Screensaver Power-Save
Resolution) Resolution) Resolution) (High (Default (Low
Resolution) Resolution) Resolution)

Figure5
This chart displays the energy power draw of monitors usng thevariousdisplay settingsand

compares the energy used between three CRT monitors of different sizes and oneLCD monitor.
It isclearly deduced fromthis chat tha larger CRT monitor sizes use more energy. Energy
efficiency measures tha show minimal dedudionsindudelowering resolution, and usngthe

screensaver. Thebest possible practice for energy efficiency isto use the power save display
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settingsor turn the monitors off. LCD monitors show a stable energy use in all of thevarious

display settingswith energy conservation only taking place in the power save and off settings

Thefollowing graphsdisplay thisinformationin isolated comparisonsof LCD vs. CRT monitor

differences and screen resolution energy savings(Figures 6 and 7.)

CRT vs LCD Computer Monitor Energy Use Comparison
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After assessing and metering the energy use and comparison of CRT vs. LCD we
condudal tha theuse of LCD monitors for energy efficiency purposes was the most
technological available and redlistic energy efficiency ateration tha could take place. Through
initial observationsof offices and labs we decided to take a s mple randomsample of monitors
in variousroons throughoutEllison Hall. By completing a study with a sample size of 89
monitors, we were able to develop agenera sense for thedistribution of CRT vs. LCD monitors
in Ellison Hall (Figure 8.)

. .. . Figure 8
Monitor Type Distribution

Room # # of Monitors LCD CRT
3610 6
3611 11 1
3616 3
3620 15 1
3625 21
3636
3715
3810
4718
4806
4808
4816
5710
5715
5814
6703
6704
6707
6709
6714
6724
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Total: 38
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Throughthis assessment of monitor type distribution we noticed tha LCD monitors are the
majority bengused (Figure 9) Lab technicians departments, and individuds will be
trangtioning theremaining CRT monitors with new LCD as the need for replacing old monitors
increases and as energy efficiency becomes more important with fundspotentially becoming
available.

Ellison Hall Computer Monitor Type Distribution
(Simple Random Sample, 89 Monitors)

WLCD
B CRT

Figure9

To quantify and compare the impacts of these monitors with regardsto Carbon Dioxide
emissions | have calculated the energy used per monitor with the data collected usngthesimple
randomsample of monitor types and distributions By comparing theamountof Kilowatt hours
used pe 8 hourweekday between the two monitors, and quantifying this amountto accountfor |
full 5 day work week, | have calculated the amourt of CarbonDioxide emitted between the LCD
monitor users and CRT monitor users as displayed in Figure 10. Theamountof carbontonspe
week tha 51 LCD users producd was 54.19 whereas thelesser number of CRT users of 38
producd 78.31. Per user, LCD monitors produe 1.06 carbontonsper week. CRT monitor
users produce 2.06 carbontonsper week. By usng LCD monitors theindividud user reduces
thar carbonfootprint by 1 carbonton per week.

Jacobson 10



Energy Use of Sample of Monitors "On" in Ellison

Hall/8hour Work Week
Total
Monitor
Energy
Energy Use per
# of Use watt Type KWH/8 Kwh/8hour/5days Carbon
Monitors (watts) hours kwh (watts) hours ton/work week tons/week
LCD 51 33 264 0.264 1683 13.46 67.32 54.19
CRT 38 64 512 0.512 2432 19.46 97.28 78.31
24.12
LCD vs CRT Carbon Carbon
Savings tons/week

Figure10 www.infinitepower.org/calc_watts.htm

3. Conclusion

Enegy usin Ellison Hall hasthe potential for beng significantly reduced if small
widespread energy efficiency policies and practices are implemented. The baseline of energy use
and possible areas of efficiency is being established by ganing these broad perspectives of
energy use throughthe study of UCSB metering to performing micro-metering of theindividud
energy use of computer monitors. Itisimperativetha old CRT monitors are urgently replaced
with LCD screensand tha energy efficiency measures are ingituted in the meantime for all
remaining CRT monitors. These measures indudedecreasing resolution, and setting the power
settingsto turn the monitor on power save or standby after a certain period of not beng used.
This setting also mug be mandaed for al new LCD monitors as well, as they also showa
significant decrease in energy use when this measure is applied. Further sub meteringis
necessary to gan amore comprehensgve undestanding of energy use within Ellison Hall, and
ways to decrease the consumption. Possible other suggestionsfor future research and
implementation would indudea network based power management system for the computer
networks which would have settingstha could simultaneoudy turn off computers at night after
backupswere completed as well as perform other network based power management
applications Lightingisamain source of energy use aswell, and throughthe use of Hobolight
meters, which measure lightintensty and temperature, an extensve audit could be peformed to
measure the amountof energy being used by lightng systems throughoutthe buildings Based
uponthe current trendsof Globd Warming and CO2 emissionsit isimperative tha buildings
take every step possible to reduce energy use through efficiency and conservation thus

decreasing the overall impacts onthe environment.
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