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Abstract:

¢tKS wSySglotS 9ySNHE& hNAIFYAT I GA2Y Qdevelopedizinétho® T FA OA S
to efficiently survey the electrical usagetbt houseat 1806 Rowland Avenumvned by Calvin College

The house efficiency teaimas surveyedhe occupantand examind the K 2 dz&lSdia applianceand

electrical demandDueto variance in appliance usage, an average time in use was assumed for each
appliance. Using these assumptions, the model calculated a reasonable total electrical dehtand.

surveyresultsmay be analyzed to determine alternatives for improvihg electrical efficiency of the
house.
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Purpose

/ | f @amblstationwind turbine wasconstruced by the Renewable Energy OrganizatiorSiming

2007.The Calvin Collegmvnedhouseat 1806 Rowland Avenuenhere the wind turbine is metered and
connected to the grid, provides accommodation for short term staff or professbine. house efficiency
grouphasd dzZNIS@ SR |yR 'yl f &l SR Th&iusKehetgy 8s@ smodé haS Bee NA O
compared tothe Home Energy Savenergyuse survey{Appendixl) to validate the modelThe purpose

of this story is to collect data ttacilitate any future analysis of the Calvin College wind turbine and its
effectivenessFor example, @ostbenefit analysiscould beused to evaluate options fancreasngthe

electrical efficiency of the housand thus increase the utility oflectricity produced by the wind

turbine.

Survey

The team catalogued the electrical appliances used in the Rowtaniseand collected power and

usage dated t NA2NJ 02 GKS adz2NBSes GKS GSIY 2actokding/ SR 2 OC
tothe2 O OdzLJ y (i & Qrhd BduSeFeffiitidhoy @&rdeveloped a questionnaire for the occupants of

the house. Thecurrent house occupants provided estimates for typical usage of each household
appliance. The completed questionnaire can be seen in Appendix A

Before the survey,he group preparedemplates lising major electrical device(Appendices &5). The
team used thetemplates torecordthe following datafor each appliancetype (e.g.television toaster),
brand €.g9.GE, LG, Dell), mode.g.size, number), power rating, and other notas available When
appropriate the team measure actual power drawn byelectrical devices using #4400KillA-Watt
portable watt meter This data has also beeecorded in Appendices-8.

Analysis

After collecting the survey datdhe team used MS Excel éstimateminimum, average, and maximum
electrical power consumption ahe Rowland hous€Appendix Hl The questionnaire and appliance
templates were used to enter power demand and usage estimates.

Power ratings weresometimesunavailable forindividual appliance In some cases, it was deemed
inappropriate tomeasure thes usingthe watt meter since the appliance must be disconnected from
the wall socket touse the meter In these caseghe survey data wamsufficient; assumptions were
used for average usage and run timdsis was largely based on a survey of the hooseupants
regarding their energy use habjtas well as from data representing national average energy
consumption rates Power ratings were assumed for the cell phone charger, the washer and dryer, and
the stove. The electrical demand of the air condigo unit was not included in this survey mogdel
because it was considered unlikely that the air conditioning unit would contribute appreciably to the
overall energy use during the months fradovember to March

The2 OO0dzLJ y i 4 Q Nauéstidangia Bavided averap& Bagestimatesfor many appliances,

but further assumptions were made to complete the power consumption mo#Aekrage wash cycle
lengths for dishwasher, washer, and dryer and the duty cycle for the refrigerator were assumed. The
estimate range provided maximum and minimum usage, accounting for uncertainty in the model.

Daily energy draw was calculated from power ratings and usage data using the following equation:
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E=P-t Q)
where E is daily energy draw kWthr, P is the power rating or measured actual powekW, and t is
the estimated time in use hr.

Results

The modelpredictsthat the Rowland house consumes 660 to 1224-ki\bf electricity per month.

Electric billsrom the past two yearsshown in Appendix J, indicate energy usage ranges from 400 to

820 kWhr per month. The house is periodically vacant between occupants; energy usage less than or
equal to 300 k\whr/month wasassumed to indicate partial or complete months without occupantse

wind turbine provides 20 to 110 k\W of electricityper month, where higher electricity generation

correlates with higher winds during the montb§ November to AprilDepending on seasonal and daily

weather patterns the turbine contributes approximalyp 2 Mo’z (G2 GKS K2dzasSQa St

The largest percentages of the energy demand are for refrigeration (33%), laundry (26%), and lighting
(25%).High efficiency refrigerators and freezers, washers and dryers, and light bulbs could greatly
reduce the total energy demand at the house. For exampelacing 1975nodel refrigerators and

freezers withEnergy Star models could reduce refrigeration energy demand by SG#darly, the

installation of high efficiency washers, dryers, and light bulasuld reduce residential energy
O2yadzYLIiAz2zy oAGK2dzi FFFSOGAYy3a 200dzLI yiaQ tAFSadet

Lifestyle changes, such as hanging clothes to dry, washing laundry in cold water, or minih@zing t
number and type of lights turnednoare probably the most effectiveneans of reducingesidential

energy use. Increased energy and cost savings may be realized by repiadiigd appliances with

more efficient versions; however, a full energy lifecycle anabfsssich appliances beyond the scope

of thisreport. Theenergy required to harvest resources and manufacture household appliances-is non
negligible but is extremely difficult to ascertain because data is not collected across the many processes
involved.

Conclusions

The House Efficiency team examined @avin CollegRowland house energy bills and compared them

to the theoretical modedemonstrated above The team determinedhat the mnimum energy draw
predicted by the model most closely approximates the actual energy usage of the current residents
(Appendix J) However, because the residents of the house change frequently, it should be noted that
this pattern of use may change dramatically over any given period of momthg.further use of this

data should account for this potential change and pestaccordingly.
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Appendices:

Appendix A:
AppendixB:

Appendx C

Appendix D
Appendix E:
Appendix F:
Appendix G:
Appendix H:
Appendix I

Appendix J:

Survey

Kitchen Electrical Appliance Survey
Bathroom Electrical Appliance Survey

Living Room Electrical Appliance Survey
Office Electrical Appliance Survey

House Light Bulb Survey

Large/Other Appliances Electrical Survey
Calculations Spreadsheet

Typical Energy Costs fdousehold Appliances
Energy Usage Data from Consumers Energy
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Appendix A: Questionnaire

Please take a few minutes to answer these questions on power usage to the best of your ability.

/

1. On average, how many loads of laundry does the household wash each week? H-5 Load

2. On average, how many loads of laundry does the household dry each week? H S lwade
3. At what temperature is your thermostat set during the day [winter)? (Y
During the night [winter)? [
During the day {(summer)? 14
During the night [summer)? 16
4. In the summer, how often is the house air-conditioned {hours/week)? abwt %] Week
5. How many hours is the TV on each day? VCR/DVD? 2-H s,
6. How many hours is the stereo on each day? Auerane < g he,
7. How many hours is the computer on each day? 2 s
8. How many hours is the oven on each day? Mo b
Stove? e
9. How many minutes does the microwave oven run each day? Sl
10. Da you habitually turn off lights when leaving the room? [l /
11. On average, how many loads of dishes does the household wash each week? 2t Laeds’
12. On average, how many minutes does the shower run each day? A0 = S
13. How long have you lived in the house? ALY .ﬁ.w-::a\ led O

e

Extra: What other electrical appliances do you use frequently? (eg. electric space heater, toaster,
toaster oven, hair dryer)

Appliance _ Approzimate use/day
g ke, r.-"ﬁ.l-u'-d :"J m o pa e :.J'—\.-u:
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LT AT ijl-"’t.tl-t-"!'i.'}\"fﬂ _JJI“IFH""" 5 A aia !Icl&“-’i;
I:.l e I.n--'- ‘H\_ -‘h_+' .','.l‘."* e g -ﬂ*.
mtam 5 5 i [ 1

Wind Turbine Noise Measurement Report
REC; Calvin College



Appendix B: Kitchen Electrical Appliance Survey

Type/Electrical | Brand Model Power Notes
Appliance Rating
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