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Abstract: 
 
¢ƘŜ wŜƴŜǿŀōƭŜ 9ƴŜǊƎȅ hǊƎŀƴƛȊŀǘƛƻƴΩǎ IƻǳǎŜ 9ŦŦƛŎƛŜƴŎȅ ǘŜŀƳ ƻŦ /ŀƭǾƛƴ /ƻƭƭŜƎŜ Ƙŀǎ developed a method 
to efficiently survey the electrical usage of the house at 1806 Rowland Avenue owned by Calvin College.  
The house efficiency team has surveyed the occupant and examined the ƘƻǳǎŜΩǎ electric appliances and 
electrical demand. Due to variance in appliance usage, an average time in use was assumed for each 
appliance.  Using these assumptions, the model calculated a reasonable total electrical demand.  The 
survey results may be analyzed to determine alternatives for improving the electrical efficiency of the 
house.  
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Purpose 
 
/ŀƭǾƛƴΩǎ demonstration wind turbine was constructed by the Renewable Energy Organization in Spring 
2007. The Calvin College-owned house at 1806 Rowland Avenue, where the wind turbine is metered and 
connected to the grid, provides accommodation for short term staff or professors.  The house efficiency 
group has ǎǳǊǾŜȅŜŘ ŀƴŘ ŀƴŀƭȅȊŜŘ ǘƘŜ ƘƻǳǎŜΩǎ ŜƭŜŎǘǊƛŎŀƭ ǳǎŀƎŜΦ The house energy use model has been 
compared to the Home Energy Saver energy use survey (Appendix I) to validate the model. The purpose 
of this story is to collect data to facilitate any future analysis of the Calvin College wind turbine and its 
effectiveness. For example, a cost-benefit analysis could be used to evaluate options for increasing the 
electrical efficiency of the house and thus increase the utility of electricity produced by the wind 
turbine.   
 
Survey 
 
The team catalogued the electrical appliances used in the Rowland house and collected power and 
usage dataΦ  tǊƛƻǊ ǘƻ ǘƘŜ ǎǳǊǾŜȅΣ ǘƘŜ ǘŜŀƳ ƻōǘŀƛƴŜŘ ƻŎŎǳǇŀƴǘǎΩ ǇŜǊƳƛǎǎƛƻƴΣ ŀǊǊŀƴƎƛƴƎ ǘƘŜ ŘŀǘŜ according 
to the ƻŎŎǳǇŀƴǘǎΩ ǇǊŜŦŜǊŜƴŎŜΦ The house efficiency team developed a questionnaire for the occupants of 
the house.  The current house occupants provided estimates for typical usage of each household 
appliance.  The completed questionnaire can be seen in Appendix A.  
 
Before the survey, the group prepared templates listing major electrical devices (Appendices B-G). The 
team used the templates to record the following data for each appliance: type (e.g. television, toaster), 
brand (e.g. GE, LG, Dell), model (e.g. size, number), power rating, and other notes as available.  When 
appropriate, the team measured actual power drawn by electrical devices using a P4400 Kill-A-Watt 
portable watt meter. This data has also been recorded in Appendices B-G.   
 
Analysis  
 
After collecting the survey data, the team used MS Excel to estimate minimum, average, and maximum 
electrical power consumption at the Rowland house (Appendix H).  The questionnaire and appliance 
templates were used to enter power demand and usage estimates. 
 
Power ratings were sometimes unavailable for individual appliances.  In some cases, it was deemed 
inappropriate to measure these using the watt meter since the appliance must be disconnected from 
the wall socket to use the meter. In these cases, the survey data was insufficient; assumptions were 
used for average usage and run times. This was largely based on a survey of the house occupants 
regarding their energy use habits, as 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 conditioner unit was not included in this survey model, 
because it was considered unlikely that the air conditioning unit would contribute appreciably to the 
overall energy use during the months from November to March.  
 
The ƻŎŎǳǇŀƴǘǎΩ ǊŜǎǇƻƴǎŜǎ ǘƻ ǘƘŜ questionnaire provided average usage estimates for many appliances, 
but further assumptions were made to complete the power consumption model. Average 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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tPE               (1) 
where E is daily energy draw in kW-hr, P is the power rating or measured actual power in kW, and t is 
the estimated time in use in hr.  
 
Results 
 
The model predicts that the Rowland house consumes 660 to 1224 kW-hr of electricity per month. 
Electric bills from the past two years, shown in Appendix J, indicate energy usage ranges from 400 to 
820 kW-hr per month. The house is periodically vacant between occupants; energy usage less than or 
equal to 300 kW-hr/month was assumed to indicate partial or complete months without occupants. The 
wind turbine provides 20 to 110 kW-hr of electricity per month, where higher electricity generation 
correlates with higher winds during the months of November to April. Depending on seasonal and daily 
weather patterns, the turbine contributes approximately р ǘƻ мо҈ ǘƻ ǘƘŜ ƘƻǳǎŜΩǎ ŜƭŜŎǘǊƛŎƛǘȅ ŘŜƳŀƴŘΦ  
 
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 example, replacing 1975-model refrigerators and 
freezers with Energy Star models could reduce refrigeration energy demand by 50%. Similarly, the 
installation of high efficiency washers, dryers, and light bulbs would reduce residential energy 
ŎƻƴǎǳƳǇǘƛƻƴ ǿƛǘƘƻǳǘ ŀŦŦŜŎǘƛƴƎ ƻŎŎǳǇŀƴǘǎΩ ƭƛŦŜǎǘȅƭŜǎΦ  
 
Lifestyle changes, such as hanging clothes to dry, washing laundry in cold water, or minimizing the 
number and type of lights turned on are probably the most effective means of reducing residential 
energy use.  Increased energy and cost savings may be realized by replacing outdated appliances with 
more efficient versions; however, a full energy lifecycle analysis of such appliances is beyond the scope 
of this report. The energy 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 the Calvin College Rowland house energy bills and compared them 
to the theoretical model demonstrated above.  The team determined that the minimum 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 months.  Any further use of this 
data should account for this potential change and proceed accordingly.   
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Appendices: 
 
Appendix A:  Survey 
Appendix B:  Kitchen Electrical Appliance Survey 
Appendix C:  Bathroom Electrical Appliance Survey 
Appendix D:  Living Room Electrical Appliance Survey 
Appendix E:  Office Electrical Appliance Survey 
Appendix F:  House Light Bulb Survey 
Appendix G:  Large/Other Appliances Electrical Survey 
Appendix H:  Calculations Spreadsheet 
Appendix I:  Typical Energy Costs for Household Appliances 
Appendix J:  Energy Usage Data from Consumers Energy 
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