
Approximately 30 percent of the population on the Navajo Nation 
(NN) are still without electricity 1. Connecting a home to the electrical 
grid on the NN has an average cost of about $40,0001. This cost only 
reflects towards existing distribution lines near homes that require 
minimal materials and personnel to implement these connections. 
These prices increase exponentially as distribution lines distance 
increase from the homes that need electrification. Since the four 
corners region has an expectational insolation for Photo Voltaic (PV) 
arrays, this could give the NN the ability to become an Energy 
sovereign nation and help support energy sustainability as a 
community or even individuals that are remote from main grid 
connections.  

As an objective for this project, students were required to create a 
company to implement a PV system at any location selected by the 
student. Companies were given a budget of $50,000 for material to 
establish a PV system for a new home, commercial business or other 
establishments that can stay within the budget. These systems must 
relate to real life situations such as a selection of location, average daily 
loads, selection of inverters, battery bank selection, charge controllers, 
tilt and insolation, PV module selection and prices of components.
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FIG. 1

• An intuitive approach was taken to calculate the Average daily 
load calculation. The load is calculated by listing all appliances 
that are within the household and all rated power consumption of 
the appliances in watts (W). Each appliance’s wattage is 
multiplied by the number of units that are inside the home. The 
wattage is then multiplied by the estimated number of hours 
utilized within a 24-hour period. The product of Watts x Hours 
gives the value of Watt-hours used per Day (Wh/day.) 
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• Fig. 2 is the all the appliances 
that will be included in the 
average daily load calculation. 

• Fig. 3 shows the peak power of 
the home.
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Results
Once the parameters of the PV modules have been calculated and 
satisfies the charge controllers specifications, we obtained the 
following: 18 modules in total with 6 strings of 3 modules in series. 
The series modules open circuit voltage total is 120.3 V with a 
short circuit current of 77.7 A. With these values it is safe to say 
that the voltage is well below the max input, but the amperage is 
high. So,  two charge controllers were selected and the PV modules 
were separated in half. The final configuration of the PV modules is 
3 strings with 3 in series for each charge controller.
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• Fig. 6 illustrates the series parallel battery bank.
• Battery nominal voltage = 12 V
• Battery Bank nominal voltage = 4 x 12V = 48 V
• Battery capacity = 357 Ah @ 20 hr
• Battery Bank Capacity = 1428 Ah

• Fig. 6 Shows the PV Array modules in a series parallel 
connection.
• PV Module array open circuit voltage < 150V
• Short circuit = 40.1 V @ STC
• Open circuit current = 10.36 A
• Required Power =  5.09 kW
• Capacity factor = .20
• Increase for losses = 15 %
• Temperature derating = 5 %
• PV array design margin = 15%
• Total calculated when 320 x 18 = 5.76 kW
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• Fig 7 and 8 shows the proposed home that will obtain the PV 
system. The home will sit towards the south to receive optimum 
irradiance. 

Results

Conclusion
With more education and advocacy for off grid PV systems it would 
alleviate some stress on dependency for natural resource consumptions.  
It would also create the Navajo Nation to become more energy 
sovereign and help with sustainability in our community and across the 
world. 
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