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Basic concept of peak solar hours
• Overview
•
•
•
•
•
•

Energy = Power X time
kWh = kW X hours
Power is Energy/time
Peak solar hours (PSH) are in units of time.
Energy = Power X PSH
Use of PSH to check vendor proposals
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Flat or 0°
 = latitude = 18.29°

 =18.29° + 15°= 33°
 =18.29° - 15° =
3°

Tilt angle  depends on
season

 = latitude = 18.29°

For a fixed array, the best tilt angle () is the
latitude, or about 18.29° for Las Cruces,
Puerto Rico.
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Solar irradiance (power) and irradiation (energy)

Irradiance kW/sq. meter

Power X time = energy: kW X hours = kWh (20 cents/kWh)

Blue line is irradiance

Area under curve is
irradiation or energy

When the time period under the curve is a full day, the irradiation is called the insolation.
At 5.4 hours (green): lowest irradiance is 0.60 kW/m2
At 7.8 hours (light green): lowest irradiance is 0.40 kW/m2 More energy but at a lower average power.
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Las Cruces, PR
18.29°N, 66.2°W
Panel tilt = 18.29° = latitude
November

Derivation of peak sun hours

Peak sun hours refers to the number of
hours required at 1 kW/m2 to provide the
same energy that the irradiance over a
day would provide over the same area.
Data obtained from National Solar
Radiation Database (NSRDB). Realtime
data obtained from a positioned light
meter.

Average irradiance = 342

Yellow area = orange area
Area under curves equals
total energy.

W/m2

Peak Sun Hours
(PSH)

4.11 hours
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Peak Sun Hours vs Hours of Daylight
Las Cruces, PR
18.29°N, 66.2°W
Panel tilt = 18.29° = latitude

Goose Bay, Canada
53.29°N, 60.3°W
Panel tilt = 55.29° = latitude
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Solar Data – San Juan, PR

Source: Photovoltaics Design and Installation Manual : Pg. 271
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Peak sun hours (time) are the key to estimating PV power requirements
for a grid of any size
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A household grid
Panels only

Addition of batteries

Energy (kWh) = (PV power) x time
Assume household requires 8 kWh per day and you have 5.5 PSH.
Energy/time = PV power
8 𝑘𝑊ℎ
= 1.45 kW array
5.5 𝑃𝑆𝐻
Assume 300 watt panels: # panels required: 1450/300 = 4.8. If you
bundle all efficiency losses (e.g., 70% efficiency) the requirement
increases to 4.8/0.7 = 6.9 panels. You purchase 7 panels.
7 X 300 X 0.7 = 1.470 kW. 1.47 kW X 5.5 hours = 8.085 kWh

Batteries with a maximum capacity of 8kWh are optimal to
match the surge/peak power demand

365 X 8.085 = 2951 kWh at $0.20 each is $590/year.

8 kWh lead acid battery costs $1100

7 panels @ $250/each is $1750. Possibly a tax write-off.

This increases the total costs to $2850.

The amortization period is  3 years.

The amortization period is  5 years.
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Water pump
Panels only

Addition of batteries

Gallons per day (GPD) demand: 27,000
Peak sun hours (PSH):
4.11 hours
Calculate the gallons per minute (GPM) required.
300 watt panels at $250 each
GPD

27,000

GPM = PSH X 60 = 4.11∗60 = 109 𝐺𝑃𝑀

A standard formula
After some research you find that you need a 10 kW pump.
10 kW X 4.11 PSH = 41.1 kWh/per day.

A battery pack with a maximum capacity of 41.1
kWh is optimal to match the power demand

41.1 X 365 = 15,001 kWh at 20 cents each is $3000 per year

41.1 kWh lead acid battery bank costs $ 6000

10 kW/(0.3 kW/panel) = 33 panels or $8,250.

This increases total costs to $14,250

The amortization period is 3 years

The amortization period is 4.75 years
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Technology and Education Center for Renewable Energy
San Juan, Puerto Rico
Go to www.TECRE.org for uploads

Thanks
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