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Farming accounts for roughly 90% of water usage in the world. In places like Mali, a country in West Africa, 
water is a resource that is scarce amongst the region, especially in deserted climate areas. In Mali, water is 
used to feed crops and animals as well as for human use. 
In traditional irrigation systems such as flood irrigation, water gets evaporated in soil from the heat during 
the day. This makes the water not get into the root of the crop, making the water a waste. Our project 
attempts to tackle the large amount of consumption of water in traditional irrigation systems and make 
irrigation more efficient by reducing the amount of water evaporated.
In Mali, there are many areas where there is not access to power or infrastructure and our project wanted 
to address this problem. We wanted our project to benefit areas internationally as well as nationally where 
there is not much infrastructure for power and water and use it to increase efficiency in irrigation.
Our project is a system design of a water tower that is used to irrigate crops from the use of a pump which 
is powered by solar power.  The solar panel powers the pump which then delivers water from a primary 
water source  (groundwater, lakes, reservoirs, etc..) to a water tower. The water tower then uses gravity to 
disperse the water to crops. This system design is self sufficient, solar powered and modular so that it may 
be implemented in places all across the world.

Pump Mechanics

Solar Power
For our system design, the  solar resource map was used to estimate theoretical values for getting solar 
power. The values below are in a table to determine the total power output of the solar panel in a given
location.

The design of the pump relates to the amount of power outputted from the solar panel, the pump efficiency, the lift and
flow rate required. Pumps are generally efficient with a 50-90% efficiency as such we determined to choose the average
efficiency pump of 75%. For this design, we optimized the lift height vs the flow rate as these values are inversely 
proportional to the water horsepower. The reason for this optimization is standard heights for groundwater water sources 
such as underground reservoirs and groundwater heights. The selected lift we chose was 100 feet and the flow rate 
calculated is 10.3 gallons per minute. 

Introduction Proof-of-Concept Experiment

Table 1: Calculated Power Values

Power Calculations for Pump US units

Solar Panel Efficiency (%) 0.18

Solar Irradiance  (Kwh/m^2/day) 5.8

Solar Panel Area (m^2) 1

Solar Irradiance Input (Kwh/day) 5.8 Solar Irradiance (Hph/day) 7.7778

Estimated Solar Output (Kwh/day)  day 1.044 Estimated Solar Output (HPh/day) day 1.400004

Estimated Solar Output (Kwh/hr) hour 0.0435 Estimated Solar Output (HPh/hr) 0.0583335

Estimated Sun Hours 6 Estimated Sun Hours 6

Estimated Solar Output (Kwh/sunlighthours) 0.261 Estimated Solar Output (HPh/hr) 0.350001

Figure 1: Photovoltaic Power Potential of Mali  from 
World Bank Group

These values are significant because it shows the potential of solar power use in the country of Mali where 
in a single day a solar panel can generate lots of power needed for our project as well as others.

Figure 2: Design of Solar Powered Gravity Fed Irrigation System given theoretical values

Pump Calculations

Pump Efficiency 0.75

Water Horsepower 1039.503

Total Dynamic Head (feet) 100

Flow Rate (gallons per minute) 10.39503

Water Storage
An ideal water storage tower for this project should contain overflow volume greater than the volume if the pump were 
running at 100& capacity. Our flow rate calculated is 10.3 gallons per minute, to determine the volume of the storage tower, 
we assume the pump is running for the totality of the sunlight hours and convert the units. For the calculation we find
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∗ 6 ℎ𝑜𝑢𝑟𝑠 = 3742 𝑔𝑎𝑙𝑙𝑜𝑛𝑠 These gallons of water would be lifted to the tower at 100% efficiency. 

Factoring in for overflow storage we decided that the storage capacity of the tower should be 5000 gallons. This tower 
would use gravity to disperse water to a lateral shown which is then used to feed crops in the drawing below.  

Figure 2: Design of Solar Powered Gravity Fed Irrigation System given theoretical values

Our project consists of creating a system, which uses solar power and gravity to irrigate crops
which in our case we did not have entire access to. To prove our concept we tested our proof 
of concept with a 30-watt 12 Volt solar panel with a 18% efficiency with a 12 Volt DC 
submersible pump and two 5-gallon buckets. This experiment is determined to prove the 
concept of a solar powered gravity fed system on a larger scale so that a theoretical system can 
be proven.

Our results showed that the nominal voltage of the solar panel without a load connected was 
17-19 Volts on a sunny day. When the 12V load pump was connected the voltage became 
11.8V which did power the pump transporting water from ground level to 6 feet. In the other 
test trials there was not much direct sunlight for the solar power to be sufficient in powering 
the pump.

Our results showed that the amount of sunlight is crucial for the amount of power being 
delivered to a pump. Our test results showed success in sunny days located in Staten Island, 
where the irradiance is much less than that of Mali. For a more accurate assessment of 
whether the theoretical design will be functional, more testing at a larger scale should be 
required to closely match the design of the theoretical design.
The significance of this design is storage of energy in a way that does not include battery waste 
as there are no batteries in this design. This design also is applicable to places all across the 
world that do not have access to infrastructure of power.

The country of Mali has an average photovoltaic power 
potential of 4.8 kWh/kWp, using conversion factors this is 
converted to 5.8 kWh/m^2/day which is the figure we use 
for the theoretical power values. The output power of a 
solar panel is dependent on certain factors, the solar
radiation, the efficiency and the total surface area of the 
panel. The values we chose for our theoretical system are
based on data we gathered such as the photovoltaic 
power potential of Mali and a standard efficiency rating 
that many solar panels on the market have today. 

Based on our calculated values shown in Table 1, we 
determined that the estimated solar output is 0.261 
kWh/sunlight hours assuming a solar panel of 18% 
efficiency, 5.8 kWh/m^2/day and a solar panel area of 1 
m^2. This value is significant because it shows the amount 
of solar power potential the country of Mali has simply 
based of standard values of solar panel efficiency. 
These values in terms of horsepower are shown on the 
right of the table which are the values we use for
calculating and design of the pump needed for the 
project. 

Table 2: Calculated Pump Values

Date Time
Weather 
Condition

Voltage Output 
of Solar Panel

Voltage Output of Solar 
Panel with Pump Load

Pump Operational Lift

4/14/2020 12:40 PM Partly Cloudy 11-15V 6V NO <1ft

4/14/2020 8:40 PM Partly Cloudy 2-3V 0.6V NO <1ft

4/15/2020 3:40 PM Mostly Sunny 17-19V 11.8V YES 6ft

4/15/2020 9:20 PM Sunny 2-3V 1.1V NO <1ft

Table 3: Proof-of-Concept Experiment Results


