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Solar Groundwater Pumping (SPGW) systems provide 
clean, inexpensive, reliable water to millions of 

people

Sustainable management of groundwater resources 
can ensure a stable water supply for future 

generations 



Groundwater is an under used resource in much of Africa 
(MacDonald et al. 2012) 



Groundwater in Africa

Aquifers provide water for drinking and domestic use to millions of 
Africans.

Aquifers also provide water for irrigation of crops (about 1% of 
cropland in Africa is irrigated with groundwater). 

Up to 1,600 km3/year of groundwater may be available to support 
additional irrigation in Africa (Altchenko and Villholth, 2015).

Prudent monitoring and management of groundwater can ensure fresh 
water for generations to come. 



Solar Powered Groundwater Pumping (SPGW) 
Systems are Gaining Widespread Use 

Benefits:

cost  

reliability

environmentally friendly

flexibility – off grid, adaptable 

Thousands of SPGW systems are being installed annually



Typical Solar Powered Groundwater 
Pump System

Water Level 
Sensors Kiprona and 

Ibáñez, 2020

Solar Groundwater Pumping 
systems:

Provide clean, reliable, affordable 
water to millions of people.

Long term over pumping can lead 
to depletion of aquifers. 

SPGW systems can measure and 
record groundwater levels and 
pumping rates. These data can 
be used to guide sustainable 
management practices. 



United Nations Sustainable Development Goal 6:

Ensure availability and sustainability of water and 
sanitation for all. 

Groundwater sustainability is the development and use 
of groundwater resources to meet current and future beneficial uses 
without causing unacceptable humanitarian/economic/environmental 
consequences. 



Aquifer Depletion Occurs Worldwide

Long-term trends in total water storage anomalies. (Scanlon et al., (2016))



Aquifer Water Budget

Input – Outputs = Storage Change

R – Qout – ET – Qpump = DS

R = recharge, rate of groundwater is replenishment

Qout = flow from the aquifer to springs or streams.

ET = evapotranspiration, extraction of groundwater 
by plants

Qpump = groundwater pumping 

DS = change in water stored in the aquifer

R ETQout
Qpump

S



Sustainable Groundwater Management 

To balance the water-budget equation, an increase in groundwater pumping 
results in:

increase in recharge, R;

decrease in groundwater discharge to wetlands, oases, streams, 
and springs, Qout; 

decrease in evapotranspiration, ET; and/or

decrease in aquifer storage, DS (falling water levels);

DS = Sc x (Change in Groundwater Level over Time)

Sc is storage coefficient

R – Qout – ET – Qpump = DS



Change in Aquifer Storage, DS

Groundwater level measurements are needed to calculate the 
amount of water stored in an aquifer.

Rising water levels       increase in water storage.

Declining water levels        a decrease in water storage.
Limpopo Basin



Declining groundwater levels can also lead to

• Increase in power required to pump (as groundwater levels fall, more 
power is required for pumping)

• Change in groundwater quality or chemistry (generally a 
deterioration)

• Land subsidence



Benefits of Groundwater Level Monitoring

• Fundamental information for sustainable management

• Determine changes in groundwater storage

• Identify effects of climate change and land-use change

• Evaluate connections of groundwater with wetlands, streams, springs

• Calibrate computer models of groundwater flow



Sustainable Practices: Before Well Installation
Assess water needs

Assess groundwater resources

1) Consult local water 

users and experts

2) Hydrogeological 

assessment

(Water Mission)



Sustainable Practices: 
After Well Installation

Pump Test

Requires multiple wells

Provides aquifer properties

Specific Capacity Test

Single well test

Provides production 
capability of well

Used to determine proper 
pump size

Davis & Shirtliff Ltd



Sustainable Practices: During Well Operation

Monitor pumping rate and groundwater level 

IOM



Typical Solar Powered Groundwater 
Pump System

Water Level 
Sensors Kiprona and 

Ibáñez, 2020

Pressure and flow sensors 
are integral components of 
the SPGW system, 
facilitating smooth 
operation. 

These sensors also record 
groundwater levels and 
pumping rates that can 
guide long-term sustainable 
management. 



Groundwater Recharge

R

Recharge derives from:
• Precipitation falling on land surface overlying an aquifer 

• Streams (mostly in arid regions)

Recharge Areas are important:

• Actions can enhance recharge rates 
(Managed Aquifer Recharge)

• Recharge areas should be protected 
from activities that may lead to 
water contamination



Monitoring Groundwater Levels to Assess 
Sustainability of Management Practices

Irrigated agriculture, South Africa
Monitoring wells in two regions 



Site A 
Water levels fluctuate in 
response to rainfall, but overall 
the levels remain relatively 
stable over 21 years.
Sustainable Use

Site B
Groundwater levels decline 
over 33 years. If current 
practices continue, aquifer will 
be depleted.
Unsustainable Use
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Summary  

• Solar Powered Groundwater Pumping (SPGW) systems are improving the quality 
of life for millions of people

• Sustainable groundwater management ensures a long-term water supply for 
future generations

• Groundwater level and pumping rate monitoring is required for sustainable 
management. SPGW systems allow for easy, inexpensive long-term data 
collection

• Recharge areas – identification can allow for enhanced recharge practices and 
protection of water quality
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