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Objectives

• To provide technical and economic guidance to help support

the rational development of water use and energy use in new

lands

• To provide support to policy makers to help encourage

development and promote sustainability of the water

resources
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Overview

 Technical aspects of groundwater pumping
 Definition of the problem

 Determining needs and sizing

 Challenges and drawbacks of solar water pumping

 Economic and cost analysis
 Basic cost

 A levelized cost approach

 The regulatory problem

 How and why to regulate a shared resource

 Conclusions

 Technical, economic, and regulatory conclusions

 Recommendations: what do to
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Moghra - far from resources
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Definition of the technical problem: what are we talking 

about and why? 

• Off-grid pumping of ground water

• Not on-grid – because that’s simple

• Not surface water, there is none in the areas we are
concerned with

• Groundwater allows me to be “off the water grid” –
now I want to be “off the electricity and diesel grid” as
well
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The Challenges

• How much water do I need?

• When do I need it?

• What size pump and solar system do I need to
achieve it?

• Am I better off using solar or diesel?

• There are several variables - the answers
depend on your assumptions (i.e. one season
vs. multiple seasons; are there uses for PV
when it’s not irrigating, and so on)
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The area surrounding: Al Moghra at present
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Conditions in Al Moghra
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What size solar pump do I need? 

With error ~±20%.....
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Simulation for a 49.5 kW PV unit and 37 kW pump



Page 12

Simulated daily water output (40 kW pump, 

100 m water depth)

Credit: GTS



Page 13

Simulated water flow rates by month (40 kW 

pump, 100 m water depth)

Credit: GTS
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The problem 

• is that irrigation presently runs like this
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Example of typical irrigation on a typical farm
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Measured soil moisture (tension)
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Economics – What will it cost? 
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What is the return (compared to diesel)?

• It depends….
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What is the return (compared to diesel)?
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Simple Payback
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But it doesn’t matter, because…

• Most diesel system are run incredibly
inefficiently.

• The “return” of a solar PV system depends
very strongly depends on how it is utilized.

• We are considering prices today, but prices are
changing rapidly – solar will be economical
sooner rather than later.

• The most valuable, and irreplaceable,
component of the system is free.
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The Conflict?

Private Grower’s Interests The General Public’s Interests

- Develop new lands

- Minimize cost to grow and irrigate 
crops (minimize capital cost)

- Minimize maintenance and 
headache

- Minimize pollution

- Develop new lands

- Minimize cost to grow and irrigate 
crops

- Minimize maintenance and 
headache

- Minimize pollution
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The Conflict
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The Conflict

Private Grower’s Interests The General Public’s Interests

- Develop new lands

- Minimize cost to grow and irrigate 
crops

- Minimize maintenance and 
headache

- Minimize pollution

- Extract water freely at minimum 
cost

- Develop new lands

- Minimize cost to grow and irrigate 
crops

- Minimize maintenance and 
headache

- Minimize pollution

- Minimize water extraction to 
ensure sustainability (or at least 
longevity)
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The Role of Regulation 

• The solution for such conflicts of private
and public interest is typically regulation.

• But regulation alone is not enough.
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Steps for efficient and regulated water use

• Determination of resource and availability – getting this wrong
means everything else is useless

• Providing overall guidance on water use and water use budgets –
users are already wasting water and resources

• Providing system design guidance based on water use

• Providing live daily guidance to support irrigation activities –
most farms do not know how much or when to irrigate

• Engaging in soil monitoring and efficient water use

• Regulating extractable water amount

• Measuring, monitoring and enforcing regulations on water use

• Measuring and monitoring the main resource aquifer and
updating resource forecasts accordingly

• Learning from other areas who have participated in water
resource management
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What can we conclude? Technically

• Determining appropriate water use is the first and most
important step for any efficient system design

• Water use is not just system sizing, it is operation over its life
• Using existing general practice guidelines will not work – they

lead to gross over irrigation
• Every possible means for more efficient water use should be

investigated ( soil additives, soil measurement, shading, etc…)
• Efficient water use is not only important for energy reasons, but

primarily for crop management reasons
• There is a lack of experience and knowledge in the region in

developing efficient systems from ground-water extraction to
utilization.

• The problem is multi-faceted, and so difficult to address in one
step and will require the expertise of multiple persons

• Assistance will be needed to improve the state of water
management. The market will not do it on its own.
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What can we conclude - Economically

• Economically speaking, – the return on investment in solar
energy depends highly on the actual utilization.

• The “feasibility” is mostly tied to the capital investment, hence
the availability of financing is an important part of making solar
pumping feasible.

• In some circumstances, particularly those of low utilization, diesel
pumping may be more attractive.

• The availability of an alternative use for solar energy, for when it
is not being used for irrigation; or the ability to level a single solar
source over multiple loads greatly impacts the utilization and
therefore viability of solar pumping.

• As solar PV continues to fall in price, and fossil fuels continue to
rise in price, solar PV pumping will become increasingly attractive
– and the market moves incredibly quickly.
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What we can conclude from a public policy and 

regulatory perspective

• There is at the moment an absence of regulation capable of 
addressing the new opportunities and challenges that arise form 
utilizing underground water in the desert.

• There is lack of knowledge and lack of understanding in the 
market place. 

• The private sector alone probably will not lead to an outcome 
much more efficient than the present (which is bad).

• In the absence of appropriate regulation precious aquifers may 
be depleted leading to a permanent loss for future generations.

• The nature of the water-energy nexus will require cooperation 
between authorities at a level that previous challenges have not.
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Recommendations

• The problem is multi-faceted and will require strong cooperation
on all levels between the responsible authorities (water,
agriculture, land, energy) to achieve a desirable outcome.

• Strong technical guidance is needed – and needs to be developed
– to guide appropriate water use.

• Technically speaking, the most crucial element is determining
appropriate water use and tolerances for varying usage – water
use by land area and crop are needed; system sizing tables are
needed; continuous feedback based on weather to determine
irrigation is needed.

• There is considerable experience in water use regulation from
around the world which should be used.

• If the problem is left to economics, or if we wait until the
economics make pumping attractive, the market will move much
faster than policy and regulations can catch up.
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Recommendations

Public bodies need to lead the way by:

• Determining bounds which we cannot cross (e.g. water
usage)

• Providing guidance and technical assistance to help
farmers and growers work within those bounds

• Providing clear regulations and enforcing those
regulations to ensure sustainability for all users

• Continuously monitoring the available public resource
(ground water) and updating regulations and best
practices
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