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FIGURE 4. LCOE ($cents/kWh) for systems pumping to a water 
tank (a) or at constant pressure (b). 
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FIGURE 1. NPC (x105$) for the 7 countries and the 4 cases 
under study. 

FIGURE 3. PBP (years) for the 7 countries and the 4 cases under 
study. 

The main results obtained in this 
study are the following: 

 NPC values are all positive 
and in the range 0.33-41.5x105 
$.  

 IRR values are all higher than 
the local real discount rate (i) 
and in the range 8-47%.  

 PBP are far below the lifetime 
of the system (25 years) and 
in the range 2.1-10 years.  

 LCOE values are the lowest 
for PV irrigation systems and 
in the range 4.5-17.4 
$cents/kWh, representing 
very high percentage savings 
in the range 30-84% if 
compared to diesel-powered 
and grid-powered systems.   

In general terms, substituting 
diesel-powered and grid-
powered systems with PV 
irrigation systems in the region 
of ECOWAS seems very 
promising from the economic 
point of view. Profitabilities are 
higher when the irrigation 
system is pumping to a water 
tank than at constant pressure. 

The objective of this paper is to analyze the 
conditions where large power PV irrigation 
systems (in the range of hundreds of kWp) in 
stand-alone operation are economically feasible in 
the ECOWAS region, where the ECREEE is 
promoting renewable alternatives for agriculture 
applications.  

This analysis focuses on evaluating the 
substitution of grid-connection or diesel 
generators with a PV generator in already existing 
irrigation systems. The performing indicators -
Payback Period (PBP), Internal Rate of Return 
(IRR), Net Present Cost (NPC) and Levelized Cost 
of Energy (LCOE) have been calculated for 7 
countries from the ECOWAS region.  

Four different cases have been compared for these 
7 countries: irrigation pumps could be originally 
powered with diesel generators or with the 
national grid (and both would be substituted by a 
PV generator), and they have two possible 
operating modes (pumping to a tank or at constant 
pressure). 

Solar PV generators coupled to 
water pumps represent an 
attractive option for reducing the 
economic cost and the 
environmental impact associated 
to irrigation applications. Prior 
studies have already evaluated 
the technical and economic 
viability of PV water pumping, 
but they all refer to systems with 
relatively small PV nominal 
power (up to 30 kW).   

The European project 
MASLOWATEN has recently 
reported technical and economic 
validations for 5 large 
demonstrators (with PV powers 
in the range of 40-360 kWp) in 
the South of Europe, but these 
results are highly site-dependent 
and it would be interesting to 
extend them to other regions of 
the planet. 

 The installation of stand-alone large power 
PV generators in the ECOWAS region would 
be very profitable in already existing grid-
powered and diesel-powered irrigation 
systems. PV irrigation should be 
implemented even in regions with good grid 
access.  

 PV irrigation systems with accumulation in 
terms of water tanks are more profitable than 
systems pumping at constant pressure. The 
use of batteries would be a possible solution 
for constant-pressure systems, but they still 
present some technical and economic 
challenges.  

 It is important to highlight the small PBP 
values obtained. Most cases present PBP 
values lower than 6 years, which is less than a 
quarter of the lifetime of the system. This 
implies a significative reduction of the 
investment risk associated to the installation 
of the PV system. 

 

FIGURE 2. IRR (%) and local i (%) for the 7 countries and the 4 
cases under study. 
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