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Introduction
• The global energy transition requires expanding low-carbon and cost-effective renewable 

sources. Hydropower remains one of the most reliable and mature renewable technologies. 

• In recent years, run-of-river hydropower has gained attention due to its lower environmental 
footprint, reduced social impacts, and lower construction costs compared to large dams.
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Dam-toe run-of-river scheme
• Morocco has not yet integrated run-of-river schemes into its 

national energy strategy; the hydropower system remains 
dominated by large storage dams and pumped storage
hydropower.

• Run-of-river hydropower generates electricity by harnessing 
the natural flow of the river with minimal storage. It provides 
environmentally friendly electricity generation that follows 
seasonal flow variations. 



Study area
• The watershed covers an area of 9545 km².

• It has a semi-arid climate, with wet winters 
and dry summers. 

• Annual rainfall ranges from approximately 
400 mm in the downstream areas to about 
760 mm in the upstream regions.

• The outlet is controlled by the Sidi 
Mohamed Ben Abdellah (SMBA) dam, which 
has a storage capacity of 974 Mm³.

• The dam is supplied by three main sub-
basins: Upper Bouregreg, Grou, and Korifla.

• A network of nine hydrological stations is 
distributed across the watershed.
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Methodology

1. Hydrological modeling using the SWAT 
model

• Daily runoff simulations were performed 
for the period 1978–2020.

• Model calibration and validation were 
conducted in SWAT-CUP using the SUFI-2 
algorithm, with the Nash–Sutcliffe 
Efficiency (NSE) as the objective function.

• A 5-year warm-up period was applied 
(1978–1982).

• Calibration covered 28 years (1982–2010).
• Validation covered 10 years (2011–2020).
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Data sets Source Details 

Rainfall and streamflow The Moroccan 
Ministry of 
Equipment and Water

1978 – 2020 
period

Temperature – Wind 
speed – Solar radiation – 
Relative humidity

ERA5-Land 1978 – 2020 
period

DEM ALOS PALSAR 12.5 m 
resolution

Soil map FAO-UNESCO Soil 
Map of the World.

50 km 
resolution

LULC map Sentinel-2 10m Land 
Use/Land Cover 
(2020)

10 m 
resolution



Methodology

2. Select run-of-river potential sites : 

• The main river network of each sub-basin 
was discretized using a 5-km spacing 
criterion.

• A total of 175 potential sites were 
identified for analysis
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Methodology

3. Construction of the Flow-Duration-Curve 
(FDC): 

• For each site, daily simulated flows for every 
year were used to construct yearly Flow 
Duration Curves (FDCs).

• By computing the yearly flow at the outlet 
(SMBA dam), the median hydrological year is 
identified.

• The median FDC for each site was then 
selected for subsequent calculations.
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Methodology

4. Construction of the Energy-Duration-Curve (EDC) : 

For each site, the EDC is constructed using the formula :𝐸 = 24 ∗ 𝜌 ∗ 𝑔 ∗ 𝐻 ∗ 𝑄 ∗ 𝑑
• E is the energy produced during d days (𝑊ℎ)
• Q is flow available during d days, derived from the FDC (𝑚3/𝑠)
• 𝜌 is the water density (𝑘𝑔/𝑚3)
• g is the gravitational acceleration (𝑚/𝑠²)
• 𝐻  is the hydraulic head created by the RoR plant (𝑚), assumed to be 5 m
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Methodology
5. Identification of the design discharges: 

The peaks of the EDC are used to identify the 
corresponding design discharge. This discharge is then 
used to estimate the theoretical hydropower potential 
using the formula: 𝑃 = 𝜌 ∗ 𝑔 ∗ 𝐻 ∗ 𝑄𝑑
• P is the theoretical hydropower potential of the RoR 

plant (𝑊)
• 𝑄𝑑 is the design discharge(𝑚3/𝑠)
• 𝜌 the water density (𝑘𝑔/𝑚3)
• g is the gravitational acceleration (𝑚/𝑠²)
• 𝐻  is the hydraulic head created by the RoR plant 

(𝑚),  assumed to be 5 m

XIX World Water Congress | Marrakech, Morocco | 1-5 December 2025 | www.worldwatercongress.org



Results
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Hydrological modeling results : NSE and PBIAS values 
 

Upper Bouregreg watershed Grou watershed Korifla watershed
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Results
Construction of the median FDC at each potential RoR site : The 1988/1989 FDC
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Results
Construction of the median EDC at each 
potential RoR site :
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Results
Distribution of the design discharges and their days of availability 
in each watershed
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Results

Total hydropower potential capacity of the watershed 
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Subwatersheds Total potential First level Second level Third level

Upper Bouregreg 29.1 17.5 7.8 3.8

Grou 67.4 41.8 17.8 7.7

Korifla 7.3 5.9 1.4

Watershed Total potential First level Second level Third level

Bouregreg 103.8 65.2 27.0 11.6



Conclusion
• By considering a cascade scheme of run-of-river plants, the Bouregreg watershed is theoretically 

capable of producing up to 100 MW under typical hydrological conditions. 

• Hydropower estimates would be higher for sites where the available hydraulic head is greater than the 
assumed 5 m.

• Even under semi-arid conditions, run-of-river technology can remain a cost-effective and clean source 
of energy.

• The framework developed in this study provides a method for selecting optimal design discharges, 
offering multiple options ranging from less-frequent high flows to more regular, year-round lower flows.

• By using modular turbines, run-of-river plants can harness a wide range of discharges throughout the 
year, improving both flexibility and energy yield.
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Conclusion
• The hydropower estimates presented here are based on 

theoretical calculations. A more realistic assessment would require 
integrating technical, environmental, and economic constraints.

• The analysis was conducted using the median hydrological year. 
Therefore, evaluating the potential for each individual year would 
provide insight into the interannual variability of hydropower 
production.

• Future work should incorporate climate change scenarios to 
assess long-term impacts on runoff and hydropower availability.

• Publication: Findings related to the Grou sub-watershed have 
been published recently in the International Journal of Renewable 
Energy Development, in the article titled: “Optimal hydropower 
potential assessment in semi-arid regions,” by Imane El Kasimi, 
Moulay Driss Hasnaoui, Driss Khomsi, Ahmed Bouziane, and Amal 
Aboulhassane.
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Thank you!
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