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Training program 

Overview 

¶Day 1: General overview, group discussions 

-Overview about the study 

-General method 

-New layers for ECOWREX 

-Data challenges & Lessons learned 

-Flow estimation & Hydropower potential 

-Climate change projections 

 

¶Day 2: GIS layers, group work, practice examples 

-Hydropower classification: 

-Plant type 

-Plant size 

-Practice examples 

- Installed capacity & energy calculation 

-Water balance & climate change calculation 
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Introduction 

Background & Objectives 

¶Background 

-Shortage of reliable energy supply is a critical topic in the 15 countries of ECOWAS. 

-The potential for future hydropower development is assumed to be large, 

 but exact data are missing 

 especially for small-scale hydropower development. 

-This study supports the energy initiatives of the 

 ñECOWAS Centre for Renewable Energy and Energy Efficiencyò (ECREEE). 

 

¶General project objectives 

-Assess the hydropower potential of all rivers in the ECOWAS region. 

-Prepare various data layers for integration into ECREEEôs online platform ECOWREX, 

 such that the study results are readily available to the general public. 

-Identify regions/rivers that are attractive for hydropower development to direct ECREEEôs 

streamflow measurement initiatives. 

-This study focusses on hydropower potential for small-scale hydropower at small rivers, in 

addition to assessment for large rivers. 
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Hydropower potential 

Definitions 

¶Gross theoretical hydropower potential 

Hydropower generation if all natural water flows would be utilized by 100% efficient turbines. 

 

¶Theoretical hydropower potential 

Rough consideration of energy losses due to turbine efficiency, hydraulic losses (penstock, etc.). 

 

¶Technical hydropower potential 

Also considering spillway losses due to limited design flow of turbines. 

 

¶Economic hydropower potential 

Also considering economic restrictions (investment costs, energy prices). 

 

¶Exploitable hydropower potential 

Also considering environmental and social restrictions (protected areas). 
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          Power [MW]  =  Flow [m³/s]  *  Height [m]  *  c 

 

 

Power Theoretical hydropower potential [MW] 

Flow Mean annual discharge in reach [m³/s] 

Height Elevation difference from start to end of river reach [m] 

c Constant, typically  c = 8.5/1000 

5 

Hydropower theory 

Theoretical hydropower potential of a river reach 
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Hydropower theory 

Aggregation of theoretical hydropower potential 

¶The theoretical hydropower potential is initially computed for each river reach. 

 

¶It gives the mean annual power (in MW) that could be produced in this river reach 

 if a hydropower plant: 

-Utilizes the full head (elevation difference) in the reach 

-Turbinates the full river discharge (no spillway losses) 

-Turbine efficiency and hydraulic losses are already roughly considered 

 

¶Aggregation of theoretical hydropower potential: 

-River: Sum of theoretical hydropower potential of all reaches along the river 

-Basin: Sum of theoretical hydropower potential of main river and all tributaries in the basin 

-Country: Sum of theoretical hydropower potential of all basins in the country 
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Discharge measurement in West Africa 

410 discharge gauges available for this study 

¶Discharge (along with 

slope) determines the 

hydropower potential of 

a river. 

 

¶Gauges usually located 

at medium/large rivers. 

 

¶Hardly any gauges 

located at small rivers 

that are suitable for 

small-scale hydropower. 

 

¶Gauge data cover 

different observation 

periods. 

 

¶Regionalization of flow 

is required. GIS mapping & water balance modelling 



COPYRIGHT@PÖYRY 

July 2016 

GIS Hydropower Resources Mapping for ECOWAS Region 8 

River network 

GIS delineation of river reaches 

¶Method: 

-Hydrosheds flow direction 

-GIS processing (> 2 km² threshold 

for reach delineation) 

-Eliminate reaches with no 

discharge (in arid regions)  

 

¶500,000 river reaches 

 in West Africa 

 

¶Delineate sub-catchments 

-1060 sub-catchments 

- Inland: > 3000 km² 

-At coast: > 1000 km² 

-Manual adjustments at reservoirs 

 

¶Extract river elevation from DEM 

Example for Sierra Leone 
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Water balance modelling 

Discharge estimation for 500,000 river reaches 

¶Water balance model 

-Spatially distributed 

-Routing along river network 

-Major losses: 

- Irrigation schemes 

-Floodplains 

 

¶Inputs 

-Rainfall 

-Potential evapotranspiration 

 

¶Output 

-Mean annual discharge for each reach 

 

¶Calibration 

-410 gauges used for calibration / verification of results 

-Regional patterns of model parameters 
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Water balance modelling 

Comparison of simulated vs. observed 

 mean annual discharge at 410 gauges 
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401 gauges with available Qobs 
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P [MW] 

Theoretical hydropower potential 

Theoretical hydropower potential 

Computed for 500,000 river reaches 

          Power [MW]  =  Flow [m³/s]  *  Height [m]  *  c 


