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The Water-Energy-Food Nexus 
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9 billion 
by 2050 



WEF Nexus knowledge gaps 
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Large vs Small scale hydropower in the Duero basin  
 

Large hydropower 
>10 MW 

vs 

Small hydropower 
<10 MW 

Are large or small hydropower the panacea?  
What about impacts?  

How much?  
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No consensus on the definition between large and small. In Europe: 

Usually associated to reservoir Usually Run of River 



Large vs Small scale hydropower in the Duero basin  
 

OBJECTIVE 

Comparative assessment of the effects of extended deployment of 

large and small hydropower at a basin scale, in terms of: 

 
 Contributions to water security  
 Contributions to energy security 
 Impacts on the river system 

PROCESS 

 Selection of case: the Duero basin - 163 power plants: 
 Selection or design of indicators 
 Data collection (with support from DRBA)  
 Data analysis: absolute and relative metrics  

25 large scale 
138 small scale 
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The Duero Basin 

What are the Duero basin particularities? 

Surface: almost 80,000 km2  

Rainfall: 625 mm/year av. 

Agriculture: 85% water demand 
       3.3% GDP 

Energy: 21% of national hydropower 
production 
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Indicators 
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ENERGY SECURITY 
(Sovacool & Brown, 2010) 

WATER SECURITY 
Lautze & Manthrithilake (2012)  

ENVIRONMENTAL 
IMPACTS 

 
 

 Resource availability: 

 Installed Capacity 

 Annual power 
generation 

 Security of supply:  

      - Controllable capacity  

      - Reversible capacity    

 

Affordability:  

 Unitary energy cost 

 
Efficiency:  
 Demand covering 

capacity 
 

Water access and supply: 
 Water storage capacity 
 Water demand covering 

capacity 
 
Irrigation supply: 
 Plants connected to irrigation 

dams 
 Water storage for irrigation 
 
Environmental flows: 
 Plants complying 
 
Flood risk reduction: 
 Plants enabling flood 

regulation 

Flow regime: 
 Water withdrawal 
 Water consumption 
 Length of river 

disturbed 
 
Connectivity: 
 Number of 

dams/obstacles 
 Percentage of 

scalable dams 
 
Habitat loss: 
 Reservoir surface 

area 



RESULTS 
 

ENERGY SECURITY WATER SECURITY ENVIRONMENTAL IMPACTS 
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hydro 

Small 
hydro 

Availability 
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Water supply +++ 
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+ 
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Irrigation  
supply 
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+ 

+ 
++ 
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Rel 

Environmental 
flows 

+ 
--- 

++ 
--- 

Abs 

Rel 

Flood risk 
reduction 

+++ 
--- 

+ 
--- 

Abs 
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Large 
hydro 

Small 
hydro 

Flow regime +++ 

+ 

+ 

++ 

Abs 

Rel 

Connectivity + 

+ 

+++ 

+++ 
 

Abs 

Rel 

Habitat loss +++ 

+ 

+ 

+++ 

Abs 

Rel 

Some of the differential aspects relate more to the type of infrastructure (Run of River vs 
big Reservoir) than to the size (installed capacity) 
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Conclusions 
 

  
Impacts: Absolute terms   
 

                 Relative terms    

Large hydro: higher cumulative impacts on Flow regime & Habitat loss  
Small hydro: higher cumulative impacts on connectivity 

Small hydro has higher impacts per unit of energy produced in 
all the categories 
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Energy security: Large hydro has higher contributions for all the indicators 

Water security: Large hydro has higher contributions for all the indicators but environmental flows 

Installed capacity does not perform as a good indicator to separate between  

large and small hydropower 



Recommendations 
 

 Optimisation of the number, type and location of the hydropower plants to 

maximize efficiency minimizing impact 
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Type of technology (Run of River or Reservoir) could 

be more appropriate 

 Installed capacity does not perform as a good 

indicator to separate between large and small 

hydropower 

 Great potential to increase hydraulic pumping as a means to increase water 

and energy security  



11 

 
beamayor@ucm.es 

Thank you! 


