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Lecture 10-3: Simulation and Pareto optimal 
allocation, GUI non-proportional rules 



Small hydropower: optimal allocation policies

Razurel et al., WRM, 
2015; ADW 2018

Perona et al., Frontiers 
Env Sci. (2021) We learned that dynamic allocation 

policies non necessarily imply loosing 
water, but they are generally better to 
maintain more natural flow like 
variability in the regulated river reach



Non-proportional flow release: proof of concept

We tested hundreds of thousand redistribution policies
in order to identify the most efficient (in Pareto sense) 
one



Assessment of ecological performances
Global performances in respect of Q347 using Richter ’s hydrological indicators for flow variability



Pareto frontier for hydropower and ecology

The Pareto Frontier is 
almost entirely 
composed by non-
proportional policies!

Typically used policies 
worldwide lie all below 
the Pareto frontier



Although this proves 
that better 
alternatives exist with 
respect to the MFR 
and proportional 
distribution, they are 
far from being 
implemented yet



Graphical User Interface for hydropower

This GUI runs in Matlab and 
produces a phase space 
plot of energy generation vs 
ecological efficiency for a 
mixed small hydropower 
system without storage 
reservoir. The efficiency 
plot also highlights the 
Pareto frontiers of efficient 
solutions for comparing 
redistribution policies



User steps: 1. River natural hydrograph

Here you enter the river data series as a 
sequence of daily data. The program calculates 
the main statistics



User steps: 2. Water allocation policies

Here you enter the water allocation 
policies that you want to test. 
These include minimal flow with 
and without seasonal variation, 
proportional policies and non-
proportional ones beonging to the 
Fermi function family



User steps: 3. Power plant data

Here you enter the technical data of the power plant that you 
want to test, including minimal and maximum operating flow 
as well as the number of consecutive days per year of 
maintenance work. These are then fixed randonmly along the 
year. The power data defines the operating range of the 
power plant and the power generated; whether at the 
alternator or by the turbine depends on which efficiency is 
used to generate the data points.



User steps: 4. Habitat suitability thresholds

Here you enter the thresholds for young and 
adult reference fish species below which fish 
are in stress and a penalty function is 
calculated. 


