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AGENDA 21

“All energy 
sources will need 
to be used in ways 
that respect the 
atmosphere, 
human health and 
the environment as 
a whole.”



Hydropower

Maximum
ramping
rates
(ρ)

↑ number of 
operating hours of the
hydropower plant

↓ number of start‐ups 
and shut‐downs of the 

hydro units
↓ producer’s revenue
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Introduction

“Water should be 
regarded as a finite 
resource having an 
economic value […] 
reflecting the 
importance of meeting 
basic needs.”

AGENDA 21

Competitive
mark t
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Methodology

Abgottspon
and Andersson

(2012)

SDP
MILP
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Turbine 
hill curves;

Water elevation curve in 
the tailrace area;

Methodology
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MILP

Height‐volume curve of the reservoir;

In this study

Friction head losses coefficients in the 
conduits.
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Description of the master module
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Description of the slave module

MILP
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Aspects considered by the slave module

MILP

Conejo et al. 
(2002) 
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Case study

Max. legal storage capacity (15th Oct.‐15th Apr.)= 607.6Mm3

Max. legal storage capacity (16th Apr.‐14th Oct.)= 644.6Mm3

Max. technical storage capacity = 654.1Mm3

Min. technical volume = 71.0Mm3

Dead reservoir volume = 48.1Mm3

Max. net head = 132m
Min. net head = 72m
Hydro units = 3 Francis
Max. plant flow = 279m3/s 
Min. hydro unit flow = 40m3/s
Max. power output = 312.5MW 
Min. power output = 22.2MW
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SENSITIVITY ANALYSIS

ρ = 0h; 6h; 12h; 24h; 36h; 48h; 60h; 72h

Up maximum ramping rate= 0.75∙ρ 

Down maximum ramping rate = 1.50∙ρ

Considered problems

FLOW

Future plan of the
river basin authority
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Water values with ρ = 6h
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Water values with ρ = 12h
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Water values with ρ = 24h
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Water values with ρ = 36h
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Water values with ρ = 48h
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Water values with ρ = 60h
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Water values with ρ = 72h
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Relative water values according to ρ and seasons
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Water values are very sensitive to the 
presence of maximum ramping rates, as well 

as their magnitudes.

The reduction of the water values caused by 
this constraint follows an approximate 

quadratic behaviour.

This reduction is considerably higher during 
the months of low water inflows than during 

the ones of high water inflows.

Conclusions
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