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Introduction   
 

 Ocampo-Martinez, C.; Puig, V.; Cembrano, M.; Quevedo, J. ñApplication of 
predictive control strategies to the management of complex networks in the urban 

water cycleò. IEEE Control Systems Magazine.33 - 1, pp. 15 -41. 2013. I 
SSN 1066-033X. 
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The Water  Cycle  



Supply and Production 

Transport 

Distribution  

ÅLarge-scale systems 
ÅComplex dynamic models (non-linear, hybrid) 
ÅManagement and control techniques: centralized scheme 
ÅComplex controllers, even un-scalable (due to their system model) 

M. Brdys and B. Ulanicki, Operational Control of Water Systems: 
Structures, algorithms and applications. UK: Prentice Hall International, 

1994 

4 

Drinking  Water  Networks  



Hierarchy  of Water  Networks  



Supply  Network  



Production  Network  



Transport Network  



Distribution Network  



 The Role of MPC in Water Networks:  
Supervisory Control  



MPC of Water  Transport  Networks:  
The Barcelona Case Study  

 

J. Pascual, , J. Romera, , V. Puig,  G. Cembrano, Operational predictive optimal 
control of Barcelona water transport network. Control Engineering Practice 

Volume 21, Issue 8, August 2013, Pages 1020ï1034 



 
Generación de estrategias de control óptimo/predictivo 
utilizando un horizonte de 24 horas para ...  
 

Tanks 

Valves 

Production  Plants 

Pumps 

DMAs 

Elements of a Water Transport Network  

 

 



 
Generación de estrategias de control óptimo/predictivo 
utilizando un horizonte de 24 horas para ...  
 

Control Oriented Modelling: Flow -based model  

Reservoirs 
Network Nodes 

Network Actuators n states x (volumes) 
m inputs u (actuator flows) 
p disturbances (water 
demands) 
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Reservoirs 
Pipes 

14 

Pumps 

Valves 

Control Oriented Modelling: Pressure -based model  



 

Objective Function Formulation...  

  

1. Energy/Production Costs  

 

 

2. Demand  Supply  Guarantees  

 

 

3. Smoothness  of Control Actions  
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MPC Problem  



Electricity Cost Model  

-    An electricity cost model that takes into 
account the price of electricity depending on 
the day, hour and period of the year has been 
developed and taken into account in the MPC 
formulation.    



The Barcelona Case Study  
 



Production Plants in Barcelona Network  

MEDITERRANEAN SEA  

FRANCE FRANCE 

Barcelona  

ETAP ABRERA 

ETAP ST. J. DESPÍ  

ETAP BESÒS 

ETAP CARDEDEU 

DESALADORA EN PROYECTO 
(Año 2009)  



Demand and Source Evolution  

Besòs Wells 

Llobregat Wells 

Ter Superficial 

Cardedeu Area of Influence 

Llobregat Superficial 

Abrera Area of Influence 
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Pressure Floors: DMAs  

MEDITERRANEAN SEA  



Barcelona Water Trasnport  Network  

63  tanks 
121  actuators 
88  demands 
15  nodes 



Some Numbers  of Barcelona Water  Transport  Network  

Different sources 

with different prices 
- Superfitial sources       Ą         X  ú/m3  

- Underground sources  Ą 0,6   X ú/m3  

- Desalination        Ą 4,0   X ú/m3  

113 Pressure floors 

218 Sectors 

4.645 km Pipes length 

Ɇ Network parameters: 

Ɇ Facilities 

92 Flow meters 

180 / 84 Pumps / Pumping stations 

23 Chlorine dosing devices 

74 Chlorine analyzers 

64 Valves 

81 Water storage tanks 

98 Remote stations 

2.922.773 Population supplied 

7 m3/s Average demand 

424 km2 Supply area 

23 Municipalities supplied 

Ɇ General overview: 



Demand Forecast for  
MPC of Water Transport Networks  

April 3, 2009 

M. Brdys and B. Ulanicki, Operational Control of Water Systems: 
Structures, algorithms and applications. UK: Prentice Hall International, 

1994 

 Ocampo-Martinez, C.; Puig, V.; Cembrano, M.; Quevedo, J. ñApplication of 
predictive control strategies to the management of complex networks in the urban 

water cycleò. IEEE Control Systems Magazine.33 - 1, pp. 15 -41. 2013. I 
SSN 1066-033X. 



Water  Demand  Model  

¸ The demand forecast module is needed for the MPC 
controller. 

 

¸ Water demands presents two main seasonalities: hourly and 
weekly. 

 

¸ Four methods have been studied: AGBAR methods, ARIMA 
models, basic structure models and Holt-Winters (HW) 
methods. 

 

¸ Water demand has been characterized both daily and hourly. 

 

¸ Water demand has been characterized at two levels: for each 
pressure floor and for the whole network. 



Daily  Demand  Model  (1) 



Conclusions:  
The best forecast method is the double HW. The average absolute error of the 
double HW is considerably smaller than that of the AGBAR methods. 

Daily  Demand  Model  (2) 



Hourly  Demand  Model  (1) 



Conclusions:  
The best forecast method is the double HW. The average absolute error of the 
double HW improves in comparison to the error of the AGBAR methods. 

Hourly  Demand  Model  (2) 



April 3, 2009 WIDE Meeting ï Eindhoven (NL) 

MPC Implementation   
and  

Validation  on a Simulator  



PLIO: MPC Cotrol  of Water Networks  

Cembrano, M.; Quevedo, J.; Puig, V.; .PLIO: a generic tool for real-time 
operational predictive optimal control of water networks. Water science and 

technology.64 - 2,pp. 448 - 459. 07/2011 .ISSN 0273-1223, 1994 
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EPANET: Simulation of Water Networks  

EPANET. http://www.epa.gov/nrmrl/wswrd/dw/epanet.html 
 



Barcelona Network Simulator  (1) 



Barcelona Network Simulator (2) 



Model  Validation  against  Real Data 

Tank volumes comparison:  model (blue) vs real (red). 
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April 3, 2009 WIDE Meeting ï Eindhoven (NL) 

Results  of MPC Control of the 
Barcelona Water   

Transport  Network  



MPC Results (1)  

¸ MPC Control of Barcelona  water network has been implemented by 
means of PLIO tool. 

¸ To test and adjust the MPC controller some different scenarios have 
been studied. Parameters to take into account in the calibration of the 
model are: 

- Initial and security levels in tanks 

- Objective function weights: economical, safety and maintenance 
factors.  

- Working with different sources operation: 

¸ Llobregat source set at constant flow (Scenario 1) 

¸ Fixed sources at real flow (Scenario 2) 

¸ Source optimization. The optimizer calculates the flow for each 
time step inside the operational limits of each source (Scenario 
3) 

 

 



MPC Results (2)  

Flow(m3/s) 

Case 1 Case 2 

Llobregat surface source 3 0 

Llobregat underground source 2 2 

¸ Barcelonaôs average input flow is about 7.5 m3/s. 

¸ In case 1 an important part of the total  demand is taken from 
Llobregat.  

¸ In case 2 only a 25% of the total demand is taken from Llobregat.  It is 
expected that an important part of the network consumption is going to 
be taken from Ter. 

¸ These two scenarios are interesting from the point of view of the 
behaviour of the economical cost. 

Scenario 1: Llobregat source set at constant flow  



MPC Results (3)  

¸ Conclusions 

ï It exists a strong and linear dependency between 
economical cost and the operation of this two sources. 

ï In order to reduce the total cost it is necessary to 
maximise the quantity of water taken from Llobregat. 

 

 
Electrical cost Water cost Total cost 

Day 1 52,42 47,58 100,00 

Day 2 46,65 53,35 100,00 

Day 3 48,10 51,90 100,00 

Day 4 47,57 52,43 100,00 

Electrical cost Water cost Total cost 

Day 1 -50,27 +91,34 +17,11 

Day 2 -47,94 +72,77 +16,47 

Day 3 -48,37 +78,27 +17,36 

Day 4 -47,67 +71,06 +14,58 

Case 1 

Case 2 

Increase/decrease % in comparison to 
case 1 
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MPC Results (4)  

¸ Sources flow is imposed by using real data obtained from AGBAR historical 

database.  

¸ It is an interesting case study in order to compare centralised MPC control and 

current control applied regarding to transportation cost.  

¸ It is a previous step before comparing centralised and decentralised MPC control. 

¸ Important improvement in electrical cost, which represents between 10% and the 

25 % of the real operation cost. 

¸ Total cost using MPC control is between 4 and 8 % lower than the real one. 

 

 

 

Scenario 2: Sources set at real flow  

Current control 

MPC 

Increase/decrease % in comparison to 
current control 

Electrical cost Water cost Total cost 

23/07/2007 33,13 66,87 100,00 

24/07/2007 34,66 65,34 100,00 

25/07/2007 32,00 68,00 100,00 

26/07/2007 31,29 68,71 100,00 

Electrical cost Water cost Total cost 

23/07/2007 -23,27 +0,00 -7,71 

24/07/2007 -10,56 +0,00 -3,66 

25/07/2007 -20,61 +0,00 -6,59 

26/07/2007 -18,58 +0,00 -5,81 
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MPC Results (5)  

ï Some tanks volume evolution (real-red ,MPC-blue) 
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MPC Results (6)  

April 3, 2009 

ï Stability term effects in pumps: 
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ï Electrical cost depends on pumps operation. If it is possible 
pumps are only running during the cheapest period. 

 

 

MPC Results (7)  
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MPC Results (8)  

45 

¸ In this case electrical and water costs are minimised, so it 
is expected a higher improvement in the total cost referring 
to the scenario with fixed sources. 

 

¸ Taking into account results obtained in the first case study 
(constant fixed flow in Llobregat source)  a solution with 
maximum average flow from Llobregat source is expected. 

 

¸ In the optimization results shown the term that guarantees 
stability in control elements (pumps and valves) is on. 

 

¸ Underground sourcesô water cost is penalized to avoid its 
over-exploitation. 

Scenario 3: Flow optimization  



MPC Results (9)  

Electrical cost Water cost Total cost 

23/07/2007 33,13 66,87 100,00 

24/07/2007 34,66 65,34 100,00 

25/07/2007 32,00 68,00 100,00 

26/07/2007 31,29 68,71 100,00 

Current control 

Electrical cost Water cost Total cost 

23/07/2007 18,92 -50,70 -27,63 

24/07/2007 14,04 -32,56 -16,41 

25/07/2007 26,29 -43,91 -21,45 

26/07/2007 26,09 -44,43 -22,36 

MPC improvement in comparison to current 
control case 

MPC improvement in comparison to fixed 
sources to real flow case (Scenario 2)  

Electrical cost Water cost Total cost 

23/07/2007 54,99 -50,70 -21,59 

24/07/2007 27,51 -32,56 -13,23 

25/07/2007 59,08 -43,91 -15,91 

26/07/2007 54,86 -44,43 -17,57 

 

ï Big water cost savings, between 30% and  50 %. 

ï Electrical cost has increased regarding to current 
control case ([+18,+27]%) and MPC case with fixed 
sources ([+27,+60]%).  

ï Total cost has decreased between 13% and 22 % 
regarding to MPC results obtained with fixed sources.  

ï Sources flow distribution is the expected one. 
Llobregatôs source flow is maximized.  


