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Abstract

ωPower Management in micro-grids with 
renewable sources (wind and solar) and hybrid 
(hydrogen and electricity) storage

ωFocus on the control methodology: open issue

ωModel predictive control

ωImplementation on a laboratory plant

ωAssessment by KPI

ωControl objectives: power balance, durability, 
economic profit, etc.
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Outline

1. Setting the Context  

2. Microgrids

3. Experimental testing facility: HyLab

4. Model Predictive Control for G˃ridPowerManagement

5. Extended control objectives

6. Concluding remarks
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Setting the context 

The demand for energy, especiallyfor electricity, has increased
exponentiallyfor years

Source: U.S.  Energy Information Agency  

Setting the context

We need more energyand it needsto
be cleaner Ą Renewable Energy
sourcescanbea solution
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Government regulations

ÁEnergy mandates 
Ç USA Ą 20-33%  

Ç9¦Ωǎ20-20-20 Ą 20%
2020

Á Environmental 
regulations and 
security of supply
Å Coal plants phase-out
Å Nuclear phase-out 

(Germany, Italy, Japan, Swi
tzerland, Austria, Sweden.
.etc.)

Source: Eurostat

Setting the context
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Wind and solar energy

Setting the context

> Wind farms in Pacific Northwest paid 

to not produce

Oversupply of renewable 

power

Energy storage must become an integral element of the renewable adoption strategy

Wind power installed in Croatia
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Electricity Energy storage

Setting the context

ωCover a range of time scales

ωH2, batteries, 
ultracapacitor, flying 
wheels, etc.

ωDifferent dynamics-different 
term. Complementary

Storage must be operated in an 
optimal way

Storage allows a non-dispatchable
generator (RES) to be dispatchable
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Hydrogen-based Energy Systems (HBES)

Also for FCHVs: 

Toyota FCV April 2015

Hybrid storage in vehicles 
(batteries + H2 tanks)

Distributed and mobile 
storage

Hydrogen can be an option:  high energy density and high 
power density

02
H20

H2 02

ñThe Green Hydrogen Cycleò 

H2



ACROSS Workshop. Dubrovnik, 2014.Carlos Bordons
9

Theimportanceof control strategiesin RES-H2

ωEfficiency

ωLifetime

ωEconomic

ωSafety

CONTROL

Energy 
Storage

User 
demand

Renewable 
source/s

Setting the context

Challenges:
ÅMaintain energy security for 
end-users
ÅStabilize the electrical grid so 
as to avoid disconnections of 
wind farms and solar fields
ÅMake RES dispatchable

Control system must guarantee: 
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Microgrid

ω Portion of an electric power 
distribution system that 
includes a variety of DERunits 
and different types of end users 
of electricity and/or heat.

ω DER (Distributed Energy 
Resource) units:
ï Distributed generation (DG) 

ï Distributed storage (DS) . 

ω It can work in Islanded/grid-
connected mode

ω AC or DCmicrogrid
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Controlobjectives in microgrids(AC/DC)

ωSupply and demand 
balancing

ωPower quality: avoid 
variations as harmonic 
distortion or sudden 
events as interruptions or 
even voltage dips.

ωIn isolated mode: Voltage
and frequency
management

ωEconomic benefit

ωThis talk focuses on DC 
microgrids

400 kW Microgrid

Manipulated the 

dispatchable units in the 

proper way
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Control techniques applied to microgrids

Ç HYSTERESIS BAND CONTROL (Ulleberg, 2003), (Ghosh, 
2003), (Ipsakis, 2008)

Ç NEURAL NETWORK (López, 2007)
Ç FUZZY LOGIC (Bilodeau, 2006), (Stewart, 2009)

(Hajizadeh, 2009)
Ç DROOP CONTROL  (Vasak, 2014) 
Ç MODEL PREDICTIVE CONTROL (Del Real, 2007) (Baotic, 

2014)

Challenges translated into innovative control strategies that can benefit efficiency and 
cost reductionto make this technology more competitive.

In the last ten years, experience has demonstrated that system performance is 
highly subject to the control strategy
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Hysteresis band technique

Very simple and reliable
Non optimal
Low efficiency
Equipment degradation

H2 H2

Heuristic control

The whole operation is 
ōŀǎŜŘ ƻƴ ǘƘŜ ōŀǘǘŜǊȅΩǎ ǎǘŀǘŜ 
of charge (SOC)

PV: non-dispatchable
FC: dispatchable
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Open issues

Å Is heuristic control the cause of premature 
degradation?

ÅWhich are the different ways of operating the 
equipment in a µG? What are the best ways? Can 
we quantify the goodnessof a control strategy?

ÅWhy optimal control has not been developed and 
demonstrated in hydrogen µGs? Can it provide 
solutions?

ÅWhat are the steps towards the development and 
validation of an optimal controller?

ÅWhat are the greatest technical challengesfacing 
H2-microgrids optimal control?

?
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Model Predictive Control in microgrids

ωThe use of MPC technique allows to maximizethe economical 
benefit of the microgrid, minimizingthe degradation causes 
of each storage system, fulfilling the different system 
constraints.

ωMPC can be used for
ïDispatch/Schedule

ï Power quality/service

Optimization over a future 

receding horizon using a 

dynamic model of the 

plant
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System Overview

HyLab

https://sites.google.com/si

te/laboratorioh2/

DC microgrid


