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w Power Management in mic¥grids with
renewable sourcegwind and solar) and hybrid
(hydrogen and electricity storage

w Focus on the control methodology: open issue
w Model predictive control

w Implementation on a laboratory plant

w Assessment biKPI

w Control objectives: power balance, durabillity,
economic profit, etc.
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Setting the context

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

Figure 1. World energy consumption, 1990-2040
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A Energy mandates

C USAA 20-33%
C 9! 20P020A 20%} 2020

A Environmental
regulations and

security of supply

A Coal plants phaseut

A Nuclear phaseut
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Wind and solar energy

Wind power installed in Croatia mailorﬂiﬂe
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Energy storage must become an integral element of the renewable adoption stratei;y
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Power

v

Power demanded

Power produced

A

w Cover a range of time scales

w H2,batteries,
g ultracapacitor flying
from storage Wheels, etC.

w Differentdynamicsdifferent
term. Complementary

time

High Power Density

Storage allows a noilispatchable
generator (RES) to baispatchable

Storage must be operated in an
optimal way




Hydrogenrbased Energy Systems (HBES)

Hydrogen can be an optiorniigh energy densityand high
power density

" o Also for FCHVs:
N FoT /2 8 Toyota FCV April 2015
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= ydrogen Station

Q

Hybrid storage in vehicles
(batteries + H2 tanks)

%= % Distributed and mobile
storage
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Theimportanceof control strategiesin RESH2

Energy Challenges:

Storage AVaintain energy security for
end-users

fStabilize the electrical grid so
as to avoid disconnections of
wind farms and solar fields
Aviake RESispatchable

wiicroario

/
Renewable User
W Efficiency
w Lifetime
Control system must guarantee: — .
w Economic
w Safety
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w Portion of an electric power
distribution system that
Includesa variety ofDERunNiIts
and different types oénd users
of electricity and/or heat.

w DER (Distributed Energy
Resource) units:

i Distributed generation (DG)
i Distributed storage (DS) .

w It can work in Islanded/grid
connected mode

w AC oDCmicrogrid

Utility Grid

]
Substation | wlu PCC

Microgrid N%T
odliilet  \
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Controlobjectives inmicrogrids(AC/DC)

w Supply and demand
balancing

w Powerquality: avoid
variations as harmonic
distortion or sudden
events as interruptions or
even voltage dips.

w In isolated modeVoltage
andfrequency
management

w Economic benefit

w This talk focuses on DC
microgrids

Manipulated the
dispatchable units in the
proper way

Wrogrids Lentral Controle
Import Forecast Contracts Genfiouration _Seaurity  Output Tabkes_Grapts _Help

Fuel Cell

Microturbine

figure 14. Display of DER dispatch and energy imported from the grid.

400 kW Microgrid
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Control techniquespplied tomicrogrids

In the last ten years, experience has demonstrated fyatem performance is
highly subject to the control strategy

HYSTERESIS BAND CONT{R(@berg 2003, (Ghosh,
2003, (Ipsakis2008)

NEURAL NETWORIKpez, 200)

FUZZY LOG(Bilodeay 2006),(Stewart,2009
(Hajizadeh 2009)

DROOP CONTROIagak 2014)

MODEL PREDICTIVE CONTROR&&IeR00Y (Baotig
2014) ’
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Challenges translated into innovative control strategies taat benefit efficiency and
cost reductionto make this technology more competitive.
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Heuristic control

Hysteresis band technique
The whole operation is rrad
ol &SR 2y GKS ol iSRE
of charge (SOC)

BATsoc

Electrolyzer ON

‘ | Hydrogen charging
Electrolyzer OFF .| ..

Dead band =

Fuel cell OFF | oy ol

S Hydrogen discharging PV: nonrdispatchable
FuelcellON - FCdispatchable

Non optimal

Very simple and reliable  Low efficiency
Equipment degradation
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Openissues

A Is heuristic control the cause of premature
degradatiorf?

A Which are the different ways of operating the
equipment in a pG? What are the best ways? Can
we guantify thegoodnessf a control strategy?

A Whyoptimal control has not been developed and
demonstrated in hydrogen pGs? Can it provide
solutions?

A What are the steps towards théevelopment and
validation of an optimal controller?

A What are the greatest technicahallengedacing
H2-microgrids optimal control?
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Model Predictive Control imicrogrids

w The use of MPC technique allowsmaximizethe economical
benefit of themicrogrid minimizingthe degradation causes
of each storage system, fulfilling the different system
constraints.

w MPC can be used for Reference
Past Future || Trajectory
I Dispatch/Schedule lnl:utst and | outputs
OUutputs | b
I Power quality/service P
Fut
Contro - puture
Optimization over a future e Optimizer
receding horizon using a _
dynamic model of the Cost Function Constraints
plant
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DCmicrogrid

https://sites.google.com/si
te/laboratorioh?2/




