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PARAGUAY	IN	FIGURES
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ENERGY	MATRIX	STRUCTURE	IN	PARAGUAY

Wind farms
Solar	plants

Distributed generation
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ELECTRICITY	GENERATION	IN	PARAGUAY

3,200	MW	installed power

14,000	MW	installed power
103.098.366	MWh (103	millionMWh)
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SOLAR	&	EOLIC	ENERGY	IN	PARAGUAY
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Advantges in PV and/or Eolic?



RENEWABLES:	PROS	&	CONT
Ventajas de la utilización de fuentes de energía
renovables

• Contribuye a la mejora del medio ambiente.
• Evita las grandes emisiones de CO2.
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Problemáticade las energías renovables:
La disponibilidad temporal de los recursos renovables no suele coincidir con las
necesidades de consumo de la energía demandada por los usos residenciales e
industriales. (Necesidad de Sistemas Predecibles).

Solución: Almacenamientode la energía (excedentes).

• Aumenta la independencia energética.
• Reduce el consumo de petróleo y otros tipos de
combustibles no disponibles en nuestro país.

• Puede generarla cualquier persona u empresa.
• Producción de energía de forma
descentralizada.



RENEWABLES	&	DISTRIBUTED	GENERATION
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Role of Power Electronics &
Control in Renewables?



POWER	ELECTRONICS	IN	RENEWABLES
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High	Speed	Elevator:
9-phase	PMSM

Industry	Applications

MULTIPHASE	DRIVES:	APPLICATIONS	(1)
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Wind	turbines:
• 18-Phase	PM	with	6	BTB
• 4.5	MW

Industry	Applications

MULTIPHASE	DRIVES:	APPLICATIONS	(1)
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Industry	Applications

MULTIPHASE	DRIVES:	APPLICATIONS	(2)

Two propeller shafts (each with two Alstom 15-phase electric motors
(150	rpm),	80MW	total	power consumption,	output	– 95,000	SHP.
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Submarines:
• 12-Phase	PM
• 13-Phase	PM

Industry	Applications

MULTIPHASE	DRIVES:	APPLICATIONS	(3)
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MULTIPHASE	DRIVES:	APPLICATIONS	(4)
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Análisis y evaluación de accionamientos multifásicos orientado a la generación de energía 
eléctrica basada en fuentes potenciales de energías renovables en Paraguay

WIND	ENERGY	EMULATOR	AT	LSPyC
Project

(2011-2013)
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WECS	

Project	#1:	Real	Multiphase-based
Wind	Turbine

Project	#2:	Multi-modular	matrix	converter

MPC	applied	to	power	converters
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D.	Caballero,	F.	Gavilan,	E.	Maqueda,	R.	Gregor,	S.	Toledo,	J.	Rodas,	D.	Gregor,	“Active	and	Reactive	Power Control	Strategy for Grid-
Connected Six-Phase GeneratorbyUsingMulti-Modular	Matrix Converters,”	Journal on Systemics,	Cybernetics and	Informatics ,	vol.	14,	no.	
6,	pp.	57–61,	2016.

S.	Toledo,	R.	Gregor,	M.	Rivera,	J.	Rodas,	D.	Gregor,	D.	Caballero,	F.	Gavilan,	E.	Maqueda,	P.	Wheler,		“Multi-Modular	Matrix Converter
Topology applied to	DistributedGeneration Systems,”	The8th	IET	International	Conferenceon PowerElectronics,	Machines	and	Drives:	
PEMD	2016	,	Glasgow,	Scotland,	Apr.	19-21,	2016.
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MATRIX	CONVERTERS



MATRIX	CONVERTERS:	EXPERIMENTAL	SETUP

Experimental	 	Results
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REACTIVE	POWER	COMPENSATION
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ACTIVE	POWER	FILTER

L.	Comparatore,	J.	Rodas,	R.	Gregor,	M.	Rivera,		“ModelBasedPredictive Current Control	for a	Three-Phase Cascade H-Bridge	Multilevel
STATCOM	Operating at	Fixed Switching Frequency”	IEEE	8th	International	Symposiumon PowerElectronics forDistributed Generation
Systems:	PEDG	,	Florianopolis,	Brazil,	April 17-20,	2017.	



L.	Comparatore,	J.	Rodas,	R.	Gregor,	M.	Rivera,	“ModulatedModel Based PredictiveControl	with Switcher of	RedundantStates for a
Three-PhaseCascade H-Bridge	Multilevel STATCOM,”	The18th	IEEE	Workshop	on Control	and	Modeling forPowerElectronics:	IEEE	COMPEL	
2017,	Stanford,	California,	USA,	July 9-12,	2017.

FCS-MPC	IN	MULTILEVEL/2L	CHB	APF
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LSPyC www.dspyc.com.py
ü Created	in	2009.
ü Staff

§ 2	full	time	professors.
§ 11	part-time	professors	(PhD	students).
§ 1	post-doctoral	researcher.
§ 10	junior	researchers	(B.	Eng.	students).
§ 1	administrative.

Funds
§ 1	PhD	program	(1st Ed.		2017):	200,000	US$
§ 1	MSc	program	(1st Ed.	2015-2017):	200,000	US$
§ 7	Research	projects:	1,750,000	US$

LABORATORY	OF	POWER	AND	CONTROL	SYSTEMS
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Contributions:
>	20	Journal	papers	(>7	in	IEEE-TIE).
>	70	Conference	papers	(IECON,	PEMD,	…)
>	3	book’s	chapters

LABORATORY	OF	POWER	AND	CONTROL	SYSTEMS
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>	20	partners in	15	countries

LABORATORY	OF	POWER	AND	CONTROL	SYSTEMS
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CONCLUDED	PROJECTS

2.4	kW	PV	Solar	Tracking	System
CONACYT	Project	(2011-2013)
250,000	US$

15	kW	MultiphaseWECS	emulator
CONACYT	Project	(2011-2013)
250,000	US$

Undergraduate	projects	(B.Eng.)
§ Grid	interconnection
§ Bi-directional	meter
§ Concentrated	solar	colector
§ Ultrasonic	anemometer
§ Active	filter
§ Three-phase	IM	control
§ UAV
…
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§ Advanced	Control	of	power	converters	for	renewable	energy	applications	 and	machines	and	
drives:
§ FCS-MPC,	parameter	estimation,	modelling,	 fault	tolerant	control.
§ Sensorless control.
§ Nonlinear	control.

§ Electric	Machines	and	Drives	and	Power	Converters:
§ Multiphase	machines:	 IM	and	PM.
§ Matrix	converters.
§ Multilevel	 and	2L	VSI.

§ Renewables:
§ Solar	(PV)	and	Eolic.
§ Grid	interconnection.
§ Active	power	filters.

Summary

2,4	kW	PV	System
15	kW	MultiphaseWind

Matrix Converter

B2B	Converter
Control	of	VSI,	APF,	…

Active	Power Filter
Grid interconnection (PLL)

Energy Storage
High-power transmission
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