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Single-line diagramam of the EASY-RES prototype
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*  Main Power Components:
« DC/AC converter EASY-RES prototype
« Supercapacitor
« Bidirectional DC/DC converter
« Primary energy source emulated by a second DC/AC converter
» Power Filters
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Description of the EASY-RES prototype

Supercapacitor

 Rated value:
« Supercapacitor provide by Maxwell
« Capacitance; 6 F
« Voltage: 160V
 Rated current: 12 A
« Energy: 76.8kJ/21.333 Wh

» Operation Condition in EASY-RES
« Operation Voltage for EASY-RES: 130 V
*  Minimum Voltage for EASY-RES: 100 V
«  Maximum Voltage for EASY-RES: 155 V
«  Maximum Power: 2 kW

https://www.maxwell.com/products/ultracapacitors/160v-mod &
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Bidirectional DC/DC converter

ldc

- P
L >

« Single column of IGBTs

« Rated value St._”:}
« DC voltage in High voltage side: 800 V
« DC voltage in Low voltage side: 400 V Uy == ;
« Rated current: 40 A ‘
« Biderectional power flow ) I v,
«  Operation Condition in EASY-RES S"'ﬁ} T

« High Voltage side: 750 V. Common DC bus of

EASY-RES prototype
« Low Voltage side: 130 V. Supercapacitor integr

* In charge of conftrolling the voltage of the common P
DC bus

« Switching frequency: 10 kHz
« Integrated in the DC/AC converter
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DC/AC converter

* Three-phase three-wire and two level DC/AC converter

« Rated value

« DC voltage side: 800 V Jde, iilc,
« AC voltage side: 400 V rms st s G
« Rated current: 40 A 4@ . . Vta foa Vsa

Ude

« Rated power: 20 kVA
« DC capactiance: 2200 yF

r e e
«  Operation Condition in EASY-RES f’{ﬁ}

« DC voltage side: 750 V. Common DC bus «
EASY-RES prototype

« AC voltage side: Connected to a Controllable Voltage Source through a LCL filter
and fransformer

« Switching frequency: 10 kHz
« In charge of implementing the UVSG and EASY-RES functionalities
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Description of the EASY-RES prototype

Integration of DC/DC and DC/AC converter

idC Ziic
St s St
Common ’4& "”é} “M} u i Vsa
a sa
DCBus vdc;= Vst 11 iy " Ush
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https://www.poweralia.com/products/6007
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Primary energy source

* Three-phase three-wire and two level DC/AC converter

« Rated value Jdefac
« DC voltage side: 800 V
« AC voltage side: 400 V rms

Vde Q}
« Rated current: 40 A d? 4}

/1

« Rated power: 20 kVA &

- DC capactiance: 2200 uF L
» Operation Condition in EASY-RES

« DC voltage side: 750 V. Common DC bus o1 ine

EASY-RES prototype

« AC voltage side: Connected to a Controllable Voltage Source through a LCL filter

« Switching frequency: 10 kHz

* In charge of emulating the active power of a primary energy source (PV or WT)

« Classic Active and reactive power control of a grid-feeding power converter in dg
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Power filters

« Inductive filter between the Supercapacitor and DC/DC converter
« Reducing the switching frequency to avoid overtemperature in the Supercapacitor
* Inductance: Ldc =3 mH

« LCL filter for DC/AC converters
« Reducing the size, weight, volume and cost of filtg
 Parameters: L1 = 1.25 mH, C1 =4 yF, Lt2=1.25 mH
« Resonance frequency: 3.2 kHAT
« Passive damping: 10 Q

Ltl de

\U
- ()
[HEY

Lt
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Control and auxiliary devices

— Sck
AUXILIAR’Y FEﬂN? bcruwsnsupr’w_h]‘(l“ PS
L +15¥ 115V e 15 N
- « Electronics power supply

EQUIPMENT | | —— " | |

1L e, PS5 * Uninterruptible power supply
o B ro e [T e for the control system
SUPFLY BAG-TERM |N'J:'IJ||: I “ o ——— 12

PLC-controlled switchgear

« PLC-conftrolled Grid-former /
Grid-feeder functionality
switching
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Description of the EASY-RES prototype

Measurements

Vah <7 i E Measurement Type M. Range S. Range
' I
Vee <p— 1 1% Sinusoidal [—320V, +320V] [-5V,+5V]
1 gabe ’ )
lga <F—— SIGNALS & : Lyabe Sinusoidal [—150A, +150A] [—4V, +4V]
b <F— o i Ve Constant value. [0V, +1.312kV] [0V, +5V]
Ige <3F— : MEASUREMENTS i Vse Constant value. [0V, +320V] [0V, +5V]
Ve F—— | : Isc Constant value. [—150A4,+150A] [—4V, +4V]
: ! |
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Description of the EASY-RES prototype

DC Voltage

Control board 2nd Current
AC Voltages SC Voltage
and Currents [ and Current

Can bus To PLC

DSP F28335
PWM
DC/AC converter PWM

Bt ol i e e N D D Tl

sceiei s | | DC/DC converter
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Description of the EASY-RES prototype DC/DC + DC/AC
Final configuration converters

\

Control Board

Supercap

PLC

LCL Filter

DC filter
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Description of the EASY-RES prototype

Final configuration
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Control levels of the EASY-RES prototype

Control levels

+ General overview of the Local Control System
* Presented by Assoc. Prof. Juan Manuel Mauricio on Monday 20th

POI

pc | L.
Source T ~, "
PWM-EMAG

AVG-EMAG

RMS w, MPPT, V;

l/poiu Pf: Pcom‘t

CTRL5
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Control levels in the EASY-RES prototype

« Control Level O

* |t corresponds to the generation of control signals to the IGBTs of the DC/DC
and DC / AC converter. SPWM technique.

e« Confrol Level 1 of the DC/AC converter
« Itis a current controller based on model in dg coordinates

Vde
| —IG Vi, abe L; lt,abc‘/{}:f Vim,abe L R, Vs,abe
Y —> o

> 1 N——~vW—
’L Ci ) lls,abc "—l

abc d abc

—> dq —_] dq PLL
CTRLO isdl isql Usdl 'Usql Bl
~
Tlabe
) ; v v
P L " zsdl ?,Sql sdl sql
dg —sd ) PI Ud Nd
(3 > —
Ld‘ Nd i (ug — Lwisq + vsq)
na| g :‘;;q 'U;p
4 u = 2 Gt i) | T
isq PI q o ” (g Wisd + Vsgq)

CTRL1: Current control
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Control levels

« Control Level 3 of the DC/AC converter

+ UVSG approach for providing true controllable inertiapresented by Dr. Georgios
C. Kryonidis on Monday 20th

p:@i’ Oi i tOAJ 5 -

Tys
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Control levels of the EASY-RES prototype

Control levels

« Control Level 3 of the DC/AC converter

+ High Frequency Power Smoothing. Rampe Rate Limiter (RRL) approach
presented by Kyriaki-Nefeli D. Malamaki on Tuesday 21th

V%P AL

TorT

E UC Datasheet

Kyriaki-Nefeli D. Malamakia et al. “Ramp-Rate Control of DRES employing Supercapacitors in Distribution Systems”,
SEST'21, 6-9 Sept, Vaasa, Finlad




C) EASY-RES // EXPERIMENTAL VALIDATION OF THE EASY-RES CONCEPT:
4 PROTOTYPE UNITARY TESTING AND SYSTEM INTEGRATION TESTING

Control levels of the EASY-RES prototype

Control levels

« Control Level 3 of the DC/AC converter

* Reactive power provision by Dr. Georgios C. Kryonidis on Monday 20th and
Tuesday 21th

Kryonidis, Georgios C. / Demoulias, Charis S. / Papagiannis, Grigoris K. (2019): A new voltage control scheme for
active medium-voltage (MV) networks, Electric Power Systems Research, 169, pp. 53-64

Kryonidis, Georgios C. / Demoulias, Charis S. / Papagiannis, Grigoris K. (2019): A two-stage solution to the bi-
objective optimal voltage regulation problem, IEEE Transactions on Sustainable Energy, April 2019.
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Barragdn-Villarejo, M. / Mauwricio, J.M. / Olives-Camps, J.C. / Matas-Diaz, F.J. / de Paula Garcia-Lopez, F. / Maza-Ortega
J.M. (2020): Harmonic and Imbalance Compensation in Grid-Forming VSC, 2020 IEEE International Conference on

Industrial Technology (ICIT), Buenos Aires, Argentina, pp. 757-762
Abstract Accepted in PSSC'22. Coordinated Active Harmonic Filtering in Distribution Networks with High RES Penetration




EXPERIMENTAL VALIDATION OF THE EASY-RES CONCEPT:
CD EASY-RES // prOTOTYPE UNITARY TESTING AND SYSTEM INTEGRATION TESTING

Control levels of the EASY-RES prototype

Control levels

« Control Level 4 of the DC/AC converter

«  Primary Freauency Response presented bv Asist. Prof. Alvaro Rodriguez del

Nozal Posr A

pmax

|

A

Af (pu)

Pmin

Kontis, E. O. / del Nozal, A. R. / Mauricio, J. M. / Demo'ulios, C. S. (2021): Provision of Primary Frequency Response as

Ancillary Service from Active Distribution Networks to the Transmission System, in IEEE Transactions on Smart Grid
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Mangi’rude to be CIHC”YS@CI Current injected || Power injected
by the DRES

 Control Level 4 of the DC/AC converter by the DRES

Power injected by the SC

- ——— i ————— -——
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Experimental Validation of EASY-RES functionalities in the EASY-RES prototype

Control Level 1. Current controller

+ Transient state: Step change from isg*=0 A= isg*=10 A ; isd*=0 A

7
Y AL
6 - ps(sim)
— gu(lab)
5 o —a{sim) < ®e s B4 en B4 e B

Power (kW /kvar)

-2

0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20
Time (s)
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Experimental Validation of EASY-RES functionalities in the EASY-RES prototype

Control Level 1. Current controller

« Steady-state: isa*=0 A; isg*=20 A

20

-\—is;(ab)a
)
15 _isb(lab)
THD: 2.5% " (i) |
e i (lab)
;—E 5 - ise(sim) |
ey
- H)
g
=
O -5
-10
-15 4
-20 1

0.00 0.02 0.04 0.06 0.08 0.10




Power (kW /kvar)
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Experimental Validation of EASY-RES functionalities in the EASY-RES prototype

Inertia Provision

* Frequency perturbation. RoCoF: -0.5 Hz/s during 2s.and H=55s

Active power from the primary energy source

Active and Reactive Power injected at the PCC Active power from the SC

10
- b A o, UEN
10 -1 —
8 -
81 Beginning Final
= 07 Perturbation Perturbation
6 - 24 e
%J 4 | m— Psc
44 Beginning Final oW
Perturbation Perturbation 5.
2 -
0 -
0 ) T T T T T
0 2 4 6 8 0 2 4 6 8 10

Time (s)

Time (s)
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Experimental Validation of EASY-RES functionalities in the EASY-RES prototype
Inerfia Provision

* Frequency perturbation. RoCoF: -0.5 Hz/s during 2s.and H=55s

Supercapacitor voltage Voltage of the common DC bus
700
600
> 500
q} 3 3 . v-q
& 100 Beginning Final Ve
< Perturbation Perturbation
300
200
100
0 2 4 6 8 10

Time (s
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Experimental Validation of EASY-RES functionalities in the EASY-RES prototype

Primary Frequency Response

* Frequency perturbation. RoCoF: -0.5 Hz/s during 8 s. droop = -0.526 kW/Hz. Headroom =

2kW

Active and Reactive Power injected at the PCC

=
(3]
1

—

— (]
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=
=
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f=2]
1

e
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L]
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3C

Active power from the primary energy source
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Experimental Validation of EASY-RES functionalities in the EASY-RES prototype

Inertia and Primary Frequency Response

* Frequency perturbation. RoCoF: -0.5 Hz/s during 4 s. droop = -0.526 kW/Hz. Headroom = 2kW.

H= 5s . .
] ) o Active power from the primary energy source
Active and Reactive Power injected at the PCC Active power from the SC
12 1 E— — Dy
-~ - ‘hv 10 4 — P .
10 4
~ 3 4 PFR
57 £ response
I
6 1 G
PFR £
. S Inertia
1 Inertia response
response
response 9
2 4
e VAR A A 0 a
U ] T T T T T T T
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20. 0.0 25 5.0 75 10.0 12.5 15.0 17.5 20.0

Time (s) Time (s)
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Experimental Validation of EASY-RES functionalities in the EASY-RES prototype

Inertia and Primary Frequency Response

Frequency perturbation. RoCoF: -0.5 Hz/s during 4 s. droop = -0.526 kW/Hz. Headroom = 2kW. H=

S8 Supercapacitor voltage Voltage of the common DC bus
700 -
600 -
> 500
& N . Ys
2 4004 Beginning Final —_—
S Perturbation Perturbation
300 -
200 -
100 - T T T T T T T
0.0 2.5 5.0 75 10.0 12,5 15.0 17.5 20.0

Time (s)
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Experimental Validation of EASY-RES functionalities in the EASY-RES prototype

High Frequency Power Smoothing.

+ Step change of 2 kW in the primary energy source. RRL= 300 W/s.
Active power from the primary energy source

Active and Reactive Power injected at the PCC

_pS

—_— s

/

VY e e i A A Y M v e A A i Y Y T P r VW W W v v v Vv Yy

12 4

10 A

Power (kW)

Active power from the SC

—_—p,

— D)
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\/

15
Time (s)
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Experimental Validation of EASY-RES functionalities in the EASY-RES prototype
High Frequency Power Smoothing.

+ Step change of 2 kW in the primary energy source. RRL= 300 W/s.

Supercapacitor voltage Voltage of the common DC bus
700
600 -
2 500 -
] — Uy
e — —
=400 Beginning
- Perturbation
300 -
200 -
1{}0 T T T T T
0 5 10 15 20 2 30

Time (s)
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Experimental Validation of EASY-RES functionalities in the EASY-RES prototype
Reacftive Power Provision

+ Step change of 10 kvar
Active power from the primary energy source

Active and Reactive Power injected at the PCC Active power from the SC
— s
4
z
a9
0 2 4 6 8 0 2 1 6 8 10

Time (s) Time (s)
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Experimental Validation of EASY-RES functionalities in the EASY-RES prototype
Reacftive Power Provision

+ Step change of 10 kvar
Active power from the primary energy source

Active and Reactive Power injected at the PCC Active power from the SC
— s
4
z
a9
0 2 4 6 8 0 2 1 6 8 10

Time (s) Time (s)
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Active Harmonic Filtering

» Experimental test

T T T .

Easy-RES prototype LV feeder 1 LV feeder 2

_________________

L1 15.ab

Ltl it‘{;bc Rtl Vm,abc
Hiy AAA

Transformer

e - -

Non-linear Load

Parameter Lg (mH) Ry (2) Lg (mH) Ry () Rae (€2)
Value 39.9479 0.24 10.0268 0.1 10
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Experimental Validation of EASY-RES functionalities in the EASY-RES prototype
Active Harmonic Filtering (AHF)

* Voltage at PCC
Withouth AHF functionalty

NaVaAVaVavVavV=E/aVaVaVaVaV=
A A A= XY —:
. / IARFA! /\/\ [\ /
o\ oV \ e \)( \ \Y/ \ \/ \/
SAVAVAVAVAVANE & AT A e A

-3.970  -3.965 -3¢ ’ ' ' ’ Ti_r.ne (s) ' ’ ’ ’

With AHF

Voltage (V)

Voltage (V)

-4.000  -3.995  -3.990 -3.985  -3.980  -3.975
Time (s)
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Active Harmonic Filtering (AHF)

Power quality of voltages

Test Vs (%) Vi (%) Vi (%) Vs (%) THD (%)
Laboratory (No AHF)  1.03 2.08 0.62 0.35 2.43
Simulation (No AHF)  1.07 2.07 0.26 0.47 2.39

Laboratory (AHF) 0.43 0.84 0.47 0.23 1.09

Simulation (AHF) 0.3 0.61 0.27 0.46 0.87
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Experimental Validation of EASY-RES functionalities in the EASY-RES prototype

Active Harmonic Filtering (AHF)

+ Current injected at PCC
Withouth AHF functionalty
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Active Harmonic Filtering (AHF)

Power quality of currents

Test, I (%) I ((/(]) 141 (%) e (%) THD (7{])
Laboratory (No AHF)  0.25 1.28 1.94 0.59 2.58
Simulation (No AHF)  0.91 1.42 0.18 0.53 2.01

Laboratory (AHF) 2237  33.23 0.66 0.37 40.08

Simulation (AHF) 18.91  28.12 0.1 0.39 33.9
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Description of the scaled-down distribution networks

MYV Scaled-down distribution network
« MV Scaled-down distribution network o
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Description of the scaled-down distribution networks

LV Scaled-down distribution network

Balancing VSC

Branches (R&L)

6 VSCs. Loads and
Primary Energy Sources

Transformer
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Description of the scaled-down distribution networks

Power balance in the scaled-down networks

Distribution
network
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Description of the scaled-down distribution networks

Communication and control Layers

Centralized Setpoints: P,Q PWM signals
Controller >
Measurements T Measurements
—> —>
Communication: CAN (0.5 s) Analog and digital signal

« Cenftralized Controller:

« Real-time platform provided by SpeedGoat
« Soffware environment: Matlab Simulink

«  Manage Power Profiles of Loads and Generators and Measurements
from VSC
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VSC configurations

 Three EASY-RES prototypes <> Three VSCs
« Unified Virtual Synchronous Generator (EASY-RES)
-  Emulating of the primary energy source (VSC)

AC controllable
source

DT

400 : 400
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Description of the scaled-down distribution networks

VSC configurations

* Three VSCs of the LV scaled-down Network emulating Loads
e Balancing VSC
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Description of the scaled-down distribution networks

Communication and Confrol Layers

VSC

Centralized PWM signals

B (Loads and Primary Energy
Sources)

Setpoints: P,Q
>

Controller
(CTRL5)

Measurements

'T‘ Measurements

Setpoints: CTRL5  Measurements

{

PLC

DSP PWM signals VSC
(CTRL1-CTRL2- —> DC/DC converter

CTRL3) (EASY-RES prototype)

(CTRL4)

Measurements

Communication: CAN(0.5s) ———> Analog and digital signal ———>
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ltem 4: The EASY-RES Consortium

The Consortium
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Thank you!

Manuel Barragdn-Villarejo

Affiliation: Universidad de Sevilla

Phone: +34 954481281

E-Mail: manuelbarragan@us.es
EASY-RES website: http://www.easyres-project.eu/

This presentation reflects only the author's view. The Innovation and Networks Executive Agency (INEA) and the European

Commission are not responsible for any use that may be made of the information it contains.



http://www.easyres-project.eu/

	SUMMER SCHOOL�“ENABLING DRES TO OFFER�ANCILLARY SERVICES”�20TH – 24TH SEPTEMBER 2021��EXPERIMENTAL VALIDATION OF THE EASY-RES CONCEPT: PROTOTYPE UNITARY TESTING AND SYSTEM INTEGRATION TESTING
	Agenda
	Single-line diagramam of the EASY-RES prototype 
	Supercapacitor
	Bidirectional DC/DC converter
	DC/AC converter
	Integration of DC/DC and DC/AC converter
	Primary energy source
	Power filters
	Control and auxiliary devices
	Measurements
	Control board
	Final configuration
	Final configuration
	Control levels
	Control levels in the EASY-RES prototype
	Control levels
	Control levels
	Control levels
	Control levels
	Control levels
	Mangitude to be analysed
	Control Level 1. Current controller
	Control Level 1. Current controller
	Inertia Provision
	Inertia Provision
	Primary Frequency Response
	Inertia and Primary Frequency Response
	Inertia and Primary Frequency Response
	High Frequency Power Smoothing.
	High Frequency Power Smoothing. 
	Reactive Power Provision
	Reactive Power Provision
	Active Harmonic Filtering
	Active Harmonic Filtering (AHF)
	Active Harmonic Filtering (AHF)
	Active Harmonic Filtering (AHF)
	Active Harmonic Filtering (AHF)
	MV Scaled-down distribution network
	LV Scaled-down distribution network
	Power balance in the scaled-down networks
	Communication and control Layers
	VSC configurations
	VSC configurations
	Communication and Control Layers
	The Consortium
	Foliennummer 47

