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Toépicos a serem abordados

[ Classificacio;

d Topologias tradicionais de estigios de conversao;

d Topologias em cascata;

J Exemplos de sistemas comerciais;

d Desafios e perguntas importantes.
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Estrutura de um sistema de armazenamento potr baterias

Energy Management
System

Battery System

Y

(Standart Solutions\

i
. /

/ Battery Rack

Junction Box

Cell .

\
/Battery Management System k g
Module g < / %

2 Custon Solutions :

Batery Energy Storage System

- e e e e e W e W e e e e o e e e e e e e e e o o P

_____________________________________________________________________________________________________________________________________

Fonte: Jonathan H. D. G. Pinto, “Modeling, Design and Performance Evaluation of Battery Energy Storage Systems based on Modular Multilevel Converter ”, 2020.
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Qual a funcao do PCS?

3.5
J Conversio cc/ca; >
> 3 ® Experimental data
S —— Polynomial Fit
. 2.5 ' ' ! '
d Processo de carga e descarga da bateria; 0 20 40 60 30 100
SOC [%]
d Operaciao em corrente constante, tensao constante e flutuacio;
A
vl (o (V)

Tensdo

d Qual topologia empregar?

Irc f

(J Como controlar o PCS?

v
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Classificacao (GESEP 2020)

battery rack dc/ac stage

 Sistema de Gnico estagio
» Maior simplicidade; par. | Asar.

» Menor custo do conversot; — | | grid
» “Maior eficiéncia” ale | g4 e ‘—{ y N %Dgg
. .
A c
dc

ac

S

» Projeto menos otimizado;
BAT,, || BAT,,

» Ondulacio de corrente nas baterias.

battery rack dc/dc stage dc/ac stage

 Sistema de duplo estagio

) : A resn ‘L de \ ac

» Maior complexidade; BaT, | BaT,, g
. | Il

» Maior custo do conversort; TS g
. . . . BAT,, BAT,, t I

» Projeto mais otimizado; __

(44 : )). A el |
» “Maiores perdas”; e I
» Reducao da ondulacio de corrente. R de —|de

Fonte: Jonathan H. D. G. Pinto, “Modeling, Design and Performance Evaluation of Battery Energy Storage Systems based on Modular Multilevel Converter 7, 2020.
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Exemplos — sistemas de uinico estagio

battery rack dc/ac stage
A e ac
BAT, |.u|BaT,, N\ .
. - gri p
BAT, | alBAT,, Y N I [ j )E b
I ¢
BAT,, |a|BaT,,
= == de
two level multilevel
A A
f Y f Al

FC

—T

N
.
N
N

Fonte: Jonathan H. D. G. Pinto, “Modeling, Design and Performance Evaluation of Battery Energy Storage Systems based on Modular Multilevel Converter 7, 2020.
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Inversor em ponte completa (dois niveis)

. Conceito introduzido nos anos 60; - |

P!

\|

/|
1%
o
S

d Preferivel em aplicacdes de baixa tensio;

L Tensao de saida com alto dV/dt e tensao de modo comum;

9

\|

/1
N
A
S

LI 1
[ Distorcao harmonica consideravel;
I __;W_;__ R S
J Tensio de saida limitada pela capacidade dos interruptores; =
=]
-
O N e S e E S E——
(] Pode ser associado a um transformador. A 0O a2 x 372 27 5772 3«

Fonte: H. A. Pereira, A. E Cupertino and S. I. Seleme Jr., "Basic Concepts of Modular Multilevel Converters and Applications in Medium and High Voltage Fields”. 2017
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Inversor em ponte completa (dois niveis) com interruptores em série

phase A

S;J%}D;
S I D
Lik 0 | ! E;:} ’

+ . ~

d Extensao da capacidade de sintese de tensao;

A
\|
/

i

!
\
/

d Complexidade da conexao em série de interruptores; g J%}D
n+l n+l1

- = P :;bHEiZ}l)En
. —» 0

d Operacio tolerante a falha;

[ Solucao com custo final “consideravel”.

Fonte: G. O. Fortes, M. A. S. Mendes and P. C. Cortizo. “Integrated Solution for Driving Series-Connected IGBTs and Its Natural Intrinsic Balancing”. 2019.

02/03/2021 Prof. Allan Fagner Cupertino 10



Sistemas de alta poténcia com conversor de 2 niveis

—————————————— — —— —— — — — ——— — —————— — — — —— —— —

- 1)
=~
2
el §
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o~
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SO

§88

‘_____I_ Ix | y
B "ﬁ} ‘(l} ‘(’} TITT l GRID
| a
! ! ! | b
|

c

........................

POWER PACK 2 H

|

POWER PACK 3

|

Fonte: L. S. Xavier, et.al. "Power converters for battery energy storage systems connected to medium voltage systems: a comprehensive review," BMC Energy. 2019.
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Outras abordagens

r_BL_H_Ie_" "'_"3{ : dc/ac Stage
i I wes l : .‘a“\“ aC
= N
N ;
L L ‘ I
i f £ i oJ Filter | —e Grid
iR \
L. L e
______ | 2LEVEL INVERTER |
[ L Full Bridge |
|_
JW‘

«F <t G «} «} «}
T — \ / 4%] —|J} +} ~ —
—5} —5} +} — ﬂ} {l} {l}
VSl ) {|} {y} azsl

Rl

Fonte: L. S. Xavier, et.al. "Power converters for battery energy storage systems connected to medium voltage systems: a comprehensive review," BMC Energy. 2019.
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Inversor com grampeamento de neutro (NPC)

d Introduzido na década de 80; + > phase 4
SN 1D,
) . o CT Dt S 1D,
 Solucao com elevado sucesso comercial (3 niveis);
Vdc (0 /"'/_ —*
J Complexidade aumenta com o nimero de niveis; C== Dt S, 4D,
L ] S JQ}D

 Balanceamento e grampeamento;

1
| Projeto mecanico complexo para nimero elevado; =0 W [ UHU N N NHL m

[ Desbalanco térmico entre os IGBT. A 0 x 3n2 27 S5a2 37

w t
n
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Algumas solucgoes alternativas - ANPC

J Substitui os diodos por interruptores controlaveis;

d Resolve o problema de desbalanco térmico; C—T S, JGDv
A, T
Vd-r. o —
d Desvantagens do NPC persistem; CT Sﬁj(}Dﬁ Sjif:j}Dj
LI SHID,

d Comercializado por algumas empresas.

Fonte: H. A. Pereira, A. E Cupertino and S. I. Seleme Jr., "Basic Concepts of Modular Multilevel Converters and Applications in Medium and High Voltage Fields”. 2017
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Algumas solugodes alternativas — NPC modificado

J Elimina a conexao série de diodos.

Fonte: X. Yuan and L. Barbi, "Fundamentals of a new diode clamping multilevel inverter," IEEE Transactions on Power Electronics. 2000.
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Inversor com capacitor flutuante

 Introduzido no comeco da década de 90;

+ al phase A
|
J Adotada por um menor ndmero de fabricantes; SIJGDI
C —T }
S D,
O Complexidade de montagem para alto nimero de niveis; Ve 01

p— Cf
S D,

Ll sew

@
\|
/1

d Custo dos capacitores;

J Estratégia de pré-carga dos capacitores.

Fonte: X. Yuan and L. Barbi, "Fundamentals of a new diode clamping multilevel inverter," IEEE Transactions on Power Electronics. 2000.
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Exemplos — sistemas de duplo estagio

battery rack

dc/dc stage

dc/ac stage

o N dc ‘
BAT, BAT,, S
ey e
BAT,, BAT,, I ®
A \ |
BAT,, || BAT,,
= = dc =, _|de

ac

. Conversor CC/CC deve ser bidirecional;

J Eficiéncia e faixa de operacao sio varidveis importantes;

d Topologia isolada ou nio isolada.

grid

Fonte: Jonathan H. D. G. Pinto, “Modeling, Design and Performance Evaluation of Battery Energy Storage Systems based on Modular Multilevel Converter 7, 2020.
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Ridirectional

Exemplos — sistemas de duplo estagio

grid

battery rack dc/dc stage dc/ac stage
L oo "-\_.. d.‘:' i x‘__\l‘. ac

BAT,, BAT,, =, A
= =

BAT BAT,,

§ y N L

I \ _ T

BAT,, BAT,,, ™, N N,
TI= — de | lde

!
DA B Converter .Ir".lfl'r'fl.j.{ Capacitor
Converter

Baost Converter

-
—

i1

£} -} 4.’}{}_

b b

1|

g

=
._|

Fonte: Jonathan H. D. G. Pinto, “Modeling, Design and Performance Evaluation of Battery Energy Storage Systems based on Modular Multilevel Converter 7, 2020.
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Topologias de conversor CC/CC de destaque

!

Bidirectional DAB Converter Flving Capacitor
Boost Converter Converter

p—O

)|
)
J1

J Conversor bidirecional: simplicidade;
J DAB: Elevada eficiéncia, alto ganho e isolacio galvanica;

 FC: Elevada eficiéncia e volume reduzido do indutor (multinivel).

Fonte: Jonathan H. D. G. Pinto, “Modeling, Design and Performance Evaluation of Battery Energy Storage Systems based on Modular Multilevel Converter 7, 2020.
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Outras abordagens — conversor CC/CC

dc-Link

Half-Bridge
T
|
|
: —":} |
| [T :
3]

£l
Batteries T | '
| < '
| } |
: .

dc/ac inverter

\-

ac

o)

e e —— —

Grid

dc/ac inverter

Buck-Boost

1 dc-Link
|
|
|
|
|

| p—
|
|
|
|
|
|
T
dc/ac inverter
K“‘-.‘ ac Grid
o ——*
. —_— &
dC ‘\\

N ac Grid
“"'.‘ —.
o —
.
de .
(b)

Fonte: L. S. Xavier, et.al. "Power converters for battery energy storage systems connected to medium voltage systems: a comprehensive review," BMC Energy. 2019.
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Batteries

Outras abordagens — conversor entrelacado

Half-Bridge

Half-Bridge

Half-Bridge

dc-

Link

|
|
|
|
|
|
i
|
|
|
|
|
|

I
I
|
I
I
I
0000 |
|
I
I
I
|
|

T / Bong —
z T

= —H} + +

T |

dc/ac inverter

ac

Grid
]

o]

dc

e e — ——

(J Reducio da ondulacao de corrente na bateria;

d Pode resultar em um aumento de eficiéncia e densidade de poténcia.

Fonte: L. S. Xavier, et.al. "Power converters for battery energy storage systems connected to medium voltage systems: a comprehensive review," BMC Energy. 2019.
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Abordagem para alta poténcia — varios sistemas em paralelo

—————— — — —— — — — —— — — —— — — — — — — — —— ———— — — — ———— —— —— — — — —

........................

| i : ; :

| : : : :

| i A : : :

L B Wi} : 7

' M =N o : : 3 By SO0 4

| E r; ‘ B, j'; ] B, | : dC'/({C 3 I{k 1 C ,g~, ‘
Y U "t I STAGE: s

- : 1 2 .

| ; 5 :

[ : ‘ ‘ ‘
| ;

POWER PACK 2 H
POWER PACK 3 |-

GRID
a
b

c

Fonte: L. S. Xavier, et.al. "Power converters for battery energy storage systems connected to medium voltage systems: a comprehensive review," BMC Energy. 2019.
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Abordagem para alta poténcia — varios conversores CC/CC

d Associacao paralela J Associacio série

battery rack de/de stage dc/ac stage battery rack dc/dc stage
A e dc T T de|” ]

B"‘”_u BA Tm . .d BATJJ BATHJ' ‘
= & a & =

BAT, | alBaT,, b BAT,, |.alBaT,, dc/ac stage
T 1 ¢ T T

BAT,, |a|BaT,, N BAT,, | atl|BaT,,
1 b 'dc —= h— \“\ _‘ grld
S = B - - J

BAT, BAT,, BAT, BAT,,
T e T e

BAT, BAT,, BAT,, BAT,,
Y A

BAT,, BAT BAT,, BAT,,
= e = — = e

Fonte: Jonathan H. D. G. Pinto, “Modeling, Design and Performance Evaluation of Battery Energy Storage Systems based on Modular Multilevel Converter 7, 2020.
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Conceito dos conversores em cascata

v Upper Valve Voltage

AC Output Voltage

+ Y Uy

>
®!

-y

o] T
T LAY

—
Ly

=

=

Lower Valve Voltage

o]

o,
The v-phase Cluster
The w-phase Cluster

s
g

cell 1

L

-
Py
g

fiatatals

l Fonte: Wikipedia.

Fonte: H. Akagi, “Classification, Terminology, and Application of the Modular Multilevel Cascade Converter (MMCC)”, IEEE Transactions on Power Electronics. 2011.
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Vantagens dos conversores em cascata

J Alta poténcia e alta tensio com semicondutores maduros;

J Baixa frequéncia de comutacao — alta eficiéncia;

J Nenhum componente de grampeamento;

J Flexibilidade de projeto;

(J Redundancia inerente a estrutura do conversot. ' ' ' ' :
0 /2 T 3a2 2w 572 37

02/03/2021 Prof. Allan Fagner Cupertino 27



CHB - Cascade H-Bridge Converter

' — :
€ J@ i J;}

CXE<INEIE reN<IRIEIE
el e 5|15 — = 5
i + |zl i 2 p
ol 4 2 2 - o | || 2|2
- 2 : 4 >

f cell } ' cell I

Fonte: H. Akagi, “Classification, Terminology, and Application of the Modular Multilevel Cascade Converter MMCC)”, IEEE Transactions on Power Electronics. 2011.
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CHB - Cascade H-Bridge Converter

J Conversor trifasico construido a partir de 3 conjuntos monofasicos;

J Conversor nao apresenta um barramento de corrente continua;

J Baterias distribuidas ao longo dos conversores;

J Pode utilizar abordagem de estdgio dnico ou duplo estigio de conversio.

02/03/2021 Prof. Allan Fagner Cupertino
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CHB - Cascade H-Bridge Converter

a b

31 3L

3L

“lsm| “lsm| "lsm
sm| _|sm| _|sm|
5| 2z

SM

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
'

oy *
-
- *
----------------------------------------------------------------------------------------------------------------

sm| | |sm) | _|sm

_lsm| | Jsm| | “lsm

I.Em S Sm
dc |

Fonte: Jonathan H. D. G. Pinto, “Modeling, Design and Performance Evaluation of Battery Energy Storage Systems based on Modular Multilevel Converter 7, 2020.
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MMC - Modular Multilevel Converter

u-phase v-phase  w-phase
- I
cell cell | cell
M r =i )
L = .2 =1 2L .
cell T cell T - cell T J J : JE
: Common e = T
AC 5 de link |
Teell [ el [ cel [ °
M = o =
= i  1- = fl- i
cell T cell T cell =

Fonte: Jonathan H. D. G. Pinto, “Modeling, Design and Performance Evaluation of Battery Energy Storage Systems based on Modular Multilevel Converter ”, 2020.
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MMC - Modular Multilevel Converter

J Conversor trifasico construido a partir de 6 conjuntos monofasicos;

J Apresenta um barramento de corrente continua; A

J Baterias centralizadas ou distribuidas ao longo dos conversores;

J Pode utilizar abordagem de estagio dnico ou duplo estigio de conversio;

02/03/2021 Prof. Allan Fagner Cupertino
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MMC - Modular Multilevel Converter

battery rack
S~ = A, P "";'"J'J};-r'jfmdge- full bridge
BAT,, | |BAT,, sm| ! |
| [ § .
r-'_-: ;: LS HH""'--..E;‘__ ___.':
BAT, BAT,, fﬂ
L
T T t 2% -isingle stage  two stage  delac stage
L A S@ > oc - — dc
i i
BAT i £ m E 114
N B A_]".’mr I_E ol [:]
= e — — :‘ S Hﬂ'-i de )
m ..................................................................................................
L
Oa
2 1
Oc

Fonte: Jonathan H. D. G. Pinto, “Modeling, Design and Performance Evaluation of Battery Energy Storage Systems based on Modular Multilevel Converter 7, 2020.
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Tesla POWERPACK

ML

e

J

/

T

Power Electronics

Every Powerpack contains 16 individual
battery pods, each with an isolated DC-DC
converter. Pod architecture and onboard
power electronics optimize performance
across the array and enable easy swapping
at any time.

Fonte: Tesla
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Tesla POWERPACK

Overall System Specs

AC Voltage 380 to 480V, 3 phases Energy Capacity Up to 232 kWh (AC) per Powerpack
Communications Modbus TCP/IP; DMP3; Rest API Operating Temperature -30°C to 50°C / -22°F to 122°F
Power Up to 130 kW (AC) per Powerpack Enclosures Pads: IPG7

Powerpack: IP35/MEMA 3R
Inverter: IPE6/NEMA 4

Scalable Inverter Power From 70kVA to 700kVA (at 480V)

System Efficiency (AC) * 88% round-trip (2 hour system)
Depth of Discharge 100% 89.5% round-trip (4 hour system)
Dimensions Certifications MNationally accredited certifications

Powerpack Unit

Length: 1,317 mm (50.9 in)
Width: 968 mm (38.11n)
Height: 2,187 mm (86.1 in)
Weight: 2,199 kg (4,847 |bs)

to international safety, EMC, utility
and environmental leaislation.

Powerpack Inverter

Length: 1,044 mm (41.1in)

Width: 1,394 mm (54.9 in)

Height: 2,191 mm (86.2 in)

Weight (max): 1,120 kg (2,470 lbs)

* Net Energy delivered at 25°C (77°F) ambient temperature including thermal
control

Fonte: Tesla
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ABB Dynapeak

PCE}

SVC Light E“a&':,.jﬂ & rx 1A
L -
T —
T
) rm- =
2L
/ \ 7 N N
= == X4 I It 2 -
e [ rx & LR
Fonte: ABB
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ABB Dynapeak

!

System voltage

11 kV

Reactive power range

Energy storage capabilty.
Active power capability

VSC Rated at 850 kVA;
3-level, neutral point clamped type
converter;
. IGBT based, pulse-width modulated
Type of battery Li-ion

SODACIING s
HONW ey
200 kW during an hour;

600 kvar inductive to 725 kvar

600 kW during a few minutes

Fonte: ABB

02/03/2021

Prof. Allan Fagner Cupertino

39



Toshiba-Mitsubishi + Tokyo Institute of Technology

Items Actual Verification test
equipment equipment
Power capacity 1000 kW 500 kW
) 6600V-50Hz  ~opp Single l{ridge Battery unit
Storage energy capacity 1000 kWh 238kWh . . X X\ f
MMCC-SSBC ‘ 1 5' SW _,....1‘._ e e
Circuit topology Modular Multilevel Cascade Converter 500kVA Ul "'/‘:'l_:__l_ : Vi T 1 LU ! 1 \
based on Single-Star Bridge Cells 6600v/1500V ILF] 72P |i i . -
8% lz . — ; ‘11:‘ i i L
Cascade number 6 6 PT T |F Tl i T
J%J%% P o o
Capacity of unit cell 56 kVA 28 kVA - T
280 V-380V - H=5 Tt 2 fwuf L
) . i -, T ! T !
DC voltage range 250V -380V Nominal voltage “f_-'_-{;; e > 6 units
| 331.2V U3 T3 i dv [ Fi dw | Fi
Output AC voltage of i, s e
converter 1500 V 1300V U 1T T T
Grid side AC voltage 6600 V 6600 V = T - :3 - \.,:3
Power device 600-V, 600-A IGBT » -’—i: L~ :j-' L :E-—:)
, . . . |-series, |-series, [ il l_ ------ : |— B
Configuration of each bridge 5
cell -parallel, and |-parallel, and
4-arm structure 4-arm structure

Fonte: N. Kawakami et al., "Development of a 500-kW Modular Multilevel Cascade Converter for Battery Energy Storage Systems," in IEEE Transactions on Industry
Applications. 2014.
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Toshiba-Mitsubishi + Tokyo Institute of Technology

e
5 i
Battery
. 4 Battery

Converter panels

Transformer CB & auxiliary ate drive

f\@:ﬂy\\

circuit

Control panel

Fonte: N. Kawakami et al., "Development of a 500-kW Modular Multilevel Cascade Converter for Battery Energy Storage Systems," in IEEE Transactions on Industry
Applications. 2014.
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Toshiba-Mitsubishi + Japan Wind Development Co.

154 KV Power Gnid

NAS Battery System

Fonte: Yukihisa lijima, Yoshinori Sakanaka, Noriko Kawakami.

Farm," IPEC, 2010.

Discharge
(2400 kWx17 sets)
NAS Battery
(2.000 kW) PCS (2,400 kW)
T
4 WE'B
= T 66v
T 4 2400 kVA
' Transformer
. Cha:ge
—

154 KV/22 KV

\K

Wind Turbine
(1.500 kW x 34 sets)

S5

©©

“Development and Field Experiences of NAS Battery Inverter for Power Stabilization of a 51 MW Wind

02/03/2021
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Toshiba-Mitsubishi + Japan Wind Development Co.

ITEM EATED VALUE

1 | Inverter rated capacity 2,400 kW x 17 units

Gnid voltage 6.6V -3d-50Hz
3 | DC voltage rating

(battery voltage) 4T0-7T45 V
4 | Switching device IGBT

(cooling method) (Forced air cooling)
5 | Inverter type Voltage source self-

commutated converter
6 | Switching method PWM
(Pulse Width Modulation)

7 | Efficiency More than 95 %

Fonte: Yukihisa Iijima, Yoshinori Sakanaka, Noriko Kawakami. “Development and Field Experiences of NAS Battery Inverter for Power Stabilization of a 51 MW Wind
Farm," IPEC, 2010.
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Estado da arte — Industria de sistemas de armazenamento

PE Provider Power/Energy (MW/MWh)  Topology Battery Technology DC-DC Stage AC/DC Voltage (V) Module Power Level
ABB 20/6.67 2L/3L Li-Ion No 415-690 V, .. 975-1200 V.. 72 kW-1 MW
DynaPower 11/4.4 2L/3L Li-Ion - 750-1150 V.. | MVA
Enercon 10/10 2L/3L Li-lon Yes - 300 kW
Extreme Power 10/7.5 2L Advanced Lead Acid - 480V, .: 750-1200 V. 1.5 MVA
General Electric 21/14 2L/3L Lead Acid - 480 V, .. 431-850 V. 1.25 MW
Mitsubishi 20/6.33 2L/3L Li-Ion - 300V, . 0.5 MW
Nidec 12/96 2L NaS Yes - 1.2-2.5 MW
Parker SSD 12/4 2L/3L Li-Ion No 400-480 V, .: 720-1200 V.. 1.2-22 MW
S& C Electric 10/0.14 2L/3L Lead Acid Yes 480 V, . :460-800 V. 1 MW/1.25 MVA
Younicos 36/24 2L/3L Advanced Lead Acid - 415-690 V,.:975-1200 V,. 250 kVA

Fonte: G. Wang et. al. “A Review of Power Electronics for Grid Connection of Utility-Scale Battery Energy Storage Systems”. IEEE Transactions on Sustainable Energy.
2016
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Algumas perguntas importantes

J Qual topologia é mais eficiente?

1 Usar conversor CC/CC ou nao?

d A ondulacio de alta frequéncia do conversor CC/CC degrada a bateria?

d Abordagem centralizada ou distribuida?
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Fonte: L. S. Xavier, et.al. "Power converters for battery energy storage systems connected to medium voltage systems: a comprehensive review," BMC Energy. 2019.
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Efeito do conversor CC/CC

]
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Fonte: : Jonathan H. D. G. Pinto et. al., "Optimum Design of MMC-based ES-STATCOM Systems: The Role of the Submodule Reference Voltage," in IEEE Transactions
on Industry Applications, Early access.
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Comparagao — Corrente nas baterias (Estagio tinico)
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Fonte: Jonathan H. D. G. Pinto, “Modeling, Design and Performance Evaluation of Battery Energy Storage Systems based on Modular Multilevel Converter ”, 2020.
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Comparagao — Corrente nas baterias (Estagio duplo)
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Fonte: Jonathan H. D. G. Pinto, “Modeling, Design and Performance Evaluation of Battery Energy Storage Systems based on Modular Multilevel Converter ”, 2020.
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Ondulagao degrada a bateria?

d Estudo 1 — Efeito na temperatura
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Fonte: K. Uddin et. al. “The effects of high frequency current ripple on electric vehicle battery performance”. Applied Energy. 2016.
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Ondulagao degrada a bateria?

d Estudo 2 — Ondulag¢io de baixa frequéncia elevada
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Fonte: I. Puranik et. al. “Impact of Low-Frequency Ripple on Lifetime of Battery in MMC-based Battery Storage Systems”. ECCE. 2018.
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Normalized capacity [% of BoL]

Ondulagao degrada a bateria?

d Estudo 3 — temperatura constante das baterias
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Fonte: A. Bessman, “Aging effects of AC harmonics on lithium-ion cells”, Journal of Energy Storage. 2019.
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Abordagem centralizada versus distribuida
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Fonte: S. K. Chaudhary et. al. “Benchmarking of Modular Multilevel Converter Topologies for ES-STATCOM Realization”. Energies. 2020
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Numero de baterias — abordagem centralizada versus distribuida
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Fonte: S. K. Chaudhary et. al. “Benchmarking of Modular Multilevel Converter Topologies for ES-STATCOM Realization”. Energies. 2020
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