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Projegoes para o Mercado de PEVs:
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Alternative and electric vehicles gain market share in the AEO2020 Reference case
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Proibicao de venda de ICE (Internal Combusti®s ol ),
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Projecoes para o Mercado dée

movidos a gasolina e diesel :

* Holanda: 2025.

** Alemanha: 2030
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“* A recarga de VEs ou PEVs, PHEVs sao c*rnenteg Ong-way. | w
“*One-way = Grid-to-vehicle = V1G. | \T - y

“* A bateria dos VEes usada exclusivamente para tracao do M 0. \~

%* Bi-Direcional = V2G (Vehicle-to-Grid), a energia retorna para a rede
propotcionando beneficios mutuos entre concessionatia € dono.do VE.
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o A energla re#0tna para a rede propor(:lonando beneﬁc:losmutuos entr
concessionaria ¢ dono do VE.

“*VEs elétricos amda possuem alto custo.
“*Os proprietaric s'dos VEs ganham, reembolso, retorno sobre investimento.
“* Abre fronteiras para a Smart-Grid e Mercados de Energia.



Projetos ja implementados
“* System Applications.

% Customer application.
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Intelligent Electric Vehicle Integration (INVENT)
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About Nuvve

The world’s only platform enabling profitable deployment of EV
fleets globally

Working on V2G since 1996

University of Delaware Prof. Eempton spin off - patented technology

Headquarters in San Diego, CA
Offices in Copenhagen, London, Newark (DE), Paris

World’s most experienced:
Only V2G firm to complete TSO/DNO qualification in multiple countries
Operating on § continents
Over 3.5 million hours kW of commercial V2G operation (by end 2018%)

Scaling through partnerships, e.g. EDF using Nuvve for all e-
mobility

Corporate investors

EDF Renewable EDF ' ~eor

Toyota Tsusho ' TOYOTA TSUSHO



The main challenge is to reduce / eliminate
barriers for feeding energy back to the grid

Influencing Groups

Influencers

Area of influence

Regulators

I lFrench Energy Regulatory Commission (CRE
— gy reg ry ( )
""‘5 Ofgem

p— Bundesnetzagentur

—

s ACM

» Approval to feed electricity back to the
grid (similar to PV)
* Metering and high voltage safety rules

Transmission System
Operators

l l Le réseau de l'intelligence électrique (RtE)

=aln= National Grid
-Tennet, Amprion, S0Hertz, Transnet BW

_—
| €NNEL

+ Stationary assets prequalification
* Rules on reserve power — the market to

bid with vehicle swarms

Distribution System
Operators

-Competitive market ( e.g. 900+ DSOs in Germany)

» Balance group management, metering

and special grid tariffs for EVs



V2G development roadmap

Accessible Value [EUR]

Large utilities fully
operating the V2G
Early Adopters business

Large utilities
engaged and
enough EVs
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Adiamento de upgrade de
*%* Gestao de contingéncias.
% Integracao com a Energ’ 2 |

% Back up de energla




Beneficios para o
Proprietario do VE:
** Retorno sobre investimento.

** Tarifa otimizada com, reducao de
custos. . :
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S1stemas de Controle, hardware projetos, protocolos3
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Modelo V2G em estudo
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Assessment of a NPC frequency inverter with
low switching frequency modulation for a high
speed rating operation of an induction motor

Marcos Paulo Brito Gomes!, Alex-Sander Amavel Luiz!, Marcelo Martins Stopa?,
Gabriel Villn Ramos!, [gor Amariz Pires®
Elsetrical Engineering Department - CEFET-MG. Balo Horizonte, Brazil |
Elsctrical Enginesring Department - Federal University of Minaz Geraiz, Belo Horizonre, Brazil
marcospaulshnitogomes @ieee org, alex@cefetmg br, marcelo/@icefotmg br,
gabnelilkn/@gmail com, iap@Eufmg br

Absrracy - This paper brings an assessment of a three level NFC
inverter with low frequency modulation commands for high
speed operation of induction motors. The work is mainly
devoted to medinm voltage and high power and high-speed
systems. It will be approached a wvery low switching
frequencies, reducing the incidence of dv/dt on electric motors
and eliminating the 5°* and 7°* harmonics. It is possible reach
good sinmsoidal waveforms, with semiconductors switching at
360 Hz, which is very low frequency, being able to preserve
motors and semiconductor elements. The 5 and 7' have hizh
amplitude and low frequency, and can camse high losses to the
drive. The dv/dits in its turn, damage the electric motors and
loads and its reduction contributes to minimizing problems on
motors windings, damaged insmlation and electrostatic
currents om bearings that camse motor: degradation. These
problems tend to increase for the motor operation in field
wealening. Another concern is currents asymmetries that can
induce pulsating torques on motors, undesired DC voltages per
phaze and dizplacement of nentral voltage of three-phaze loads,
which in furn can influence common-mode current flows.
Considering low frequency modulations, FD-PWM, POD-
PWM and the selective harmonic elimination, SHE-PWAL will
be stmdied throngh simuolation and compared with
experimental resulis.

Eeywords — SHE-PRM, POD-PWM, PD-PWM, selecrive
harmenic eliminedon, dv/dts reducdon, metor drives, fleld
weakening, NPC.

L INTRODUCTERN

large pumber of power comverters and frequency
Amv\ertarsmfou.ndinindusu?.lnst\eeLmiujngand
metallwrgieal industnies, equipment such as rollers,
conveyors, excavator, and trachon, pressunzing, hfting and
dnlhng systems, can operate mn better power quality with
power electronic fed machines. In 2 larze power range, from
tens of kWA to tens of MVA power converters with reduced
harmome content and dv/df meidence can be achieved.
Electric ubilittes demand regulanty of power factor, decrease
in operating power for unbalanced potentials, reactive power
consumption hmitation, and low harmome distortion rates,
which may even degrade the power factor of the drives.
Harmomie distortion 1z 3 concern in the power guality
seenano and power electronmics projects, and regulated for
several standards. The IEEE 14359-2010 standard mndicates
procedures for non-sinuscidal regime measurements and
demonstrates that THD interfere with power factor

measurement and harmonics drain active and reactrve power
from electrical systems.

From the gznd side, mdnidual consumer harmomes
diversity implies in cancellation phenomena in the pomt of
commen coupling, which 15 beneficial In addition each
consumer can use filtenng systems or phase shifting
transformers that mitigate harmomes of mdusinal power

s individually, [1.2]. IEEE 519-2014 indicates a
concern to mclude hizher order harmomes for THD
caleulation, defining standard procedwres for measursment
and sampling signals degraded by harmeomnies in accerdance
with the Ewopean standard IEC &§1000-4-7. This standard
also indicates maximum distortion in voltage and current in
the gnd, limitmz THOw andTHD{ m the pont of commeon
couplmg. It alzo includes a requrement to lmt mdirvidual
cwrrent harmonics becanse they ars more harmful.

Power electromics ha: provided the mumng and stesl
industry with applications in wide ranges of speed and
torque, as happens in won and steel mills, but different
techniques of PWM modulation imply in different harmomic
inininsic spectrz of the process of power conversion in
voltage and cwrent sowce mverters, VSIs and CSIs.
Harmenie distortion 15 a much discussed problem duwring
power electronics projects. From the industnal loads side,
harmomnics are avoided because they cause decrease on
efficiency, merease of heating, vibrations and sound noizes
in equipment and losses in ferromagnetic matenals of
tranzformers and electnc motors, eddy cwrents and
harmeonmics hysteresis sub-cycles. THD also becomes a
precccupation for gh efficiency drrves [3-6]. Recent works
have mndicated that the harmonic presence can alse be
harmful to confrol systems, espacially those of trajsctory
tracking using observer techmques. Some controls require
the machine parameters estmation and THD alter
magnetization and lezkage mductances, apparent rotor and
stator resistances due to skin effect, and these problems tend
to worse at high operating frequencies [7-10].

The problems caused by indnviduzl harmonies are
difficult to establish. but it is expected that mainly the 5%,
7™ and 11*" harmonies, are responsible for vibrations and
pulsating torques on electric motors, especially at low
speeds, when they are more noficeable, [3.11]). Modulation
techniques hike sslective harmonic eliminaton, SHE-PW,
are able to elinmnate specific harmomies m all medulation
mdex range [12-14]. Furthermorve, active and passive
harmonic filters ean be used to mprove the guality of
synthesized voltage, being quite effective, [14-16]. Classical

V. EXPERIMENTAL RESULTS

The expermmental results were developed m the laboratory
stand tests, Fig. 13. POD-PWM with m, = 6 and SHE-
PWM with M =3 were implemented on F28335 DSP
which controls two gate dnve boards, each commandmg six
IGBTs of Sexukron SKMI100GB121D package, resulting on
12 IGBT: of the three-level and three-phase NPC frequency
wverter. Fiz. 14 and Fiz. 17 show experimental waveforms.
Fig. 15 and Fig. 18 demonstrates harmonic spectrum, SHE-
PWM has lower harmonic content and has 5% and 7
harmonic order reduced.

Harmonie distortion for SHE — PWM o POD - PWM
" T s

= PW Vrams

W » & W W N W W W™ w w

~
Stater fundomentsd frequency — (Ha]

Fig. 16. THD for SHE-PWM and POD-PWM wavefors.

Fig. 16 shows that SHE-PWM has 2 lower THD than POD-
PWM for all dnve range. The application of an
unconventional modulation with reduced dv/dt also raises
concerns about motor overheating due to a possible increase
m THDi. As describes in WEG W22 Premuum 15 cv motor

1. the motor max perature 1s 155 ° C at any
point and work up to 3600 rpm in field wezkening regzion.
Fig. 19 shows that SHE-PWM has less noise than POD-
PWM drive. Temperatures were measured with three Pt-100
n stator windings aiding mnsulation protection. It was also
performed in the fermomagnetic core and beanngs. as
demonstrated in Fig. 20.
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América Japao Europa China Todos Mercados
dO NOI’tC exceto Europa

AC @

J1772 (Type 1) J1772 (Type 1) Mennekes (Type 2) GB/T
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CCs1 CHAdeMO CCs2 GB/T Tesla




Visao geral dos padroes dos carregadoes PEVss:

Convencional Carga Lenta Carga Rapida
Nivel Nivel 1 Nivel 2 Nivel 3
Corrente AC AC AC Trifasico DC
Poténcia < 3,7 kW =37 kW e =22 kW e < 400kW
< 22 kW < 34.5 kW (Atualmente)
Australia Tipo 1 [EC 62196-2 CCS Combo 2
lipo 2 CHAdeMO (IEC 62196-3)
Tesla possui o proprio
China Tipo | GB/T 20234 AC GB/T 20234 DC
Europa Tipos [EC 62196-2 [EC 62196-2 CCS Combo 2
C/F/G Tipo 2 Tipo 2 CHAdeMO (IEC 62196-3)
India Tipos [EC 62196-2 [EC 62196-2 CCS Combo 2
C/D/M Tipo 2 Tipo 2 CHAdeMO (IEC 62196-3)
[EC 60309 AC/DC
Japao Tipo B SAE J1772 Type 1 CCS Combo 2
Tesla possui CHAdeMO (IEC 62196-3)

o proprio Tesla possui o proprio



Korea Tipo A/C IEC 62196-2 CCS Combo 1
Tipo 2 CHAdeMO (IEC 62196-3)
Tesla possui o proprio
Nova Zelania Tipo 1 IEC 62196-2 [EC 62196-2 CCS Combo 2
Tipo 2 1ipo 2 CHAdeMO (IEC 62196-3)
Ameéricado Tipo B SAE J1772 Type 1 S5AE J3068 CCS Combo 1
Note SAE J17T: Tesla possui (SAE J1772 e IEC 62196-3)
Tipo 1 0 proprio CHAdeMO (IEC 62196-3)
Tesla possui o proprio
Singapura Tipo G IEC 62196-2 [EC 62196-2 CCS Combo 2
Tipo 2 1ipo 2 (IEC 62196-3)
Tailadia Tipo IEC 62196-2 CCS Combo 1 e 2
A/B/C/F Tipo 2 CHAdeMO (IEC 62196-3)

Tesla possui o proprio






