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Alstom Renewable Power 
From single component to turnkey power plants 

Hydro Power 
turnkey power plant 
or individual 
products 

Alstom can provide you with integrated solutions to optimise  

the plant performance 

Wind Power 
from wind farm 
development to 
turbines services 

Solar Power 
solar field and power 
block 

Geothermal Power 
modular and 
adaptable solutions 
from components to 
turnkey delivery  

Tidal Power 
from turbine to farm 
development 
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Alstom Wind business 
Our international presence 

CHINA 

ASIA & OCEANIA 

BRAZIL 

LATIN AMERICA 

USA 

 Amarillo 

 Richmond 

NORTH AMERICA 

FRANCE 

EUROPE 

Office / Main Office 

Manufacturing / Engineering 

Global technology centres (R&D) 

AUSTRALIA 

 Melbourne 

 Beijing 

 Cherbourg 

 Saint-Nazaire 

 Toulouse 

SPAIN 

 Barcelona 

 Buñuel 

 Camaçari 

 Canoas 

 Sao Paulo 

* 
* 

Operational in 2014 

 

Operational in 2015 

* 

* 

* * 
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6000 kW 

Haliade™150 

2700/3000 kW 

ECO 122 
3000 kW 

ECO 110 
3000 kW 

ECO 100 

1670 kW 

ECO 86 
1670 kW 

ECO 80 

1670 kW 

ECO 74 

1250 kW 

ECO 62 
750 kW 

ECO 48 

640 kW 

225 kW 

150 kW 
30 kW 

Alstom Wind 
Your partners in wind power solutions 

30 years of experience in wind technology 
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Powering the world 
Our references in Wind 

INDIA                       2 MW  

USA                        75 MW  
JAPAN                   97 MW  

UK                        258 MW  

FRANCE              281 MW  

ITALY                   184 MW  

SPAIN               1,794 MW  

BRAZIL           2,333 MW  

MOROCCO        102 MW  

ETHIOPIA            90 MW  

ARGENTINA        51 MW  

MEXICO               102 MW  

TURKEY                87 MW  

PORTUGAL         107 MW  

FINLAND               21 MW  

NETHERLANDS    27 MW  

BELGIUM                 6 MW  

* Installed and under construction as of June 2014 

Over 5.7 GW installed/ under construction in more than 200 wind farms 

SOUTH KOREA    30 MW  

POLAND                90 MW  
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 Grid integration 

 Test performance 

 Offshore floating design 

 Structures & mechanics 

 Advanced control 

 Grid integration 

 Offshore & blade design 

Advanced drive train 

Test campaign and certification 

Offshore 

 Aerodynamics & blade design 

 Structures & 

Offshore design 

 Advanced control 

Control & Offshore, 

Testing & Certification  

Alstom Wind business 
Our strong innovation partnerships 

Over 250 people involved in R&D activities with leading research institutions  

 De-icing & extreme cold 
 Blade design 

 Structural design 

http://www.lut.fi/web/en/
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Alstom, your partners in wind power solutions 

• Haliade™ 150-6MW 

− Innovative technology, reliable and efficient  

− Completion of first onshore unit 

commissioning at full 6MW output 

− Certification underway  

− First offshore unit installed 

 

• Alstom Grid 

− Over 130 years of grid expertise 

− 50 years of HVDC experience  

− 2.9 GW offshore wind substation 

references 
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CITCEACITCEA

Wind Power anWind Power an

citcewww.citce

Technology and Knowledge trans

A-UPCA-UPC

nd HVDC gridsnd HVDC grids

ea pc edea.upc.edu

ferred from University to Industry



CITCEA-UPC is a centre for research
innovation born in 2001 inside the Technic
Catalonia (UPC) supported by the Government

12 years' experience, 70 people, 110 customer
8,5 M€ turnover, 9 patents, 1 spin-off (teknoC8,5 M€ turnover, 9 patents, 1 spin off (teknoC
200 conference papers; more than 100 journal

Activity fields

MECHATRONICs:
Power electronics and electrical drives. 
Automation, industrial ICTs. 
ENERTRONICS:ENERTRONICS:
Generation, transmission and distribution of electrical energ
Economics, market and regulation of electrical energy.
LIFE LONG LEARNING
LLL Masters in Mechatronics and Enertronics. Courses and Se
professionals

Expertise
Mechatronics
Power electronics and
for applications in winfor applications in win
Digital control with DS
Industrial communicat
Data acquisition and s
Process automation an
Electric vehicles and b
Design of electrical ma

and technology
cal University of
t of Catalonia.

rs, 197 projects,
CEA), more thanCEA), more than

paper.

gy. 

eminars for 

d converters, special
nd and PV

Enertronics
Electrical generation from renewables and 
distributed generationnd and PV

SP
tions
signal processing
nd Motion control

distributed generation 
Wind generator design
Distribution and transmission grids
Control of wind generators and wind farms
Offshore wind farms and HVDC

2

battery chargers
achines

Microgrids and smart grids
Condition monitoring and PQ



t k CEA  O  i ffteknoCEA. Our spin-off
 Created in 2012

I d t i l b h f CITCEA UPC Industrial branch of CITCEA-UPC

 Commercialization of CITCEA-UPC desig

Example products: Example products:

• Voltage Source Converter (VSC) for grid c
(Modular converters from 1 kW to 200 kW

Bidi ti l l t i l hi l  h  i• Bidirectional electrical vehicle chargers wi

• Isolated bidirectional DC/DC converters

• Energy management systems for microgri

• Multiple purpose control boards for smart 

• Industrial communications systems

• Industrial emulators (Grid  renewable  batt• Industrial emulators (Grid, renewable, batt

• Scaled platforms for research

• Educational boards and test beds

www.teknoce

gns

connection of renewable energy and storage systems 
W, Single-phase / Three-phase, Grid code compliant)

th V2G bilit  th V2G capability 

ids

grids

teries  loads  etc )teries, loads, etc…)

ea.cat 3



Main topics
 Wind turbine technology

G id i i f i d Grid integration of wind powe
 Offshore wind power plants
 Transmission systems for offsy
 HVDC grids

Industrial Projects 

 Wind turbine manufacturers
 Wind farm developers

C f Component manufacturers
 Transmission system operators
 Distribution system operatorsDistribution system operators

Research projects

r

shore wind

s
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Drive train -

 Wind turbine technology

 Grid integration of wind 
power

 Offshore wind power plants

 Transmission systems for  Transmission systems for 
offshore wind, multiterminal 
HVDC

 Doub
 Sync
 Desig
Mode
Mode

Generators

bly fed induction generators (DFIG)
chronous generators (SG)
gn
eling
el validation with real measurements

5



Power electron

 Wind turbine technology

 Grid integration of wind 
power

 Offshore wind power plants

 Transmission systems for  Transmission systems for 
offshore wind, multiterminal 
HVDC







ics and control

 Converter topologies
Generator and converter control
Operation under faults
 Experimental validation
Modeling and simulationode g a d s u at o

6



Previous  and current activitiesPrevious  and current activities
generator and power converter

 For Alstom Wind:o sto d

• DFIG model development

• DFIG control scheme under unbalanc
frequency excursions

• DFIG model validation with field meas

PMSG model de elopment  PMSG co• PMSG model development. PMSG co
design

• Grid and transformer modeling and si

• DLL generation to interact with Bladed

 teknoCEA (CITCEA start-up):

• Power converter design (up to 200 kV

• Wind turbine control design

• Scaled laboratory platforms for SCIG,

s related to wind turbine s related to wind turbine 
r

ced faults and 

surements

ontrol scheme ontrol scheme 

mulation

d.

VA)

, DFIG and PMSG
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Wind pow

 Wind turbine technology

 Grid integration of wind 
power

 Offshore wind power plants

 Transmission systems for 
W
 P
 E

 Transmission systems for 
offshore wind, multiterminal
HVDC

 E
 F
G
 V

p
M

P

wer plants

ABB

Wind farm control
Power system support
Energy storage

Beacon

Energy storage
FACTS
Grid codes 
Voltage sags and frequency 
perturbations
Modeling and Simulation with DigSilent g g
Power Factory, PSS/E, etc...
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Offshore wind

 Wind turbine technology

 Grid integration of wind 
power

 Offshore wind power plants

 Transmission systems for  Transmission systems for 
offshore wind, multiterminal 
HVDC 








d power plants

Modeling and control for HVAC and 
HVDC connections

 Stability analysisy y
Wind power plant operation and 

control
 New topologies and control concepts New topologies and control concepts
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Previous  and current activitiesPrevious  and current activities
and offshore wind power plants
 KIC Offwindtech

• Offshore wind power plant design a

• Power flow studies of wind power p

 For Endesa Red

• Wind power integration in the Span

• Static and dynamic analysis of the o
penetration levels.

 For Alstom Wind: For Alstom Wind:

• Active and reactive power dispatch 

• Studies of utilization of FACTS and

• Grid support from wind farms

• Wind farm modeling with DIgSILEN

s related to grid integration s related to grid integration 
s

and optimization

plants

nish network

overall network with different wind 

 algorithms for wind farms 

d energy storage in wind farmsgy g

NT Power Factory.
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Multitermi

 Wind turbine technology

 Grid integration of wind 
power

 Offshore wind power plants

 Transmission systems for 

 HVDC

 Transmission systems for 
offshore wind, multiterminal 
HVDC 

 HVDC
Multiterminal systems
Operation and contro
O ti  d  f ltOperation under fault
 Dynamic simulation
 Experimental validatio

Airtricity

inal HVDC

s
ol
tts

on
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Multitermi
Control of VSC-HVDC grids for offshore wind p

inal HVDC
power plants

DIgSILENT Power Factory® simulations
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Multitermi
Scaled platform for testing the control and oper

inal HVDC
ration algorithm for the studied DC grid
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P i  d t ti iti  Previous and current activities 

 Multi-terminal DC grid for offshore wind
N t k  (ITN) C ll  FP7 PEOPLE 201Networks (ITN) Call: FP7-PEOPLE-201

• Modeling and control of M-HVDC syste

• WP1 and WP6 leaders• WP1 and WP6 leaders

 KIC SmartPower

• Optimum power flow of mixed AC-DC gp p g

• Voltage and power control of M-HVDC 
platform.

ENE2012 33043 Sistemas de transport ENE2012-33043 Sistemas de transport
marinas.Ministerio de Economía y Com

 ENE2009-08555 Sistemas multitermina
(HVDC) l  i ió d  í(HVDC) para la integración de energías
de Ciencia e Innovación

 l t d t  HVDC related to HVDC

d (MEDOW), Marie Curie Initial Training 
12 ITN12-ITN

ems including wind power

gridsg

 including experimental validation with scaled 

te eléctrico para grandes centrales eólicaste eléctrico para grandes centrales eólicas
mpetitividad.

al de corriente continua en alta tensión
R bl  l  d lé i  Mi i is Renovables a la red eléctrica, Ministerio

14



2nd HVDC Doctoral Colloquium2nd HVDC Doctoral Colloquium
and 8th, 2011

http://www.cerien.upc.

m in CITCEA-UPC July 7th m in CITCEA UPC July 7th 

15
.edu/jornades/index.php?id=28



Industrial Projects

8 projects since 2006 including projects with A

Research ProjectsResearch Projects

 Multi-terminal DC grid for offshore wind (ME
Networks (ITN) Call: FP7-PEOPLE-2012-IT
KIC Offwindtech KIC Offwindtech

 KIC SmartPower
 ENE2012-33043 Sistemas de transporte e

marinas. Ministerio de Economía y Compet
S ENE2009-08555 Sistemas multiterminal de

para la integración de energías Renovables
Innovación

Patents

 WO/2012/016585, Reactive power regulatio
 P2236EP00 Method for avoiding voltage in

wind park (Alstom Wind)wind park (Alstom Wind)
 P201330058 Asynchronous electric genera

system (CITCEA-UPC) 

lstom Wind and Endesa.

EDOW), Marie Curie Initial Training 
TN

eléctrico para grandes centrales eólicas
titividad.

ó ( )e corriente continua en alta tensión (hvdc) 
s a la red eléctrica, Ministerio de Ciencia e 

on (Alstom Wind)
nstability in an electrical grid of an offshore 

ator control procedure and corresponding 
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PhD Th i   fi ld l t d t  PhD Thesis on field related to w
Completed
 Adrià Junyent. Control of power electronic c

i  2011generation. 2011.
 Marcela Martinez. Reactive power dispatch

optimization techniques. 2011.
 Paola Pezzini. Optimization Techniques to p q

line overloads. 2011
 Tomas Skocil. Interconnection Optimization

Sources to Distribution Network. 2010.
 Roberto Villafafila-Robles  Probabilistic mod Roberto Villafafila Robles. Probabilistic mod

of Distribution Systems with Renewable So
 Andreas Sumper. Dynamic performance of 

systems during system fault events. 2008
D i l M t i  M d li  d t l f Daniel Montesinos. Modeling and control of

Ongoing
 Mònica Aragüés. Control and operation of o
 Eduardo Prieto. Advanced control of renew
 Agustí Egea. Multiterminal HVDC transmiss

i d  d HVDC idwind power and HVDC grids

converters for the operation of wind 

h in wind power plants using heuristic 

improve energy efficiency and to mitigate p gy y g

n of Power Units with Renewable Power 

deling in Normal Operation and the Control deling in Normal Operation and the Control 
urce based DG units. 2009
 fixed speed wind turbine generating 

f l t i l d i  2008 f electrical drives. 2008 

offshore wind power plants.
able power systems.
sion systems for offshore wind.

17



S l t d bli tiSelected publications
Wind turbine technology
Lluis Trilla, Oriol Gomis-Bellmunt, Adria Junyent-Ferre, Montserrat Mata, Javier S
turbine using field test data of balanced and unbalanced voltage sags, IEEE Trans

Alba Colet-Subirachs, Oriol Gomis-Bellmunt, Daniel Clos-Costa, Guillermo Martin-
and Control of a micro-wind generation system for isolated low power DC micro gr

Adria Junyent-Ferre, Oriol Gomis-Bellmunt, Andreas Sumper, Marc Sala and Mo
Wind Turbine, Simulation Modelling Practice and Theory, Vol 18, Num 9, pag 1365

Oriol Gomis-Bellmunt, Adria Junyent-Ferre, Andreas Sumper and Joan Berg
unbalanced voltage sags, IEEE Transactions on Energy Conversion, Vol 23, Num

Andreas Sumper, Oriol Gomis-Bellmunt, Antoni Sudria-Andreu, Roberto Villafafila
System Frequency Disturbances, IEEE Transactions on Power Systems, Vol 24, N

Adria Junyent-Ferre, Eduardo Prieto-Araujo, Oriol Gomis-Bellmunt , Fernando B
stabilization in EPE'11 ECCE Europe 14th European Conference on Power Electrostabilization in EPE'11 ECCE Europe 14th European Conference on Power Electro

Grid integration of wind power
Francisco Diaz-Gonzalez, Andreas Sumper, Oriol Gomis-Bellmunt, Roberto V
applications, Renewable and Sustainable Energy Reviews, Vol 16, pag 2154-2171

Marcela Martinez-Rojas, Andreas Sumper, Oriol Gomis-Bellmunt, Antoni Sudri
Optimization Technique and Feasible Solutions Search, Applied Energy, Vol 88, N

Adrià Junyent-Ferre, O. Gomis-Bellmunt, T. Green, D. Soto-Sanchez, Current co
interface VSCs under unbalanced voltage sags, IEEE Transactions on Power Ele

Paola Pezzini Oriol Gomis Bellmunt and Antoni Sudria Andreu Optimization TePaola Pezzini, Oriol Gomis-Bellmunt and Antoni Sudria-Andreu, Optimization Te
Sustainable Energy Reviews, Vol 15, Num 4, pag 2028-2041 , 2011

Eduardo Valsera-Naranjo, Andreas Sumper, Oriol Gomis-Bellmunt, Adria Junye
Frequency Response Capability of Fixed-Speed Wind Turbine Systems, European

Sanchez, Antoni Sudria-Andreu, Modeling and validation of DFIG 3 MW wind
actions on Sustainable Energy, Vol 2, Num 4, pag 509 - 519 , 2011

-Segura, Adria Junyent Ferre, Laia Ferrer Marti, Electromechanical Modelling
ids, EPE Journal, Vol 20, Num 2, pag 42-48, 2010

ontserrat Mata, Modeling and Control of the Doubly Fed Induction Generator
5-1381, 2010

as-Jane, Ride-through control of a doubly-fed induction generator under
4, pag 1036-1045, 2008

a-Robles and Joan Rull-Duran, Response of Fixed Speed Wind Turbines to
Num 1, pag 181-192, 2009

ianchi. Voltage sag ridethrough of PMSG wind turbines using droop control
onics and Drives Birmingham United Kingdom 2011onics and Drives Birmingham, United Kingdom 2011

illafafila-Robles, A review of energy storage technologies for wind power
, 2012

a-Andreu, Reactive Power Dispatch in Wind Farms using Particle Swarm
um 12, pag 4678-4686, 2011

ontrol reference calculation issues for the operation of renewable source grid
ectronics, Vol 26, Num 12, pag 3744-3753, 2011

echniques to improve Energy Efficiency in Power Systems Renewable andechniques to improve Energy Efficiency in Power Systems, Renewable and

nt-Ferre, Marcela Martinez-Rojas, Pitch Control System Design to Improve
n transactions on electrical power, Vol 21, Num 7, pag 1984–2006, 2011
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S l t d bli tiSelected publications
Offshore wind power plants

Mikel de Prada Gil, Oriol Gomis-Bellmunt, Andreas Sumper, Joan Bergas-Jane
converter operated with variable frequency, Energy, Vol 36, Num 5, pag 3272-328converter operated with variable frequency, Energy, Vol 36, Num 5, pag 3272 328

JL Domínguez-García, DJ Rogers, CE Ugalde-Loo, J Liang, O Gomis-Bellmunt,
networks, Renewable Energy, Vol 44, Num , pag 267-280, 2012

Oriol Gomis-Bellmunt, Adria Junyent-Ferre, Andreas Sumper and Joan Bergas-J
VSC converter, IEEE Transactions on Power Systems, Vol 26, Num 3, pag 1632 -

Mikel de Prada Gil, Oriol Gomis-Bellmunt, Andreas Sumper, Joan Bergas-JaneMikel de Prada Gil, Oriol Gomis Bellmunt, Andreas Sumper, Joan Bergas Jane
converter operated with variable frequency, Energy, Vol 36, Num 5, pag 3272-328

Oriol Gomis-Bellmunt, Adria Junyent-Ferre, Andreas Sumper and Samuel Galce
wind farms when connected to a single power converter, Applied Energy, Vol 87, N

Transmission systems for offshore wind multiterminaTransmission systems for offshore wind, multitermina

Monica Aragues-Penalba, Agusti Egea-Alvarez, Oriol Gomis-Bellmunt, Andreas
transmission systems for large offshore wind farms, Electric Power Systems Rese

Jun Liang, Tianjun Jing, Oriol Gomis-Bellmunt, Janaka Ekanayake, and Nicholas J
farms, IEEE Transactions on Power Delivery, Vol 26, Num 4, pag 2596 - 2604 , 20

Oriol Gomis-Bellmunt, Agusti Egea-Alvarez, Adria Junyent-Ferre, Jun Liang, Jana
integration in IEEE Power and Energy Society General Meeting Detroit, Michigan,

Oriol Gomis-Bellmunt, Jun Liang, Janaka Ekanayake, Rose King, Nick Jenkins,
Electric Power Systems Research, Vol 81, Num 2, pag 271-281 , 2011

Oriol Gomis-Bellmunt, Jun Liang, Janaka Ekanayake, Nick Jenkins, Voltage-C
Power Systems Research, Vol 81, Num 2, pag 440-450, 2011o e Syste s esea c , o 8 , u , pag 0 50, 0

Eduardo Prieto-Araujo, Fernando Bianchi, Adria Junyent-Ferre, Oriol Gomis-Bell
grids for offshore wind farms, IEEE Transactions on Power Delivery, Vol 26, Num

Jun Liang, Oriol Gomis-Bellmunt, Janaka Ekanayake and Nicholas Jenkins Con
13rd European Conference on Power Electronics and Drives Barcelona, Spain 200

e, Analysis of a multi turbine offshore wind farm connected to a single large power
1, 20111, 2011

Effect of non-standard operating frequencies on the economic cost of offshore AC

Jane, Control of a wind farm based on synchronous generators with a central HVDC-
1640 , 2011

e, Analysis of a multi turbine offshore wind farm connected to a single large powere, Analysis of a multi turbine offshore wind farm connected to a single large power
1, 2011

eran-Arellano, Maximum generation power evaluation of variable frequency offshore
Num , pag 3103-3109, 2010“

l HVDCl HVDC

s Sumper, Optimum voltage control for loss minimization in HVDC multi-terminal
earch, Vol 89, Num 8, pag 54-63, 2012

Jenkins, Operation and control of multi-terminal HVDC transmission for offshore wind
011

aka Ekanayake and Nick Jenkins. Multiterminal HVDC-VSC for offshore wind power
USA 2011

Topologies of multiterminal HVDC-VSC transmission for large offshore wind farms,

Current characteristics of multiterminal HVDC-VSC for offshore wind farms, Electric

munt, Methodology for droop control dynamic analysis of multi-terminal VSC-HVDC
4, pag 2476 - 2485 , 2011

ntrol of multi-terminal VSC-HVDC transmission for offshore wind power in EPE2009
09
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Multi-terminal DC grid for offshore wind 

• Start date: 1 April 2013 until 31 March 
2017 

• FP7 funding: 3.9 M€ 

• EU FP7 Marie Curie Initial Training 
Network 

− opportunity to improve research skills 
− join established research teams  
− enhance career prospects 

 

• 12 Early-Stage Researchers (ESR) 
− 3 years, with PhD enrolment 

• 5 Experienced Researchers (ER) 
− 1 year, Postdoc 
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Multi-terminal DC grid for offshore wind 

• Cardiff University (Co-ordinator) 

• Universitat Politècnica de Catalunya 

• Control Intel.ligent de l’energia  

• Alstom Renovables España 

• Universidade do Porto 

• EFACEC Engenharia e Sistemas 

• Katholieke Universiteit Leuven 

• Elia System Operator 

• Danmarks Tekniske Universitet 

• China Electric Power Research 
Institute 

• National Grid (Associated Partner) 
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Research objectives 

WP1: Connection of offshore wind power to DC grids:  
O1:   Design and analyse the topologies of offshore DC grids 
O2:   Determine steady state operation characteristics 
O3:   Develop dynamic control systems for offshore DC grids 

 
WP2: Investigation of voltage source converters for DC grids:  
O4:   Design and compare various voltage source converters 
O5:   Investigate power flow control in DC grid 
O6:   Develop tools for analysing and simulating converter stations 

 
WP3: Relaying protection:  
O7:   Analyse DC grid faults 
O8:   Develop DC protection algorithms and post-fault restoration schemes 
O9:   Investigate AC protection with DC grids 

 
WP4: Interactive AC/DC grids:  
O10: Develop simulation and experimental platforms for the integrated DC/AC system. 
O11: Investigate impact between AC and DC grids 
O12: Validate integrated DC/AC systems using simulation and experimental platforms 
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