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Introduction

Development of wind power in recent years

GLOBAL CUMULATIVE INSTALLED WIND CAPACITY 2001-2017
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Cumulative capacity of wind power

TOP 10 NEW INSTALLED CAPACITY JAN-DEC 2017

TOP 10 CUMULATIVE CAPACITY DEC 2017
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Characteristics of modern wind power integration

e Large-sacle
(Wind farm cluster)
e High-level penetration

e High controllability and
flexiblity
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Introduction

Complete refined wind farm modeling

>
>
>

Single wind turbine modelling
Wind farm collection system modelling
Wind farm control (SCADA)

Active/reactive power dispatch

Ancillary service
Wind filed modeling

Interactions considered: wake effects, shadow effects, shear effects
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Single Wind Energy Conversion System (WECS)
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WECS: Multi-coupling, complex dynamic system

State of the art:

Simplified WECS for different study purpose

» Power system study: simplified aerodynamic, mechanical parts
» Mechanical study: simplified electrical parts 8
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Single Wind Energy Conversion System (WECS)

Proposed co-simulation platform OpenFAST by NREL
e RTDS
F res: Refined, Real-tim
eatures: Refined, Rea € e Real-time operating system (RTOS)
e Real-time networking (RT-net)
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Wind Farm Control-Optimal P Control (D-MPC)
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Wind Farm Control-Optimal P Control (D-MPC)
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MPC)

« Fulfill Q requirement of system
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Modeling

Wind Field Modeling
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« Development based on DWM model for real-time application

13




For single WECS:

» RT-OpenFAST

Real-time version of OpenFAST
> RTOS A e
Implemented by Xenomai EEEEEE

Master controller

» Communication
Implemented by RTnet

14




03

Generator torque T, (kN-m)

HSS speed w, (rpm)

Experimental Setup and Simulation
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04| Outlook

» Real-time co-simulation platform for wind power integration into
large-scale power systems is in construction

» Features: Refined, Real-time, Large scale

Refined wind Large-scale power
farm modeling system modeling

.......
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04| Outlook

Key technical problems

e Refined wind farm modeling

(hundreds of wind turbines)
» Single wind turbine model
(proposed RT-OpenFAST + RTDS/RT-Lab)
» Wind farm control (SCADA)
(Optimal control: multi-objective)
» Wind filed modeling
(Dynamic, interaction: wake, shear,
shadow effects considered)

> Verification




04| Outlook

Key technical problems

e Large-scale power system modeling (thousands of nodes)
» Real-time (RMS or EMT?)
» Analysis capability for different aspects (small-signal, short-circuit,
contingency analysis,...)

» Verification

e Interconnection between wind farm and grid
» Co-simulation interface implementation
(RMS: grid EMT: wind farm)

» Verification

18
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Outlook

Proposed plan
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05| Application scenarios

Individual wind turbine study

e Wind turbine controller design

e Fault ride-through

Wind farm study ‘ |

e Optimal wind farm control design and veriﬁcation
(P/Q, inertial control)

e Potential ancillary service provided by wind farm

Power system study £3 & oxL——(iAm]

i*LH

(with large-scale wind powerintegration) ; o

e Stability problems : wmumwwmamwmmmwwwm
W!NWM [ \PJM'IW_

e Power system operation problems .




Thank you for your attention!
Questions?
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