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 At the end of 2018, global RE capacity amounted to 2,351 GW. Hydro accounted for the largest 

share of the global total, with an installed capacity of 1,172 GW. Wind and solar energy 

accounted for most of the remainder, with capacities of 564 GW and 486 GW respectively. 

 RE capacity expansion continues to be driven mostly by new installations of solar and wind 

energy. These accounted for 84% of all new capacity installed in 2018, finally pushing the 

overall share of hydro to just under 50%. 

Data Source：IRENA, Renewable capacity highlights, 2019.03.31

1. Impact of high penetration of RE generation 
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 With the penetration of RE growing, the interaction between RE and the bulk 
power system caused many issues influencing the grid security and stability, 
the system performance dramatically changed.

Germany: wind and solar energy accounts for

around 50% in capacity，29% in electricity, by 2017.

20171989

1. Impact of high penetration of RE generation 

Renewable energy distribution and UHVDC

projects in China
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 Technical background：

 The distributed PV generations are required to

disconnect in case of system frequency over 50.2 Hz,

in German old grid code.

 The affordable disconnection of power sources in

UCTE is 3 GW defined by system reserves.

 The amount of 38 GW (data of year 2013)

distributed PV disconnection in case of system

over-frequency, may lead to severe frequency drop

and instability, need to modify the grid

requirements with respect to distributed PV in this

situation.

 Issue of 50.2 Hz in Germany

1. Impact of high penetration of RE generation 
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 Successive FRT during system faults under 
extreme weather condition in Australia

 Sep 28, 2016, strong rain and storm hit south Australia

grid which with 50% penetration of RE, caused 6 times

grid voltage drop and wind generation tripping, 950MW

in total. (16:18:15)，

 Load flow increased to 900 MW after the faults, caused

overloading and disconnection of tie line and system

collapsed for a 50 hour blackout.

Heywood 275kV tie line (Max 600MW) connected to Victoria

No. time event

1 16:16:46
Northfield – Harrow 66kV line. 
tirpped.

2 16:17:33
275kV Brinkworth-Temlers West. 2 
phase to ground fault, damaged 
towers bypassed.

3 16:17:59
275kV Davenport-Belalie. single 
phase fault, 1s auto-reclosed.

4 16:18:08
275kV Davenport-Belalie. single 
phase fault, no auto-reclose.

5 16:18:13
275kV Davenport-Mt Lock. Single 
phase fault. Auto-reclosed, then 
locked out.

6 16:18:14
275kV Davenport-Mt Lock failure of 
auto-reclosed. 3 275kV line out of 
services.

1. Impact of high penetration of RE generation 
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 HVRT caused by UHVDC commutation failure in China

 Main reasons of LCC-HVDC system commutation failure are the low grid strength or system short
circuit at the receiving end ac system. Commutation failure also causes an over-voltage at the sending
end ac system with a 60-100ms duration, 2 times successive commutation failure will last for 400-500ms.

 If the HVRT function not equipped with, the wind turbines shall be disconnected due to the high
voltage caused by HVDC system commutation failures.

Voltage  1.3pu

Voltage profile of sending AC system caused by 2 
successive commutation failures
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1. Impact of high penetration of RE generation 
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 December 2005, USA federal energy regulatory commission 

(FERC) issued order No.661A- Interconnection for Wind 

Energy, presented requirements to wind farms, including 

power factor, fault ride through and SCADA system.

 2015, NERC published Essential Reliability Services Task Force 

Measures Framework Report, addressing inertia response, 

frequency regulation as well as other requirements on 

controllability.

 2017, IEEE 1547-2018 published, technical requirements on 

distributed power sources put forward, including LVRT, 

frequency response and power quality.

2. Grid requirements and technical works - USA
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 ENTSO-E: European Network of Transmission System Operators for Electricity

 ENTSO-E, represents 43 electricity transmission system operators (TSOs) from 36 countries across

Europe, aims at further liberalizing the gas and electricity markets in the EU.

2. Grid requirements and technical works - Europe

 The Network Code on Requirements for Generators

 Harmonizing standards that generators must respect to

connect to the grid. These harmonized standards across

Europe will boost the market of generation technology

and increase competitiveness.

 Those requirements that contribute to maintaining,

preserving and restoring system security in order to

facilitate proper functioning of the internal electricity

market within and between synchronous areas, and to

achieve cost efficiencies, should be regarded as cross-

border network issues and market integration issues.
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 UHVDC commutation failures cause over-voltage to 1.30 pu at the sending end of AC

system, requirement of successive fault ride through are discussed and may be included in

the new grid codes.

 Inertia response and primary frequency regulation are new added in grid code, wind farms

shall be capable of participating system frequency regulation, with 6% headroom as the

reserve for up-regulation.
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 Strength characteristics of power system integrating renewable energy

 The "strength" of the power system is a measure used to describe the ability of the power system

to maintain the main characteristics.

 The "strong" or "weak" of the power system is a relative concept: when the impedance of the

power system is large from the POI, the power system is weak; when the inverter capacity is

relatively large, the power system is relatively weak.

 IEEE Std 1204-1997 Definition of weak power system

 A high SCR ac/dc system SCR value greater than 3.

 A low SCR ac/dc system SCR value between 2 and 3.

 A very low SCR ac/dc system SCR value lower than 2.

2. Grid requirements and technical works – Weak AC Grid 
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 Technical Brochure Connection of wind farms to weak AC networks

 CIGRE B 4.62 working group ;

 Time schedule：Jan 2013~Dec 2016.

 Technical challenges in weak grid situations

 Risk of fault ride-through failure: The frequency, phase, and high /

low voltage changes during the FRT may cause the wind farm to fail to

meet the FRT requirements;

 Control interactions and oscillation instability of multiple power

electronic devices: HVDC inverters, SVCs, STATCOMs, etc. near wind

farms have strong interactions;

 The voltage of POI is significantly affected by the wind turbine, and

the control mode is dynamically coupled through the POI. The

traditional transient stability model is no longer applicable.

2. Grid requirements and technical works – Weak AC Grid 
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 Variable-speed wind turbine or PV inverter decoupling the power from the system frequency,

the unit will not respond to grid frequency changes, and the unit ’s rotational kinetic energy

is “hidden”. It does not contribute to the system frequency deviation.

 If the RE generation unit want participate in the system's primary frequency regulation, it

must have a certain reserve capacity, and it can also be realized by energy storage.
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 Frequency response characteristics of RE generation units

2. Grid requirements and technical works – Frequency Response
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 CIGRE JWG C2/C4.41 working group‘Impact of high penetration of inverter-based

generation on system inertia of networks’

 Time schedule：July 2018~November 2020

 Convenor：Mpeli Rampokanyo (South Africa)

 Main work scope：

 Investigate the existing primary frequency regulation requirements;

 Define the operation measures of low-inertia power system;

 Quantify major frequency requirements as renewable energy

penetration increases;

 Establish a frequency change rate constraint method;

 Study the control strategy of inverter-based power supply.

2. Grid requirements and technical works – Frequency Response
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 In October 2009, the first sub-synchronous

oscillation of about 20 Hz occurred in the

Texas Ajo wind farm.

 Sub-synchronous oscillation of a wind farm in Texas, USA

 Ajo-Netson line is cut off due to maintanance, and the

double-fed wind farm is directly connected to the grid

through the high series compensation line;

 The sub-synchronous oscillation around 20Hz in the system

voltage/current increases, causing the system voltage to

exceed 2 p.u., and the series compensation is bypassed;

 The accident caused a large number of wind turbines to be

cut off and the crowbar circuit to be damaged.

2. Grid requirements and technical works – SSR or SSCI issues



17

 CIGRE JWG C4.49 working group “Multi-frequency stability of converter-based modern

power systems”

 Time schedule：June 2018~June 2021

 Convenor：Łukasz Kocewiak (Denmark)

 Main work scope：

 Review of existing literature regarding converter stability issues;

 Definition of stability phenomenon including harmonic stability and

sub-synchronous stability;

 The impact of grid-connected converter controllers on sub-

synchronous and harmonic stability phenomenon;

 Overview of linear modelling and analysis methods to perform small-

signal stability studies and the description of mitigation methods.

2. Grid requirements and technical works – SSR or SSCI issues



18

2

1

3 IEC Standardization on RE Grid Integration

Impact of high penetration of RE generation 

Grid requirements and technical works



19

3. IEC standardization on RE grid integration

 Purpose and main analysis:

 To explore “what is needed to integrate large quantities of renewables into

existing electricity grids, given various characteristics and difficulties which

necessarily accompany such a change.”

 Main Conclusions:

 In the area of integration of large renewables, many elements are not yet in place

and much effort will be required.

 In addition to continuing the development of device-level standards, the IEC

should make an effort to develop performance-oriented RE integration

standards.

 Besides interconnection standards, standards for modeling, testing,

communications, monitoring, control, generation forecast, scheduling and

dispatching are also needed.
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 Title : Grid Integration of Renewable 

Energy Generation

 Secretariat :  

China NC

 Focus on the impact of a high percentage

of renewables connected to the grid,

considering that their variability and

predictability impact the functioning of

the whole electricity grid.

 Include requirements for interconnection

and related tests for grid code

compliance, as well as standards or best

practice documents for planning,

modeling, forecasting, assessment,

control and protection, scheduling and

dispatching of renewables with a grid

level perspective.

3. IEC standardization on RE grid integration

Role Name Nationality

Chair Mr. Bernhard Ernst DE 

Secretary Mr. Yongning CHI CN 

P-Member: 
17

Australia, Canada, China, Germany, Denmark, Spain,
Finland, France, United Kingdom, Italy, Japan, Malaysia,
Netherlands, United States of America, Russian
Federation, Switzerland, Sweden.

O-Member: 
13

Austria, Belgium, Czech Republic, Hungary, Israel,
Mexico, New Zealand, Norway, Poland, Portugal,
Thailand, Korea, Republic of, South Africa
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WG No. Title Convener No. of std

WG 1 Terminology of RE grid integration Mr. Lingzhi ZHU 1（IS）

WG 2 Renewable energy power prediction Mr. Shuanglei Feng 1（TR）

AHG 3
Roadmap of grid integration of renewable 

energy generation
Mr. Bernhard Ernst
Mr. Yongning Chi

1（TR）

JWG 4
Grid code compliance assessment for grid 
connection of wind and PV power plants

Mr. Qing LI 1（TS）

JWG 5
System issues regarding integration of wind 
and PV generation into bulk electrical grid 

Mr. Jason MacDowell

Mr. Hu Jiabing
4（TR）

 Existing Working Groups in IEC SC 8A

3. IEC standardization on RE grid integration
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 IEC SC 8A/JWG 5 - System issues regarding integration of wind and PV

generation into bulk electrical grid

 Project 1: Interconnecting Inverter-Based

Resources to Weak AC Networks

 Project 2: Sub- and Super-synchronous

Control Interactions

 Project 3: Fast Frequency Response and

Frequency Ride-Through from Inverter-

Based Resources during Severe Frequency

Disturbances

 Project 4: Behavior of Inverter-Based

Resources in Response to Bulk Grid Faults

3. IEC standardization on RE grid integration
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 Preliminary Work Item (PWI) 1： “Operational behavior and coordinated

control between renewable energy and HVDC systems”

 Convener: Dr. Li Yan from CEPRI

3. IEC standardization on RE grid integration

Coordinated control

 RE power output behavior based on HVDC system integration

 RE behavior analysis during HVDC system emergency period

 RE integration using HVDC technology in start-up and shut down

 Inter-support between RE Station & DC in voltage and frequency

 Voltage cooperate control

 Fault response, including fault control and recovery

 Protection for system including RE Station & DC

Operational behavior
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 Preliminary Work Item (PWI) 2 ： “ Integrating distributed PV into

LVDC/MVDC systems and use cases”

 Convener: Prof. Zhu Miao from Shanghai Jiaotong University

3. IEC standardization on RE grid integration
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 New evaluation task “Modeling of converter-based renewable energy

generation for stability study” within AHG 3

 Convener: Prof. GENG Hua and Dr. ZHU Lingzhi

3. IEC standardization on RE grid integration

EMT RMS

Slow, typical time step <50 µs Fast, typical time step > 1ms

typical frequency range up to 
several k Hz

Typical frequency range < 10 Hz

detailed model of inverters with 
switching elements

Equivalent rms voltage/current 
source, average models

includes nonlinear V/I characteristic 
(saturation, ...)

Limited to linear V/I characteristic

Bottom-level controller included Few bottom-level controller

Top-level controller included The same as EMT

 Develop generic full-function RMS models

(with controller) of IBGs with different

primary sources for small and large

disturbance stability studies.

 Develop generic static and RMS model for

distributed IBGs adapted to different

requirements and wide accepted aggregation

methodology.

 Guideline or use case for EMT model of IBGs

considering different types of studies.



26

Thanks！
Chief Engineer, renewable  energy research center, CEPRI

Secretary, IEC SC 8A – Grid Integration of RE Generation

chiyn@epri.sgcc.com.cn +86 18613838518

mailto:chiyn@epri.sgcc.com.cn

