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Outline of Presentation

• Variable Power Generation are on the rise. Many 
countries have set very ambitious targets.

• In 2015, Wind Power Installation Globally was 432 
GW.

• In 2014, Global PV installations were 178 GW.

• There is still a long way to go to fetch the World’s 
Energy need from Wind and Solar.



Renewable Energy Global Status 
Report - 2015

In 2015, the World’s energy came 76.3% from 
Conventional Grid and 23.7% from Renewables

Out of the Renewable Generation the split was:

- 16.6% from Hydro

- 3.7% from Wind 

- 2.0% from Bio-mass

- 1.2% from PV

- 0.4% from Geothermal and others   



Renewable Power Generation Mix in 
Australia
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Renewable Power Generation in California -
Impact on Load Curve – the so called duck curve

The continued increase in PV and Wind power generation displaces significant 
energy consumption that would have normally come from conventional generators. 
While the renewables are welcome, unfortunately they are intermittent in nature 
and pose problems. 

The Duck Curve (Source: CAISO)



Solar Smoothing

The example of Marble Bar Stand Alone Power System in Western Australia. Marble 
Bar has 250 kW Central PV Generation and a 25 kW-hr of Flywheel Energy Storage as 
well as Diesel Generators. 



The system operators carefully balance the load 
and generation including variable power 
generation together with control of PV and 
Wind and any storage system.



The most popular and fastest growing 
renewable energy in the World at the 
moment is Wind Energy. This is due its 
per MW cost advantage, larger sizes 
and maturing technologies   



Types of 
WECS



Type A WECS 

-The ability of WPPs to meet the international grid codes is greatly 
influenced by the technology used in the wind farm. 

- The simplest technology (type A) is constituted of a squirrel cage induction 
machine directly connected to the grid. This technology is referred to as a 
fixed-speed wind turbine because the machine slip can change in the very 
limited range of ±1%.

- Soft-starter is needed to avoid large inrush current at the machine starting 
instant. 
-Also, reactive power compensation devices, e.g. capacitor banks or 
STATCOM, must be installed to locally provide the machine magnetization. 

- The aerodynamics of fixed-speed wind turbine can be controlled by stall,
active-stall or pitch control approaches .



Type B WECS 

-In type B, a wound rotor induction machine is used and an adjustable resistance is 
connected to the rotor winding. The torque characteristic of the machine can be 
altered through the variable rotor resistance. 

- As a result, the machine speed can vary in a limited range of ±10% around the 
synchronous speed; however, the slip power will be dissipated in the resistance as 
heat.

-Therefore, the overall system performance is low and sizeable heat sinks are needed 
to avoid thermal instability problems inside the machine structure. 

- This technology was popular in 90’s but with the recent advances in power electronic 
converters, Type B WECS are not favoured.  



Type C WECS 

- In type C (and type D), back-to-back converters have been used so that the generator 
speed can vary widely according to the instantaneous wind speed at the site. These 
technologies are referred to as variable-speed wind generators. 

- Type C is called doubly fed induction generator (DFIG). In DFIG-based wind generators, 
a wound rotor induction machine is mechanically coupled to the turbine through shaft 
and gear-box system. The three-phase stator winding of the machine is directly 
connected to the grid, whereas the rotor winding is connected via back-to-back voltage 
source converters (VSCs) rated at 30%-35% of the generator size. This gives a rotor 
speed variation range of about ± 25%. 

- The rotor-side converter (RSC) controls the active and reactive power outputs from the 
machine, while the grid-side converter (GSC) regulates the dc-link voltage at the 
reference value. 

- The DFIG-based wind generators have recently become the most dominant technology 
in the market as they offer many technical and economical advantages, including 
maximized power capture, reduced mechanical stresses imposed on the turbine,
improved power quality, and reduced acoustical noise.



Type D WECS 

In type D, the stator winding of a synchronous or induction 
generator is connected to the grid through fully rated back-to-back 
VSCs. The machine-side converter (MSC) controls the active and 
reactive power outputs of the machine. The GSC, on the other
hand, maintains the dc-link voltage at its set point and controls the 
reactive power exchange with the grid, i.e., the GSC transfers the 
active power extracted from the wind turbine to the grid at an 
adjustable power factor. 



Key Performance Requirements for WECS

• Fault ride-through requirements
• Active and reactive power responses following

Disturbances
• Extended variation range for the

voltage-frequency
• Active power control or frequency regulation support
• Reactive power control or voltage regulation capability.
• Maintain Efficiency of Wind Power Conversion 

(aerodynamic and drive train efficiency) 



Fault Ride Through Requirements
“a wind power plant shall 
remain connected to the 
transmission
system under fault 
conditions when the voltage 
measured at the HV 
terminals of the grid 
connected transformer 
(point of
common coupling – PCC) 
remains in Area B shown in 
Fig. 1” [14]. That is, WPPs 
are only allowed to 
disconnect from the grid
when the voltage profile 
falls into Area C.Danish LVRT code for  PCC at V>110kV



German LVRT Code



Further Requirements

Some international grid codes 
also require large WPPs to 
continuously operate under 
small deviations of the voltage
magnitude or frequency. This 
range of variations is usually 
referred to as ‘the normal 
operation area’, as shown here 
for Danish Grid Code. It is clear 
that WPPs must retain at least 
60% of their normal production 
for 15 minutes when the
frequency varies between 50.2 
Hz to 52 Hz and the PCC voltage 
changes in the range of ±10%.

Additional  Active Power Requirements by 
Danish Grid Code as frequency and voltage 
varies



Australian Grid Code – HVRT Requirements

Voltage swell s could be 
initiated by switching off 
large loads, energizing 
capacitor
banks, or occurring faults in 
the grid.  This requires HVRT 
capability.
The Australian HVRT curve, 
for instance, shown here.



Active Power Control Requirements

Large WPPs, in particular, must be able to control 
their active power output and thereby, provide 
short- and long-term frequency supports to the 
network. Danish Grid Code recommends  delta 
production constraint and power gradient 
constraint . The former practice can be applied by 
limiting the active power from the WPP to a 
constant value in proportion to the available 
active power. The resulting spinning reserve 
power could be readily used to perform primary 
frequency control in the case of frequency drop. 
The power gradient constraint, on the other hand, 
will limit the maximum speed by which the active 
and reactive powers of WPP can change in the 
event of changes in wind speed or the set points 
of the WPP.This control action is needed from system 

operation point of view to prevent sudden 
changes in the output active power which
can potentially disturb the network stability



Frequency Droop Control

when the grid frequency deviates
from 50.00 Hz, WPPs must be able to 
provide active power control to 
stabilise the grid frequency at its 
nominal value. The control scheme 
adopted in the WPP must be able to 
set the frequencies fmin, fmax, as 
well as f1 to f7 to any value in the 
range of 50.00 Hz ± 3.00 Hz with an 
accuracy of 10 mHz. The purpose of 
frequency points f1 to f4 is to
form a dead band and a control band 
for primary control. The purpose of 
frequency points f5 to f7 is to supply 
critical power (frequency) control.  
PDelta is the setpoint to which the 
available active power has been 
reduced in order to provide primary 
frequency stabilisation .



Summary of Active Power Restoration Regulatory 
Requirements

- Australian Grid Code requires WPPs to restore their active power output to 95% of 
the pre fault value within 100 ms after the fault clearance. 
-In Ireland, WPPs must continue the active power production during the fault 
period in proportion to the retained voltage.  Also, the active power output must 
restore to 90% of the maximum available power within 1 s after the voltage 
recovery to 0.9 PU.
- German Grid Code stipulates active power restoration to the pre fault value 
immediately after the fault clearance, with the gradient larger than 20% of the rated 
power per second. 
- In Spain, WPPs are not allowed to consume active power during the
fault and the voltage recovery periods. Also, WPP must retain the power generation 
during the fault period in proportion to the remnant voltage. 
- Finally in UK, WPPs must restore their active power output to 90% of the prefault
value with 500 ms after the supply voltage recovery to 90% of the nominal value.



Fault Ride Through of Type A WECS

Fault conditions impose no major threat on the electrical parts of type A wind generators 
because this technology does not employ power electronics converters. 

However, at the fault onset, the electromagnetic torque of the machine reduces
proportional to the square of the remnant voltages. This can result in the rotor 
acceleration beyond the safety limits of the machine, unless the supply voltage restores 
rapidly or the input mechanical torque from the wind turbine reduces. 

Besides that, since the machine slip increases during the fault period, the active power 
output of the wind generator reduces notably and it ‘s reactive power absorption rises. As 
a consequence, not only cannot this technology fulfil the reactive injection requirements
during the fault period, but it exacerbates the voltage sag condition by absorbing reactive 
power.

The LVRT capability of type A wind generators can be improved through using  FACTS 
devices, fast pitching of the turbine blades during the fault period, using dynamic 
breaking resistors, or implementing  superconducting magnetic energy storage (SMES) 



Fault Ride Through of Types C & D WECS
- Types C, D variable-speed wind generators have the distinctive advantage of 
independently controlling their active and reactive power outputs thanks to their 
power electronic converters. 

- Therefore, generators type C and type D can potentially fulfil more strict 
regulations on power curtailment and reactive power control as well as the provision 
of inertia response and  power system stabilizer facility 

- However, the main difficulty associated with the operation of types C and D is their

transient response under fault conditions. The fault ride-through capabilities of 
DFIG-based wind generators is very limited  because the stator and rotor 
windings of the machine are magnetically coupled and as a consequence, 
large inrush currents in the stator winding causes destructive overcurrent 
in the semi-conductor switches of the RSC.

- However, the crowbar  engagement will force loss of control and DFIG resembles a 
high-resistance squirrel cage induction machine. 



- Large overshoot of the dc-link voltage is the other difficulty that 
hinders successful fault ride-through response of DFIG-based 
WPPs. The dc-chopper and modified control scheme for the GSC are suggested 

to overcome this problem

- Type D  WECS have better ride-through capability in comparison with the DFIG 
topology because the machine operation is completely decoupled from the grid 

through back-to-back VSCs. Therefore, voltage sag or swell conditions 

have no direct impacts on the generator. The only crucial problem 
is the fluctuation in dc link voltage causing power variation to grid 
through GSC. Due to the large mismatch between the input and output 

powers of the capacitor, the dc-link voltage is likely increase beyond its safety 
limits which can potentially force the wind turbine to disconnect from the grid.



Enabling Technologies-A Case Study
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Fuzzy Logic Controller for the Converter
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A Case Study

• Without the SMES unit, the real power produced by the DFIG 
will drop to 0.45 pu. However, with the SMES unit connected 
to the system, the DFIG output power will drop only to 0.55 
pu. 

• The voltage at the PCC without SMES, voltage will drop to 0.38 
pu violating most of the low voltage ride through grid codes. 
However, by connecting the SMES unit, voltage drop at the 
PCC will be rectified to 0.68 pu, bringing the voltage level to a 
safety margin specified by wind turbine manufacturers. 



Transient Responses of DFIG WECS



Case Study Contd.

• With the SMES connected to the system and due to active 
power compensation, the shaft speed oscillation will 
substantially reduced 

• Another effect of the voltage sag on the DFIG’s behaviour 
is on the voltage across the DFIG dc-link capacitor. The 
overshooting across the dc-link capacitor during fault 
clearance is reduced with the SMES unit connected. 



Transient Responses Contd.



About 59% of WTG failure are due to Gearbox 
failure

P. Tavner, "A survey of wind turbine condition monitoring experience in Europe," in Wind Turbine 
Condition Monitoring Workshop, 2011, pp. 19-21.



Test Set up at Curtin University



Sensors Locations



Vibration Result from a Healthy Gearbox



Vibration Result from a Faulty Gearbox



Conclusions

• In this presentation a review of VPG and international grid codes particularly LVRT and 
Active and Reactive Power Requirements for grid connections are reviewed 

• Types of Wind Energy Conversion Systems are discussed

• A SMES based Converter control is proposed  to help meet international grid codes

• Example of Solar Variability and Smoothing opportunity with Storage is presented 

• Online vibration monitoring could lead to longer life of drive train and ensure continuity 
of power from WTGs

• Some technical challenges nd solutions are presented


