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 Professional Engineer (Singapore).

 Current area of practice: 

commissioning of grid-tied solar pv, 

power quality analysis, protection coordination 

studies and assessment of electrical earthing & 

lightning protection systems. 

 Formerly from SP PowerGrid’s Power Quality & 

Transient Management section.

 Writes on http://powerquality.sg, to share my views 

and experiences in this fascinating world of power 

quality.

http://powerquality.sg/


 Power Generation in Singapore

 Introduction to Grid-Tied PV in Singapore

 Sharing of Experience on Past Assessment of 

PQ Impacts

 Take-aways & Challenges



 Total Licensed Generation Capacity of 

13404.7 MW (1Q 2016)

 Total Grid-Tied PV Output = 455.6MW (1Q 

2016)
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 Singapore is a small city-state

 Virtually no land space for big solar farms

 Absence of feed-in tariffs

Direct ownership and Solar-leasing are two 

main models here in Singapore

 PV System connected at low-voltage inside 

Customer’s premises



Source: Solar PV Roadmap for Singapore by SERIS
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 To manage intermittency by procuring 

sufficient reserves in tandem with the 

growth of IGS

 600MWac is the first threshold (does not 

constitute as a cap)



Government-led demand to install 350MWp, 

or 5% of Singapore’s current peak power 

consumption of solar energy capacity by 2020

Government-sites and public housing blocks



 Wiring regulations and installation to follow local 

code of practice (modified of BS7671)

 Submission to Utility company (SP PowerGrid)

- to be submitted by Licensed Electrical Worker

- inverter specifications

- inverter test reports (PQ, Loss of Mains)

- power quality compliance report (complexity 

varies on size of PV)

- single-line diagram

- pre / post 7-day PQ measurement (>1MWac)

 1 minute interval kW data to power system 

operator (>100kWac)



www.singaporepower.com.sg/solarpv



www.singaporepower.com.sg/powerquality



 Low voltage (LV) networks of the Utility Grid

Measurements at the Point of Common 

Coupling (at Utility side)

 Based on existing voltage-based Grid PQ 

requirements

 Voltage Harmonics

 Voltage Fluctuation/Flicker

DC Injection

2008 to 2013



 400V 3 phase / 230V 1 phase

 Served by a 1MVA or 1.5MVA oil filled 

transformer

 Short-circuit rated capacity of 36kA / 43kA

 Radial networks



Customer’s 

Premises

Transformer LV Board

Overground Box



 To ensure that Customer’s generated current 

harmonics will not result in voltage 

harmonics at the point of connection to 

exceed the prescribed limits 



 Being a voltage-based requirement, it is 

possible for any quality of PV inverters to be 

connected

Hence each connection application are also 

assessed to ensure each inverter meets the 

relevant product standards

 Eg. IEC 61000-3-2, IEC 61000-3-12

 Limit for emission of harmonic current



 The expected voltage harmonics was 

calculated using the formula prescribed in 

U.K Engineering Recommendation G5/4, with 

consideration of existing voltage harmonics 

present (from measurement)



Non-Linear Load:

Add-on of 7 x 30kWac inverters



Measurement consisted of both day and night 

time trends

Harmonic levels showed no dependency on 

the power generated from the inverters

 Levels were actually higher at night when 

inverters are not in operation

Harmonic levels in day time period, before 

and after the installation of the inverters 

stayed relatively the same





 To ensure that the voltage changes here 

(associated with the energizing, switching 

and disconnection of the Grid-Tied PV) must 

not cause voltage step changes of more than 

3% at PCC.

 This includes the fluctuating nature of PV 

power output

 And maintain flicker limits within 

Pst=1.0

Plt=0.8



 Voltage fluctuation are linked to the size of 

the equipment.

Highly dependent on magnitude of system 

impedance (“Stiffness ratio”).

 Traditionally as a result of starting a machine 

(induction generator / motor / or energizing 

a direct-connected synchronous generator)



 IEC TR61000-3-15: For DG equipment of limited 

power and exporting into public supply at a high 

short circuit current connection, it is unlikely 

that the DG will introduce noticeable flicker.

 IEEE 1547: The PV power source, although not a 

constant, is generally slow to change relative to 

the change rates involving flicker. It had been a 

concern that cloud-irradiance changes could 

produce objectionable flicker. However at this 

moment, data show no flicker is encountered 

from cloud-caused irradiance.



 The statements made matched my own 

observation /experience in conducting pre 

and post measurements for these Grid-Tied 

PV-Solar connection (so far).



 IEC 61000-3-3 / 11: Limitation of voltage 

changes, voltage fluctuations and flicker 

in public low-voltage supply systems.

 Intended to apply for low impedance 

connections having a high short circuit 

current capability.

The contribution to Pst and Dmax

(maximum voltage change) are the most 

important parameters when DG 

equipment exports power to Grid.



 In E.R P28, equipment meeting the BS5406 

Part 3 – Disturbances in supply systems 

caused by household appliances and similar 

equipment: Specification of voltage 

fluctuations (now IEC 61000-3-3) are allowed 

connection without further assessment



 It further adds that equipment that does not 

come under BS5406-Part 3 will be assessed 

under Stage 2

 In Stage 2, individual equipment which cause 

a short term flicker severity Pst (less or 

equal to 0.5) can be connected without 

further assessment



 To ensure that Customer PV System’s 

generated total DC injection do not exceed 

20mA under normal operating condition

DC injection into 6.6kV/22kV/66kV networks 

is deprecated (i.e not allowed)





 Relations to Grid-Tied PV applications

 PV inverter converts DC output power from 

the PV panels and converting it into AC 

power.

Hence the possibility that a DC component 

(offset) on voltage or current will appear and 

flow into the grid has to be considered.





DC injection limit varies across countries.

 Apart from the general agreement that 

excessive DC injection can cause problems, 

there has not been any consensus on what 

the limit should be.

 Accumulatively, multiple inverters in the 

system may compensate any DC injection 

from each other (instead of adding on 

constructively).

 It is also technically challenging to measure 

DC in the presence of large AC.





 Then, there has been discussion to align to 
IEEE 1547 DC injection 0.5% limit and the 
formulation of a Distributed Resources 
Handbook.

However this 0.5% limit if applied at larger 
PV inverter(s) output may exceed the DC 
tolerance values of certain distribution 
transformers.

DC tolerance value varies between 
transformer.

Hence, allowance of DC injection now is 
based on a case by case basis.



 1MVA 22kV/433V 

Eg. Distribution Transformer DC limit = 2A

 1MW PV Inverter of 0.5% DC injection

0.5% * 1333A = 6.66A

 Assumption: DC adds on constructively

 6.66A > 2A (limit exceeded on transformer)



One certain way to guarantee a null emission 

of DC components into the distribution grid is 

to use an isolation transformer.



Limitation of disturbance level should 

start from equipment level, hence careful 

assessment should be done at design 

stage 

Effect of larger scale Grid-Tied PV on 

voltage fluctuation/flicker and 

intermittency of supply

DC injection; how to measure? Practical 

way of assessment? Practical limits?



The End.

Thank you for your kind attention.
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