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My Brief PQ Intro

• Have been doing PQ measurement/analysis for over 16 years now 
(and still do).

• Got to know more PQ portables (beyond just Fluke & Hioki) when I
joined the Utility (SP PowerGrid) as a PQ engineer in 2009.
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Solar PV in Singapore Today

Source: Channel News Asia Source: Energy Market Authority Singapore



Common Inverter Brands in Singapore

Then (1P 7kW LF inverter) Now (3P 115kW transformerless inverter)



Common Inverter Brands in Singapore

Source: National Solar Repository of Singapore



Private Housing (Landed homes)

Source: Rezeca Renewables



Public Housing



Public Housing (vertical)



Commercial

Source: Rezeca Renewables Source: Energetix



Shopping Malls 



Solar Farms
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DC Injection

• Inverter converts DC output power from PV panels and converting 
into AC power

• Possibility of a DC component will appear and flow into the Grid has 
to be considered 

From PQSynergy 2016 presentation



DC Injection

In the early days, where transformerless
inverter(s) were used, the only way to meet 
the connection requirement was to use an 
isolation transformer



DC Injection

• Impact(s) on the distribution transformer is still largely unknown
• Allowable values increased over the years in view of larger 

transformerless inverter(s) being introduced to the market
• Still technically challenging to measure DC in the presence of large AC



Typical Inverter DC Injection Test Values (then)

• 12kW 3-phase • 25kW 3-phase



Typical Inverter DC Injection Test Values (now)

• 25kW 3-phase • 100kW 3-phase
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Localized Overvoltage Issues

• In recent times, there have been noticeable complaints of solar 
inverters tripping due to ‘Overvoltage’.

• Typically, in private landed housing estates.
• Between 12pm and 2pm

253 < V < 276



Typical Public LV Network (Today)

Substation LV Boards

OGB

OGB

OGB

OGB

Network Cut

Service cable to 
gate pillar

Service cable to 
gate pillar

Customers

22kV/433V D-Y 1 or 1.5MVA 
Transformer at 
Tap Position 2

Standard SG LV Voltage 

OGB:
Overground Box



Potential Overvoltage?
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Harmonics from Inverters

• 3 cases from Solar Farms
• Generally, these are meant for ‘temporary usage’ till the empty 

land is marked for development
• Unmanned locations with minimal on-site loads
• Intake voltage from Grid = 22kV
• Inverters AC output at 400V or 800V
• D-Y transformers (LV to 22kV)
• PQ were done at 22kV as part of

Utility’s compliance requirements



Location A

• 5.30MWp / 4.65MWac
• 2 x 22kV Intake from Utility
• Background voltage harmonics: Low <2%
• Measurements at Utility intake – 22kV
• 50kWac inverter (AC output at 400V)
• 2350kWac (47 nos) – Customer Service 1
• 2300kWac (46 nos) – Customer Service 2
• 2 nos of 22kV / LV 2.5MVA transformers



Location A

ITHD% - scaled to aggregated rated inverter AC output



Location A



Location A

ITHD% - scaled to aggregated rated inverter AC output



Location A



Location B

• 1.48MWp / 1.20MWac
• 1 x 22kV Intake from Utility
• Measurements at Utility intake – 22kV
• 1 nos of 22kV / LV 1.5MVA transformer
• 100kWac inverter (AC output at 400V) – 12 nos



Location B

TDD% - IL= aggregated rated inverter AC output



Location B



Location B



Location B



Location C

• 16.19MWp / 13.32MWac 
• 2 x 22kV Intake from Utility
• Measurements at Utility intake – 22kV
• 185kWac inverter (AC output at 800V)
• 8880kWac (48 nos) – Customer Service 1
• 4440kWac (24 nos) – Customer Service 2
• 3 nos of 22kV / LV 6MVA transformers



Location C

ITHD% - scaled to aggregated rated inverter AC output



Location C



Location C

ITHD% - scaled to aggregated rated inverter AC output



Location C



Solar Farm Harmonics Summary (CP95)

VTHD (%)
Limit = 4%

Significant IhITHD (%)Location

1.75,7,111.7A (CS1)

1.65,7,111.63A (CS2)

2.95,7,110.88B

3.57,11,131.01C (CS1)

3.57,11,131.04C (CS2)



Supraharmonics?

Measured at a 
PV-DB with 
1 no of 100kW 
inverter



Outline

• Solar PV in Singapore Today
• DC Injection
• Localized Overvoltage Issues
• Harmonics from Inverters
• Case Study – ‘Loud humming’ sound from Solar PV



The Problem

• Complaints from building occupants of significant humming noises
• Typically occurred between 11am and 2pm
• On-site personnel traced the noises to set of AC cables between the 

electrical switchroom and the rooftop PV AC-DB
• It was suggested there could be harmonics issues 

on hand, thus we were called in to 
monitor the harmonics level



LV-MSB MSB
-Ext

Ground Floor LV Switchroom

PV-AC DB
Building Rooftop

3 sets of 4 x 500sqmm XLPE/PVC 
1C on cable ladder w cover – on 
exterior walls of building

3 sets of 4 x 500sqmm 
XLPE/PVC 1C on cable ladder



The PV System

• 1.35MWp / 1.116kWac
• 18 nos of 60kWac + 1 no 36kWac inverters
• Connected downstream of a 3MVA 22kV/LV D-Y transformer
• PQ measurements done at LV MSB-Extension



Harmonics Issue? - Unlikely



ITHD – in % of Aggregated Inverter Output



Snapshot Waveforms



Snapshot Trend on Phase L3

3 cables per phase
• Clamped on each of the 

3 cables of Phase L3 i.e
• Channel A – L3 Cable 1
• Channel B – L3 Cable 2
• Channel C – L3 Cable 3
• Channel D – Overall L3

1 cable accounts for 
about 62% of the total 
load carried on Phase L3



Findings

• AC current naturally generates a changing magnetic field.
• In turn, it produces varying electromagnetic forces, exerting on the 

current-carrying component (e.g. cables), causing them to vibrate 
with its supporting mechanical structure (e.g. cable tray, ladder, 
cover), hence producing the humming sound / noise.

• Sound can get amplified if this magnitude was high (nearing cable’s 
ampacity) or in the presence of harmonics.

• Harmonics (voltage & current) values were found to be typical and 
acceptable. 



Findings

• Assuming this unequal distribution ratio remained constant, there is  
a possibility that this 500sqmm XLPE/PVC cable carried approximately 
836A (1394*0.6) during the peak loads on Phase L3

• Thus, it is plausible that the 
humming noises were 
largely due to some of the 
cable(s) carrying high loads 
nearing its ampacity.



IEC 60364-5-52

• The known problem of uneven current distribution among large
(>50sqmm) parallel copper conductors are mainly due to differences 
in self and mutual inductances, caused by how the cables are laid and 
arranged.

• IEC 60364-5-52 provides guidance on such arrangement.

Source: Prysmian


