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ABSTRACT 
This paper firstly introduces Shanghai power quality 
monitoring system. And based on the big monitoring data, 
the characteristics of power quality in Shanghai city grid 
in recent years are summarized, and the power quality 
issues (harmonics and voltage dips) are analyzed. After 
that, by studying common harmonic source tracing and 
detection methods, a new method suitable with the 
structural characteristics of city grid is presented, which 
could roughly trace the direction of harmonic based on the 
power quality monitoring data. And then the paper shows 
their advantages, disadvantages in monitoring system and 
analyses their applicability through theoretical analysis. 
This paper illustrated the new developments of city power 
grid in recent years based on the big monitoring data of 
Shanghai power quality monitoring system, and present 
suggestions for the future power quality management, 
which are instructive in cities similar as Shanghai. 
Keywords: City Power Grid, Power Quality, Harmonics, 
Voltage Dips. 

SHANGHAI POWER QUALITY 
MONITORING SYSTEM 
For the rapid economic development and urbanization 
progress in Shanghai, more and more non-linear electrical 
equipment were connected to power grid, generating 
harmonics and other power quality pollution. And as an 
international metropolis, the development of Shanghai 
power grid is facing with various challenges. Both 
industrial and commercial power consumers and even 
residential consumers are no longer satisfied with reliable 
power supply, and request higher quality power supply. 
Therefore, power quality monitoring, analysis, evaluation 
and management have become important parts of the 
construction of city grid, getting more and more attention 
in Shanghai municipal electric power company [1, 2]. 
Shanghai power quality monitoring system has been put 
into operation since 2008, being developed continually in 
past years, which play an important role supporting the 
work of power quality management in Shanghai gird, 
providing technical data for power grid management, 
comprehensive assessment, energy-saving, power disputes 
resolving and custom power, etc. 
The system consists of the monitoring terminal, 
communication system, monitoring master station and 
client. The whole system adopts a double-layer structure: 

data monitoring terminal collected voltage and current 
data, and directly transmitted to the monitoring master 
station; monitoring master station completes all of the data 
processing, storage and release according to the 
predetermined functions required. And customers access 
relevant information from the master station according to 
their need. The monitoring system could monitor all power 
quality indexes, providing power quality data browsing, 
statistics, analysis, integration and user access function for 
the operation, supervision, administrative and other related 
department. The architecture of Shanghai power quality 
monitoring system is shown in figure 1[3]. 
Shanghai power quality monitoring system could give all 
the power quality indices include steady indices and 
transient indices. For steady indices, the system give 
voltage deviation, frequency deviation, harmonics, 
unbalance, flicker and other indicators, displayed through 
trend chart, the qualified rate, maximum value, minimum 
value, average value, 95% probability value. For transient 
indices, the system gives voltage sag, swell, interruption 
and transient event, displayed through a variety of ways, 
including the wave diagram, effective value trend, ICIT 
curve, SAFRIx index, etc. 

 
Fig.1 Structure of Shanghai Power Quality Monitoring 

System 
After persistently expansion, the system now has nearly 
400 monitoring terminal and integration data of more than 
7000 points from PMS system, with the characteristics of 
large scale, strong compatibility, diversified means of 
displaying, rich advanced applications, etc, showing the 
development trend of power quality of Shanghai grid, 
effectively guiding the power grid operation and the power 
quality management.  
 

POWER ANALYSIS BASED ON BIG 
MONITORING DATA 
In recent years, the work of energy-saving and 
emission-reducing in city power grid has been steadily 
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advanced, and high energy consuming enterprises are 
continuously moved from the east city to the west. The 
energy consumption structure in large city has been 
changed. 
Shanghai power quality monitoring system has give six 
years monitoring data since built, and monitoring data 
shows that similar to other cities in the world, the power 
quality issues in Shanghai grid are harmonics and voltage 
dips. 

Harmonics 
In order to describe the overall level of harmonics in 
Shanghai grid, harmonics eligibility rate is defined taking 
voltage eligibility rate for reference. Voltage harmonics 
eligibility rate at a monitoring terminal is defined as the 
percentage of the time of harmonics level being qualified 
out of the whole monitoring time at this terminal. Voltage 
harmonics eligibility rate of Shanghai grid is defined as 
the average of voltage harmonics eligibility rates at all the 
monitoring terminals in Shanghai grid. 
According to the power quality monitoring system, in the 
year of 2014, the total harmonics distortion (THD) 
eligibility rate of Shanghai grid 98.35%, higher than the 
rate of 95.18% in last year, with an increase of 3.17 
percentage points. Figure 2 shows the variation curve of 
monthly THD eligibility rates in years of 2013 and 2014, 
showing that the harmonics level has been significantly 
improved. 

 
Fig.2 Variation curve of THD eligibility rates of 

Shanghai grid 
Traditional harmonic analysis focused on the distribution 
network or regional grid. But according to the practical 
experience of Shanghai power quality work, harmonics 
resonance and amplification occurred in HV or EHV 
transmission system.  
Compared to voltage dips, the influence of harmonics is 
underestimated at home and abroad. Generally, harmonics 
could cause equipment ageing and power loss in power 
grid, such as capacitor over current vibration, transformer 
noise, etc. Serious harmonics could threaten power grid 
safety and electrical contract performance and the loss is 
difficult to estimate. With new power electronic 
equipments were bring forth into the city life, harmonic 
sensitive electrical equipment gradually increased. The 
influences of harmonics need to be pay attention to. 
Traditional harmonics pollution is from high energy 
consuming enterprises like steel making, forging industrial. 
But in the city grid, harmonics sources become more 
variety and their characteristics become more complex. 

On the one hand, the capacities of traditional typical 
pollution sources further grow, such as railway 
transportation. At the same time, with the continuous 
improvement of rectifier technology, the harmonic 
characteristics of High-speed Rail traction load dominated 
by high frequencies. 
On the other hand, distributed equipment gradually 
increased, such as energy-saving equipment, the charging 
and discharging equipment, intelligent electricity 
equipment, photovoltaic, wind power, air conditioning, 
frequency conversion motor, etc. Dispersion of pollution 
sources increased the difficulty to control the harmonics. 

Voltage dips 
According to statistics [4], voltage dip is the main reason of 
sensitive equipments cannot work normally, and some 
literatures even pointed out that voltage dips cause more 
than 92% of the economic loss for power quality [5]. More 
and more typical sensitive load to voltage dips sensitive 
loads such as semiconductor companies and data centers 
are being located in shanghai, therefore, voltage dip is the 
most important part of power quality work in shanghai 
grid. 

 
Fig.3 SARFIx indexes of Shanghai Grid in Yr2014 and 

Yr2013 
Voltage dips performance is expressed in terms of an 
index called the System Average RMS (Variation) 
Frequency Index (SARFI), and SARFIx is the number of 
voltage dips per year a customer on the average would 
have experienced, with remaining voltage is less than X 
percent of the declared voltage. In this article, we take a 
monitoring terminal as a customer for convenience's sake. 
The dip performance for the year of 2014 and 2013 is 
given in the figure 3. For example SARFI 90, that is 
retained voltage at less than 90% of the declared voltage, 
the average number of dips per a terminal was 9.63 in the 
year of 2014, 16.2% higher than 2013. Benchmarking with 
major utilities shows that Shanghai's performance in 
voltage dips is among the best in the world. 
However, the new developments of the grid and load 
structure made the power quality of shanghai grid showed 
new phenomenon. Traditional power quality issues 
focused on the distribution network or regional grid. But 
along with the development of city grid, increasing load 
intensity and smaller electrical distance made the power 
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quality characteristic of city grid systematical and 
holistically. Power quality issues such as voltage dips 
could spread more widely in city grid. Generally, causes of 
power quality issues could be found in the nearby area of 
power system. But according to the Practical experience of 
shanghai power grid, the power quality disturbance could 
transmits by long distance, and the influencing factors 
were generated far away. With the development of city 
power grid, causes of power quality issues are becoming 
more and more complex. Power quality analysis should be 
more systematically and holistically. 

HARMONIC TRACING METHODS USING IN 
MONITORING SYSTEM 
Whenever significant harmonic voltage or current 
distortions are observed, it is always essential to find the 
sources of distortions before taking any harmonic 
mitigation means and determining the responsibility of 
parties involved. However, for the complexity of the 
harmonic power flow, especially difficulties to obtain 
accurate harmonic impedance, harmonic source tracing is 
widely recognized as a technical problem.  
There are several popular methods for harmonic source 
detection, such as correlation method, power direction 
method, projection superposition method and critical 
impedance method. But none of these methods is fully 
recognized as theoretically correct. Considered the 
demand of measured data and the characteristic of 
monitoring system, we used correlation method and power 
direction method for harmonic tracing in Shanghai power 
quality monitoring system. And we also developed a new 
method, which could trace harmonic based on the 
measured data of harmonic voltage and current amplitude 
while electrical structure changing. 

Correlation method 
As we know, the correlation coefficient is statistical 
indicators to reflect the relationship between variables, 
which is calculated by product-moment method. 
Respective deviations from average value are multiplied to 
reflect the degree of correlation between two variables. 

For X and Y, define XYρ  as the correlation coefficient of 
X and Y.  

)()(
),(
YDXD

YXCov
XY =ρ

 
In which, )]()][([),( YEYXEXEYXCov −−=  is the 
co-variance of X and Y; 

{ }2)]([)( XEXEXD −= ; 

∑
=

=
n

i
ii pxXE

1
)( , ip is the corresponding probability of ix . 

The correlation coefficient XYρ  is between -1 and 1, it is 
completely irrelevant when XYρ  equals 0, and 
completely correlation when | XYρ | = 1. 

Generally, correlation method is analyzed from a purely 
mathematical point of view, which still needs physical 
explanation. 

Power direction method 
Power analysis method is intuitive, which determines the 
direction of harmonic source by the direction of harmonic 
power flow. It checks the direction of harmonic power 
flow, the side that generates harmonic power is considered 
to contain the dominant harmonic source or to have a 
larger contribution to the harmonic distortions. 

 
Fig.4 Implementation diagram and equivalent circuit 

The harmonic tracing problem can be explained with the 
help of Figure 4. In this figure, the disturbance sources are 
the customer harmonic source Ic and the utility harmonic 
source Iu. Zc and Zu are the harmonic impedances of the 
respective parties.  
Power direction method is based on the measured 
harmonic power flow at the point of common coupling 
(PCC). If the harmonic power flows from customer to 
utility, it means that the customer contains the dominant 
harmonic source. Although the term "dominant harmonic 
source" is vaguely defined. However, concrete proofs had 
been found that the method is not correct and cannot be 
used for harmonic source detection in some situation. 
Literature [6] gives a test sample, which selects a set of 
practical Ic, Iu, Zc and Zu data as follows:  
Iu=1.0∠0°pu 
Ic=3.0∠angle pu 
Zu=1.0+j8.0 pu 
Zc=5.0+j25.0 pu 
Let the phase angle of Ic vary from 0°to 360°. Figure 6 
shows the variation curve of active harmonic power flow 
from customer to utility with respect to the phase angle of 
Ic. Whatever the angle of Ic is, the amplitude of Ic and Zc 
is much bigger, so it is definitely the dominant harmonic 
source. But the harmonic power can flow in either 
direction, and it can be conclude that in this situation, 
power direction method is unsuitable. 

 
Fig.5 variation curve of active harmonic power flow 
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Impendence changing method 
Generally, harmonic sources are the current constant 
source and this method is based on this assumption. As 
shown in figure 6, Ic is the equivalent harmonic current 
source generated by user, and Ipcc is the harmonic current 
inject into grid through PCC, and Upcc is the harmonic 
voltage of the PCC.  

 
Fig. 6 the method using capacitor switching 

When the electrical structure of power grid changed, such 
as a capacitor put into or out of operation, the system 
impedance was changed. For the constant current 
characteristics of harmonic source, if Upcc raised, Ipcc 
stay steady or reduced when the user load was the main 
harmonic source, and Ipcc also raised when the user load 
was mainly linear; if Upcc felled, Ipcc stay steady or 
increased when the user load was the main harmonic 
source, and Ipcc also felled when the user load was mainly 
linear. So it could be deduced whether the customer is the 
main harmonic sources by comparing the directions of 
harmonic voltage and current changes. 
The structure changes such as capacitor and reactor 
switching occur frequently in power grid. The advantage 
of this method is that amount of data needed is pretty 
small, and the method only needs to get the effective value 
changes of harmonic voltage and current. 
Taking the same sample as above, we set Zu to 1+j4 pu as 
the phase angle of Ic vary from 0°to 360° and observe 
the changes of Upcc and Ipcc (∆Upcc and ∆Ipcc), figure 7 
gives the variation curves of ∆Upcc and ∆Ipcc with 
respect to the phase angle of Ic. When the Zu changed, 
Upcc felled and Ipcc increased, which indicating that the 
customer contain dominant harmonic source. 

 
Fig.7 variation curves of ∆Upcc and ∆Ipcc 

These are limitations to this method, such as too much 
difference between the angles of system impedance Zu 

and the load impedance Zc would make this method 
unsuitable. 
But Comprehensive utilization of methods above could 
effectively trace the dominant sources of harmonic 
distortion. 
 

SUMMARY AND PROSPECT 
Economic development makes the city grid scale and 
structure of load changing, and the social development 
makes the power quality demand continually increasing, 
and both make power quality monitoring and analysis 
important in city grid. Combined with the practical 
experience of Shanghai power grid, harmonics and voltage 
dips are key factors, and the following several aspects 
should be considered: to strengthen the power quality 
monitoring work and enlarge the coverage rate of 
monitoring; to enhance power quality supervision on 
pollution sources systematically and holistically. 
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