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Power Market 
Transformation and Power Quality impact of 

Prosumer on Distribution Smart Grid

❖Introduction to PEA Smart grid Roadmap

❖Transformation of Power Section

❖Third Party Access Framework (in case prosumer)

❖Challenge in Changing Distribution network

❖Reliability & Power Quality Challenge
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PEA Smart grid Roadmap

3

Smart
Energy

Smart
Life

Smart
Community

Planning and Pilot Project Large Scale Expansion
Power quality and service 
efficiency improvement

• Electricity networks in 4 cities 
automated system.

• Unmanned substation
• Microgrids
• Energy Storage / Solar Rooftop 
• Network supports of DG
• The integration of Enterprise System
• Mobile Workforce in 4 cities

• Optimal Asset management
• Complete of  MWM
• Completion of unmanned substation
• Expand fully automated network 

covering major cities across the country
• The penetration of renewable energy 

sources and energy storage in 
communities

• Automated electricity networks 
nationwide/self-healing features enabled

• Smart community network integrated with 
a large renewable energy resources

• Perfect cyber security system
• The balanced and forecast system production 

corresponds to energy utilization
• Virtual power plants created

• Advanced Metering Infrastructure 
(AMI)  in 26 municipalities of PEA 
service area

• Demand response management

• AMI development completion
• Energy management completion in all 

large/medium cities
• The system provides power usage information 

via the internet 
• Domestic consumers can produce their own 

electricity; surpluses can be sold to utility
• Home/building energy management 

automation reduces electricity bills

• Power consumers can buy or sell electricity 
in real time

• Users can choose to buy electricity from 
different supplies

• Optimal Energy management

• Public charging station • The extensive use of electric 
transportation

• The penetration of intelligent 
public street and community 
lighting in communities

• Bundled services with other 
utilities (common billing etc.)

• Intelligent electric vehicle charging to 
reduce peak demand

• Two ways power supply of electric vehicles 
(vehicle to grid –V2G)

Stage 1 : Stage 2 : Stage 3 :
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Structure of Power Market in Thailand
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The Fundamental of Electricity Market Structure Revolution
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Problems formulations for prosumer management

Analyst and cluster the load pattern
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Details of SPP and VSPP COD in PEAN3

VSPP & SPP (EGAT)
70.67%

VSPP (PEA)
29.14%Solar PV Rooftop

0.19%

VSPP & SPP (EGAT)

VSPP (PEA)

Solar PV Rooftop

- 701.00 MW
- 17 case

- 289.02 MW
- 73 case

- 1.88 MW
- 251 case

Type Voltage
Amount
(case)

Capacity
(MW)

VSPP (EGAT) 22 kV 5 31.00

SPP (EGAT) 115 kV 12 670.00

VSPP (PEA)+PVRT 22 kV 73 289.02

- PVRT 22 kV 9 6.37

Solar PV Rooftop 220/380 V 251 1.88

Sum 341 991.90
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The impact evaluation of SPP & VSPP

WIR 115 kV

CON 115 kV

NGA 115kV

Export 53.50 MWh Import 23.7 MWh

Loss in distribution system

withVSPP

w/o VSPP

PF = 0.925

PF = 0.164

EGAT Substation

CON WIR

NGA(115 kV)

High level of MVar

With VSPP (solar)

PF = 0.911



Power Quality Problem: Harmonic

Harmonic is a signal whose frequency is a multiple of the frequency of a reference signal
Harmonics are due to periodic distortion of the voltage or current waveform
The distortion comes from nonlinear devices, principally loads
Harmonic Sources

Ferromagnetic devices-
Transformers, motors

Arcing devices-
arc furnaces, fluorescent
lighting

Power converters: Prosumer Devices
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Decomposition into Harmonic Components – Fourier series
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Harmonic component



h = 6 m ± 1

ih = I1/h *
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h = p m ± 1

h=harmonic; p=pulse number; m= 1,2,3 ,... ; fN= system frequency ; 

* for smoothed d.c. only

 = phase displacement between current and voltage;  = 

converters firing angle

Harmonic Sources – 6-pulse rectifier
e.g. Variable Speed Drives or Medium Frequency  Furnaces

Harmonic Sources – 12-pulse rectifier
e.g. Variable Speed Drives or Medium 
Frequency Furnaces

h = 12 m ± 1

ih = I1/h *
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6-Pulse Bridge

6-Pulse Bridge

Phase-Shifting

Transformers

DC to

Furnace

Inverter

h=harmonic; p=pulse number; m= 1,2,3 ,... ; fN= system frequency; 

* for smoothed d.c. only



Undesirable Effects of Harmonics in Power Systems

- Overheating resulting in need of derating of the 
equipment.
- Potential for problems with excessive ground 
currents (stray voltages, telephone interference, relay 
mis-operation) on systems with single phase loads. 
- Capacitors for power factor correction and cable 
systems aggravate the problem by causing resonances.

Undesirable Effects of Harmonics

Distribution Substation Bus

Magnified Harmonic Current

Non-Linear

Loads
Magnified

Harmonic

Currents

High

Voltage

Distortion

cap

sc
r

MVAR

MVA
h =

Distribution Substation Bus

Customer

Power Factor

Correction

High

Voltage

Distortion
High

Harmonic

Currents

Series Resonance

Parallel Resonance

Changing system characteristics
More power factor correction
More cable

Changing load
More harmonic generation
Less damping

Other characteristics

Are harmonic levels increasing?



IEEE Standard 519-1992- Current Distortion Limits
Odd harmonics Distortion limits (%IL) for individual customers

Base voltage

Limit (kV)

ISC/IL h<11 11≤h<17 17≤h<23 23≤h<35 35≤ h

0.12 – 69

<20

20-50

50-100

100-1000

>1000

4.0

7.0

10.0

12.0

15.0

2.0

3.5

4.5

5.5

7.0

1.5

2.5

4.0

5.0

6.0

0.6

1.0

1.5

2.0

2.5

0.3

0.5

0.7

1.0

1.4

69.001 – 161

<20

20-50

50-100

100-1000

>1000

2.0

3.5

5.0

6.0

7.5

1.0

1.75

2.25

2.75

3.5

0.75

1.25

2.0

2.5

3.0

0.3

0.5

0.75

1.0

1.25

0.15

0.25

0.35

0.5

0.7

> 161
<50

≥50

2.0

3.0

1.0

1.5

0.75

1.15

0.3

0.45

0.15

0.22

Even harmonics are limited to 25% of the odd harmonic limits
The limits applicable for normal conditions
For shorter periods (e.g. startup) limits may be exceeded by 50%
Tables applicable for 6-pulse convertors
For higher pulse number (q), limits may be increased by a factor of sqrt(q/6) provided non-characteristic harmonics are less 
than 25% of the specified limit.

The limits applicable for normal conditions
For shorter periods (e.g. startup) limits may be exceeded by 50%

Harmonic Standard



Current Distortion Limits at point of common coupling

Base voltage limit MVAsc**

PCC Voltage (kV) Base 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

0.400 10 48 34 22 56 11 40 9 8 7 19 6 16 5 5 5 6 4 6

11 and 12 100 13 8 6 10 4 8 3 3 3 7 2 6 2 2 2 2 1 1

22, 24 and 33 500 11 7 5 9 4 6 3 2 2 6 2 5 2 1 1 2 1 1

69 500 8.5 6 4.3 7.3 3.3 4.9 2.3 1.6 1.6 4.9 1.6 4.3 1.6 1 1 1.6 1 1

115 and above 1,000 5 4 3 4 2 3 1 1 1 3 1 3 1 1 1 1 1 1

Current Distortion Limits (A rms)

1SC SC BASEMVA MVA −

1hp SC

h

SC BASE

I MVA
I

MVA −


=

Where; Ih = Harmonic Current (A) h order that is allowed to flow in the system when  MVAsc = MVAsc1

Ihp = Harmonic Current (A) h order in table 1
MVAsc1 = Minimum MVAsc at PCC
MVAsc-Base = Base MVAsc for harmonic current from table 1 

PRC-PQG-01/1998: PEA’s Regulation on the Power Network System 
Interconnection code B.E.2559(2016)
Current Distortion Limits at point of common coupling



Harmonic Analysis  ต ำ่สดุ สงูสดุ เฉลีย่ 95%

AVrms 229.1 23830% 234.3 235.8

BVrms 225.8 235.5 231.6 233

CVrms 225.4 234.4 230.6 231.9

AIrms 25.73 791.2 186.7 225.7

BIrms 11.98 734.4 159.4 197.1

CIrms 10.79 828.3 165 201.3

AP(kW) 5.213 49.74 33.97 41.64

BP(kW) 1.22 44.73 28.47 36.45

CP(kW) 0.9054 42.47 26.4 33.93

AI HG03 1.834 18.95 14.49 15.98

BI HG03 0.5621 3.704 0.8732 1.328

CI HG03 1.052 16.23 12.45 14.04

AI HG05 0.6056 30.03 25.48 27.63

BI HG05 0.9695 24.91 21.09 22.73

CI HG05 0.5204 35.35 31.54 33.52

AI HG07 0.9075 20.19 17.7 18.85

BI HG07 0.7344 16.5 13.93 15

CI HG07 0.7152 22.77 20.1 21.37

AI HG09 0.5403 2.257 0.741 0.981

BI HG09 0.5693 1.361 0.8734 1.096

CI HG09 0.5433 3.514 0.9988 1.315

AI HG11 1.058 3.604 1.718 2.14

BI HG11 0.5512 4.571 3.715 4.129

CI HG11 0.6652 4.075 2.882 3.382

AI HG13 0.8249 4.108 2.799 3.234

BI HG13 0.4974 2.751 1.497 1.854

CI HG13 0.7068 3.852 2.471 2.777

AI HG17 0.6039 2.162 1.645 1.82

BI HG17 0.451 2.969 2.364 2.571

CI HG17 0.618 3.062 2.351 2.688

AI HG19 0.6282 1.548 0.9736 1.261

BI HG19 0.4346 1.246 0.5168 0.6135

CI HG19 0.4887 1.232 0.7574 0.9028

PCC







Add Harmonic load



Harmonic Case Study in Power Systems
Harmonic Load Flow Running

Cap Bank Step#7 Cap Bank Step#4





Harmonic Case Study: Challenge



Frequency Response Characteristics

Devices for Controlling Harmonic Distortion

Chokes for ASD applications
Zig-zag transformers
Passive Filters
Active filters

Shunt Passive Filter Configurations

Effect of Notch Filter on the 
Frequency Response Characteristics

Harmonic Number  h
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Harmonic Case Study: Solve by Tune Filter
Change Cap Bank to Tune Filter Order#11

VC
= Vs

(1-%XL)

400

(1-0.0083)
= = 403.3 V





Harmonic Case Study: Solve by Detune Filter
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Thank you for 
your attention

wanchalerm.pat@pea.co.th
panaya.sud@pea.co.th


