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Thailand Development Plan 2012-2021
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Thailand Factors for One of the Best Locations
on Solar Power Project — Except its Sun

 Thailand was one of the first Asian countries with
comprehensive feed-in tariff/adder program.

Unit: US Dollars per kWh

. Special Adder
Type of RE 2007 2009 2010 SpecnaI.Adder for Three Years
Adder Adder Addder for Diesel Supported
Rate Rate Rate Replacement Southe-rnmost
Provinces
Biomass
Installed Capacity = 1 MW 0.010 0.017 0.017 0.033 0.033 7
Installed Capacity > 1 MW 0.010 0.010 0.010 0.033 0.033 i
Biogas
Installed Capacity <1 MW 0.010 0.017 0.017 0.033 0.033 7
Installed Capacity > 1 MW 0.010 0.010 0.010 0.033 0.033 7
Waste
Landfill and Digestor 0.083 0.083 0.083 0.033 0.033 7
Thermal Process 0.083 0.117 0.117 0.033 0.033 7
Wind
Installed Capacity = 50 kW B b7 0.150 0.150 0.050 0.050 10
Installed Capacity > 50 kW 0.117 0.117 0.117 0.050 0.050 10
Small/Micro Hydro
S50 kW <Installed Capacity < 200 kW 0.013 0.027 0.027 0.033 0.033 T
Lnstalled Canacity < S0 kW 0027 0050 0.050 0033 0033 vi
Solar 0.267 0.267 0.217 0.050 0.050 10
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Thailand Factors for One of the Best Locations
on Solar Power Project — Except its Sun

e This program is successful by 1,000 MW already
connected and selling power to the grid.

e Thailland had about 8,000 MW of renewable
energy projects in the pipeline seeking adder.

e Even though, renewable energy share only 5% of
energy resource, gas (66%), coal (20%).




The Major Players in Thailand Energy Market

ra \EG AT EGAT Electricity’ Generating Authority of Thailand is a state-owned
company which controls 48.5% of the generating capacity. but 100% of the
. Power for Thal Happiness transmission system

el

PROVEINC AL BLACTREONTY Al TwOeeTY

EGAT generates and supplies glectricity to the MEA and PEA for further distribution to consumers.

® ptt @ @) S=nachex

GREENE RGY EXCELENCE
PTTEP

PTT Petroleum Authority of Thailand, PTTEP PTT Exploration and Production and Bangchak Petroleum are
the three other major energy-related state enterprises, primarily in the oil and natural gas sector.

RATC

RaFC«<Al B FECTETY
LIRS PG e A

A
EGCO

The IPP Independent Power Producer EGCO Electricity' Generating Company and Ratchaburi Electricity
Generating Holding are private sector competition in the power generation. 24% of the shares in EGCO are
held by the Dutch TEPDIA Generating B.V., a joint venture between Tokyo Electric Power Company and
Mitsubishi Corporation.
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Structure of Thailand’s Electric Power Industry
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Simplified Contractual Structure for a Solar
Power Plant Project in Thailand
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Thailand Utility Regulation for Solar Power Plant

« MUST be Installed PQ meter at connected point of
common coupling.

SUBSTATION ﬂT!
ZWVA_'_G%"J?' — MV rmzow S EI|:' +
3:: t:;o :::um Bus 20 kV E $m NW __________ é,w,, ﬁ
S AR [ [
* Quality of Supply checking
— Voltage - Current
— W, Var, VA - PF
— Harmonics V, | - THD, TDD
— Flicker - Unbalance
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PQ Monitoring plays Important Rules
for Solar PP

 High-penetrated grid-connected PV systems
require more PQ monitoring on Vvoltage
fluctuation, voltage flicker, power factor,
harmonic and events.

e« Causing heat In electrical component,
equipment failure or miss-operation then
Impact on cost of maintenance, repalilr,
replace, time and manpower.




Case study from Solar Plant

 Effect of On-Off gird Solar power plant 8 MW
connected at 22kV.

— On-Grid: 28 Apr 2014 — 6 May 2014
— Off-Grid: 6 May 2014 — 9 May 2014

PQ analyser ?

o
i [
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Voltage Profile

From 28-Apr-14 2:00:00 AM to 11-May-14

16000 -+
14000 +
12000 +
10000 +
8000 +
i = Solar Connected to
4000 - the grid, has more
E event when on grid.
2000 +
0 i i i —— i i i l i ]
29Tue30Wed 1 Thu 2Fri 3Sat 4Sun 5Mon 6Tue 7Wed 8Thu 9Fri 10Sat
Apr 2014 Time
Electrotek/EPRI PQView®
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Voltage Profile
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Events Trigger

From 28-Apr-14 2:00:00 AM to 11-Mavy-14
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ITIC Chart Sensitivity Curve
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RMS Variati ' ' Plot
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Data Captured by PQ monitor Showing
Solar Plant Response when Load Disconnected

29-Apr-14 13:12:58.0200
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Data Captured by PQ monitor Showing
Solar Plant Response to Fault

30-Apr-14 06:52:35.1099
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Data Captured by PQ monitor Showing
Solar Plant Response to Fault

30-Apr-14 14:08:00.5098
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Power Quality Impact from Solar Power Plant

01-May-14 20:43:07.9290
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Power Quality Impact from Solar Power Plant
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Power Quality Impact from Solar Power Plant

06-May-14 17:24:24.8594
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Electrotek/EPRI operation on this timestamp.
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Unbalance

Dis-Connected to the grid B
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VTHD
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Flicker: Pst
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Conclusion

 Solar Is very interesting investment in Thailand.

e Thailand utility has regulation for quality of
supply from Solar power plant.

e Continuous PQ monitor is critical for both the
solar farm and the utility to monitor the
performance of the generation and the fault
activity of the grid.



Recommendation

— Monitoring background should monitor before
connect solar to the grid with the same time period.

— PQ monitoring should be installed at solar PCC at
utility and in utility substation in order to see the
Impact of events.
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