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PEA SERVICE AREAS

Yala

Nakhon Si Thammarat

Phetchaburi

Nakhon Pathom

Chon Buri

Nakhon Ratchasima

Ubon Ratchathani

Udon Thani

Phitsanulok

Lop Buri

Chiang Mai

Ayutthaya

PROVINCE : 74 Provinces

Electrified Villages : 80,062 Villages (99.99%)

Total Customers : 18.67 Million Customer

Peak Load : 20,439 MW
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2.Parameters modelling in 
HOMER Pro

3.Assumptions to study

4.Objective functions to study

5.Simulation results

Topics
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IEEE: a group of interconnected loads and
Distributed Energy Resources (DER) with
clearly defined electrical boundaries that
acts as a single controllable entity with
respect to the grid. It can connect and
disconnect from the grid to enable
operation in both grid-connected or island
modes.

IEC: a group of interconnected loads and 
distributed energy resources with defined 
electrical boundaries that acts as a single 
controllable entity and is able to operate in 
both grid-connected and island mode.  

Introduction: Microgrid definition
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• PEA target for electrification is 100% of villages and 
households. 

• Currently 99.99% of villages, 99.72% of households. 

• Rural islands, PEA supply electricity by using diesel 
generators. 

• Cost of diesel generators is more than 3 times. 

• Unelectrified islands, PEA plan to use solar PV + 
diesel generators and/or submarine cable. 

• The microgrid design will supply the load in the 
island by using solar PV as the main generation 
source together with a Battery Energy Storage 
System (BESS) to collect the surplus power form the 
PV and supply power to the load during hours of no 
sunshine.

Introduction: Why Microgrid?
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Introduction: Main component: BESS
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Sodium Battery (Hot) 
High Energy Type

• Sodium Sulfur Battery (NaS)

• Sodium Nickel Chloride (NaNiCl)

Lithium Battery
High Power Type and also High Energy

• Nickel Manganese Cobalt (NMC), 
LiFePO4 (LFP), Li-Ion Nanophosphate, 
Lithium Titanium Oxide

Flow Battery
High Power Type or High Energy

• Vanadium Redox Battery (VRB)

• Zinc-Bromine Battery (ZnBr)

Battery Classification
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Introduction: Study case area
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Parameters modelling in HOMER Pro

Battery modellingPV modelling 

Generator modelling Daily load modelling 

PCS modelling
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ASSUMPTIONS TO STUDY

• BESS operated at 595% SOC 
• Project lifetime is 10 years
• BESS 5,500 cycles: 1.5 cycles/day
• System fix capital cost

• microgrid controller $400,000 
• EPC for generator $100,000 
• EPC for others $600,000 
• The warranty 10 years, so the 

O&M cost defined at low cost
• BESS price at 2018 is 944 $/kWh
• BESS 1,200 $/kWh (escalation)

• Approximately shared to 
• battery system 700 $/kWh 
• PCS 500 $/kW
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OBJECTIVE FUNCTIONS TO STUDY
• Minimize the cost of energy (COE), average cost for 10 years per 

kWh of useful electrical energy produced by the system. Beside 
minimizing the COE, it should be less than 0.5 $/kWh to be 
competitive with the diesel generator. 

• Diesel generator operation for the first year, less than 2,000 hours. 
• The renewable energy fraction, average fraction for 10 years of the 

energy delivered to the load that originated from renewable power 
sources, should be more than 75%.
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SIMULATION RESULTS

• Daily energy usage for this island is 
about 3,100kWh while the peak load is 
about 200kW

• Plant factor of PV (NREL) in this area is 
about 17.0% (or about 4.08 hours/day), 
calculated minimum sizing of PV is 
about 750kW (3,100/4.08)

• Candidate sizing of the Solar PV: 
750kW, 1,000kW, and 1,250kW

• Candidate sizing of battery  1,000kWh, 
1,250kWh, 1,500kWh, and 1,750kWh

• 300kW diesel generator that covered for 
peak load will be used
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SIMULATION RESULTS:



PEA May 2018 14

SIMULATION RESULTS: 1st year
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SIMULATION RESULTS: 5th year
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SIMULATION RESULTS: 10th year
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SIMULATION RESULTS: 1st to 10th year
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SIMULATION RESULTS:
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SIMULATION RESULTS: sensitivity analysis 
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SIMULATION RESULTS: diesel generator only

• The system fixed capital cost would be 
$100,000 instead of $1,100,000

• The sizing of generator would be 
400kW for 10 years lifetime

• The COE would be 0.458 $/kWh 
• It means that for this case if the BESS 

price is about 90% of 2018 price, the 
proposed microgrid system could be 
competitive compared with the diesel 
generator only system.
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SIMULATION RESULTS: 100% RE

• Annual capacity shortage must be 5% instead 
of 0%. [The total capacity shortage divided by 
the total electric load]

• Some load must be unsupplied at some period
• The system fix capital cost would be 

$1,000,000 instead of $1,100,000 
• The PV sizing would be 3,000kW, 

BESS 500kW/2,250kWh
• The COE 0.541 $/kWh that cannot 

competitive with the diesel generator only 
• However, if 0% of annual capacity, 

PV 6,000kW, BESS 500kW/3,250kWh
COE 0.930 $/kWh
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Proposed microgrid design results
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Conclusion
• 1,000kW of PV as the main generation source

together with a BESS 500kW/1,500kWh to collect
the surplus power form the solar PV and supply
power to the load during hours of no sunshine

• 300kW diesel generator will be considered to
supply the power at some specific hours per year

• The COE for this case is 0.468 $/kWh

• Additional BESS and PV will be considered for
the 7th year to meet the 75% or more of renewable
energy fraction.

• The appropriate electricity tariff for microgrid
systems that can be proposed to the government if
this new business model would be implemented in
the Kingdom of Thailand in near future that
comply with this assumption is about 0.468 $/kWh
plus some percent of benefit.

• Again, if the price of BESS is going down, the
proposed methodology could be applied.
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Khun Pae, 
Chiang Mai

(R&D)

Mae Sariang, 
Mae Hongson

Betong, 

Yala

STAGE 1: Pilot

PEA Microgrid Project
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Microgrid at Khun Pae (R&D Project)

Khun Pae
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Microgrid at Khun Pae (R&D Project)

Microgrid Controller

BESS 100kW/100kWh 
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Microgrid Components

Next step: PHES
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Microgrid at Betong, Yala Province


