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Years in Solar Energy
Paid up Capital

Total Assets

QA System

EM System

Employees

LEONICS.

POWER TECHNOLOGY

11991, 23 Years in Business

. 15 Years in Hybrid Microgrid systems
. 1.72 millions USD fully paid in 1993

: 22.1 millions USD at (end of fiscal year 2013)
. Certified 1SO 9001 by UL since 1997

. Certified TIS/ISO 9001 since 2001

. Certified TIS/ISO 14001 since 2001
: 1 PhD. in Renewable Energy (Hybrid System)

2 PhD. Candidate in Renewable Energy (PV-DG Hybrid)
2 MS. in Renewable Energy
5> Master Degree in Engineering and Management

226 Employees (Degree in Engineering and Science 12%)
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LEONICS.

Leonics is the First and only Asia equipment manufacture e o e
in HOMER'’s Industrial Partners & Component Partners

E ME R HOME  PRODUCTS SERVICES SUPPORT CONNECT LEARNMORE  COMPANY m

Preferred Partners Program

Our Preferred Partners represent those companies that have demonstrated their commitment to the microgrid market through teaming with
HOMER Energy. It is a privilege to grow and strengthen our network with these excellent companies. They provide the products and services
that must come together to move microgrid projects forward. Contact us at to find out how your company can

become part of this group
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ADVANCED POWER TECHNCLCGY

TC8 IEC 60050-617 :
Systems aspects of electrical energy supply, Draft Definition IEV 617

Definition of Microgrid

“Group of interconnected loads and distributed energy resources with defined electrical
boundaries that acts as a single controllable entity and is able to operated in both grid
connected or island mode.”

Definition of Isolated Microgrid

“Microgrid currently not capable of being connected to wide electric power system”

ISO 9001 and ISO 14001 Certified = Www.leonics.com s www.leonics.co.th s
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Electrical Power System RoNRNGED POV LY

Urban Area
Power System

Remote Area
Power System

AC-DC Coupling
Stand Alone PV-WT-DG =| Microgrid
Hybrid Mini-Grid

*

‘ T
ﬁ @ ;": AC coupling Stand Alone
PV-WT Hybrid System
“’ 1} "’ '} DC coupling Stand Alone
; . 2 / \ PV-WT Hybrid System
Ly {
: “ -".." 4 [ ";L‘V

Has capability to connect to wide electrical system [

Isolaed Microgrid  Isolated Microgrid Isolated 'i>\\/|'icrogrid Isolated Microgrid
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Type of PCE (Inverter) in Solar Photovoltaic Energy System

n, Battery Inverter :

= Convert DC-AC, AC-DC, Bidirectional Applications
- Remote Area Power System
Voltage Source Inverter : Grid Forming - Stable V — f - Minigrid/Microgrid

PV—Battery Inverter (pual Modes Inverter, Grid connect and Stand alone)

Convert DC-AC, AC-DC, Bidirectional, Fast Transfer switch Applications
- Grid Connect with Back up
Voltage Source Inverter : Utility OK - Grid Connect - Follow V-f (Grid Interactive)
Utility fail - Grid Forming - Stable V-f

4, Battery Grid Connect Inverter

= Convert DC-AC, AC-DC, Bidirectional Applications
- Grid Connect with Back up
Voltage Source Inverter : Grid Connect with transient support to (Grid Interactive)
stable V-f of Power Generation Sources eg. Diesel Generaotr

PV Grid Connect Inverter

o]

Convert DC-AC, Unidirectional Applications
- Grid Connect
Current Control Voltage Source : Grid Connect - Micro Inverter in ACmodule

ISO 9001 and I1SO 14001 Certified = www.leonics.com = www.leonics.co.thm
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Urban Area Power System
Grid Connect Inverter

ADVANCED POWER TECHNOLCGY
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ADVANCED POWER TECHNCLCGY
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ADVANCED POWER TECHNOLOGY

Grid Interactive 100kW x 10 Units in a Factory
Tamil Nadu, India —

(Inverter work as Grid Connect when Uitlity line or DG is operate
And in Stand-Alone with uninterrupted power when Utility Power fail)

ISO 9001 and ISO 14001 Certified = www.leonics.com s www.leonics.co.thm
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ADVANCED POWER TECHNCLCGY

Remote Area Power System

IEA PVPS Classify PV Hybrid in Minigrid (Microgrid) system
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3.3 MW and 4.2 MW Stand-alone PV / diesel hybrid mini grid systems in Malaysia.
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1. Rotating machine dominate system
1a. Single rotating machine
1b. Multi rotating machine
2a. Single rotating machine + Storage
2b. Multi rotating machine + Storage

2. PCE dominate system
2a. Single PCE master
2b. Multi PCE master & slave

3. Single switch master (rotating & PCE)

4. Multi-master Inverter dominate

a. Genset Operation Control
al. Set reference Voltage and Frequency to
system

a2. Alternate operation of diesel units

a3. Parallel genset operation with load sharing,
a4. Reserve and transients covered by diesel

b. Genset Dispatching Control
bl. Schedule genset

b2. SOC-based diesel operation

b3. Load-based diesel operation

c. For PCE with out storage

cl. PV supply load and use excess energy to
charger battery

c2. Power limit control/Back feed control
c3. Dummy Load dispatching

c4. Deferrable Load dispatching

d. For PCE with Storage

d1. Set reference Voltage and Frequency to
system

d2. transient support

d3 PV and diesel genset-base battery charging
d4. PV battery charging only

i. Communication Line

il Hardware / Protocol
a. RS485 / Modbus + Proprietary
b. CAN / CANopen

i2 IEEE P1547.3 guide line

i3 IEC 61850-7-420

i4 UESP developed by CiA

ii. Gird Line Characteristic

iil. Frequency shift power control
ii2. Frequency & Voltage Droop

iii. On-Off Signal



1. Rotating machine dominate system
1a. Single rotating machine
1b. Multi rotating machine
2a. Single rotating machine + Storage
2b. Multi rotating machine + Storage

2. PCE dominate system
2a. Single PCE master
2b. Multi PCE master & slave

3. Single switch master (rotating & PCE)

4. Multi-master Inverter dominate

a. Genset Operation Control

al. Set reference Voltage and Frequency to
system

a2. Alternate operation of diesel units

a3. Parallel genset operation with load sharing,
a4. Reserve and transients covered by diesel

b. Genset Dispatching Control
b1. Schedule genset

b2. SOC-based diesel operation

b3. Load-based diesel operation

c. For PCE with out storage
cl. PV supply load

c2. Power limit control/Back feed control
c3. Dummy Load dispatching

c4. Deferrable Load dispatching

d. For PCE with Storage

d1. Set reference Voltage and Frequency to
system

d2. transient support

d3 PV and diesel genset-base battery charging
d4. PV battery charging only

i. Communication Line

i1 Hardware / Protocol
a. RS485 / Modbus + Proprietary
b. CAN / CANopen

i2 IEEE P1547.3 guide line

i3 IEC 61850-7-420

i4 UESP developed by CiA

ii. Gird Line Characteristic

iil. Frequency shift power control
ii2.Frequency & Voltage Droop

iii. On-Off Signal
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ADVANCED POWER TECHNCLCGY

la. Single Rotating Machine Dominate

c2. Power limit control/Back feed control

Supervisory

Communication

ISO 9001 and ISO 14001 Certified s www.leonics.com s www.leonics.co.th =
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ADVANCED POWER TECHNCLCGY

1b. Multi Rotating Machine Dominate

c2. Power limit control/Back feed control

Supervisory

Communication

ii2.Frequency & Voltage Droop

DG Plant Control
ISO 9001 and ISO 14001 Certified s www.leonics.com s www.leonics.co.th =




PV-Diesel Fuel Saver System Operation Graph

== PV to Load === Gen to Load
eese ACload — Total PV

ISO 9001 and I1SO 14001 Certified

'LEONICS.

ADVANCED POWER TECHNCLCGY

Fuel saver
limit PV power to run
genset at minimum power

= www.leonics.com s www.leonics.co.th s



Stand-Alone PV Hybrid System Control Supervisory Control Communication

Method

1. Rotating machine dominate system a. Genset Operation Control i. Communication Line
1a. Sing|e rotating machine al. Set reference Voltage and Frequency to i1 Hardware / Protocol
b Iti . hi system a. RS485 / Modbus + Proprietary
1b. Multi rotating machine a2. Alternate operation of diesel units b. CAN / CANopen
2a. Sing|e rotating machine + Storage a3. Parallel genset operation with load sharing, > |EEE P1547.3 guide line
a4. Reserve and transients covered by diesel i3 IEC 61850-7-420

2b. Multi rotating machine + Storage
i4 UESP developed by CiA

2. PCE dominate system b. Genset Dispatching Control ii. Gird Line Characteristic
. b1. Schedule genset . .
2a. Slnglg PCE master b2, SOC-based diesel operation |.|.1. Frequency shift power control
2b. Multi PCE master & slave b3. Load-based diesel operation ii2 Frequency & Voltage Droop
3. Single switch master (rotating & PCE)  c. For PCE with out storage iii. On-Off Signal

c1. PV supply load

c2. Power limit control/Back feed control
c3. Dummy Load dispatching

c4. Deferrable Load dispatching

4. Multi-master Inverter dominate d. For PCE with Storage
d1. Set reference Voltage and Frequency to
system
d2. transient support
d3 PV and diesel genset-base battery charging
d4. PV battery charging only
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PV Grid Connect Inverter ' LEONICS.

Bidirectional Battery Grid Connect Inverter AVANGED POUER TECHNOLOGY

la. Single Rotating Machine Dominate

c2. Power limit control/Back feed control

Supervisory

Communication

ISO 9001 and ISO 14001 Certified = www.leonics.com s www.leonics.co.th s
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By PV Grid Connect Inverter r— LEONICS.

Bidirectional Battery Grid Connect Inverter AEVANGED POUER TECHNOLOGY

1b. Multi Rotating Machine Dominate

c2. Power limit control/Back feed control

Supervisory

Communication

ii2.Frequency & Voltage Droop

ISO 9001 and ISO 14001 Certified = Www.leonics.com =W DG Plant Controll =







1. Rotating machine dominate system
1a. Single rotating machine
1b. Multi rotating machine
2a. Single rotating machine + Storage
2b. Multi rotating machine + Storage

2. PCE dominate system
2a. Single PCE master
2b. Multi PCE master & slave

3. Single switch master (rotating & PCE)

4. Multi-master Inverter dominate

a. Genset Operation Control
al. Set reference Voltage and Frequency to
system

a2. Alternate operation of diesel units

a3. Parallel genset operation with load sharing,
a4. Reserve and transients covered by diesel

b. Genset Dispatching Control
bl. Schedule genset

b2. SOC-based diesel operation

b3. Load-based diesel operation

c. For PCE with out storage

cl. PV supply load and use excess energy to
charger battery

c2. Power limit control/Back feed control
c3. Dummy Load dispatching

c4. Deferrable Load dispatching

d. For PCE with Storage

d1. Set reference Voltage and Frequency
reference

d2. transient support

d3 PV and diesel genset-base battery
charging

d4. PV battery charging only

i. Communication Line

il Hardware / Protocol
a. RS485 / Modbus + Proprietary
b. CAN / CANopen

i2 IEEE P1547.3 guide line

i3 IEC 61850-7-420

i4 UESP developed by CiA

ii. Gird Line Characteristic

iil. Frequency shift power control
ii2 .Frequency & Voltage Droop

iii. On-Off Signal
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ﬁ PV Grid Connect Inverter

LEONICS.

ADVANCED POWER TECHNCLCGY

V' Bidirectional Battery Inverter

2a. Single PCE Dominate

c2. Power limit control
Communication .
Supervisory----------- 'S
: '
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v | E
By frequency of grid :g
1
i ]
I |
I \%
I
I \/
v =

1SO 9001 and I1SO 14001 Certified s www.leonics.com s www.leonics.co.th =



o TR R e

rﬁ PV Grid Connect Inverter | LEONICS
®

V' Bidirectional Battery Inverter AR POUER TReNeras

2b. Multi PCE Dominate

c2. Power limit control
Communication .
Supervisory---------- g
l g
: :'E
1 | S
A\ ! E
By frequency of grid ;8
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Stand-Alone PV Hybrid System Control Supervisory Control Communication

Method

1. Rotating machine dominate system a. Genset Operation Control i. Communication Line
1a. Sing|e rotating machine al. Set reference Voltage and Frequency to i1 Hardware / Protocol
b Iti . hi system a. RS485 / Modbus + Proprietary
1b. Multi rotating machine a2. Alternate operation of diesel units b. CAN / CANopen
2a. Sing|e rotating machine + Storage a3. Parallel genset operation with load sharing, > |EEE P1547.3 guide line
a4. Reserve and transients covered by diesel i3 IEC 61850-7-420

2b. Multi rotating machine + Storage
i4 UESP developed by CiA

2. PCE dominate system b. Genset Dispatching Control ii. Gird Line Characteristic
2a. Single PCE master bl. Schedule genset ii1. Frequency shift power control
) g ) b2. SOC-based diesel operation T q y P
2b. Multi PCE master & slave b3. Load-based diesel operation ii2 .Frequency & Voltage Droop
3. Single switch master (rotating & PCE)  c. For PCE with out storage iii. On-Off Signal

c1. PV supply load

c2. Power limit control/Back feed control
c3. Dummy Load dispatching

c4. Deferrable Load dispatching

4. Multi-master Inverter dominate d. For PCE with Storage
d1. Set reference Voltage and Frequency to
system
d2. transient support
d3 PV and diesel genset-base battery charging
d4. PV battery charging only
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V' Bidirectional Battery Inverter e e e

3. Single Switch Master (Rotating Machine & PCE)

Supervisory

Communication

Inverter
control

L
* - DG Plant Control
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nics.com s www.leonics.co.th =

ISO 9001 and ISO 14001 Certified




I S’

MW scale Stand-Alone Hybrid Mini-Grid System LE ONICS®

ADVANCED POWER TECHNCLCGY

% Total Power of INV+DG+PV

(PV) = Photovoltaic Module, ()

= BDI + GCl,
(B) = Battery, (DG) = Diesel Generator

850 kWp (PV)
850 kW (1)
4,800 kWh (B)

Faracel'lslands

Bario
906 kWp (PV)
1,100 kW (1)
3,860 kWh (B)

Banggi
1,200 kWp (PV)
2,075 kW (1)
2,880 kWh (B)
1,650 kVA (DG)

1600 kW (DG) 1,443 kVA (DG)

Production
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MW scale Stand-Alone Hybrid Mini-Grid System LE ONICS®

ADVANCED POWER TECHNCLOGY
(PV) = Photovoltaic Module, ()

= BDI + GCl,
(B) = Battery, (DG) = Diesel Generator % Total Power of INV+DG+PV

Banggi
1,200 kWp (PV)
2,075 kW (1)
2,880 kWh (B)
1,650 kVA (DG)
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ADVANCED POWER TECHNCLCGY

Main Contractor : USAHA SIRIMAS SDN. BHD.
COD on : 25 January 2014
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4.93 MW PV-DG Hybrid System, Banggi Island 2, Sabah, Malaysia LEONI‘ :S
(1,200kWp, 1100k Winv, 975kWacinv, DG 1,650kW)

ADVANCED POWER TECHNCLCGY

Grid Connect Grld Connect Bi-directional Diesel Generator
Inverter Inverter Battery Inverter 350kW 500kW 500kW
75kW x 3 = 225kW 250kW x 3 = 750kW 300kW x 3 = 900kW
NNV N Q NNV N \/ v IN VN @

¥ MM MMM \l/\l/\l/

PV on AC Coupling ANEASY AN
Remote Station — — =
Battery Battery
480Vvdc 720 kWh - 480vdc 2,880 kWh
MPPT Charge
Controller

70 kW x3 = 210kW
ISO 9001 and ISO 14001 Certified s Www.leonics.com s www.leonics.co.th s



LEONICS.

ADVANCED POWER TECHNCLCGY

PV Module 1,000 + 200 kWp
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DG 5 : '
400kW DG4 |
400kW

LEONICS.

ADVANCED POWER TECHNCLCGY
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PV Power Farm Hybrid Commercial Residential BTS Special Warroom o
Banggi2
e Main » Graph v e Battery Graph~ ¢ Download
Meteorological Data
m o Weather
Load =TT xw
PV Array PV Arr ki "
TS 194 | Wim? 200.88 kWp 750 kWp T oo
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Solar Charge Controller
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Power Graph =
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LEONICSB' Monitaring and Uperation Lenter F;'?TL 2= @

PV Power Farm  Hybrid Commercial Residential BTS Special Warroom

Banggi2
* Main » Graph ~ e Battery Graph ~ * Energylog

| Date:2014 v04 v 23+ Go!|

Hybrid System Operation Graph
2014-04-23
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1. Rotating machine dominate system
1a. Single rotating machine
1b. Multi rotating machine
2a. Single rotating machine + Storage
2b. Multi rotating machine + Storage

2. PCE dominate system
2a. Single PCE master
2b. Multi PCE master & slave

3. Single switch master (rotating & PCE)

4. Multi-master Inverter dominate

a. Genset Operation Control

al. Set reference Voltage and Frequency to
system

a2. Alternate operation of diesel units

a3. Parallel genset operation with load sharing,
a4. Reserve and transients covered by diesel

b. Genset Dispatching Control
bl. Schedule genset

b2. SOC-based diesel operation

b3. Load-based diesel operation

c. For PCE with out storage
cl. PV supply load

c2. Power limit control/Back feed control
c3. Dummy Load dispatching

c4. Deferrable Load dispatching

d. For PCE with Storage

d1. Set reference Voltage and Frequency to
system

d2. transient support

d3 PV and diesel genset-base battery charging
d4. PV battery charging only

i. Communication Line

i1 Hardware / Protocol
a. RS485 / Modbus + Proprietary
b. CAN / CANopen

i2 IEEE P1547.3 guide line

i3 IEC 61850-7-420

i4 UESP developed by CiA

ii. Gird Line Characteristic

iil. Frequency shift power control
ii2. Frequency & Voltage Droop

iii. On-Off Signal
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Bidirectional Battery Inverter

4. Multi Masters

Communication

Supervisory

v
By frequency/Voltage droop

= wWww.leonics.co.th =

ISO 9001 and ISO 14001 Certified



LEONICS.

ADVANCED POWER TECHNCLCGY

A village of 7 in Papua, one of 96 PLTS sites, ESDM-Project 2012,
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Thank you

Any Questions are welcome

ISO 9001 and I1SO 14001 Certified
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