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Background
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The targeted school in the project

/

Reserved forests: public utilities,

such as national grid, are not permitted.

However, people had already settled in before.

Energy sources for the targeted school

PV panels for off-grid PV systems

Original electrical systems in the school

Renewable energy systems:
Independent off-grid PV systems,

(inadequate and unstable) micro hydropower system

Benefits: Safe (low power, low voltage, 5kW/48Vdc,
local people can take care of the systems
Problems: energy is not shared among the
systems. High energy waste, low overall
reliability, cost ineffective, etc.

The Proposed Solution: Energy Sharing...
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Electrical Parameters of the Off-Grid PV Systems in The School NecTec!
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Estimated energy waste:
Average PVgen/Day |Daily Load Demand Energy 25 8 KWh/d
PV (kW) (kWh) (kwh) Surplus (+) /Shortage (-) ' d
Annual energy recovery:
25.8 x 365 =~ 9,417 kWh/year
System 1 | 6.27 31.35 24 7.35
~ USD 1,414.55 per year
Estimated payback period:
System 2 | 33 165 312 14T 1-2 years, depending on the number of deployed ESDs.
System 3 | 6.93 34.65 25.2 9.45
*¥** Assumption
- DOD of the battery is 100%
System 4 | 4.98 24.9 33.6 8.7 - Power conversion loss is negligible.
- The electricity price/kWh is 5 Baht (0.15 USD)
- Daytime load demand is 60% of daily load demand.
System 5 6.6 33 24 9 - The costs of the DC-to-DC and AC-to-DC ESDs are 450 USD and
Total 28.08 140.4 138 2.4 600 USD, respectively.
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The Proposed Method: Energy Sharing Devices (ESDs) NECTEC!
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Proposed Energy Sharing Devices (ESDs)

PV1
Why ESDs?
Chargerl Inverter] Load1 - No impact on existing system operation
- Preserve key advantages: simple maintenance, safety, readily
AL AC-DC ESD
) available components, and low cost
Batteryl
DC-DCESD 1. DC-DC ESD (Bidirectional Power Flow)
Battery2 Enables direct energy sharing between nearby battery systems Based on
V2 Dual Active Bridge (DAB) topology
Key features: High efficiency, Bidirectional power flow, Galvanic
Charger2 Inverter2 Load?2

isolation, Simple and robust control
2. AC-DC ESD (Unidirectional Power Flow)

- Transfers energy from an AC source (grid or remote inverter) to charge

batteries

In pradice’ the choice of devices is flexible and can be - Uses interleaved boost converters for PFC combined with DAB

tailored to each system; not all devices must be used. charging stage

Key features: High efficiency, Galvanic isolation, Easy control and

integration
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The Proposed Method: Technologies for the Energy Sharing Devices NECTECﬁI
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Vdc,a Vdce,b
Vsen L Vsen
Pri.  Sec.
l:n
Isen Isen

AC

Gate driver Gate driver

DAB & Central cont. units

Ext. Comm. BUS

1.

DC-to-DC Energy Sharing

Main topology: Dual Active Bridge Converter (DAB)

Control unit: Analog + Digital

Communication BUS for communicate with BMS and others
Monitoring/Control panel

High frequency transformer for galvanic isolation

Cont. Panel
PEC DAB Ve 2. AC-to-DC Energy Sharing Device contains:
L Main topologies: Interleaved boost converter for PFC (Power
Lpfe Pri. - Sec. e Factor Correction) and DAB
fsen Control unit: Analog + Digital + (Optional) Energy Management
PFC cont. DAB cont. Board

Isen
Central control unit

Vsen
Ext. Comm. BUS

Cont. Panel

Communication BUS for coommunicate with BMS and others
Monitoring/Control panel

High frequency transformer for galvanic isolation
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An energy sharing logic (Off-Line Method) NECTEC~Ij
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System1’s SOC System2’s SOC SOC
Enable sending H Enable sending H
Disable receiving Disable receiving From AC Stop
, _ . . rom receiving
Disable sending M M Disable sending Source M
Enable receiving Enable receiving Enable
receiving
L L L

For DC-DC ESD

For AC-DC ESD
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System Configuration Using a DC—DC ESD (Redrawn for Experimental Results) NECTEC"
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. To Load 1 1

Charger Inverter——

System1

SW

PV p V‘ Uoad
—

; lBatt‘
Share

: 51.2V LFP
Battery

DC-DC ESD

' | 48V Lead-Acid

Battery
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Energy Sharing Waveforms of the DC-DC ESD

]
NECTEC

amember of NS I DQ

. 2s/div |

. 2s/div |
V Batt vBatt
lpy lpy
. lt;h(lrff i l:ih%l?%?
lLoad Load
LBatt .
LBatt
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System Configuration Using an AC-DC ESD (Redrawn for Experimental Results) NeCTeC)
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220Vac from Other

PV

To Load

« o Charger Inverter
SW
p V‘ 'Load
-
LShare ‘ !Batt

System

v

—
AC-DC ESD | mummy

51.2V LFP
Battery
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Energy Sharing Waveforms of the AC-DC ESD e NSTDA

2s/div

o L . :lLoc

g lpy

Measure P1:mean(C1) P2:mean(C2) P3:mea
value 5083V -32.87 4 14.10 £
status v v

20.0 Aldiv
2.00 sidivg

50.0 Aldiv 20.0 Afdiv 50.0 Aldiv
0.0 A offset 20.5 A offset -50.0 A offset
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Testing and Specifications of ESDs NECTES

-to- AC-to-
= —e e DC-to-DC ESD
Rated Power 3 kW, Bidirectional 3 kW, Unidirectional

Power converter Dual Active Bridge DAB, 2-phase Interleaved PFC boost converter
topology (DAB)

Switching frequency [V 50 kHz

HelElilelsRir:-Isllelana M Ferrite, 3 kV Hi-pot  Ferrite, 3 kV Hi-pot test
test

HEeidlec S ElgleEige i [EC 60950-1 (Hi-pot), IEC 60950-1 (Hi-pot, Electric strength, Touch
(passed) IEC 61000-6-1 (Surge current and protective conductor current), IEC DC-to-DC ESD
and EFT) 61000-6-1 (Surge and EFT)

Input voltage: 30 - 70 Vdc:30-70 85-265Vac:30- 70 Vdc
Output voltage Vdc

Battery Lead-acid, Li-ion Lead-acid, Li-ion

Maximum efficiency RIS 94%
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A Limitation of The Offline Energy Sharing NECTEC"

Systeml (S1) S1
L
ESDI C
“Idle” - “Energy sharing 33
“Idle” H
S2 52 “Energy sharing”
Offline Energy Sharing Online Energy Sharing

Future Work
Offline energy sharing cannot dynamically redirect surplus

energy to deficit systems.

8 — 11 February 2026 Westen Australia WREC2026



~
Future/Ongoing Work: Toward a Smart Energy Sharing Network NECTEC]
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MAS

Cloud

EMB

ESD Inv.

DM

Computation Layer: Multi-Agent optimization
and coordination

Cloud Data Layer: Data exchange via a lightweight cloud data hub

Device Layer: Power hardware and sensors
(ESD, Inverter, EMB, Meter)

Other

Communication structure
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* This work demonstrated Energy Sharing Devices (ESDs) as a practical solution for rural off-grid communities
Both DC-DC and AC-DC ESDs were successfully

* Designed

* Implemented

* Deployed in real field conditions
* The proposed approach

* |Improves overall energy utilization

* Reduces energy waste

* No modification of existing system control or operation is required.
*The solution preserves key advantages of small off-grid systems:

* Low voltage and safe operation

e Simple maintenance

e Use of widely available components

* Ongoing Work is also shared to address the limitations of offline energy sharing.
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Thank you
For Your Kind Attention!
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