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5 Disruptive
- Trends and
TN Technologies

(2) Decentralization
(3) Deregulation
(4) Electrification

T (5) Digitalization (loT & Blockchain)

ﬁ 1 ﬁ (1) Decarbonization
T
T

Grid for today Grid for tomorrow
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Distributed Generation (DG)

» Increasing of distributed generation (DG)
= Change from centralize to decentralize and two-way power flow
= Rapidly development of Lithium-ion and “COE decreasing of PV and ESS”

- Lithium-ion battery price outlook

| I i Lithium-ion battery pack price (real 2018 $/kWh)
s | 1977 [) £ING ENERDY 1,400
s | 1,200 4
| The Plummeting Cost of Solar 1,000
w 300x cheaper over 40 years 565 N
(S/watt) 600 A 2024 implied 2030 implied

$3) (SN

price $94/kWh price $62/kWh
L 400 %
$20 Su S A
pit i 200 A y S 4
R ittt wseer T e B P
................. - 0
oooooooooooooooooooooooooooo 2010 2015 2020 2025 2030

S0

1977 1982 1987 1992 1997 2002 2007 2012 2017 A Observed prices = = 18% learning rate

Sources: Bloomberg New Energy Finance, National Renewable Laboratories, Freeing Energy Source: Bloom bergNEF

Followus 055963182 |2 Sotech@nu.acth
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Electrification

12 BEVs by 2025 +
., All new models 13 electrified
30 new BEVs by 2025, 20-25% .@‘ electrified by
of sales (2016) 2019 $1B refit USA plant for EV, reiterates N BEV models in 18
EVsto be Model 3 production $10B for EVs and $1B for batteries new models in
start months, 20 new BEV
15-25% of sales by arts M All new models models by 2023
2025 (March 2017) S .
Expects 70% of Lcsuees electrified by 2020
7 new electrified vehicles @ models in China to ) ) @ Team Edison to make
@ announced, $700M to upgrade be hybrid+ by 2025 @ $848 investment to bring BEVs, reiterates 13 new
‘ factory (January 2017) 300 EVs to market by 2030 electrified vehicles by
Fully ! 2020, $4.5B in
§5EDM battery plant, — electrified ‘.l kwi | New BEV concepts investments +
11B to bring 10 EVs by ~2025 llocating 1/3 of
N, Expects ‘ . reallocating
by 2022, 15-25% of 20% of EU 5 EXT]ECIS atlul China sales combustion investment
# Joi t EV 2030
| sales by 2025 sales be ZEV Joint EV o be Y
by 2022 $2.7 Billion in
dgson batteries and EVs

=

UK — to ban petrol vehicle Scotland — government pledges
sales by 2040 to phase our petrol vehicle

India — expect all electric

by 2030, official policy
|

expected in Dec France — to ban petrol sales by 2032 ] "
China — EV mandates vehicle sales by 2040 Ch“'.'a —“New l_!rlergv
lobbied against vehicles” requirements
Norway — update: to use a mix of incentives published
mmmmm  Netherlands — lower house passes ~ and fees to reach goal of no petrol vehicles
motion to ban petrol vehicle sales  sold by 2025. June 2017
by 2025 (March 2016)
)l Norway — Norway discussing ban of »
BIE petrol vehicles by 2025 (June 2016) BEV = Battery Electric Vehicle
. PEV = Plug-in Electric Vehicle
- Gern.'lany ~ passes resolution ZEV = Zero Emission Vehicle
seeking to approve ZEV only by EV or “electrified” = hybrid, plug-in hybrid, or BEV

2030 (October 2016)

Source: https://www.teslarati.com/automakers-come-acceptance-ev-revolution-begun

055-963182

aresuan University, Phitsanulok, Thailand
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Micro-Grid (Low Voltage)
- Distributed Generation (DG)

- Customer Electrification (Prosumer)
- Almost PV on ground and rooftop (< 1 MW)

Community Grid (Medium Voltage)

- Small Power Producer transmission

- Community Electrification (IPP, SPP)

- PV and Wind farm, Waste to Energy
Biomass Gasification (1 — 90 MW)

National Grid (High Voltage)

- High Capacity transmission

- Nation balance of supply & Demand
- Centralize Generation (> 100 MW)

School of Renewable Energy and Smart Grid Technology €y 055-963180. @
i YRt [>X] sgtech@nu.acth
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Energy Park project

T PV Rooftop 6 kWp
e 2008 .
f‘/%;;d,a—f ( ) e
. ' D \
—-— 3{5@ S
E7 A
',—'/’ ‘(T NN\ \'f
4 '-l‘ A R N
Ll S SN
T " \\ \|
T I @~ \ ' NN
’ = 4 : ‘ / ; < SOV
o ‘3/ / Energy Park project -~ = N
’ % ’ : PV On ground 10 kWp R
: ‘f A5 (2008) Energy Park project » X ;_Z:Q?\‘\“‘\\\‘
o 4 4 PV On ground 10 kWp AR O e
— 5 $ ’(209‘8) o \: X \s “t‘ L N \

= B -— A
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SERT Micro Grid

(Phase I) Island Mode

2011 2014 2016 2018 2019

School of Renewable Energy and Smart Grid Technology v 055-963180,
FO”OW us | 9 Naresuan University, Phitsanulok, Thailand ﬁ 055-963182 }‘@‘ sgtech@nu.ac 1
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Project Structure

- — = = Japanese Side = = 4 |— == Thailand Side - = —,
| |
| |
: : | |
| N wEnergyan(:“IE(?u(s)trialTechnology I MOU I C CHE'HMIPEEd :
€ . .. < L ommission on Higher Education, I
Development Organization < — . . )
| | I Ministry of Education I
| |
| |
: : | |
I Entrustment I I Instructions for cooperation I
| |
| |
| |
: ! I Mutual || I
I Cooperation
YONDEN P | SGtech, NU |
| Shikoku Electric Power Co..Inc =] == - - - - r School of Renewable Energy and Smart |
| tikoku tlec " I Grid Technology, Naresuan University :
|
: ! | |

I | —— e e e e o = =

MOU: Memorandum of Understanding

F O I I ow us sgtech@nu.ac.th

Naresuan University, Phitsanulok, Thailand 055-963182 M
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System QOverview

Micro-Grid System

Central Control

Advanced Storage
Batteries
(200kWh)

I I
I

I Panel :

: |

I 000) 000 :

. o|o ,

o ] intercon- | seles !

Existing Grid nectionCB =" : :

é‘ ........... |

: I

_ DlesEI Generator Battery Inverter Academic :

Static Var (100kw) : Center (Load) | |

Generator I

I

I

I

I

I

I

* SVG can maintain the voltage by controlling its reactive power very quickly

Naresuan University, Phitsanulok, Thailand

055-963182 AR
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1L

Central Control Panel , SVG
Diesel Generator: 100kW

Storage Battery:200kWh

School of Renewable Energy and Smart Grid Technology B 055-963180, @
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NEDO MG project

120 kWp
(2011)
— = —_—
R ﬁ R ©
Xy A
v,—'/’ - (r NN \Fﬁ
. S, A - NN
Ll S SN
¢ 7 [ ’ \T\ 8
) ¥ | L .
1 RN
f/ Il v NN
- S = ‘\\\. =
p NN
U 2oed \":\:2 \;S_ =
NEDO MG project = o
BESS 100 kWh

(2011)

School of Renewable Energy and Smart Grid Technology v 055-963180,
FOHOW us | 9 Naresuan University, Phitsanulok, Thailand ﬁ 055-963182 "ﬁ‘ sgtech@nu.ac.th



“ SGtech
u Natsssannmersty e SGtech Smart Grid Development

SERT Smart Grid

(Phase II) DER (Advance Batt) , Demand Response
SERT Micro Grid |
2011 2014 2016 2018 2019

School of Renewable Energy and Smart Grid Technology v 055-963180,
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Department of Alternative 0
8 Energy Development and Efficiency SChnelder
() MINISTRY OF ENERGY aEIectric

Energy Storage System
for Smart Grid Technology

Virtual Power Plant (VPP)
Scada System installation
300 kWh Storage Battery

- Power Quality / UPS
- Bridging Power
- Energy Management

Naresuan University, Phitsanulok, Thailand

055-963182 AR
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—VPEA Average (L-N) ——Load Power (KW)  —— Storage Power (kW)
250 10
200 8
= -
u 150 6 2
B =
o
= 100 4 %
5 o
(a1
50 z
0 0

Energy Storage System (ESS) working with UPS mode

055-963182 N

Naresuan University, Phitsanulok, Thailand
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PV_10KW  « ‘wug AC_OL}"SIING %
I sl | "
b B X AR L e

Huileing Enargy Yzinzigomant Sysion)

Receptacle System

Switch Control

= & &
BTSN SN2 Eses SW.Mode
(9] (] (] TN

PV 10 KW PLAN

School of Renewable Energy and Smart Grid Technology v 055-963180,
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TESTING x

«~PRreasen

Switch Status
@ [ ] @ ® [ ] 5]
LTS5 (7S48 L7S-17 L7S-18 (TS99 L7S:20 L7s-21

e o © © © e e
N RN NEYE NEYD SN S

TESTING PLAN

-] & Server | -localhost- = | @ Acadamic F2 - Pant

School of Renewable Energy and Smart Grid Technology v 055-963180,
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SEMINER | Bindings AC_01TESTING -
oy, Pl AL JOOT

Bl

Switch Control

SW.Mode \ :
C ‘ Room Temp | 35.72°C )|

Kc.‘_ﬁ»_-ha-s;.—-__-‘_‘?v

SEMINAR PLAN

& Server 1= localhost= 1| | @ HIGH TEMP FCU - P

School of Renewable Energy and Smart Grid Technology v 055-963180,
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BESS for SG project
BESS 300 kWh
(2014)

£ 4
2 <1

<

School of Renewable Energy and Smart Grid Technology v 055-963180,
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SERT Smart Campus

Net Positive Production
Power (Phase lll) H Het

Smart Buidings

SERT Smart Grid

(Phase II) DER (Advance Batt) , Demand Response
SERT Micro Grid | E
2011 2014 2016 2018 2019

sgtech@nu.ac.th
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Naresuan University

Campus Power Project

Department of Alternative
d )S Energy Development and Efficiency l EONICS
. %&) /= ®
4 «i“

MINISTRY OF ENERGY

“To promote the renewable energy for using in the university”

S

System Components
 PV:400 kW

Bidirectional Inverter
Storage Battery: 100kWh

Energy Management System (EMS)

School of Renewable Energy and Smart Grid Technology E 055-963180, @

oss-963182 [ sgtech@nuacthn
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1L

A Dmmamow LINE

P

100kW
BATTERY STORAGE

@

HIGHTEMP
BUILDING

3kwW
PY ROOFTOR

SEMINAR
BUILDING

By

-
-
-

BUILDING

(BEMS)
. 100k
. BATTERY STORAGE
- -

L

SOKW 3506

P ROODFTOP

-
o

PV + Building Energy
Management System (BEMS)

bl
-
---"-h-u--...--.

Followus I 9

10kW
BUIL

CONTROL & MONITORING

SCADA SYSTEM

- -
CONTROL = " o=======

BLHLDING ENERGY
MANAGEMENT S¥YSTEM

PV ON GROUND

School of Renewable Energy and Smart Grid Technology
Naresuan University, Phitsanulok, Thailand

Year 2016: Net Positive Production

3.3kwW
Y OIN GROLUMND

3.3kwW
PY ON GROUND

3.3kW
PV OM GROLIND

DING

ACADEMIC
BUILDING

i 300kwW

BATTERY 5TORAGT
MICROGR

BUILDING
TESTING

BUILDING

120kW
PA DN GROUND

3.5kW
PV ON GROUMND
3.5k
Py ON GROUMND

055-963180,

055-963182 sgtech@nu.ac.th

o
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| I LI Moo Unvaraiy, eray and Smart Gric Technolooy Year 2016: Net Positive Production
35,000

C—— W.M, 2553

-+ —— ¢4

—_— 3 ———— —— - - S S —

<__T— nouremIsYuu Mico Grid ———2 YEATUILLY

- \ | | | |
12345678 $1011121p14151617 18192021 22

‘ > + - » . . ' . . . ‘ . 4 . . . .
| | |

Waou

- .- - 4— —_———— . —

0 kWh

O
=\l
(]

Energy Production (PV) > Energy Consumption

(520 kw,) (200 kw,)

School of Renewable Energy and Smart Grid Technology v 055-963180,
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Campus power project Campus power project

PV Rooftop 50 kWp PV On ground 350 kWp
o - i 0 N B (2016)
- f'“’”C*;mpus power project .y
e BESS 100 kWh o —
*
(2016) P A | ~o

F o g

e 2% "(T
(i

School of Renewable Energy and Smart Grid Technology v 055-963180, @
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ASEAN-ONR SG Simulator
(Phase V)

SGtech SG Platform

SGtech Smart Monitorin
(Phase IV) &

P2P Energy Trading Platform

SERT Smart Campus

p .
Power (Phase lll) roduction

Smart Buidings Net Positiv

SERT Smart Grid

(Phase II) DER (Advance Batt) Demand Response

SERT Micro Grid

(Phase I) Island Moge

2011 2014 2016 2018 2019

School of Renewable Energy and Smart Grid Technology v 055-963180,
Followus | 9 Naresuan University, Phitsanulok, Thailand B 5506315 }@.{ sgtech@nu.ac.th
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- Real-time two-way power flow concept

- Real-time energy flow

- Electrical exchange identification

- Real-time pricing / costing model for P2P Energy Trading Platform

L

SGtech

SGtech Smart Monitoring System
School of Renewable Energy and Smart Grid Technology
Naresuan University

Naresuan University, Phitsanulok, Thailand 055-963182

School of Renewable Energy and Smart Grid Technol iy 055-963180,
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Year 2018:

P2P ETP Platform

SGtech Smart Monitoring System

+27.63 kw 120 kW
PV GROUND
MOUNT
MG Building

+27.63 kW [

ey A
YN Ay
"-‘:‘:::: '-‘:b"~:c
~ »
+2.78 kW 12kw +1.39 kw &l
PV GROUND P¥ ROOFTOP
MOUNT
Academic 10kW Building Serninar Building 100 KWh/10 kW

Building Battery Storage

0.00 kw

+1.39 kw

+2.78 kw

Novemnber 26, 2019 16:16

100 kW
Diesel Generator

0.00 kw

22 kV PEA Transmission Line

+80.34 kw

350 kit
N PVGROUND o
Y MOUNT A
» N »y »
SEOES YAV
LN LI

-545 kW

22.81 kw
o,

Hightemp Building

.. SERT Building
S—

sting Building

+11.53 kW +1.62 kW
> B, s0kw > B 7w
2 o, PROOFTOP 2, PV GROUND MOUNT

kw

100 KWh/100 kW
Battery Storage

300 kWh/60 kW
tery Storage,

Real-Time Power Flow

Power Consumption: kW
Power Production: kW

Monthly Energy Display Real-time Costing

Baht
Baht

kWh
kWh

P2P Energy Trading (SGtech):
Excess Energy Trading (NU):
Energy Ratio (Demand/Supply):

Energy Consumption:
Energy Production:

Net Energy: kWh

Environment Measuring Data

Solar Irradiance: 232 W/m?
Ambient Temperature: °C
CO; Reduction: kgCO2eq
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SGtech Smart Moni
rmation of Building November 26,2019 16:18
» “ »
‘:'::v
» ‘b L
+27.63 kW H H™H H
Testing Building Power Display  solar Radiation: 233 Wim?  Ambient Temperature: 31.0°C
MG Buil
Status Supply’ Demand
Load -7 .07 kW
+27.63 kw
E
‘;‘v;k ransmission Lina
-
545 kW "vék )
i < kw
(>
=9 PV Production +1 62 kW —
Microgrid
~ 4 7 KW GROUND MOUNT
> :' ". f > KWh/100 KW
v w‘ : v“: v fery Storage
» “\ ’
» - .
> :-:‘ _:: . Power Supply & Demand Trend Monthly Energy Consumption Monthly Real-Time Costing
WA
‘V‘." XY ) Energy Consumption: -2518.15 kWh Energy Consumption: -10072.6 Baht
»
Prosumer Energy Production: +546 kWh Energy Production: +2184 Baht
Click he ger view Net Energy Metering: -1972.15 kWh Net Energy Cost: -7888.6 Baht
Balancing
Energy Ratio (Demand/Supply): [P Ersiy M2l
Real-Tim -161/261 Data
Power Co| Im?
Power Prd °C

| Net Energy: kWh ‘ Energy Ratio (Demand/Supply): © / ‘ CO- Reduction: kgCOzeq

Tia,

Sc\ﬁiml of Renewable Energy and Smart Grid Technology iy 055-963180,
Naresuan University, Phitsanulok, Thailand “ 055-963182

Followus
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SGtech Smart Moni

ormation of Bui Novemnber 26, 2019 16:18

P2P Energy Trading
Time Prosummer Energy (kWh) Status. Price (Baht/unif) Prosummer TotalPrice (Baht)
08:00:00 Testing D 425 ‘SeminarBuilding
MG Buil 08:00:00 Testing D 425 10kWBUilding
08:00:00 Testing D 425 MGBuilding
09:00-00 Testing D 425 ‘SeminarBuilding
09:00:00 Testing D 425 10kWBuilding
10-:00-00 Testing D 425 ‘SeminarBuilding
+27.63 kw
10:00:00 Testing D 425 10kWBuilding
11:00:00 Testing D 425 ‘SeminarBuilding ransmission Line
12:00:00 Testing D 425 ‘SeminarBuilding )_
13:00-00 Testing D 425 ‘SeminarBuilding kw
13:00:00 Testing D 425 10kWBuilding
14:00-00 Testing D 425 ‘SeminarBuilding
+§
14:00:00 Testing D 425 MGBuilding
15:00:00 Testing D 450 SeminarBuilding [T LS
jery Storage
15:00:00 Testing D 450 MGBuilding '
16:00-00 Testing D 450 ‘SeminarBuilding
v \J ',‘ " . 16:00:00 Testing D 450 10kWBuilding
L Y, v 16:00:00 Testing D 450 MGBuilding
vy Summary 4438 -192.47
P2P Energy Trading - SeminarBuilding
Real-Tim Data
Power Co| T . Im?
Power Prg °c

| Net Energy: kWh ‘ Energy Ratio (Demand/Supply): - / ‘ CO2 Reduction: kgCOzeq

School of Renewable Energy and Smart Grid Technol iy 055-963180,
Follow us I 9 il s B oo 06315

Naresuan University, Phitsanulok, Thailand
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Information of Footl

P2P Energy Trading
Total Energy Ratio : 26 day =]
Time Prosummer PV Capacity Energy (kWh) Status Price (Baht/unit) Prosummer TotalPrice (Baht)
16:00:00  SeminarBuilding BRkW k] 450 Testing Energy Consumption: 6% . 2.956 kWh
16:00.00  10KWBuilding 126w s 450 Testing
16:00:00 MGBuilding 120kW 5 450 Testing
16:00:00 MGBuilding 120kW s 450 SertBuilding
16:00:00  350kWBuilding I50KW s 450 SertBuilding
16:00:00 350kWBuilding 350kW s 450 HightempBuilding
Summary +31.73 +142.79
Excess Energy Trading (to Grid)
Time Prosummer PV Capacity Energy (kWh) Status Price TotalPrice (Baht)
16:00:00  350kWBuilding 350kW s 168 Grid
Summary +64.66 +108.63
Energy Trading Ratic E
P2P Trading- 10% _ 187 kwh
Energy Production: 94 %, 46,639 kWh
Monthly Real-time Costing ( 2019-11-01 - 2019-11-26 )
Daliy Real-time Costing (2019-11-26) P2P Energy Trading (SGtech) : Baht
Excess Energy Trading (NU): Baht
P2P Energy Trading (SGtech) : Baht
Trading: 30%. 1,652 kih Excess Energy Trading (NU): Baht

| Net Energy: kWh ‘ Energy Ratio (Demand/Supply): & / ‘ CO2 Reduction: kgCOzeq

ol of Renewable Energy and Smart Grid Technology
)an University, Phitsanulok, Thailand
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N
ASEAN-ONR Smart Grid Simulator (2019)
(Net Zero Import Energy from the 6rigd)™ ~ .

VPP-DR-IEC61850-P2PETP-EV+BESS

School of Renewable Energy and Smart Grid Technology v 055-963180, @
FOHOW us | 9 Naresuan University, Phitsanulok, Thailand ﬁ 055-963182 M sgtech@nu.ac.th
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ASEAN-ONR SG Simulator

(Phase V) VPP-DR-IEC61850-P2PETP-EV+BESS

Zero Net Import Energy

SGtech SG Platform

(Phase IV) SGtech Smart Monitoring i P2P Energ? Trading Platform
SERT Smart Campus Smart Buidings Net Positiv&lie Productior‘ia
Power (Phase Ill) E i i
(Sgﬁgsirn?rt Grid DER (Advance Batt) E Demand Ré—:ﬁsponse ; é
(Slfﬁang/lli)cro Grid Island Mo%ie é E E
2011 20514 2(§)16 20518 20519

School of Renewable Energy and Smart Grid Technology ooy 055-963180.
Followus | 9 Naresuan University, Phitsanulok, Thailand B 5506315 }@.{ sgtech@nu.ac.th
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Project Structure

- USA Side —— Thailand Side
| |
| |
' ONR ' Mou NU
' Office of Naval Research, J > Naresuan University,
| Virginia | Phitsanulok
| |
| |
| ) I . .
I Funding Support I Instructions for cooperation
| |
I + | Mutual
I e | Cooperation
Smart Grid Simulator P SGtech, NU
| . . —|--—=-=-= == » | School of Renewable Energy and Smart
I Equipment (Thailand Partner) ! grid Technology
| |

=
l
l
l
l
l
l
l
l
l
l
l
l

MOU: Memorandum of Understanding

F O I I ow us sgtech@nu.ac.th

Naresuan University, Phitsanulok, Thailand 055-963182 bad

9 School of Renewable Energy and Smart Grid Technology B 055-963180,



SGtech
I I School of Renewable Energy and Smart Grid Technology load 1 (1,540 kwh)

Naresuan University -

200

150

SGtech Microgrid Status

- PV Production 520 kWp and Energy
Consumption 200 kWp
(Excess Power 350 kWp about 2-3 hours) o S
- Weak of Overall Energy Management System (EMS) fime of day
for Balancing Power
- Energy Storage Degradation (Lead Acid Battery)

100

Energy consumption in kW

50

New Smart Microgrid Concept

- Develop the EMS for Balancing Power with “Net Zero Import Energy Concept”
(Daytime: PV+ESS and Nighttime: ESS)
- New Installation of ESS for Islanding Mode

- The First of Completely Microgrid Demonstration Concept for the Future
(VPP-DR-IEC61850-P2P ETP with V2G + ESS concept)
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e Advance Metering Infrastructure (NB-IOT Smart Meter with MQTT)

e Feeder & Substation Automation System (IEC 61850)
e Microgrid Component (Micro EMS) with Energy Storage System (300 kW / 300 kWh)

e 10T Sensor for Demand Response (DLC Concept with Open ADR V.2)

®* Renewable Energy Forecasting and Demand Response (Balancing Power)
e Virtual Power Plant (VPP) Monitoring and Control __ Net Zero Import Energy
e P2P Energy Trading Platform (Blockchain Technology (Hyper ledger: IBM)) = (Smart Microgrid)

e Data Center (Private Cloud Server)

* 2 EV cars with Charging Stations on P2P ETP (V2G / G2V Concept with OCPP V.2)
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ASEAN-ONR Smart Grid Concept
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The prototype of future communities
(Smart Microgrid) in the ASEAN country

“Net zero import energy from the grid”
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Thank You

School of Renewable Energy and Smart Grid Technology Il 055-963180, @

& sgtech@nu.ac.th

Naresuan University, Phitsanulok, Thailand 055-963182 h



