\\\“,// WA P
o _ Enercy
%@\\\ il S . 08 RESEI\RCH
sl unsrads s

vvvvvvv

TASYAISWUNNQADULUKIINSNAYDIASH:
auwavviu: mMssvr1giwwauuu
Peer-to-Peer HazD1A1NSDIAS &)

FUANLHEULNIANS uaztszaumsainldsuainnsdiiulassnisudanssandamalulagan
aﬁuagumﬂﬁ’u’%miﬁ’mwéfomu (ERC Sandbox)

21 NINgINA 2568



n1svakanilswngsziiisululasinns ERC Sandbox

AWIAINSTUUKIINGIAY  aldunisnadous:uudonngWwatuu P2P metuiunaol
ur1anenay tusyuuudouneiss (Commerciall

i} N1SoULUY m19wWlnadeau wds=uulpsignglww
™ nsns:nugoarusoadolWwWasudou

& msEonfusasiArcuae (Wheeling Charge)



/w\ C/lula

ENERGY TRADING: SYSTEM OVERVIEW

Al bidding agent

ol CUBEMSE® %
ao|20

—— - —— o ———

- Trading Server

Al forecasting agent
service

i
9. Load forecast
O Solar forecast
19

Smart meter
Service (CUBEMS)

Market Clearing Service:

Period: hour ahead (P)

Strategy: uniform vs. discriminatory vs. pay-as-bid
Secondary market: MCP w/ penalty
Wheeling charge + platform fees: yes vs. no*



ENERGY TRADING: SETTING = e

dusudze (Minaziaralaw dusudauaszuun1stawis idWuuy P2P
MIAIABATIAN mMunagluuuaaia

- 1-SETTLEMENT PAYMENT (HOUR AHEAD ONLY)
- 2-SETTLEMENT PAYMENT (DAY AHEAD+HOUR AHEAD)

- Manual
- Auto by Al Bidding Agent

(Random Price, Constant Price Previous MCP, Dynamic Last Hour,)
MukAIUULLUNIIRBATIANAAND

nMsmuwalsuIm - UNIEORM

- Manual - DISCRIMINATORY
- Auto by Al Forecast Agent - PAY-AS-BID



ENERGY TRADING: Al BIDDING AGENT SERVICES

1. Random 3. Previous MCP

— *
Psuggested = N IVICF’Iasthour
Psuggested = [Pfloora I::‘ceiling]

Where,
\ / n = percentage of MCP that
- a participant would like
2. Constant to bid
\ Y

— 4. Dynamic last hour
Psuggested =n~ IDceiling

— *
Psuggested - (1+b) I:’Iasthour

Where,
b =-% if last hour win (buyer)

b = +% if last hour lost (buyer)
b = +% if last hour win (seller)

b =-% if last hour lost (seller)
N J O\ J/

Where,
n = percentage of price ceilng

that a participant would
like to bid




ENERGY TRADING: MARKET CLEARING SERVICES

Uniform
N1INIUBATIAN
P2P -  Ceiling Price 4.12
Price | - FoorPrice 295
(THB/ - Penalty Price MCP-15%
kWh)

MCP

Quantity
(kWh)

Price
(THB/
kWh)

Settling
price

Discriminatory

Quantity
(kWh)

Pay-as-bid

Seller rec:(!ives

Quantity
(kWh)
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ENERGY TRADING: Ul o Laula

® P2P Trading Overview  : LEAIAIWITINAITaL Y WA luaana P2P
* Participant Information :LL&@Gﬂ/ﬂHﬂﬂ’ﬁ;ﬁa"U’]EIVLWVQ\T’]"IJQGE\ITL"IT’ﬁ"JﬁJ

* Trading Setting - uenauazdInmeddinn Ty
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ENERGY TRADING: Ul — MARKET OVERVIEW

SMARTal 227

CAMPUS 3 February 2023

[& Login

Select date

Market mode Next Bidding
January 30, 2023

Two settlement payment (Type [) 32 mins 59 secs remaining

Select time P2P Trading Market

Trading time 1200
NINUEAIAINTIN

nssaae Wi

1ALt Bidding Information P2P Transaction Information

Sellers High Price B3.68 Buyers High Price  B4.12 High Price B4.12

]
~
j_r%a\l'] wnan Low Price  $2.91 Low Price  B2.70 Low Price  B2.72
u

(Ut 1eg) 81

Bid price Quantity Bid price Quantity Matched Matched
La%a a\l’] (Baht/kWWh) (kwh) (Baht/kwh) (kwh) price A quantity o

(Baht/kwh) (kW)

3.68 402.18 2.70 441.50
3.64 104.99 2.70 89.00
3.44 130.08 2.70 396.81
3.16 851.78 2.88 74.38

S1ALAY 2.91 1022.33 2.88 37.63 e
o/

Avg purchase price from market Avg sales price from market

d. Yo 3.65 4.60 2.97 92.06 Buyer quantity @ Seller quantity

33 mnv[.ﬂi'ﬂ 328 4.60 3.12 145.45
3.0 4.60 3.21 101.31
2.88 4.42 3.27 328.75

3.41 193.00 P2P Trading Market Capitalization ni’]ﬂ ua’ﬂ\j aa ﬂl']
Y]

3.49 164.50 >
3.53 40.31 Month  Year =) Vlwﬁ
3.69 313.19 n1Ynadg 1
3.69 452,63
3.71 104.88
4.12 175.75
2.70 96.70
2.70 12.98
2.72 35.94
2.80 24.49
2.98 23.61
3.05 23.65

(D Aueny

4.08 4.60 2.95 125.88 @ Bid price range

(gH L) B nuaasy fius LWAe 4

& Hour-ahead e Nav-ahead
All buyers' payment @ All sellers' revenue




@UJSMART 1425 = GAdminPamel  Zmsuser  alagout

CAMPUS 7 Fetnary 2023
PARTICIPANT INFORMATION

S B ; Market mode Next Bidding
Januany 50, 2023 CiL S Two settlement payment (Type I) 34 mins 16 secs remaining

Bidding History Cost Saving
MEA Price : 4.3 Baht

P2P Trading Market

[EGTR P EET]

Trading Summary Buyer
Average Price 4.12 Baht/kWh
Awerage Quantity 25338 kivh

Purchased Quantity 582775 kih @ Bid prics rangs PP S ——— T T p— — Rasult prics - Chula Chakrabongss Building
Paid 24,021 4 Baht Euyar quantity F— ® Razult quantiy - Chula Chakrabongza Building

Total Saved 1,037.92 Baht

2
B
2
:

P2P Trading Market Capitalization

BHL) anu sy jiuauty

® Chula Chakrabongsa Building’s paymant All buyars” paymant @ All sallars’ rovanua




ENERGY TRADING: Ul EXAMPLE — TRADING SETTING

SMARTwk
CAMPUS

Chula

Chulalongkorn University

{5} Admin Panel £ testuser? 71 Logout

Market mode : Two settlement payment (Type I)

Bidding Setting | Participant : Communication Arts of Building 1

Bidding setting mode

Auto

Al bidding mode
Dynamic-last-hour

Status

@ Enable

scailing_factor (between 0 and 1)

0.5

Next Bidding
6 mins 36 secs remaining Applya

nsMraIIALazdINIasLUL Auto

Load forecast

Algorithm A

Bidding Setting | Participant : Chula Chakrabongse Building

Bidding setting mode
Manual

Hour-ahead : next hour

Time 07:00

Price
(THB/KWH)

Status

@ Enable

mMImnwaIALazlIaauy Manual

21:00

Day-ahead : next day

Time 00:00

Price
(THB/KWH)

Recommend bid

14:00

Quantity
(KWH)




006 720c/0€ M1
SL6120e/6e1T
(E6720e/8ent
SreyeleiLent
0007 F20e/9e 1T
STA0T Fe0e/sent
0E0T F20e/re1
ST FE0e/EeT
00T ve0e/ze
STTTRR0EENT
0BT F20/0/1T
ST FE0E/61 1T
00T F20 /81T
STZLRR0E/LINT
0EZT F20/9 1T
PUEAR AV AR
00T F20e/711T
STETRE0E/EINT
0BT FE0E/eI T
ST RR0E/INT
00T F20/0 1T
811 720T/6MT
011 720T/8MT
SPLIe0EILNT
001 720e/3nT
8151720 SNT
08:S1 720e/oT
S7:51 720/ENT
0091 720e/e1T
SL9LPg0EN T
0E9T K202 TENT
89T FZ02/0E10T
00:LT F20e/6e 0
STLT VR0 8e/0T
OE-LT¥e0e/ Lo/
SYLTYE0/9/0T
0087 ¥g0e/Se/T
ST FZ0e/7e/T
0ET FZ0Z/EC 0T
ST FE0/ze0T
00T FZ0e/e/T
G161 FZ0/0 0T
0E%T FZ0/61 /0T
ST FZ02/81/0T
00:0¢ F20e/LT0T
G102 F20/9 /0T
0EA02 F20e/ST0T
Sp0¢ F20e/710T
00T V20 ET 0T
STTCRR0E eI
OETE FE0E/TTA0T
812 F20/0 /0T
0032 720e/610T
8122 7g0e/BI0T
0EC2 ve0e/LI0T
8722 7E0E/910T
0062 720e/S/0T
RSN
(€2 ve0z/ENT
RLASAAALS
00:0v20e/e/0T
ST0vZ0e 0T

50

H Chulalongkorn University

v

ilaUseauilunn
< & A 2
NINBNNITANEITINNINTD

Neei L

ldwanang (Network) 1

NINTWHLERNIBN

5
5

=<

8 MW

1
A

v
Voltage in p.u. - Meter No. 13014105

*UUNAS IR

YroNAaUTILTONADDIN
SN UINAINRAAAIRZRUNINNTN

a

¥
T
Z
L)
=
o
L
o
<
L1
>
O
oc
L
_I
Z
o
<C
L
—
Z
O
N
7
LLd
—

PNIGAGIT

~

(]
(]
%
%

-%3

o

q

N L3313

U3

1w
%Y

(=>4

LI b
BI1AILLA

p
B 52U AR89 Y TIHLATS

v

0.2800
0.2700
0.9600
0.9500
0.29400
0.2300
0.9200

o Tariussan i

ENERGY TRADING




ENERGY TRADING: LESSON LEARNT FROM EXPERIMENTS =~ @
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ENERGY TRADING: LESSON LEARNT FROM EXPERIMENTS = oot

a 2 1 . — -
g : AU AON WazQ=ouon
Insydas1as:uuWwIAIwa Y wudaeady : O: Sy
13-0177T1 L] 13-023931
H a L
— =l T o a AT
ULASD©JI0Y tu v0Folwwiain nwu. [(uutuawad) 3ITUdU 10 soie e
. METER
a2 a2 2 1,000 KVA
24K/
1
STATION No. : RMU (ORM STATION No. : RMU (ORMAZABAL) STATION No. : RMU 1 (Schneider) STATION No. : RMU 2 (Schneider) STATION No. : RMU (OF
SITE : enTmuiAsgh SITE : em1amunindisey (wiun)| SITE : svmIusuwnniuniund SITE : ewsumwaniuaiund SITE : exmnnasmand
[ [ | o I Jreea [ [T 3 [Tan ! o e [Tn o
TR OIL shae e
T p 500 KVA 300 VA G PN PN
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300 kVA e TR DRY
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STATION No. : RMU 61 (Schneider) STATION No. : RMU 60 (Schneider) STATION No. : RMU 59 (Schneider) STATION No. : RMU 8 (Schneider) STATION No. : RMU 6 (Schneider) STATION No. : RMU 56 | eider)
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SITE : waspmImainiunaiinalulad SITE : Sunmsismsiaa SITE : Tennimsiida SITE : TR mAaUnTsy 1
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ENERGY TRADING: LESSON LEARNT FROM EXPERIMENTS

Wheeling Charge

Load B Load B

Sum Meter Sum Meter
(ERC Sandbox) [ERC Sandbox)

s . o - - P -
a1Unatudrnisninddu ﬁw']ﬂ-dﬂ?ﬂ.&.m'l'}'ﬂﬂﬁﬂﬂ tardiluuday wuusan 21010558541

ariinaudani sninddu(danerarsdniaanngd)
315,317,319 n.owyrln wyaadqudy comlyudy ngsinwaviuas 10330

' al
my Wihunsnars vaudas fhiszdwdiou aaran 2567 ammensan lihiuuy dsil

\ - vaadlyuday 20011702381 Andaauldia On Peak 33,857,976.45 UM 47u9u 8,092,444 wuan
alvlih WGy 60.501.876.49 1M VLT ELE 96674762 Of f Peak 15.704,104.59 uIn 4149y 6.031.457 wiqy
' B ? ) 1oy e m 3 feyryn 16002698 ArAaTuAaan T Taldn On Peak 5,314,807.26 UM 41u9u 39,982 Aladmel
1 = L = = . . P
MMBYan U (8931 7%) (Hhuin 4,235,131.35 UM oL “zz . . . oft peak 0.00 u d1uau 31704 Dlaiad
kT AR Arinitanfunaime § 0.00 UM 37UIU 12,247 Alaang
L} = Ft uam/widas 0.3972 ATUTFNN T IH LREY 13,827 .24 un
ﬁ11ﬂﬁliju . . lﬁumu 64,737,007.84 1M ﬁ'u'ﬂ:wnizwﬁa 31.10.2567 A1 i dunids (Ft) 5,610,013.48 u1n
= = = A wr = = <, Aufiapafynau 01.10.2567 A1 Wheel ing Charge 1,147.47 U au9u 1,073 niny
(T‘iﬂﬂ"ll‘l';'lil”ﬂll‘i]ﬁllﬂ‘lqlﬂ"lMT‘illuli]ﬂﬂ‘Ialli]ﬂ']]"l‘ﬂl!'ﬂﬂi‘l"]lﬂﬂ'ﬂ"lx‘lﬂ) m,,i,‘.,un%wﬁq 0 An il s 60.501.876.49 un
LagEuAT iy 0 n’\ﬁl&ﬂﬂ"]l.'r-‘m 7% 4,235,131.35 um
ERLTEITETY 14,123,901  §9813u 64,737,007.84 umm

79u L 3ugnt 64,737,007.84 um
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ENERGY TRADING: LESSON LEARNT FROM EXPERIMENTS = ooty

* dm3un1sinisdazaliWuuy Peer-to-peer (P2P) azvinliinazaf Ao vzaialidionasszuy
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ENERGY TRADING: LESSON LEARNT FROM EXPERIMENTS == csowners

* §1%5ulA983519209 Wheeling Charge

A A
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ENERGY TRADING: LESSON LEARNT FROM EXPERIMENT < =i

aa & . !
° ‘l%umwaasﬂuunwaamsmﬁmmmm (Martket’s Settlement Mechanism) mm‘ma‘sﬂl@’ﬁq

. %Wﬂiw‘]JU‘YI‘YI"IﬂW?ITa“IJ"IElﬁJ?l%’]@LﬂﬂLLﬂ N‘IiFJLLﬂ N“IHEIL‘]J%TJSWW]%%‘YI’)VL]J LW?JVLﬁJiﬁLﬂ@ﬂ’J’]&IEI{IEIWﬂLLﬂN‘ITEILLﬂ N“ll’]El nna

1°mﬂLme’mﬂam@m@mamm (Single Settlement) 14132 Lwmwa@lamsmsaLﬂmmﬂmaamimamvaWﬂWLmu
Peer-to-peer LA

. LL@]%’]ﬂLLWﬂ@]W@?&JﬁJT%’]@I%mLLQ““’I?‘]J‘IT?J%%J"IT]?I%LLQ EJNGIH’JLLQ“’N“II’]ﬂY]ﬁJﬂ’JWﬂJLﬂ%ﬁJQQW%W%’]%’)%N’]ﬂ ﬂ’ﬁl"lﬁﬂLL‘UUﬂ"ﬁ

Lﬂﬂﬂi@m”lﬂﬁﬂdﬂid (2-settlement) 71]“"’]]"]ULWﬁJﬂi”aﬂ'ﬁﬂ"IW?la\‘l@lﬂ’]@LLﬂ ﬁ"liﬂiﬂﬁﬁ’]dNﬂ@]ﬂULLYI%sL%LLﬂN‘ITQLLﬂ N°ll"|£lvl,(ﬂ
ann

a A 6 o g 1
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