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INTRODUCTION




MOTIVATION

e The Gewertz Square building, under the

Department of Electrical Engineering at
Chulalongkorn University, plans to install a 50
kW rooftop solar system and two 215 kWh
batteries.

e The goal is to increase the share of

renewable energy used within the building.

Due to the intermittent nature of solar
energy, an Energy Management System (EMS)
is required.

The EMS will manage energy production,
consumption, and storage to ensure optimal
system performance.

photo credit: http://www.sustainability.chula.ac.th/th/report/3594/
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OBJECTIVE

* To develop and enhance the Energy Management System
(EMS) for the Gewertz Square building using real-world
simulation, in order to evaluate the performance of the
improved EMS from the 2023 project.

INTRODUCTION BACKGROUND METHODOLOGY DATA PREPARATION



BACKGROUND



Energy Management System
(EMS)

INTRODUCTION BACKGROUND METHODOLOGY DATA PREPARATION
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EMS

The results show that implementing the EMS leads
to greater electricity cost savings and higher
profit compared to the scenario without EMS.
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BATTERY
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SoC
THE DYNAMIC EQUATION CONSTRAINT OF BATTERY 100 %
(1) 1
100 - P ycng (DAL
SoG;(t + 1) = SoC;(t) + , PY (At - 1
| i ) i(£) BattCapaoty Tle chg( ) na (1)
I I S ] 0 %
100 State of chlarge (SoC) 18
where : . — s
SoCi(t) : The state of charge (SoC) of battery i B [P ] e e e 14 P ocng
ng(t): charge power of battery i | : au/ :zg
Pgihg(t) : discharge power of battery i | B 4ol Z §
BattCapacity :battery Capacity - | N . Y g 4
At : time resolution : _I] | | i
Ud,ﬂc < 1 : Charging/diSCharging effiCiency Oct 26, 00:00 Oct 27, 00:00 Oﬂt?r?&l{;ﬂ:ﬂﬂ Oct 29, 00:00 Oct 30, 00:00
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BATTERY CONSTRAINT

The limitation of charging and discharging the battery constraints

P (f) < MAX CHARGE RATE,  t=1,2,...,T (2)
i=1,2,..., Nga
0 _
Pions () < MAX DISCHARGE RATE,  t=1,2,...,T (3)
i=1,2,...,Ngat

The limitation of maximum state of charge and minimum SoC constraint
SOCmin!i < S0C(t) < Socmax,i (4)
Battery terminal SoC constraint

SoCi(T) > 40 (5)
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BATTERY

Batteries

e The CEPT research team plans to purchase 2 battery units.

\_
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JiniKO

B
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Jinko battery with a capacity of 215 kWh
https://jinkosolarenergystorage.com.au/product/jks-215klaa-100plaa/
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ELECTRICAL LOAD

,» / ~ The electricity load at Gewertz Square
7 a8 building from March 2023 to December
2024 peaked at approximately 35 kW.

c Graduate
Professor's Rooms el student Power electronics Lab
Room
office
Student Club Machine Lab Storage Room
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ELECTRICAL LOAD

Power Consumption
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SOLAR ROOFTOP

® The solar panel system connected to
the Boonrawd building with a total
capacity of 8 kW.

® The solar panels to be installed at
Gewertz Square building have a

maximum generation capacity of 50
kW.

* The power generation data from the
Boonrawd building’'s solar panels were
scaled up to match a maximum
capacity of 50 kW
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SOLAR ROOFTOP

30 Solar generation power

- i | \ \ |

)’ | N B ﬂﬂ \?\

D
o
o8 - ._‘_h
|_::-1.

Power (kW)
T

|
10 (
5 b ) lt | L\ 1 ~
j \ f o JoA
ﬂ I b i ’ ; ; 1 i e
Mar 16, 00:00 Mar 17, 00:00 Mar 18, 00:00 Mar 19, 00:00 Mar 20, 00:00

Time

INTRODUCTION BACKGROUND METHODOLOGY DATA PREPARATION



METHODOLOGY



21

METHODOLOGY

Historical pv generation
and load consumption

» forecasting Model

Forecasted pv generation
and load consumption

System Parameter Battery Equation _
of EMS5 from EMS
EMS Objective “;:L';ﬁﬂ;‘;‘ Battery Simulation
F:hn- P-:Il:hq :
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EMS OPTIMIZATION
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EMS OPTIMIZATION

EMS DECISION VARIABLES

Variable | Description Unit
Pret(t) Consumption power - Generation power | kW
iﬁg(t) Power charged from the i battery kW
Pﬁihg(t) Power discharged from the i battery kW
SoC;(t) | State of charge of i" battery %
INTRODUCTION BACKGROUND METHODOLOGY DATA PREPARATION
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EMS CONSTRAINTS

POWER BALANCE CONSTRAINTS

M
Pret(t) = Pload(t) = Ppv(t) + ) | (Piﬁg(t) - sz_.hgm).. t=1,2,...,T  (6)
i=1

I I I I I I I I I I I I I _J

¢ Pnet > () : The system needs to draw . Pnet < (: The system does not need to draw electricity
electricity from the grid from the grid and can sell electricity back to it.
P flow directi — P, (t) o8 i . = =
— Power ow rection chg v I 7 .-I : .__ o === = — Pchg {t] va{t] | . -’_. 3
Pd:hg(t) - _ I"' ...-._. ; -'. y -I,--...
Battery Z aﬂ"ﬂtt} ,-""' L
Solar Rooftop Battery
Pret(t) > O > EMS system in Solar Rooftop
Gewertz Square Pn Ettt] EMS systﬂl'l'l in
l P (V) Gewertz Square
| Revate
Grid Electricity
Electrical Load Grid Electriclty
Load
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EMS CONSTRAINTS

Power balance constraints (1)
Battery charge/discharge constraints (2)-(3)
Battery’s SoC constraints (4)

Battery's terminal SoC (5)

Constraints (1)—(5) are linear in the variables Pnet, Pchg, Pdchg and SoC
,which allows the problem to be formulated and solved as a linear program
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EMS Objective

Economic Battery Objective

I————| rm"" """

« o |
MINIMIZe | Jeost I+ WmJmultibatt + WsJsmooth charge + We)charge batt |

subject to Power balance constraints (e)
Battery dynamic (1)
Battery charge/discharge constraints (2)-(3)
Battery’s terminal SOC (5)
Battery’s SOC constraint (4)
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ECONOMIC EMS

* Energy Unit

T
Jcost = Energy unit = Z max(0, Pret(t))At  (11)
=1

[ ] [ ]
—> Power flow direction e P, ()

Battery
¥ Solar Rooftop
Phet(t) > O > EMS system in
Gewertz Square
[ Rouat®)

Grid Electricity

Electrical Load
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ECONOMIC EMS

°* Energy Cost

T
]COSt — Eﬂel’gy COSt — Z b(t) maX((), Pnet(t))At (12)
t=1

— Pehg (1) Pov(t) &

Pdl:hg(t]

l—r Power flow dirnctiunl

Battery

+ Solar Rooftop

Fhet(t) > O (expense) | gpyqg gystem in

Gewertz Square

| Benatt

Grid Electricity

El rical L
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ECONO

e Profit
T

MIC EMS

Jeost = »  [b(t) max(0, Pret(t)) — s(t) max(0, —Pret(t))] At (13)

t=1

| [

INTRODUCTION

Battery
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' =
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4
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BATTERY OBIJECTIVE

* Smooth charging

Smoothcharge waight =0

é‘ 10 MNel load
e I
w — O = 0 Q" b _P:hﬂ
S g -10 P.x
a -20 5
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Tima
Smoothcharge waight = 2

10 . =—Nal load
_l:l“_;|
'. —

Jun 08, 00:00 Jun 10, 00:00 Jun 11, 00:00 Jun 12, 00:00
Tima

Smoothcharge waight = 3
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BATTERY OBIJECTIVE

e Managing multiple batteries

Comparison P i between battery 1,2
40
. — baltery 1
E —— baltery 2
= 20
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3 fmll\‘l P | i i . firw
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BATTERY OBIJECTIVE

e Encouragement to charge battery

200 Chargebatl waighl = 0 . 100 « Chargabatl walght =

% | | [ 1] :' F‘I'Ij ; : F.r\.._;
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DAY-AHEAD TRACKING FUNCTION (TRACK DA)

e Short-sighted focus: Since the Hour-Ahead plan focuses on short-term
decision-making, it often overlooks long-term impacts.

Solution Value

INTRODUCTION

12:00

12:30

BACKGROUND

13:00

METHODOLOGY

. DA solution

x DA Solution Reference
M HA Solution

A Track-to-DA Reference
[ |

DA Horizon

HA Horizon

DATA PREPARATION
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TRACK DA

e Solution through TrackDA: This is achieved by integrating the TrackDA
function to align Hour-Ahead decisions with Day-Ahead plans.

Q (i) (i) (i)
P.;;hg,HA(t) o Pchg,ref(t)‘ : ‘Pdchg,HA(t) - Pdr:hg,ref(t)‘ } (14)
t=1 g=1 1=1

T 9
JtrackDA = Weh + Wych
Z g Z Rchg,max ’ E Rdc:hg,max
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EMS OPTIMIZATION

DA EMS OPTIMIZATION PROBLEM

I
'minimize

W
C
O

F____________

Jeost + WmJmultibatt + WsJsmooth charge + WeJcharge batt
ject to Power balance constraints (6)

Battery dynamic (1)

Battery charge/discharge constraints (2)-(3)

Battery’s terminal SOC (5)
Battery’s SOC constraint (4)

h_______________l

IT CAN BE FORMULATED AS A LINEAR PROGRAMING
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EMS OPTIMIZATION

HA EMS OPTIMIZATION PROBLEM

I mMinimize

| subject to Power balance constraints (6) F——

_________________—_—_—_—_—_—_—_—_—_—_—_—_—_—_ﬂ

Jcost + Wi Jmuttibatt + WsJsmooth charge T wr:fcharge batt +|thra¢:kDAI

Battery dynamic (1)

Battery charee/discharge constraints (2)-(3)
Battery’s terminal SOC (5)

Battery’s SOC constraint (4)

IT CAN BE FORMULATED AS A LINEAR PROGRAMING

INTRODUCTION

BACKGROUND METHODOLOGY DATA PREPARATION
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Load consumption

e Load data were sourced from CUBEM and

Prof. Surapong’s meter.
e Ranging from March 2023 to December 2024
e Resampled to 5- and 15-minute.

Power (kW)

Load Consumption

35

30
25
20
15
100 I

5
0
M Apr May Jun Jul

INTRODUCTION

Aug
Month

Sep

BACKGROUND

DATA PREPARATION

| Solarirradiance and ambient temperature

I e Obtained from CUEE, SoDa (INWP, TNWP), and

I Clear Sky Model (Iclr)

I e Resampled to 5- and 15-minute

I Time series of irradiance

I . Variable

| —

I E — Icir

| e T aim T maEm T meaw
Datetime

I Time series of temperature

aprs, 2024 0 apre202 0 apr7.204 o aprs 2024

Datetime

METHODOLOGY DATA PREPARATION

40



Cloud index

Cloud index (CI)

e Extracted from Himawari satellite images at the
Boonrawd Building, Chulalongkorn University

DATA PREPARATION

Electricity tariffs
e Buy-Sell rate

41

I o TOU
I —Buy Rate
Time series of cloud index I o [—Sell Rate
I Variable I 6
150 LA 1 . CI_CM
M | v —
| lf , M F|J'I|||'-. | CI_R I @5 A
o VM (Tl 3
Y L W | 34
| A f | ./ ' \ =
50 J_»_J'l | | | I
RN — , 3
" | ]! L L, g L e . I
00:00 12:00 00:00 12:00 00:00 12:00 00:00 2 —
Apr S, 2024 Apr 6, 2024 Apr 7, 2024 Apr 8, 2024 I
Datetime gl .
I 0 5 10 15 20
I Hour of the Day
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FORCASTING MODEL
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FORCASTING MODEL

LOAD FORCASTING MODEL IRRADIANCE FORCASTING MODEL

INPUT FEATURES
e LAG FEATURE
o ACTUAL LOAD CONSUMPTION POWER

INPUT FEATURES
e LAG FEATURE
o ACTUAL SOLAR IRRADIANCE

e FUTURE EXOGENOUS FEATURES
o AMBIENT TEMPERATURE FROM NWP
LAB HOUR

e FUTURE EXOGENOUS FEATURES
o SOLAR IRRADIANCE FROM NWP

O o SOLAR IRRADIANCE FROM CLEAR SKY MODEL
o LAB DAY o AMBIENT TEMPERATURE FROM NWP
o WORKDAY o CLOUD INDEX RED CHANNEL

o CLOUD INDEX GRAYSCALE

OUTPUT TARGET

e PREDICTED LOAD CONSUMPTION POWER OUTPUT TARGET

e PREDICTED SOLAR IRRADIANCE
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LOAD FORCASTING MODEL

Future exogenous

Input and lag

-
Number of
LSTM Layers

features

Toywplt + 1)

Taplt + 2)

| Towplt + 12)

Lyt + 1)

Lt + 2)

Lalt + 2)

Wayll +2)

| Lt + 12),

[ Lalt+1) ]

| Lale +12))

e+ 1)

Wit +12),

—

[ ]

Split lead-time value
and stack feature vector

5t + k)

Ly(t + k)
Lalt + k)
Walt + k)

EMaxiia

rTh wrrll 4 1-'].

" Dense-natwork

(1step)

. Deanse-natwork

(2-step) S ]
_FC layers
Dense-natwork W
(12-step) -
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Ltot [KW]

LOAD FORCASTING MODEL

The actual loadtime series is compared with two predicted series Lhat1 (5-minute ahead) and Lhat12
(1-hour ahead). The 5-minute model yields lower errors, with MAE of 0.25 to 13 kW (4% of peak load),
compared to MAE of 0.65 to 3.2 kW (10% of Peak Load) for the 1-hour model.

Hourly MAE Comparison (1-step vs 12-step)

1-step
12-step

1-Hour Prediction vs Actual

25

20

15

10

Jan 18

. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Datetime Hour
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IRRADIANCE FORCASTING MODEL

Future exogenous

features
fsowp (4 4 1:'-
fywpll + 2)
—
j'.'ul.l":f + 1] ]
Towpll 4 1:'-
i | Dense-network .
Twp(f + 2) s b
| (1-step)
Trwplt + 12)] Split lead-time value
and stack feature vector
Talf = 1)
. Dense-network
I-I - - = —— — I'# 5 )
ki . Freww(t + k) (2-step) et
Tuwplt + k)
falt 4 12) ' :
ot +k)ym | Jaelt+H)
Clem(t + k)
l“.l'.-._-llnl 1) ; -
: Clgl(t+ k) . FC layers
Clemll + 2)
- L .'ﬂ-'llll
gt + 12)
Dense-notwork »  fif + 1)
- (12-step)
l.'.'-"n[f + 2]
-
Tt} sl
T Bl
. » LSTM >  LSTM Y
JE = 1LY
-
Input and lag Number of
LSTM Layers
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IRRADIANCE FORCASTING MODEL

The actual irradiance time series is compared with two predicted series
lhat1 (5-minute ahead) and lhat12 (1- hour ahead). The 5-minute model yields
Iower errors, with MAE of 5 to 115 W/m* (12% of peak) and RMSE of 12 to 170
W/m? (17% of peak), compared to MAE of 6 to 151 W/m* (15% of peak) and
RMSE of 14 to 191 W/m? (20% of peak) for the 1-hour model. Both models
show increased error around midday, coinciding with rapid fluctuations in

solar radiation.

Time series irradiance for model is n_lstm_layers = 2, hidden_units = 50, dim_future_layers = 1

Model Performance Comparison: yhatl vs yhatl2

""""abli':‘ Hourly MAE Hourly RMSE
1000 — :
—— yhat1 e yhatl <re = yhatl
yhatl2 2 whatl2 175 yhatl2
— 800 20
E I\ 150
= | ( | " 100 e
.r:. oL ‘ ! ! 1 E ,_E_ 195
L L —
= 'I iU ; E 80 1 E 100
8 400 d < n
= = 601 E 75
200 - | _ 40 1 50
I ,, | am
f ﬁ; )’I f J 20 4 l - l
00:00 12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00 0 .'— l'— e 0 l'— \ l— -
e OO e O I T e i e e 6 7 & 9 10 11 12 13 14 15 16 17 18 7 8 9 10 11 12 13 14 15 16 17 18
J = i L L LLEL =5 OV L3, sUVER MOV & FAlLF
Hour Hour

INTRODUCTION BACKGROUND METHODOLOGY DATA PREPARATION



48

CONVERTED SOLAR POWER

The actual PV generation time series is compared with two predicted
series PVhatl (5-minute ahead) and PVhat12 (1-hour ahead), both derived
from the linear relationship P=al, where a is a monthly average
conversion factor calculated from actual PV output and irradiance data.
The 5-minute prediction more closely follows the actual PV profile,
especially during periods of rapid variation, while the 1-hour prediction
shows smoother trends but greater deviations.

lNme series PV power for model: n_lstm_layers = 2, hidden_units = 50, dim_future_layers = 1
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MODEL PREDICTIVE CONTROL
(MPC)
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MPC IN EMS

Prediction
Ilrr q"'ll o oy
Pioad, P
I— Load & Solar y L py
Forecast
\_ =
Execution
B
SoC intial—br'

Battery parameters—>{ Battery Equation |

SoC

Cost
function
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Optimize
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Constraints
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EMS Horizon

Day-Ahead
Electricity price
(- ng Optimization :
Battery parameter Day-Ahead Pchg and P_dchg
Load - Solar (15 min)
Hour-Ahead
Electricily price
Initial So0C ., Rolling Optimization ) Up Sampling . Rolling Optimization . P_chgand P_dchg

Battery parameter ' Day-Ahead (15min to Smin) Hour-Ahaad = =

Load - Solar (15 min)

Elactricity price
Initial SoC
Battery paramater
Load - Solar (5 min)
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Experiment Scenario

DA HA
Energy unit Profit Energy unit | Profit |
Y Y L———
Energy cost Energy cost
METHODOLOGY DATA PREPARATION RESULT&DISCUSSION  CONCLUSION



Experiment Scenario

‘

Actual data Forecast data
______ -I_. — - N -
Pj’ﬂl‘ Hmd -FI'.I'!L' Hﬂifi
¥ ¥ ¥ Y
v i
EMS EMS EMS Actual
Optimize Optimize Evaluate
+ l |
F- = Not Lond Actusl Battery Operation Battery Operation |
Actual Forecast
No EMS l '

METHODOLOGY

P, = Net Load Actual — Battery Operation Actual

EMS Ideal

Y

Pt = Net Load Actual — Battery Operation Forecast

Py = Net Load Forecast — Battery Operation Forecast

DATA PREPARATION

EMS Forecast

RESULT&DISCUSSION

CONCLUSION
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OBJECTIVE PROFIT



Hour-Ahead MPC (Profit)

The objective is to compare the total electricity cost

between 4 Pnet cases (EMS ideal, EMS forecast, EMS
ac t ua I ’ N O E M S ) . Parameter Value Unit
e 0.95 -
-r;d 0.95%093 | -
Max charge rate 100 kKW
_______________________ I Max dischargg rate 100 KW
Einimize Jeost + WmJImultibatt T WsJsmogth charge T WeJcharge batt + Jlrack[}ﬂl gzgi?)capamty 2]1“] k?ih
|5ubject to Power balance cqnstraints (E) SoCy(1) 50
| Battery dynamic ((E‘) I gﬂgmm i:; ;{3
| Battery charge/disCharge constraints (H) - (E) | S target 0 o
| Battery’s SOC constraint (g)) | Nominal voltage IV
________________________ d Number of batteries 2 units
We 3
Wrn 1074
W 0.05
Wnet ()
Wehg D
Wdche 3
METHODOLOGY DATA PREPARATION RESULT&DISCUSSION CONCLUSION
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Hour-Ahead MPC (Profit)

e 23.00 - 06.00: During this period, solar generation is unavailable, so electricity is
purchased from the grid to charge the battery. The battery is charged to be ready for
daytime use.

e 06.00 - 15.00: Solar generation meets the load demand, and excess energy is used to
charge the battery. Any surplus energy is sold back to the grid, making the system
more self-sufficient.

¢ 15.00 - 23.00: As solar generation decreases in the afternoon, the battery discharges to
meet the load demand. The system relies more on stored energy to power the load
during this period.

3 Power Summary: 16-Jun-2024 to 18-Jun-2024

25

D ......... e
Jun 16, 00:00 Jun 16, 12:00 Jun 17, 00:00 Jun 17, 12:00 Jun 18, 00:00 Jun 18, 12:00 Jun 19, 00:00

Time 2024

Pp\' -Fumg Pe.all 1o grid Pb-uy fromgid ~ Pluau _Plna-:l i Fu:hg
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Cumulativa negative profit [T

The comparison shows that EMS actual consistently outperforms No EMS. In some

months,

such as December,

the cost

gap

is smaller

by

seasonal or operational factors influencing EMS performance.
Additionally, EMS actual closely tracks EMS ideal, indicating effective real-world

EMS implementation. The largest gap occurs in May, where EMS actual outperforms

EMS ideal by 1,859 THB, possibly due to higher solar generation or reduced load.
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Month [ Ideal (THB) | EMS (THB) [ Actual (THB) | NoEMS (THB) [ Actual - Ideal (THB) | Actual - NoEMS (THB) |

January 156 595 548 4,507 392 -3,958 Bl
February 1,062 1,135 2211 5,641 1,216 -3,263
March 1,667 883 2,618 6,031 951 -3,919
April -459 -389 608 5072 1,067 -4,463
May 176 111 2,032 5129 1,856 -3,097
June -1,948 -2,361 -1,103 1,130 845 -2,234
July -137 -554 745 2,949 882 -2,204
August 422 171 1,515 4,102 1,093 -3,187
September 1,566 176 2,389 5,529 822 -3,141
October -178 -569 756 3,627 934 -2,871
Novermnber -1,315 -1,378 -215 2,324 799 -2,838
December 3,835 4,654 3,256 1,605 178 -1,651
Total -2.421 -8,025 8,615 45,743 11,036 -31,128

Note: Negative Profit

Cost of Purchase - Revenue from Sale

METHODOLOGY

DATA PREPARATION

RESULT&DISCUSSION

CONCLUSION



60

Hour-Ahead MPC (Profit)

The comparison shows that EMS actual consistently outperforms No EMS over the
course of the year, with a total annual cost saving of 37,128 THB. This suggests that
seasonal or operational factors may influence EMS performance.

Additionally, EMS actual closely tracks EMS ideal, indicating effective real-world
EMS implementation. Compared to EMS ideal, EMS actual incurs a higher annual cost
of 11,036 THB, which may be attributed to forecasting errors or real-world
operational constraints that limit optimal performance.

Yearly Cumulative Negative Profit Comparison (2024)

Year 2024

o

F

(7%

Note: Negative Profit = Cost of Purchase - Revenue from Sale

—

Cumulative negative profit [ten-thousand THE]
(A%

-Jan Apr Jul Oct Jan
Time 2024

—EMS ideal —EMS forecast EMS actual —MNo EMS
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Conclusion

Implementing EMS
e Objective
The EMS is implemented with an objective that considers three key cost
components: energy units, energy prices, and profit. It also incorporates
battery management and Day-Ahead (DA) schedule tracking to ensure
efficient energy utilization and reliable system operation.

¢ Time Frame
The EMS uses a hierarchical time structure for planning and control:
" Day-Ahead (DA): Uses 15-minute resolution data to compute a 3-
day-ahead schedule.
" Hour-Ahead (HA): Uses 5-minute resolution data to update the
schedule 1 hour ahead.

e Use of Linear Programming (LP)
A linear programming (LP) formulation is used to solve the optimization
problem efficiently. This approach allows the EMS to operate with high-
resolution control at both 5-minute and 15-minute intervals.

62
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Conclusion

Profit Objective

e The EMS actual electric cost is higher than the EMS
ideal by 11,036 THB per year, which corresponds to
an average of approximately 920 THB per month.

e The EMS actual electric cost is lower than that
without EMS by 37,128 THB annually, or about 3,094
THB per month on average.

METHODOLOGY DATA PREPARATION RESULT&DISCUSSION CONCLUSION
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Experiment Scenario

n

Ideal . Pnet, ideal ( ) lead(t) va t) I Z (Pé}?g t) B Péi%lg(t))

—————— [ i
EMS : Pret, ems(?) —|lead(t) PPV(E+ Zlgpéh)g(t) o chc%g(t))l

=] ————————
B9 (1) - PO (1) |
Actual : P acual(t) = Roaa(t) = Pou(®) + I Pia(t) = Pl (1)) |
j=] I ———————— =
No EMS : Pnet, noems(t) — Pload (t) - PpV(t)
METHODOLOGY DATA PREPARATION RESULT&DISCUSSION CONCLUSION
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Hour-Ahead MPC (Energy Cost)

The objective is to compare the total electricity cost

between 4 Pnet cases (Ildeal, EMS, Actual, NoEMS).

Jeost + WmJImuttibatt + WsJsmogth charge T '“":Jr:harge batt + JlrackDAI
|5ubject to Power balance cqnstraints (E)

| Battery dynamic ((E‘) I
| Battery charge/disCharge constraints (H) - (E) |
| Battery’s SOC constraint (ﬁ)} |

METHODOLOGY DATA PREPARATION

Parameter

Value

Unit

T

d

Max charge rate
Max discharge rate
Battery capacity
SoCy(1)

SoCy(1)

SGCmm

SOCrmax

Final SoC target
Nominal voltage
Number of batteries
e

W

W

Wnet

Wehe

Wdche

(.95
0.95 % 0.93
100
100
215
o0
50
20
&0
0
6724864

2
2
3
1074
0.05
0
5
5

KW
KW
K\Wh

]

Q

%
%
%

units

RESULT&DISCUSSION

CONCLUSION
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Hour-Ahead MPC (Energy Cost)

Monthly Cumulative Expense Comparison (2024)
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0 #:._'___-__..__.'—_‘ 0
Jan 01 JanO08 Jan 15 Jan 22 Jan 29 Fnh 01 FebO8 Feb15 Feb 22 Fub EEI Mar01 Mar08 Mar 15 Mar 22 Mar 29
2024 2024 2024
— Mr.:_m'r.h 4 10000 Maonth 5 Maonth 6
. 5000
E S000 /—/—//
: ——— —
g o - - - —— 0
5 Apr01  Apr08 Apr1d Apr22 Apr2d |".-'l.;"i:,' 01 May 08 May 15 May 22 May 29 Jun01 Jun08 Juni15 Jun22 Jun29
§ 2024 2024 2024
ot
E Month 7 _ 10000 MnnthE 10000 Month 9 _
g 5000
5 5000
—I'-_r-_.._- |
0 . 0
Jul01 Jul08 Jul1s Jul22 Jul29 Aug 01 Aug 08 Aug 15 Aug 22 Aug 29 Sep01 Sep08 Sep15 Sep22 Sep29
2024 2024 2024
10000 Month 10 _ _ Maonth 11 4000 Month 12
2000 2000 |
D - » & J [I
Oct01 OctD8 Oct15 Oct 22 Oct 29 MovD0l NovO08 Nov1s NovZ2 Nov29 Dec0l DecO8 Deci1d Dec22 Dec2d
2024 2024 2024

——EMS ideal —— EMS forecast EMS actual ——No EMS

68

METHODOLOGY DATA PREPARATION RESULT&DISCUSSION CONCLUSION



Hour-Ahead MPC (Energy Cost)
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] r

WL LA L L NOEMS (THB) | Actual - Ideal (THB) | Actual - NoEW
January 60 8,170 1,5 o
February I.E:E-E 2 BED 4,025 9,189 2,337 -5,164
March 2,051 3,409 5,222 10,308 3,171 -5,086

April 1,447 2471 3626 10,669 2,179 -7.043
May Q09 1,761 3,674 9,634 2,166 -5,959
June 319 1,289 2,258 6,337 1,939 4,079
July 1,188 1,782 2916 6,321 1,727 -3.406
August 1,268 2578 4,043 8,919 21776 -4 875
September 2075 2032 4058 8,406 1,983 - 348
October 790 1,903 3,404 8,155 2614 -4 752
MNovember 576 1,530 2826 7,290 1,850 -i 864
December 113 310 833 3,856 721 -3,023
[ Total | 1405T | 243353 | 400% 97, 25¢ 6,040 16
METHODOLOGY DATA PREPARATION RESULT&DISCUSSION CONCLUSION




Hour-Ahead MPC (Energy Cost)

Cumulative expense [ten-thousand THB]
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Yearly Cumulative Expense Comparison (2024)
Year 2024
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Time 2024
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