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The Gewertz Square building, under the
Department of Electrical Engineering at
Chulalongkorn University, plans to instal l a 50
kW rooftop solar system and two 215 kWh
batteries.

The goal is to increase the share of
renewable energy used within the bui lding.

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

The EMS wil l  manage energy production,
consumption, and storage to ensure optimal
system performance.
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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 .
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Energy Management System
(EMS)
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EMS COMPONENTS
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(2 x 215 kW)
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EMS 
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EMS DIAGRAM
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The results show that implementing the EMS leads
to greater electricity cost savings and higher
profit compared to the scenario without EMS.

EMS 



where :

THE DYNAMIC EQUATION CONSTRAINT OF BATTERY
SoC

100 %

0 %

(1)

 :  charge power of battery i

:  discharge power of battery i 

:  Charging/discharging eff iciency  

BATTERY

:  The state of charge (SoC) of battery i
 

:battery Capacity 

: t ime resolution
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BATTERY CONSTRAINT
The l imitation of charging and discharging the battery constraints

The l imitation of maximum state of charge and minimum SoC constraint

Battery terminal SoC constraint

(2)

(3)

(4)

(5)
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BATTERY
 Batteries

The CEPT research team plans to purchase 2 battery units.

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
bui lding from March 2023 to December
2024 peaked at approximately 35 kW. 
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ELECTRICAL LOAD
17

INTRODUCTION          BACKGROUND          METHODOLOGY          DATA PREPARATION           



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

The solar panels to be instal led at
Gewertz Square building have a
maximum generation capacity of 50
kW.

The power generation data from the
Boonrawd bui lding's solar panels were
scaled up to match a maximum
capacity of 50 kW
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SOLAR ROOFTOP
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METHODOLOGY
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EMS OPTIMIZATION
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EMS OPTIMIZATION

EMS DECISION VARIABLES
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(6)

EMS CONSTRAINTS
POWER BALANCE CONSTRAINTS

:  The system does not need to draw electricity

from the grid and can sel l electricity back to it .  

:  The system needs to draw

electricity from the grid 
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EMS CONSTRAINTS
Power balance constraints

Battery charge/discharge constraints

Battery’s terminal SoC 

(1)

(2)-(3)

(4)

(5)
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Battery’s SoC constraints

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



EMS Objective

Battery ObjectiveEconomic 

(2)-(3)
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(4)
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ECONOMIC EMS
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ECONOMIC EMS
Energy Unit 
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(11)



ECONOMIC EMS
Energy Cost 
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ECONOMIC EMS
Profit 
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(13)



BATTERY OBJECTIVE
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BATTERY OBJECTIVE
Smooth charging 
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Managing multiple batteries

BATTERY OBJECTIVE
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BATTERY OBJECTIVE
Encouragement to charge battery 
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Short-sighted focus: Since the Hour-Ahead plan focuses on short-term 
    decision-making, it often overlooks long-term impacts.
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DAY-AHEAD TRACKING FUNCTION (TRACK DA)
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TRACK DA

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

(14)



EMS OPTIMIZATION

(6)
(1)

(5)
(4)

IT CAN BE FORMULATED AS A LINEAR PROGRAMING
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DA EMS OPTIMIZATION PROBLEM

(2)-(3)



EMS OPTIMIZATION

(6)
(1)

(5)
(4)

IT CAN BE FORMULATED AS A LINEAR PROGRAMING
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HA EMS OPTIMIZATION PROBLEM

(2)-(3)



DATA PREPARATION
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DATA PREPARATION
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Load data were sourced from CUBEM and
Prof. Surapong’s meter.
Ranging from March 2023 to December 2024 
 Resampled to 5- and 15-minute .

Load consumption Solar irradiance and ambient temperature
Obtained from CUEE, SoDa (INWP, TNWP), and
Clear Sky Model (Iclr)
 Resampled to 5- and 15-minute 
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DATA PREPARATION
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Cloud index (CI)
Extracted from Himawari satellite images  at the
Boonrawd Building, Chulalongkorn University

Electricity tariffs
Buy-Sell rate
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FORCASTING MODEL
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FORCASTING MODEL
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LOAD FORCASTING MODEL IRRADIANCE FORCASTING MODEL
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PREDICTED SOLAR IRRADIANCE



LOAD FORCASTING MODEL
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LOAD FORCASTING MODEL
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          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 1.3 kW (4% of peak load),
compared to MAE of 0.65 to 3.2 kW (10% of Peak Load)  for the 1-hour model.



IRRADIANCE FORCASTING MODEL
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IRRADIANCE FORCASTING MODEL
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    The actual irradiance time series is compared with two predicted series
Ihat1​ (5-minute ahead) and Ihat12 (1-hour ahead) . The 5-minute model yields
lower 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.

2
2 2
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CONVERTED SOLAR POWER
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     The actual PV generation t ime series is compared with two predicted
series PVhat1 (5-minute ahead) and PVhat12​ (1-hour ahead), both derived
from the l inear relationship P=α I ,  where α is a monthly average
conversion factor calculated from actual PV output and irradiance data.
The 5-minute prediction more closely fol lows the actual PV profi le,
especial ly during periods of rapid variation, whi le the 1-hour prediction
shows smoother trends but greater deviations.



MODEL PREDICTIVE CONTROL 
(MPC)

49

INTRODUCTION          BACKGROUND          METHODOLOGY          DATA PREPARATION            



MPC IN EMS
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RESULT & DISCUSSION
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EMS Horizon
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Experiment Scenario
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Experiment Scenario
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HOUR-AHEAD MPC

55



OBJECTIVE  PROFIT
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Hour-Ahead MPC (Profit)
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The objective is to compare the total electricity cost
between 4 Pnet cases (EMS ideal, EMS forecast, EMS
actual, NoEMS) . 
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Hour-Ahead MPC (Profit)
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23.00 - 06.00: During this period, solar generation is unavai lable, so electricity is
purchased from the grid to charge the battery. The battery is charged to be ready for
daytime use.
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 rel ies more on stored energy to power the load
during this period.
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    The comparison shows that EMS actual consistently outperforms No EMS. In some
months, such as December, the cost gap is smal ler by 1,651 THB, suggesting
seasonal or operational factors influencing EMS performance. 
    Addit ional ly, 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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Note: Negative Profit = Cost of Purchase − Revenue from Sale



Hour-Ahead MPC (Profit)
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    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.
    Addit ional ly, 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 attr ibuted to forecasting errors or real-world
operational constraints that l imit optimal performance.

Note: Negative Profit = Cost of Purchase − Revenue from Sale
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Implementing EMS
Objective

  The EMS is implemented with an objective that considers three key cost
components: energy units, energy prices, and profit .  I t also incorporates
battery management and Day-Ahead (DA) schedule tracking to ensure
eff icient energy uti l ization and rel iable system operation.

Time Frame
The EMS uses a hierarchical t ime 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.

Use of Linear Programming (LP)
  A l inear programming (LP) formulation is used to solve the optimization
problem eff iciently . This approach al lows the EMS to operate with high-
resolution control at both 5-minute and 15-minute intervals .
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Profit Objective

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.

The EMS actual electric cost is lower than that
without EMS by 37,128 THB annual ly, or about 3,094
THB per month on average.
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Experiment Scenario
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Ideal :

Actual :

No EMS :

EMS :
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Hour-Ahead MPC (Energy Cost)
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The objective is to compare the total electricity cost
between 4 Pnet cases ( Ideal, EMS, Actual, NoEMS) . 
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Hour-Ahead MPC (Energy Cost)
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