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ABSTRACT:

The Executive Yuan, aiming to improve Taiwan’s air quality, announced on December 21, 2017, that
10,000 urban buses would be fully electrified by 2030. In response, the Ministry of Transportation and
Communications (MOTC) has been providing subsidies since 2019 to encourage bus operators to adopt electric
buses. As electric buses become widely used, addressing issues such as power grid regulation, charging
infrastructure deployment, and fleet charging scheduling has become increasingly urgent. To tackle these
challenges, the Institute of Transportation (IOT) of the MOTC initiated a preliminary study and demonstration
project in 2021-2022, leading to the development of the "Smart Charging Management System for Electric
Buses" and the "Practical Practice Program "

This project spans two years. The first phase (2023) focused on enhancing the smart charging management
system by improving software stability, optimizing computational efficiency, conducting real-world validation
through deadly practical operation and night operations, analyzing system data, and evaluating benefits.
Additionally, charging schedules and capacity-based charging strategies for bus operators were developed and
tested at the Beishike Station (operated by Zhongxing Bus Group). The system, the first of its kind in Taiwan,
successfully demonstrated its ability to reduce operational costs by 20% and extend battery lifespan by 20%,
receiving strong recognition from bus operators.

The current phase (2024) is built based on the previous year's progress. It aims to establish at least one
additional demonstration site to verify system replicability and effectiveness. Furthermore, the project expands
the "multi-station" smart charging management mechanism, develops new functionalities, and explores
adjustments to subsidy policies to promote the adoption of smart charging.
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Predicting Tntelligent Charging Demand for Electric Buses
Using Artificial Neural Networks

& &3 Chia-Wen Chan'
&% % Chih-llung Chang'

3 Chung-Mou Lin®

4 & Liang Yu Jui®

#He
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DEHMAFLHRFTGNRNE MR- RATy ERY - £

SECE Wr?‘éié:iﬁkr‘&* B EHOEHnL s
ﬁﬁk@i*—b"iiﬁ.’ HBTBAFROFZATEAME - RATERATHAS R RELE S

lﬂi&ﬁl TRAED LT EER - ACHE - HELE

Abstract

Witk global alteniion persistently focused on emirommenial conservalion ond energy sustainabiliiy. the
electrification of laige buses stands as @ 4
How the elecirification of theve buyes fuces challenges such us eleciricity constratats, lanet limilations,
and schednling intricacies. Sanrt cliarging systems emerge as pivotal solutions to these predicaments, ard
aceurale engrgy consuniplion prediction holds paramount significance i practical operations. 1his siudy
aims to wiilize astificial intelligence technology to predict the energy consumption of electvic buses through
an analysis of various factors, including different environments, irallic, and weather conditions. Diverging
Siom the manufactiier’s single-charge travel distance estimate, our approach alms to accurately fovecast
energy consumplion. Leveraging veal dala from the Civil ol Taiwarr Daia Service Platform and the Electric
Bus Supervision Platform of the Divectorate General of Highways, an artificial intelligence madel is
constructed and emploved for electric bus energy consumplion prediciion. Research resnlts demonstrate that
under different T and traffic ¢ 5. the model con effectively forecast electric bus energy
consumplion. This not only enhances the optimization of intelligent charging benefits, energy management,
and charging stafion uitlization for electric buses buf also provides sironger support in thess areas.

Keywards: eleciric huses, enerzy consumption prediction, artificial fniel igence, sman charging

LAy e AR E R AR (MR 1 106 WAL EM A BIESE S 448 0 Wi 0 0223696650
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Design and Analysis of Energy Management Systems for
Hybrid Electric Buses

Skt hE B AL

Hi %

AREERLHE - AFET MR T EHESE N TH E L (Hybrid Electric Bus, HEB)M & —
B8 W 12 A #.(Energy Management System, EMS) + i i& 4 #%.4% % 7 (Global Search Algorithm, GSA) %
W THE L2 RS E AT SRG TR TSR EZRGEANGE - ATMAL L~
F HEB LU0 - HA GSATARAR LS PR TERTET - AWeH Th o
Zid o et Rl R faait - AR =g acl - AUNMUERE - BT OSA 5 0 A
% abavat T4 et 2k M| B 2 §l(Rule-Based Control, RBC) % » T E Kb # ~ 2T EAk b
FRATERATEREMMAT A d v g Eeiaa il 8 -l REs.
M At GSA 454 fi=k = HEB 9 tofd M REC {23l fi=b 7 R R e R iRk M 2L 3 -

Wi D HASTATHE L - T AL BARR G - 2ok

Abstract

This study aims to develop an Energy Management System (EMS) for a Hybrid Electric Bus (HEB)
equipped with a combination of lithium batteries and supercapacitors. The proposed EMS wiilizes a Global
Search Algorithm (GSA) control sirategy to optimize power distribution between the onboard energy sources
efficiently. To evaluate the energy utihzation effectiveness of the proposed method, an energy simulation
software for HEB was developed. The GSA is designed to test all possible power distribution solutions under
varying power demands and supercapacitor states of charge (SOC), calculating the optimal power distribution
ratic and iy a thi il [ power distribution map to minimize energy
consumption. In addition to the GSA, this studv alse implements a conventional Rule-Based Control (RBC)
strategy. The RBC divides the operating modes info seven categories based on power demand, the rate of
change in lithium battery current, and supercapacitor SOC, and accordingly distributes the ouiput power of
the lithium battery and supercapacitors. Simulation results indicate that HEB using the GSA-based control
strategy exhibil significantly better energy efficiency compared o the RBC strategy.

Keywords: Hybrid Electric Bus, Energy Management System, Rule-Based Control, Glebal Search
Algorithm
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Smart Energy Management

Vv2G Integration of commercial EV fleets into quE
sach mobile energy storage systems to

enhance smart city energy management.”
Support for Cooperation with the Enhanced urban
Extra “Charging infrastructure developers emergency virtual power plant  energy management
Revenue receives additional sources of revenue.” | power supply mechanism

"Mobile energy
storage systems”

| @

‘ Adopt international standards Generate labor benefits

‘ + Rapid promotion in « Automated stability to

Chinese Taipei reduce personnel stress.
« Expansion to the Asia- + Decreased demand for
‘ Pacific region night shifts
l
Use Emerging technologies ¢
« Enhancing the

+ Integration of Al and loT techs
+ Highly automated and
integrated charging solutions

| by

* Inclusive participatio;\
regardless of gender.

Domestic and International
Implementing International Standard Application Sites

| (CCS1) for Scalability and Replicability Smart Charging
w Utilizing ToT and Al Technologies || Management System Asia-Pacific
to Provide Customized Solutions b Malaysia,
| T . o™
High Energy Management Performance Thailand

are Gaining Global Market Recognition

3 Major Domestic Cities

Taipei City
Taichung City
- Taipei City

Reducing Extending Increasing
Energy Battery Llfe Charging Infra
Consumption Utilization Rate
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F A& £ 2 & #u(Energy Management System, EMS) » i i 4~ #k34 % ;1 (Global Search Algorithm, GSA) 4%
FlR s THE 2R SThRTEEMTRTE - AFEMRTEZRAEANE A REL—
# HEB feif it dn g - 5 AR GSATAARRZ RN EABRTERTE T > MEHE T H s
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Abstract

This study aims to develop an Energy Management System (EMS) for a Hybrid Electric Bus (HEB)
equipped with a combination of lithium batteries and supercapacitors. The proposed EMS utilizes a Global
Search Algorithm (GSA4) control strategy to optimize power distribution between the onboard energy sources
efficiently. To evaluate the energy utilization effectiveness of the proposed method, an energy simulation
software for HEB was developed. The GSA is designed to test all possible power distribution solutions under
varying power demands and supercapacitor states of charge (SOC), calculating the optimal power
distribution ratio and automatically generating a three-dimensional power distribution map to mininize
energy consumpltion. In addition to the GSA, this study also implements a conventional Rule-Based Control
(RBC}) strategy. The RBC divides the operating modes into seven categories based on power demand, the rate
of change in lithium battery current, and supercapacitor SOC, and accordingly distributes the output power
of the lithium battery and supercapacitors. Simulation vesults indicate that HEB using the GSA-based control
strategy exhibit significantly better energy efficiency compared fo the RBC strategy.

Keywords: Hybrid Electric Bus, Energy Management System, Rule-Based Control, Global Search
Algorithm
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Battery Mode
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