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1 ABSTRACT

The world’s urban population has seen an unpred¢edegrowth in the last few years and will continiae
soar rapidly in the coming years. Public transpimasystems need to be equipped to handle thisxirmaff
people into cities. Digital technology applicationave been adopted in public transportation systeyns
many cities around the world to help optimise trigewever, the various digital technology appliocas and
experiences in developed and developing cities iremnaderstudied.. The study uses qualitative dathe
form of content analysis and case study analys@uh the investigation of four cities, Singapd@gdney,
Cape Town and Lagos, and their implementationsigifadl technologies — ticketing and communication
public transportation systems. Through the analgsisvo developing cities in Africa and two devedab
cities in Asia and Australia, the lessons of citipsculiar experiences provide valuable insightuab
contactless payments such as mobile ticketing arattscards and smart applications in the form obiheo
applications which provide trip details. Finallipetstudy draws on each case by highlighting thqueriess
of lessons learnt when implementing digital tecbg@s to improve public transportation systemsufeut
research into user experiences of digital technolagplications in public transportation is necegsar
providing deeper understanding of their effectivemne

Keywords: digital technology, public transport, straards, ticketing, smart applications

2 INTRODUCTION

The world’s urban population has seen an unpred¢edegrowth in the last few years and will contirtae
soar rapidly in the coming years. By the year 2@b6,world’s urban population is expected to rs&8%.
This will further issues of traffic congestion, deased parking availability and an increase inupialh.
Therefore, there is a need for improved publicgpant systems which are equipped to handle thisxrudf
people into cities (Bieler et al. 2022). Digitatlaology applications have become extremely popinlar
public transport systems, with smart cards and tghanes replacing the use of paper tickets as hadedf
payment (Durand et al. 2023). Information commuticaand technologies (ICT) have transformed public
tranapsort systems. The most popular form of ICThes smartphone. Majority of public transport users
around the world have access to smartphones arid framsport applications have proven to be vesgful

in disseminating public transport information thghumobile applications and collecting user datauph
these very applications (Strenitzerova and Stalmeax2021).

The paper starts by analysing literature on diggéahnology applications in public transportatigistems,
focusing on ticketing and communication, it theregwn to review the four different cases and finall
concludes by drawing on the lessons learnt frorh ease.

3 LITERATURE REVIEW

3.1 Smart ticketing

Ticketing of public transport around the world ar@w dominated by Automated Fare Collection (AFC)
systems (Li et al. 2018). These systems includdactiess payments such as smart cards, smart watch
payments, mobile payments (debit/credit cards)nisog QR codes and fare readers that read different
methods of payment (Sydney.com 2023). Smart cata pleves useful in determining different user trip
characteristics, making it easier to improve orstixg and new public transport plans. However, siend
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data cannot provide other important details suctripggpurpose, user satisfaction and so forth (Mobd et
al. 2016).

3.2 Communication

Mobile usage in public transport is becoming a p@poption for not only paying fares and purchasing
tickets via mobile apps but to also receive infarora pertinent to trips from these applicationsvas|
(Bieler et al. 2022). Information and Communicatioechnologies (ICT) provide useful information teets

of public transport systems, in the form of tripqing, mode options and links between differenti@sato
make effective and efficient decisions. Howevegr¢hare limitations to having ICTs in public traosp
Three key limitations are users access to the tdopies, user’'s technological skill levels and jastwv
pertinent and reliable the information providedthg technology is (Ryseck 2019).

4 METHODOLOGY

The study collected qualitative data in the formcase study analysis. Four cities were selecteddbas
digital technology applications within the publiansport system. The four cities selected were &piogg,
Sydney, Cape Town and Lagos, as the cities représendeveloped cities in Asia and Australia ana tw
developing cities in Africa respectively. Data vwamirced from Google Scholar, Scopus, Web of Sciasce
it allowed for more access to information pertinemtthe study. The data was further broken dowa int
digital technology applications implemented in fbiem of ticketing and communication for each city.

Qualitative data
Case study analysis

Developed cities Developing cities

Singapore Sydney Cape Town Lagos
(Asia) (Australia) (Africa) (Africa)

Figure 1: Breakdown of data collection and anal{Swmurce: Authors 2023)

The last stage of analysis was the creation obke taf the unique lessons learnt by each city'seegpces
of implementing digital technologies in public tsport systems. Above (Figure 1) is a breakdowrhef t
stages between data collection and analysis.

5 RESULTS AND DISCUSSION

The results below analyse four different citiespgapore, Sydney, Cape Town and Lagos. Each city is
broken down into the method of ticketing and comization used in the city’s public transport systfine
approach to the cities public transport planninglé® explored to provide a context for the decisimmade

by the cities.

5.1 Singapore

Singapore occupies an area of 719,1km2 and hasteamely high population density ratio, resultingan
increasing demand for public transport. Theref@iagapore looks to mitigate the negative effectshidf
increased demand through the implementation of reostainable public transport policies. The three c
elements of Singapore’s public transport policieswith decreasing the use of private motor vekicle
increasing shared mobility and public transport &ndlly improving the integration of transport atahd

use planning. The policies further focus on smadnénclusiveness and greenness. Singapore achieves
sustainable public transport through efficient publansport systems that promote economic devedopsn

strict private vehicle regulations coupled with eanmentally friendly modes of transport which adlmiite

to environmental sustainability and lastly, impashigh vehicles taxes and affordable public transfaoes

E
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encourages social equity (Diao 2019; Haque ettdl32and Singapore Academy of Corporate Management
2024).

Users of public transport in Singapore can make afsevo modes of payment, one in the form of a
contactless smart card and the other is mobile pay@approaches (Wolniak and Grebski 2023). Singegpor
electronic ticketing system is the EZ-Link card (ZR020). The EZ-Link card was first introduced in
Singapore in April 2002. The card allows publicnsport users to pay for different modes of transpor
creating a more integrated system as well as an aas efficient payment method (Wolniak and Grebski
2023). It is important to note that the EZ-Link @¢aan also be used for other payments such as sziaike
purchases, tolls and parking. The fares of the aml dependent on the distance travelled, the age
demographic of users giving a cheaper rate to sergtudents and children (Chakirov and Erath 2011)

Figure 2: EZ-Link card reader (Source: EZ-Link 2p23

The EZ-Link card is so widely used that it was fduhat between 1 August 2013 and 31 October 201%, 9
of public transport users had used the EZ-Link dardpayment of trips and only 3% of users paichgsi
cash (Liu et al. 2019). In 2022, EZ-Link card readevere able to read Mastercard and EZ-Link's
collaboration called Pay by Wallet through loadthg card on users’ mobile devices which were able t
make contactless payments for public transpors taipd other e-commerce payments (Ang 2022). EZ-Link
smart card data was found to be a useful sourceefmarch. A study found that data provided bysthart
card combined with data from StarHub mobile gediocawould be able to determine and create popular
feeder routes and main public transit lines andecaotain the variables affecting route choice (Roeala et

al. 2016).

The EZ-Link card is linked to an EZ-Link mobile disption which allows users to real-time top-upithe
EZ-Link cards, making tracking funds and rewardsiezaand reducing queues at ticketing machines (EZ-
Link 2023).
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Figure 3: EZ-Link Mobile app (Source: EZ-Link 2024)

REAL CORP 2024 Proceedings/Tagungsband Editors: M. Schrenk, T. Popovich, P. Zeile, P. &lisC. Beyer, J. Ryser, E
15-17 April 2024 — https://www.corp.at H. R. Kaufmann



Analysis of Digital Technological Applications inuBlic Transportation Systems Ticketing and Commuitoa: Reviews of
Singapore, Sydney, Cape Town and Lagos Experiences

Singapore has another mobile application called I8k&' that allows you to locate bicycles real-time
through the application or physically, once located docking station, scan the QR code on thecldayith

the application and it automatically unlocks theyble for use. Bicycles can also be unlocked with a
membership card (Wolniak and Grebski 2023).

5.2 Sydney

Covering 12368,7km2 of land, Australian public spart planning has been centred around land use
planning which is a facet of metropolitan-baseatstyic plans. However, in the last two decadeslipub
input around the processes and policies which goties city have taken the forefront in planning and
referred to as ‘consensus-based planning’. Auatraities, specifically Sydney, seek to integrated| use
and transport planning to allow for the improvemienaccessibility of residents. The financing amgemncy

of transport plans are not discussed with the pulhich tends to lead to financing and first prefere
going to high-profile road projects and not to peitansport projects (Legacy, Curtis and Sche@f7

and City of Sydney 2023).

Sydney has adopted an electronic ticketing systerthé form of a smartcard for public transport. The
smartcard is called the Opal card, which replatedpreviously used paper tickets. The Opal card was
introduced between 2013 and 2014 in a step-byssttphod (Ellison et al. 2017). The Opal card prosida
integrated transport system as the card can bearsddferent public transport modes, which ares,titain,
light rail and ferry (Qu 2022). Though the Opald#self provides contactless payments, Opal ceadi@rs
also allow contactless payments from Visa debit enedlit cards, Mastercards and American Expresiscar
(Sydney.com 2023). There are six different Opatisaadult, child/youth, gold, concession, schoal fire
opal cards. Each card has a different has a difféage with the adult Opal card paying the higtiasts.

: Remember

Figure 4: Sydney’s Opal card for public transp@ympents (Source: Poposki 2019)

A study conducted on the travel behaviour of publamsport users based on the introduction of thal O
card system found that the new system was muchleinmpterms of fare structures than the previcaiggp
ticketing system and encouraged more car to traittises. Users of the Opal card were also mordylite
use public transport on weekends as the new fauetste allows for unlimited trips capped at $5&/eek
for adults (Ellison et al. 2017). The Opal carelitss useful in collecting data on travel behavias it was
able to track the patterns of seniors in orderralyse their preferences of public transport usardHa,
Birtchnell and Du 2023).

In 2015, it was recorded that 79% of Australiansengsing smartphones (Tompson 2015). Sydney has two
mobile applications available to public transposers. The first application is called ‘TripView' @n
provides timetables for different public transpoxdes.

A study conducted in Sydney found that the TripViewp is popular among those with intellectual
disabilities and therefore helps improve socialusion in public transport (Danker 2023). The seton
application is called ‘Next Station’ and not onlsopides timetables of different public transportdas but
also includes real-time vehicle position as welkasvice notifications that can be set to variaugliages
(Sydney.com 2023).
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Figure 5: TripView App summary of trip view (SourceipView 2024)

5.3 Cape Town

The population of Cape Town was at an estimate8 Bullion in 2018 with an area of 2455km?2. Cape Tiow
is the most traffic-congested city in South Afrib@ayving both low- and high-income areas (Smith 2824
New World Encyclopedia 2024). The history of Apaithplanning has greatly influenced the city of €ap
Town and its spatial characteristics. Cape Town d&agowing issue of urban sprawl which has since
worsened by public-led investments. This meansrggitents have to travel further distances (tofeo
work, education, entertainment, and so forth), tigwnajor implications on the cost of trips increasiThe
planning of public transport in Cape Town is haddby the Transport and urban Development Authority
(TDA) agency. The TDA aims to achieve the impleraginh of a high quality and inexpensive public
transport services. The city is guided by policythie form of the National Land Transport Act fro02
which requires Cape Town to have a Comprehensitegiated Transport Plan (CITP) to guide public
transport planning (Allansson and Kajander 2017).

The MyCiti bus rapid transit (BRT) uses a smartdcpayment method called the MyConnect card. The
MyConnect card was made available free of charggotath African users in 2013, however, a R30 fee to
pre-load Mover points was required to attain thed @MyCiti 2013). In order to use the BRT, users ar
required to possess a MyConnect card. There aretimer payment methods available other than the
MyConnect card on the BRT. However, the MyConnegctids only available for payment on MyCiti BRTs
and no other form of public transport in Cape Towhe MyConnect can now be purchased for R35 from
MyCiti booths or from retailers that sell the ca€he use cards can also be purchased for R30 gyattai
route cards for R100. All MyConnect cards requingr@load Mover points before travelling. The faoés
the MyConnect card are dependent on the distarmtevarther the trip is peak or off-peak. The smadca
comes with different fare packages available fgutaer and occasional users, with regular usersnattp
discounts. Users are able to tell when their camid to be topped up by the validator turning yelénd
beeping twice (less than R20 available) and regibgdive times when payment is unsuccessful (muiéu
available). Users are charged a penalty for unsstakepayments (Smith 2021).

The MyConnect card has been a useful tool in rebganojects which analyse travel data that inchaiges
of users through the process of route node insetb@enerate various network scenarios to optiig€iti
BRT routes as there have been financial lossesreatby the service and a lack of funding to healjves
these issues (Mzengereza 2021).
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Figure 6: MyConnect card being tapped aboard MyCiti B&durce: MyCiti 2024)

Cape Town has three active ICT mobile applicatitreg provide public transport users with schedules
which are essential to trip planning. The threesaqme ‘GoMetro app’, ‘TCT app’ and the ‘iIOSMyCippal
which is not an official one.

Transport Portals
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Figure 7: Transport for Cape Town (TCT) app (Soussestainable Energy Africa 2017)

The city had two other apps called ‘Transport Herod ‘Public Transport App’ to provide a similangee,
however, due to little marketing and a low numbledawnloads, both applications were removed from th
Android and iOS app stores (Ryseck 2019 and Ry2@2k).

5.4 Lagos

Lagos has an area of 3345km? and is the highestlgted city in Africa, with projections for 2100 ibg
between 61 and 100 million inhabitants. Thereftre,city experiences the most traffic congestioAfiica.

This increase in population means that there wéllam increased demand for transportation (Paul and
McSharry 2021 and Britannica 2024). In 1999, injonation with the newly appointed government, the
World Bank introduced the Lagos Urban Transportjd@towhich aimed at introducing a BRT, water
transport, cable car and rail services. The LagmaMetropolitan Transport Authority (LAMATA) was
then established through the Lagos State Ministrjransport. Lagos has over 100 agencies of I@tate

and federal government which all would act in th®im powers in making transport planning decisions,
therefore, the introduction of LAMATA provided stegic goals that assisted agencies of government to
work towards to (Klopp, Harber and Quarshie 2019).

Lagos has had two methods of paying for publicqpant, the Lagos connect card and Cowry. In 2015,
Lagos launched their first BRT service called thetitd Bus. Along with the launch of the Metro Busswa
the installation of a Card Validator and a Lagoswt Card. The Lagos Connect Card could be tapped
when entering and exiting the bus in order to g2® aaira discount on any trip. At the time of thench, it
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was reported that not all buses had active caridlatars, many of the terminal points did not haaedc
recharging services, passengers were being ovgethan trips and validators being switched off byats
as paper tickets made more money (Popoola 2015).

BRT Lagos

®
°
°
®
°
®
®
°
°

Plan your Journey

Beat the traffic

Figure 9: BRT Lagos app (Source: AppAdvice 2024)

Within the Cowry payment system, there are two fowhpayment. First is the Cowry card which can be
tapped (using NFC technology) upon entering antingxthe public transport mode. The Cowry card lsan
used on all transport modes such as ferry, BRTSyumad the First Mile and Last Mile (FMLM) Scheme,
however, the BlueLine railway is still in the intagon process. The Cowry app is the second form of
payment, users can scan the app generated QR tdhle eeaders. Users can top up their Cowry cards
through the Cowry app wallet by a service agensatf-service validator at the relevant terminaleW@y
2024). Use of the Cowry Card commenced in Febr@@®1. A Cowry Card costs 200 naira (for a paper
card) and 400 naira (for a plastic card). Cardrmada are displayed on the validator post paymeatet
users on their balances (Joshua 2021). It seemghbaurrent Cowry payment system has replaced the
Lagos Connect Card system. Another mobile app wbeldhe Lagos BRT app which provides real-time
locations of BRT buses which are sent to centri@lligence and transforms the GPS details to brigadr
and departure times for users. The app also prewiders with other buses available close to thieif Btops
(Amiegbebhor and Popoola 2021).

6 LESSONS LEARNT

Each city has had unique experiences with smatilng and communication. Fig. 10 shows the lessons
learnt by each city. The lessons can be notedhmr @ities looking to implement such services.

7 CONCLUSION

The world’s urban population continues to grow, imgkthe need for efficient public transport systems
extremely important. Both African cities, thoughtibbeing some of the most developed developing<iti
Africa faced challenges with smart ticketing andasneommunication systems. However, these two Afric
cities implemented alternative systems in respoog@evious challenges which proved that implenmenti
such technologies in Africa requires a trial angieprocess which allows for tailor-made solutitinst may
not be applicable in developed cities. All citidkow for the use of smart card payments acrossufit
modes of transport except Cape Town which leavemrtor creating a more integrated public transport
system, thereby increasing mobility. However, Caipa/n has spatial expansion restrictions in termthef
mountains and waterfront, Sydney has a large harloseries of waterways and challenging topography
some parts. Lagos has a similar situation beingtémcon a strip of land between the Atlantic Ocaath a
lagoon. Singapore also has spatial restrictionsgoan island, this means that public transport sid¢ede
implemented strategically in all of these citiestlasy each have ungiue spatial challenges. Onanost
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where the African cities proved more user friengtyuld be the balance warnings promting users taup
which are not seen in the Singapore and SydnegragstThe implementation of the two systems improves

convenience, optimisation, efficiency, accessipiland user experiences. The study found that the

introduction of digital technology applications wast without its challenges but overall positivetyproved
public transport systems not only for users butransportation planning as well.

City

Lessons learnt

Singapore

The strict private vehicle regulationd high vehicle taxes coupled with environmentatlgridly
modes of transport and low fare public transpattioes private vehicle use.

Two modes of payment (smart card and mobile) mélessier for users to pay.

EZ-Link card can be used to pay for various modesamsport and other small retail payme
aiding in public transport integration.

Fare structures generated on distance travellegledwith other factors helps users attain f
discounts.

EZ-Link data was able to determine and provide frfeeder routes for users.
EZ-Link app made for easier EZ-Link top-ups redgdiicketing queues.

‘SG bike’ provides non-motorised transport to usgranytime through the scanning of a QR ¢
or membership card.

nts

are

bde

Sydney

Financing of public transport projects neing discussed with the public leads to financead
used rather on high-profile road projects.

D

Opal card readers not only allow Opal card paymentsother mobile and credit and debit card

payments, which creates efficiency during payments.

Opal cards can be used to pay for multiple modgsubfic transport creating an integrated puk
transport system.

Studies show that the new card system fare stmicivas easier for user to understand
increased car to train switches.

Fare capping encouraged more weekend trips.
TripView app provides timetables of different paltiiansport modes.
TripView aids in social inclusion.

‘Next Station’ app also provides timetables, réalet vehicle positioning and service notificatio
making it convenient for users.

nlic

and

ns

Cape Town

The spatial form of Cape Town (urbanwpPranakes public transport planning difficult.

The MyConnect Card can only be used for payment$g€iti buses which does not promo
public transport integration.

No other methods of payment are accepted on theitVgRT making it inconvenient for users.
Regular users get higher discounts making puldicsjport more affordable for everyday use.

Warnings for low balances alerts users to top uprbenext trip and penalties for unsuccess
payments encourages top ups.

MyConnect card data assisted in route optimisaifcthe BRT.
Three different mobile apps for public transpotiestules helps user communication.
Low marketing on public transport apps leads to ls& and eventual discontinuation of the apy

te

ful

Lagos

The creation of LAMATA helped effectively plaublic transport systems.
Use of the Lagos Connect Card ensured a discogoueaging smart card use.

Various issues around inactive card validatorsg lafcrecharging services and overcharging t
with the Lagos Connect Card led to the introductba new system called Cowry.

Cowry can be used to pay for different transpordesopromoting public transport integration.

Cowry card and Cowry app serves as payment methogsiblic transport which is convenient f
users.

Balance alerts make it easier for users to knownwtbeop up cards.

Lagos BRT app provides real-time location informatwhich makes bus arrival and depart
times readily available to users.

Lagos BRT app furthers convenience through progidisers with other buses available closg
their BRT stops.

ips

pr

ure

? to

Figure 10: Lessons learnt from Singapore, Sydnegedawn and Lagos (Source: Authors 2024)
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