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3.1 
overall approach
To understand the current situation of smart 
transport-related practices and their benefits in 
mitigating greenhouse gas emissions, results from 
cases available in the public domain are being 
collated, analysed and compared. In addition, some 
cases are being explored through the country 
inputs, which were directly provided by national 
experts. More than 100 sources have been reviewed 
to extract relevant information from the Asia-Pacific 
region, the United States and Europe. Regardless 
of methodologies used in previous studies cited 
here, in this chapter, only the results that have not 
been recalculated or requantified to generate new 
results are used.

Although the approach has been to find quantitative 
benefits from smart transport applications, some 
benefits referred to in this chapter are measured in 
qualitative terms, which may be useful to provide 
preliminary ideas about the advantages of smart 
transport applications in the transport sector. To 
make the cases more applicable, a brief overview 
and contributing cases are provided with a range 
of diverse applications from the traditional to most 
recent ones, and an overall assessment is also 
conducted as a result of the review. The selection 
of countries in this chapter is determined by the 
available information and data in order to draw 
lessons learned. 

17 Australian Automobile Association, “Road congestion in Australia” (Melbourne, Australia, Australian Automobile Association, 2018) p. 4.
18 Australia, Bureau of Infrastructure, Transport and Regional Economics, “Traffic and congestion cost trends for Australian capital cities”, Information 

sheet 74: (Canberra, Commonwealth of Australia, 2015).
19 Standing Council on Transport and Infrastructure, Policy Framework for Intelligent transport Systems in Australia (Canberra, Commonwealth of 

Australia, 2012). 
20 Ibid.
21 KOTRA Overseas Market News. [Trade museum report] The ITS (Intelligent Transportation System) that is wanted by even the world’s most liveable city. 

Available at https://news.kotra.or.kr/user/globalBbs/kotranews/8/globalBbsDataView.do?setIdx=246&dataIdx=166317. 2018.5.22.

3.2 
Cases from the Asia-Pacific 
region
3.2.1 
Australia

(A) oVERVIEW

Although major cities in Australia are well populated, 
the extensiveness of the country’s territories lowers 
the population density, resulting in a large average 
on-commuting distance. Over the period January, 
2013–June, 2018, average driving speeds declined 
significantly in major cities. In Sydney and Brisbane, 
they decreased by 3.6 and 3.7 per cent, respectively, 
and in Melbourne, they declined by an even greater 
degree (8.2 per cent).17 Such an extensive reduction 
in average driving speeds is often indicative of 
an increase in traffic congestion, which results in 
higher business costs, decreasing productivity 
and increases in vehicle emissions and fuel 
consumption. The cost of congestion in Australia 
in 2015 was estimated at approximately $16.5 billion 
Australian dollars ($A) (US$11.3 billion)18 and was 
projected to reach approximately $A 20 billion in 
2020.19 In terms of the environmental impact, as of 
2012, road transport accounted for 14 per  cent of 
total greenhouse gas emissions in Australia.20 The 
Government of Australia has focused its efforts on 
development and utilization of smart transport 
technologies to solve its traffic problems.21 Cities, 
such as Adelaide, Brisbane, Melbourne, Perth and 
Sydney, are implementing smart transport-related 
projects and pooling resources and knowledge 
from experience with previous projects, so that 
they may be reborn as smart cities. Also, the 
resources at hand are extensive, as there is a 
long history connected with intelligent transport 
systems in Australia. In 1992, ITS Australia was set 
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up to promote the development of intelligent 
transport systems. More recently, the ITS Australia 
Strategic Plan 2018–2021 was launched to propose 
activities in focus areas, which will be implemented 
during the next couple of years.22 As of August 
2019, approximately 80 projects related to smart 
transport are being implemented in Australia. 
Among them, 40 projects are related to connected 
and automated vehicles, 38 projects are in the 
domain of technology and policy enhancing 
efficiency, 18 projects pertain to data analytics and 
12 projects are related to Mobility-as-a-Service.23 
Two cases seen as providing benefits are reviewed. 

(B) ConTRIBUTInG CASES

Sydney Coordinated Adaptive Traffic System 
(SCATS)

SCATS  is an advanced traffic signal optimization 
system that adjusts traffic parameters, including 
signal phase, sequence, and offset, based on a 
real-time traffic data collection capability, such 
as traffic volume.24 The traffic signal optimization 
capability of SCATS was initially developed by 
the New South Wales Roads and Traffic Authority 
is currently being used in 42 countries and 142 
cities around the world,25 including, among them, 
Sydney, Singapore, Kuala Lumpur, Jakarta, Manila, 
Shanghai, Hong Kong, Teheran, Doha, Mexico 
City, Detroit, Minneapolis, Dublin and Auckland.26 
SCATS automatically adapts to changing traffic 
conditions continuously during the day and night.27 
This enables the system to respond to changes 

22 See https://www.its-australia.com.au/about-us/.
23 See https://www.its-australia.com.au/about-us/.
24 See https://www.mainroads.wa.gov.au/OurRoads/Facts/ITS/Pages/SCATS.aspx.
25 C. Chong-White, and others, “The SCATS and the environment study: introduction and preliminary results”, Australasian Transport Research Forum 

2011 Proceedings, Adelaide, 28–20 September 2011. Available at https://www.atrf.info/papers/2011/2011_ChongWhite_Millar_Johnson_Shaw.pdf.
26 See https://www.mainroads.wa.gov.au/OurRoads/Facts/ITS/Pages/SCATS.aspx.
27 Ibid.
28 Ibid. 
29 Ibid.
30 C. Chong-White, and others, “The SCATS and the environment study: introduction and preliminary results”, Australasian Transport Research Forum 

2011 Proceedings, Adelaide, 28–20 September 2011. Available at https://www.atrf.info/papers/2011/2011_ChongWhite_Millar_Johnson_Shaw.pdf.
31 Ibid.
32 Chong-White C., Millar G & Shaw S 2012, “SCATS and the environment study: definitive results”, In proceedings 19th World congress on ITS, Austria, 

Vienna. Retrieved from Chong-White C., Millar G & Shaw S 2013, “SCATS and the environment study: an indication of road customer value”, Australasian 
Transport Research Forum 2013 Proceedings, Brisbane, 2–4 October 2013. Available at https://www.atrf.info/papers/2013/2013_chong-white_millar_
shaw.pdf.

33 See https://dashboard.its-australia.com.au./.
34 See https://cavs.transurban.com/trials/queensland/partial-automation.
35 Transurban, “Queensland connected and automated vehicle trials, stage one – partially automated vehicles”, (2019). Available at https://cavs.

transurban.com/content/dam/cavs/documents/qld-trials-report.pdf.

in traffic volume at intersection approaches and 
compute optimum traffic signal parameters at 
every time step.28 While SCATS basically functions 
to optimize independent intersections, it also 
provides optimized traffic parameters for multiple 
intersections to coordinate traffic signals on 
consecutive intersections in the same link.29 A study 
conducted in 2011 in which 21 SCATS-controlled 
intersections in Sydney, the state capital of New 
South Wales, were reviewed, shows that SCATS 
reduced travel time by 28 per cent and traffic stops 
by 25 per cent.30 This improvement in traffic flows 
and consequent reduction in fuel combustion is 
expected to lead to a 15 per cent reduction in CO2 

and particle matter (PM10) emissions, and a 13 
per cent reduction in nitrogen (NOX) emissions from 
vehicles, resulting in a total savings of $A 142,051 by 
reducing abrupt decelerations and accelerations.31 
These reductions in physical terms are equal to 
5,266 hours of travel time, 157,581 stops, 34,240 kg of 
CO2, 109 kg of NOX and 2,418 kg of PM10-emissions.32 

Connected and automated vehicles trials

Given that the concept of connected and 
automated vehicles has attracted a lot of interest in 
Australia, approximately 30 related pilots, trials and 
case studies are being conducted.33 For example, 
connected and automated vehicle trials are being 
deployed and tested on the South East Queensland 
highway networks.34 In October 2018, a short-term 
trial was conducted of partially automated vehicles 
on the highways in Brisbane.35 The trial is to be 
used to evaluate the performance of advanced 
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driver assistance systems, such as lane departure 
warning, adaptive cruise control and traffic sign 
recognition, in response to the road infrastructure 
in Brisbane.36 The trial data were collected by a 
smartphone application, which was developed for 
tracking and storing experimental data, including 
vehicle trajectories.37 The findings extracted 
from these experimental data are being used by 
automotive manufacturers, road-traffic operators, 
and government for better decision-making, and 
are expected to accelerate the commercialization 
of connected and automated vehicles.38 Another 
connected and automated vehicle trial is being run 
in the State of Victoria to evaluate the performance 
of connected and automated vehicle technologies 
in response to the motorway infrastructure in 
Victoria.39 This trial consists of three phases: in the 
first phase, an assessment is made to determine 
how partially automated vehicles perform with the 
road geometries and other external factors, such as 
traffic signs, toll gates, lane markings, entry-and-exit 
ramps, road objects, merging vehicles, illumination 
and weather conditions, road construction and 
maintenance works.40 The second and third phases 
are being implemented using a higher level of 
connected and automated technologies.41 

Based on these trials, some potential benefits from 
connected and automated vehicles technologies 
can be noted. Estimated benefits of using 
cooperative-intelligent transport systems in South-
East Queensland range from $A  575.7  million in 
the pessimistic scenario to $A  3.95 billion in the 
optimistic scenario from 2020 to 2050. In terms of 

36 Ibid. 
37 Ibid. 
38 Ibid. 
39 See https://cavs.transurban.com/trials/victoria/partial-automation.
40 Ibid. 
41 Ibid. 
42 Australia, Bureau of Infrastructure and Regional Development, “Costs and benefits of emerging transport technologies”, Research report 146 (Canberra, 

Commonwealth of Australia, 2017). 
43 M. Blogg, “Cooperative and automated vehicles in Queensland”, presentation at the 23rd ITS World Congress, Melbourne, Australia, 10–14 October 

2016. Available at http://ibec-its.com/wp-content/uploads/sites/18/2016/11/IBEC-3_M.Blogg_Melbourne-2016.pdf.
44 In a statement at the IEEE Conference, Self-Driving Cars: Fiction or Reality?, held in Sidney, Australia, 30 October 2014, John Wall of the Centre for 

Road Safety, Transport for NSW, said “Cooperative vehicles receiving and transmitting information to smart traffic signals could potentially save 
up to 15 per cent in fuel consumption”. Retrieved from D. Maunsell, P. Tengutur, and J. Hogarth, “The new road to the future: realising the benefits 
of autonomous vehicles in Australia” (Accenture Digital, 2014). Available at https://www.accenture.com/_acnmedia/accenture/conversion-assets/
dotcom/documents/local/en-gb/pdf_3/accenture-realising-benefits-autonomous-vehicles-australia.pdf.

45 KPMG, “Australia’s future transport and mobility; progress, policies and people” (2019). Available at https://assets.kpmg/content/dam/kpmg/au/
pdf/2019/australia-future-transport-and-mobility-report.pdf.

46 Most contents of this section were extracted from the country report called “China ITS – Country Study Report” by Xiaojing Wang, submitted to ESCAP, 
May 2018.

fuel savings and emissions, cooperative-intelligent 
transport systems can contribute $A 448.3 million 
and $A 298.2 million in savings in the moderate 
scenario, respectively.42 They are also seen to be 
cost-effective based on showing a good cost-
benefit ratio, ranging from 2.1 to 3.8 from 2020 
to 2050.43 In New South Wales, early results of 
the implementation of cooperative intelligent 
transport systems for warning drivers indicate 
that using smart traffic signals with cooperative 
vehicles can potentially save up to 15  per  cent in 
fuel consumption and corresponding emissions.44 
With regard to autonomous vehicles or automated 
vehicles, estimates from the trial run in Victoria 
show a reduction of 27 million tonnes of greenhouse 
gas emissions, $A 706  million in health benefits, 
a 91  per  cent increase in road efficiency, and 
a $A 15 billion annual boost to economic growth.45 

3.2.2 
China46

(A) oVERVIEW

China is experiencing rapid changes in the 
transport sector. As of 2017, the highway distance 
coverage in the country spanned 4,773,500 km 
and railway distance coverage totaled 127,000 km, 
including that of high-speed railways of 25,000 km. 
China has one of the largest automobile markets; 
in 2017, there were 217.43 million motor vehicles in 
the country. Owing to a rapid increase in vehicle 
ownership and infrastructure development, China 
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has been experiencing severe traffic congestion, 
road crashes, increasing fuel consumption 
for transport and vehicle emissions. To tackle 
these issues, the Government initiated the 9th 
Five-Year (1996–2000) Plan and the 2010 Long-
term Plan for the Development of Highway and 
Water Transportation Technology in 1995, which 
supported the development and establishment 
of intelligent transport systems developments, 
including the establishment of an intelligent 
transport system. With strong support from the 
Government, private sector investments in this 
area in China have been growing rapidly. In 2011, 
the overall market size of intelligent transport 
systems reached 25.3 billion Chinese yuan (RMB) 
($3.62 billion), an increase of 25.21  per  cent from 
2010. It reached RMB 40.8  billion in 2013 and is 
expected to increase to RMB 200 billion by 2020.47 
In recent years, China has been actively pursuing 
various projects related to smart transport systems. 
Among them, two cases are reviewed.

(B) ConTRIBUTInG CASES

Shanghai integrated intelligent transport systems 

In 2010, Shanghai integrated intelligent transport 
systems were initiated to support the operation 
of transport systems for the Shanghai World 
Expo, which received 70 million visitors. An urban 
road monitoring system, transport hub travel 
information system, traffic emergency incident 
management system and traffic routing system 
were incorporated in the Shanghai integrated 
intelligent transport systems. The systems have 
contributed to an increase in the average speed of 
the central area by 3 per cent and average time for 
gridlock-free traffic by 7 per  cent, while reducing 
vehicle emissions by 3 per  cent. The processing 
time for real-time traffic information is less than one 
minute, with approximately 92 per cent accuracy. 
Based on the practices and experiences of Shanghai 
integrated intelligent transport systems, standards 

47 W. Huang, and others, “Next-generation innovation and development of intelligent transportation system in China”, Science China Information 
Sciences, vol. 60, No. 11. 

and specifications have been developed, which 
has affected intelligent transport management 
systems in more than 200 Chinese cities.

Electronic toll collection systems in expressways

With support from the Government, technical 
studies and pilot projects for electronic toll 
collection on expressway were conducted, and 
the Chinese standard for electronic toll collection 
systems was released. By 2015, electronic toll 
collection was operating in 29 provinces, covering 
30,000 km. In total, more than 59 million drivers use 
roads covered by electronic toll collection systems. 
After adopting this system, various benefits have 
been observed.

Given that the traffic capacity of one electronic 
toll collection lane is equivalent to five manual toll 
collection lanes, electronic toll collection in China 
has led to a reduction in the average transit time 
at toll stations from 14 seconds to 3 seconds, which 
has alleviated traffic congestion on expressways. 
The environmental protection department has 
found that this positive impact has resulted in 
reduced fuel consumption by 0.0314 litre/vehicle, 
CO compound by 4.7 g/vehicle and NO compound 
by 0.3 g/vehicle. In other words, electronic 
toll collection on expressways can reduce fuel 
consumption by 20 per  cent, CO2 discharge by 
50 per  cent and carbon monoxide discharge by 
70 per  cent, on average. In monetary terms, it is 
estimated that fuel savings from electronic toll 
collection is about RMB 430 million, and savings 
from annual environment pollution control cost is 
approximately RMB 150 million. As electronic toll 
collection can improve traffic capacity without the 
need to extend manual toll stations for increasing 
traffic volumes, it can also contribute to indirect 
savings by reducing land acquisition costs and toll 
station construction costs; regarding the latter, toll 
station extension costs can be reduced by up to 87 
per cent, along with a reduction of approximately 
20 per cent in labour and service costs.
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3.2.3 
Japan

(A) oVERVIEW

Japan has been experiencing economic losses 
resulting from traffic congestion and crashes. In 
the past, traffic congestion resulted in an annual 
time loss of 5.3 billion hours, which amounted to an 
economic loss of 12 trillion Japanese yen (¥) ($109.8 
billion).48 In response, Japan recognized the need to 
deploy new forms of intelligent transport systems 
technologies to help resolve these problems by 
reducing the time wasted by traffic congestion and 
crashes. A year after the second ITS World Congress 
in Yokohama in 1995, five government ministries set 
up the “Grand Plan to Promote Intelligent Transport 
Systems (ITS)” as a means to foster the development 
of intelligent transport systems and to expand their 
scope in transport systems within the country.49 
These efforts have paid off; as of 2014, Japan is 
promoting 21 different intelligent transport services, 
including, among them, a Vehicle Information and 
Communication System (VICS) and an electronic 
toll collection system.50 

More recently, Japan has established the “Public-
Private ITS Initiative/Roadmaps 2018”, with the 
objective to realize autonomous driving by 
means of accelerating the commercialization of 
autonomous driving technologies on highways 
for private vehicles and trucks by 2025, and the 
service of autonomous driving transport services in 
specified areas by 2020.51 The Government of Japan 
is also targeting application of the findings and 

48 S. Hollborn, “Intelligent transport systems in Japan” (2002). Available at https://pdfs.semanticscholar.org/fdae/2e30e58e89acbae28d93db29af70817b788a.pdf.
49 T. Hasegawa, “Chapter 5: Intelligent transport systems”. Available at https://www.iatss.or.jp/common/pdf/en/publication/commemorative-publication/

iatss40_theory_05.pdf.
50 Ibid. 
51 Strategic Headquarters for the Advanced Information and Telecommunications Network Society, “Public-Private ITS Initiative/Roadmaps 2018”, Strategic 

Conference for the Advancement of Utilizing Public and Private Sector Data, 15 June 2018. Available at https://japan.kantei.go.jp/policy/it/2018/2018_
roadmaps.pdf.

52 Ibid.
53 See https://trid.trb.org/view/574444.
54 See https://www.vics.or.jp/en/know/wide/index.htm.l.
55 See https://www.mlit.go.jp/road/road_e/p1_its.html#a2.
56 See https://www.vics.or.jp/en/know/wide/index.html.
57 Ibid. 
58 ITS International, “Co-operative infrastructure reduces congestion, increases safety” (January–February 2010). Available at https://www.itsinternational.

com/sections/comment-interview/interviews/co-operative-infrastructure-reduces-congestion-increases-safety/.
59 Japan, Ministry of Land, Infrastructure, Transport and Tourism, “ITS initiatives in Japan”: Available at https://www.mlit.go.jp/road/ITS/pdf/

ITSinitiativesinJapan.pdf.

technological advances for low-speed autonomous 
driving services in the suburban areas.52 Based 
on this information, three cases across the 
traditional and emerging technologies in Japan are 
investigated.

(B) ConTRIBUTInG CASES

Vehicle Information and Communication System 
(VICS)

Japan initiated a VICS service on 23 April 1996 to 
provide real-time road and traffic information 
to the navigation screen of vehicles through 
radio wave beacon, infrared beacons, and FM 
multiplex broadcasts. The service areas were 
Tokyo, Kanagawa, Saitama and Chiba, and Tomei 
and Meishin expressways.53 In April 2015, a new 
service, called “VICS WIDE”, was launched, which 
involved increasing the transmission capacity 
of FM multiplex broadcasting from the previous 
VICS service.54 As of 2017, a cumulative total of 
58.9 million VICS units were installed in vehicles.55 
New VICS WIDE provides additional functions, 
including route search using link travel time, pop-
up display of emergency warning and display of 
heavy rain areas.56 It was estimated that the VICS 
can reduce the socioeconomic cost from traffic 
congestion by 12 per cent, and that the VICS WIDE 
service can contribute an additional reduction by 
11 per cent.57 The first 10 years of using the VICS had 
a positive effect on the economy values of about 
¥ 3.71 trillion.58 In terms of environmental impacts, 
VICS service contributed to a decrease in annual 
CO2 emissions by 2.4 million tonnes in 2009.59
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Electronic Toll Collection 2.0

Electronic toll collection has been deployed 
in Japan for a number of decades. It evolved 
into electronic toll collection 2.0 in 2015, with 
the objective to support mitigation of traffic 
congestion and safe driving, and provide route 
recommendations.60 Electronic toll collection 2.0 
runs by means of a high-speed, high-capacity 
bidirectional communication between the 
intelligent transport systems stations at the 
infrastructure side and the vehicle communication 
devices, one of the most recent practices of road-
vehicle cooperation.61 Penetration of the electronic 
toll collection into the mainstream is exhibited 
using data collected within a one-week period 
in October 2015, during which more than 90 
per cent of vehicles travelling on the expressways 
were found to be using electronic toll collection 
services on a daily basis, a figure that is equivalent 
to approximately 7.1 million total vehicles.62 
Because of the technological benefits, which 
allows for seamless movement of vehicles through 
the toll gates with no need for start or stop the 
vehicle, the utilization of electronic toll collection 
has brought environmental improvements by 
alleviation of bottlenecks at toll stations, and 
accordingly, contributing to a 40 per cent decrease 
in expressway traffic-related CO2 emissions.63 The 
extent of this can be understood in the context 
that such bottlenecks were once responsible for 
approximately 30 per cent of the traffic congestion 

60 Furuno, “ETC (Electronic Toll Collection) and ETC2.0. Current situation and projected future”, Furono ITS Journal (2019). Available at https://www.furuno.
com/en/its/articles/20171026/.

61 Ibid. 
62 Japan Automobile Manufacturers Association, “2016 report on environmental protection efforts: promoting sustainability in Road Transport in Japan” 

(Tokyo: Japan Automobile Manufacturers Association, 2016). 
63 Ibid. 
64 Ibid. 
65 L. Dang, “Intelligent transport system and its application in Ho Chi Minh city”, JAMK University of Applied Sciences Bachelor’s thesis (2018). Available at 

https://www.theseus.fi/bitstream/handle/10024/159492/Dang_Loc.pdf?sequence=1&isAllowed=y.
66 Japan Automobile Manufacturers Association, “2016 report on environmental protection efforts: promoting sustainability in road transport in Japan” 

(Tokyo: Japan Automobile Manufacturers Association, 2016).
67 Japan, Director General for Science, Technology and Innovation, “Cross-ministerial Strategic Innovation Program (SIP), Automated Driving for Universal 

Services, R&D Plan” (2018). Available at http://en.sip-adus.go.jp/sip/file/sip_2018_plan_en.pdf.
68 Strategic Conference for the Advancement of Utilizing Public and Private Sector Data, “Public/Private ITS Initiative/Roadmaps 2017” (2017). Available at 

https://japan.kantei.go.jp/policy/it/itsinitiative_roadmap2017.pdf.
69 Japan, Director General for Science, Technology and Innovation, “Cross-ministerial Strategic Innovation Program (SIP), Automated Driving for Universal 

Services, R&D Plan” (2018). Available at http://en.sip-adus.go.jp/sip/file/sip_2018_plan_en.pdf.
70 Japan Bureau of Science, Technology and Innovation, “Start of large-scale field operational test for ‘automated driving system’”, press release, 3 October 

2017. Available at http://en.sip-adus.go.jp/wp/wp-content/uploads/171003_fot.pdf.
71 Ibid. 

occurring on the country’s expressways.64 By the 
end of 2017, approximately 85 million vehicles were 
equipped with electronic toll collection units.65 
The Government of Japan has been looking into 
using the electronic toll collection 2.0 not only as 
an effective toll collection technology, but also as a 
means to support mitigation of traffic congestion, 
safe driving, countermeasures for natural disasters 
and private business models based on the 
electronic toll collection data.66

Autonomous driving

With the advent of the 2020 Olympics, Japan 
is gearing for a rejuvenation of the transport 
environment67 through the commercialization 
and realization of semi- and fully-automated 
mobility services on its roadways.68 In this 
endeavour, a joint industry-academia-government 
collaboration called the “Cross-ministerial Strategic 
Innovation Promotion Program”, which focuses on 
a collaborative approach to the development and 
propagation of automated driving technologies,69 
allocated ¥ 336.5 billion in 2017 to carry out large-
scale field operational tests for automated driving 
for universal services to verify automated driving 
technologies.70 These tests took place between 
October 2017 and March 2019.71 The overall 
project is expected to roll into its second phase 
for universal services through the expansion of 
the operational domain of autonomous driving 
services into arterial and general public roads, so 
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that full automation can be achieved by 2025.72 
With regard to emissions impact, CO2 emissions 
and traffic flow estimation models using traffic 
simulations, created through the programme for 
specific automated components, indicate that the 
introduction of the truck automated driving system 
on a platoon of four vehicles travelling at midnight 
and during 24 hours on the Shin-Tomei route at 
a speed of 80 km/h in less congested weekdays 
would reduce CO2 emissions from the base case (no 
automated driving system) by 0.3 per cent and 0.8 
per  cent, respectively.73 In addition, the project is 
intended to reduce traffic induced fatalities to 2,500 
or less per year.74 

3.2.4 
Republic of Korea

(A) oVERVIEW 

After the Seoul Olympics in 1988, the Republic of 
Korea experienced rapid economic growth and 
a rise in social, economic and cultural activities, 
which resulted in greater demand for transport 
services. Traffic-related problems naturally 
followed. In response, the intelligent transport 
systems market has been expanding to deal with 
these problems. When intelligent transport systems 
were introduced, the cost from traffic congestion 
had increased by two trillion Korean won (₩) ($863 
million) annually from ₩18.5  trillion in 1997.75 The 
logistics costs accounted for 16.5 per cent of gross 
domestic product (GDP), which was higher than 
those in the United States (10.1 per cent) and Japan 
(9.5 per cent) because of severe traffic congestion 
in 1998. In the same year, deaths from traffic crashes 
per 10,000 cars were 8.3, which was also higher than 
those recorded in the United States and Japan, 

72 S. Hayashi, “SIP automated driving for universal services (SIP-adus) R&D Plans” (2018). Available at https://www.nedo.go.jp/content/100887563.pdf.
73 D. Oshima, and T. Kurisu, “Development of basic technologies to reduce traffic accident fatalities and congestion, and initiatives to raise social 

acceptance: development of tool for assessing impact of automated driving systems on traffic flow and CO2 emissions”. In SID-adus: project reports, 
2014–2018, Cross-ministerial Innovation Promotion Project (2018). Available at http://en.sip-adus.go.jp/file/Chapter2_s.pdf.

74 Cross-ministerial Strategic Innovation Promotion Project, “Automated Driving for Universal Services”,SID-adus: project reports, 2014–2018 (2018). 
Available at http://en.sip-adus.go.jp/file/Cover-Overview_s.pdf.

75 Kyeong Pyo Kang, “ITS Country Report”, report prepared for ESCAP, May 2018.
76 Ibid.
77 Oh Dong-seop [Special report] Analysis on the Performance and Trends of Domestic ITS Project Implementation (2017–2019). Monthly ITS. 2019.04.
78 Kyeong Pyo Kang, “ITS Country Report”, report prepared for ESCAP, May 2018.

at 2 and 1.4, respectively.76 Both of these statistics 
underscore the need for smart transport solutions 
to resolve the issues emanating from an inefficient 
and unsafe transport environment. In response, as 
of 2017, 13 local governments have implemented 
intelligent transport systems projects with 
subsidies from the Government of the Republic of 
Korea. In addition, ₩76 billion was invested in six 
wide-area bus information systems deployment 
projects in 2017, and ₩84 billion was invested in 
eight bus information systems projects in 2018.77 
It was found that intelligent transport systems can 
generate benefits worth of ₩11.8 trillion by reducing 
traffic congestion, crashes and logistics costs, and 
result in a 12 per cent reduction in greenhouse gas 
emissions when compared with the business as 
usual scenario of 2020.78 Among the applications 
implemented, four cases are reviewed which help to 
understand the benefits of smart transport systems 
to the environment in the Republic of Korea.

(B) ConTRIBUTInG CASES

Bus information systems 

Bus information systems are being provided not 
only inside cities but also in intercity operations. 
For an intercity trip, a bus information system is 
referred to as a wide-area bus information service, 
highlighting the expanded coverage domain. 
To expand the bus information services to the 
wider area, 28 primary and secondary regionally 
based bus information systems deployment 
projects were implemented in 2016–2017, and 
additional secondary projects are ongoing, as 
of June 2018. For the primary regions, which 
consist of 12 cities in Gangwon Province and two 
cities in Jeollanam Province, the bus information 
systems project deployed 63 bus information 
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panels, 350 vehicle on-board units, and one central 
system.79 The secondary deployment projects, 
being carried out in five cities in Gangwon Province, 
six cities in Jeollanam Province, three cities in 
Chungcheongnam Province and in Gyeongsangbuk 
Province, include distribution of 333 bus information 
panels, 616 vehicle on-board units, 270 automatic 
passenger counters, 62 bus route information 
systems, and one central system.80 The provision 
of these technologies through the deployment 
projects has allowed for bus users living in small- 
and medium-sized cities to obtain information on 
bus arrival and passenger capacity, among other 
information that is relevant to their needs, which can 
be accessed through the bus information terminal. 
For safe operation of buses, a digital tacho graph 
is installed inside them to record bus operations, 
such as driving trajectories, in real-time, allowing 
for bus operation information to be transmitted to 
an electronic tachograph analysis system. In terms 
of environmental impact, a study has indicated that 
implementation of bus information systems in the 
8.3 km section between Daejeon and Chungju led to 
an estimated reduction in CO2 of 39.45 tCO2/km.81 In 
addition, the installation of bus information systems 
has resulted in an improvement in the punctuality 
of the bus service by 35 per cent, a reduction in bus 
waiting time by an average of three minutes, and 
a decrease in bus-related crashes by 24 per cent.82

Traffic information centre83

A traffic information centre, referred to as “Seoul 
Transport Operation & Information Service”, was 
set up in Seoul in 2004 to collect and process a 
vast amount of traffic data and public transport 
operations data, and to provide public transport 
information, road-traffic information, such as 

79 Oh Dong-seop [Special report] Analysis on the Performance and Trends of Domestic ITS Project Implementation (2017–2019). Monthly ITS. 2019.04.
80 Ibid.
81 See https://www.dbpia.co.kr/journal/articleDetail?nodeId=NODE01643812&language=ko_KR#none.
82 See http://www.korea.kr/archive/expDocView.do;JSESSIONID_KOREA=hGBvcl0JskbLHnwLLRWXyCTLvPc1NGVT5mf07LtSvpvTMvPmpgy2!-

1944511758!719021011?docId=10767.
83 See http://www.ksp.go.kr/english/pageView/info-eng/701.
84 Oh Dong-seop [Special report] Analysis on the Performance and Trends of Domestic ITS Project Implementation (2017–2019). Monthly ITS. 2019.04.
85 S. Lee, “Seoul Intelligent Transport Systems (ITS): Seoul TOPIS”, Seoul City Transportation Policy Package. Available at https://seoulsolution.kr/sites/

default/files/policy/TOPIS_%EA%B5%AD%EB%AC%B8.pdf.
86 Seoul Metropolitan Government, “A people-oriented safe and comfortable transportation for Seoul”. Available at https://seoulsolution.kr/
87 Institute for Transport and Development Policy, “Intelligent transportation systems”, ADB knowledge Asia case studies project (Seoul and New York: 

Institute for Transportation and Development Policy, 2013).
88 J-J Lee, “Effective ITS services in Korea”, presentation for the Korea Transport Institute (2015). Available at http://citynet-ap.org/wp-content/

uploads/2015/07/Lecture-1-ITS-Services-in-Korea.pdf.

congestion and road maintenance, and automated 
traffic enforcement, such as for speeding, signal 
violation, illegal parking, and exclusive lane 
violation services. The TOPIS is based on an 
integrated service platform for multiple public 
transport services, and consists of six unit platforms, 
including a central platform that controls overall 
unit platforms, a  bus information platform that 
controls buses and provides bus arrival information 
in real-time, an urban expressway and arterial road 
traffic management platform to collect and control 
the traffic information and operate traffic signals, an 
unmanned enforcement platform to control illegal 
parking and speeding, and a transport big data 
analysis platform that supports transport policy 
establishment based on the abundant transport 
data collected in the platform.84 It has been working 
to increase the utilization ratio of public transport, 
and as a result, 1.4 million people use the provided 
public transport information per day; accuracy of 
bus arrival information is approximately 98 per cent; 
and user satisfaction has reached 96 per  cent.85 
Furthermore, the utilization ratio of the transport 
card is 100 per cent for subways and 98.17 per cent 
for buses, which means that almost all citizens 
using public transport use the transport card.86 
An annual savings of ₩146.2 billion is estimated to 
be achieved in reduced transport time, crashes, 
and environmental pollution87 on intelligent 
transport systems-equipped roads, which span all 
expressways and 14 per cent of national highways, 
as a result of advanced traffic management through 
traffic information centres, such as the TOPIS, from 
which real-time traffic information is gathered, 
processed, and disseminated through various 
outlets for public use, such as the Internet and 
variable message signs.88
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Hi-pass system on the expressways89

The Republic of Korea introduced and deployed Hi-
pass, an electronic toll collection system, in 2007. 
Hi-pass is intended to reduce toll-gate gridlock 
and increase convenience for drivers by allowing 
non-stop toll collection at toll-gate. A Hi-pass unit, 
which is installed at each toll-gate lane in the initial 
Hi-pass system, has been upgraded to a smart 
tolling system, allowing coverage of multiple lanes 
and all vehicles passing through the toll collection 
road section. The smart tolling system is also 
being deployed on the expressways. According 
to an emission assessment result, a one-tonne 
cargo truck with a Hi-pass device could reduce 
the waiting time at a tollgate by 20 to 42 seconds, 
corresponding to a reduction in CO2 emissions by 
38 to 99 grams, and fuel costs by ₩25 to ₩66. The 
market penetration rate of Hi-pass is approximately 
60 per cent of all registered vehicles in the Republic 
of Korea. Lower CO2 emissions by 15,300 tonnes and 
fuel costs by ₩12.3 billion can be attributed to the 
deployment of the Hi-pass system annually.

Cooperative-intelligent transport systems 
demonstration

Cooperative-intelligent transport systems 
are an advanced form of existing intelligent 
transport systems that utilizes vehicular wireless 
communications, such as vehicle-to-infrastructure 
and vehicle-to-vehicle communications. Recently, 
the Government of the Republic of Korea defined 
15 traffic safety services based on the cooperative-
intelligent transport systems and initiated pilot 

89 Republic of Korea, Ministry of Land, Infrastructure and Transportation and ITS Korea, 2013 Modularization of Korea’s Development Experience: 
Establishment of Intelligent Transport Systems (ITS), (Seoul, 2014).

90 ITS Korea, Monthly ITS, vol.141 (February 2019).
91 The Korea Transport Institute. and ITS Korea, “Study on C-ITS technologies status and domestic deployment strategies” (2013). Available at www.prism.

go.kr/homepage/origin/retrieveOriginDetail.do?cond_organ_id=1613000&research_id=1611000-201300022&pageIndex=1&leftMenuLevel=120.
92 Ibid. 
93 Ibid. 
94 Ibid. 
95 Ibid. 
96 See www.prism.go.kr/homepage/researchCommon/downloadResearchAttachFile.do;jsessionid=3ED7CA847ADF54E649EFB2157250FD94.

node02?work_key=001&file_type=CPR&seq_no=001&pdf_conv_yn=N&research_id=1613000-201700068.
97 The Korea Transport Institute and ITS Korea, “Study on C-ITS technologies status and domestic deployment strategies” (2013). Available at http://www.

prism.go.kr/homepage/origin/retrieveOriginDetail.do?cond_organ_id=1613000&research_id=1611000-201300022&pageIndex=1&leftMenuLev
el=120. 

projects.90 The objectives of the pilot projects are 
to test the performance of cooperative-intelligent 
transport systems, in line with the advancement 
of the self-driving system, to develop any related 
regulations in roads and traffic, and to support 
and promote the private sector in the cooperative-
intelligent transport systems domain.91 The Seoul 
Metropolitan Government and the Jeju Special Self-
Governing Province are the locations chosen for the 
cooperative-intelligent transport systems pilots.92 
For the pilots, the cooperative-intelligent transport 
systems infrastructure will be deployed on 300 km 
of the roads in Jeju and 121 km of the bus rapid 
transit routes and urban expressways in Seoul.93 The 
implementations of the pilots are being carried out 
on expressways. Cooperative-intelligent transport 
systems infrastructure is being deployed on 85 km 
of road sections.94 Furthermore, to promote the 
cooperative-intelligent transport systems, an on-
board unit has been distributed to 500 commercial 
vehicles.95 By 2020, the expansion of intelligent 
transport systems is expected to enter into the 
second phase, or intelligent transport systems 2.0, 
during which 30 per  cent of roads are expected 
to be vehicle-to-everything based. Through this, 
services such as bidirectional communication and 
cognitive functions will be provided on these roads, 
leading to an estimated reduction of 2.2  million 
tCO2 per year.96 The Ministry of Land, Infrastructure 
and Transport expects to reduce the annual traffic 
congestion cost by ₩800  billion, increase traffic 
speeds in the city centre by 30 per cent, and reduce 
traffic crashes by 46 per cent, as a result of the full 
utilization of the cooperative-intelligent transport 
systems on the roadways in the Republic of Korea.97
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3.2.5 
Singapore

(A) oVERVIEW

The transport systems in Singapore consist of roads, 
subways and maritime travel, however, most parts 
of the country are connected by road, including the 
areas of Sentosa and Jurong. The country’s growing 
population and shortage of available physical 
space has become an obstacle for seamless traffic 
management and operation. Travel demand is 
expected to increase from 8.9 million trips per day 
to about 14.3 million by 2020, and approximately 
12 per cent of the land is taken up by the 3,300 km-
road network and another 15 per cent is occupied by 
housing.98 As expanding road networks to address 
such problems is not a sustainable option because 
Singapore has a land area of only 718.3 km2,99 the 
Government of Singapore is dedicated to using 
intelligent transport systems technologies to 
maximize the efficiency of the current transport 
systems by balancing travel demand and supply. 
Since 1995, the Government has constantly 
leveraged intelligent transport systems to benefit 
from technologies, and the first ITS Master Plan was 
developed in 2006.100 Singapore is the front-runner 
in South-East Asia in adopting new intelligent 
transport systems. The first electronic road pricing 
system was implemented in the country to 
control travel demand in response to traffic flows 
and the time of day. Various novel applications, 
such as the Green Link Determining system to 
provide seamless green time along main roads,101 
TrafficScan to collect traffic information from a taxi’s 

98 See https://www.geography.org.uk/teaching-resources/singapore-malaysia/Is-Singapores-transport-system-fit-for-purpose.
99 See https://blogs.ntu.edu.sg/hp331-2015-06/land-shortage/.
100 Land Transport Authority and Intelligent Transport Society Singapore, “Smart Mobility 2030, ITS Strategic Plan for Singapore” (2014). Available at 

https://www.lta.gov.sg/content/dam/ltaweb/corp/RoadsMotoring/files/SmartMobility2030.pdf.
101 See https://www.lta.gov.sg/content/ltagov/en/getting_around/driving_in_singapore/intelligent_transport_systems/green_link_determining_system.

html.
102 See https://www.lta.gov.sg/content/ltagov/en/getting_around/driving_in_singapore/intelligent_transport_systems/trafficscan.html.
103 See https://www.lta.gov.sg/content/ltagov/en/getting_around/driving_in_singapore/intelligent_transport_systems/green_man.html.
104 G. Menon and S. Guttikunda, “Electronic Road Pricing: Experience & Lessons from Singapore”, SIM-air Working Paper Series: 33-2010 (2010). Available at 

http://www.environmentportal.in/files/ERP-Singapore-Lessons.pdf. 
105 Ibid. 
106 See https://www.onemotoring.com.sg/content/onemotoring/home/driving/ERP.html. 
107 Development Asia, “The case for electronic road pricing”. Available at https://development.asia/case-study/case-electronic-road-pricing. 
108 Ibid. 

global positioning system (GPS),102 and Green Man+ 
to extend green time for the elderly and disabled 
to cross the road, have also been introduced.103 
New concepts of smart mobility and autonomous 
vehicles are actively being implemented. Among 
such applications, two cases are reviewed to 
understand the benefits of smart transport systems 
in Singapore.

(B) ConTRIBUTInG CASES

Electronic road pricing 

An electronic road pricing system was initially 
introduced in Singapore in 1998. Under the system, 
a fee is charged to road users for passage through a 
particular road with the objective to reduce vehicle 
use during periods of high congestion.104 The fee is 
charged through a cash card placed inside a vehicle 
using short-range radio communication whenever 
a vehicle passes through an electronic road pricing 
checkpoint.105 The rate varies by the type of vehicle, 
time of day, traffic conditions, and charges can 
change at every half hour.106 The system enables 
the country’s traffic management systems to collect 
abundant reliable and accurate traffic data, which 
can be used for decision-making by government 
and for providing traffic status information to road 
users.107 Singapore is considering the deployment 
of the next generation of electronic road pricing, 
which allows charging by a GPS signal produced 
from vehicles passing through the electronic road 
pricing checkpoint without any physical gantries.108 
According to an estimate based on an emission 
assessment in Singapore, the electronic road 
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pricing system has reduced CO2 emissions by 103 
kilo-tonnes.109 The initial assessment indicated that 
traffic volume and speed were also found to be 
positively affected during electronic road pricing 
hours, with speeds increasing from 35 to 55 kph 
and traffic volumes decreasing by 15 per cent.110

Autonomous driving test bed111, 112

The Centre of Excellence for Testing and Research 
of Autonomous Vehicles recently developed a 
test-bed and the experimental facilities for testing 
automated vehicles. This facility is intended to 
support the development of test requirements 
and standards to deploy automated vehicles in 
Singapore. Consequently, the performance of 
many experiment-related automated vehicles are 
being actively examined on the test-bed before 
being introduced on public roads in Singapore. The 
test-bed is approximately 18,000 m2 and provides 
a virtual road environment, including signalized 
intersections. In addition, vehicle-to-everything 
wireless roadside equipment, lidar equipment 
for test monitoring and rainmaking facilities are 
provided for testing automated vehicles in a 
variety of road-traffic situations. Recently, a self-
driving shuttle was purchased and operated for a 
variety of experiments, including the recognition 
of obstacles, linking with signal controllers, and 
providing the capability to cope with traffic 
conditions through vehicle-to-everything wireless 
communication, because the self-driving shuttle 
has been spotlighted as the next-generation 
transport system in Singapore. Beyond the test-
bed experiment, a real road demonstration is being 
operated in the One-north area in Singapore. The 
One-north section connects Biopolis, Fusionopolis, 
and Mediapolis. Its acceptance level of self-

109 Ibid. 
110 G. Menon, and S. Guttikunda, “Electronic road pricing: experience and lessons from Singapore”, SIM-air Working Paper Series 33-2010 (2010). Available 

at www.environmentportal.in/files/ERP-Singapore-Lessons.pdf.
111 The Korea Transport Institute, “Overseas trip report: best practices in smart city and automated vehicle technologies” (2018).
112 A. Quek, “Singapore Autonomous Vehicle Initiative (SAVI)”, presentation 20th ITS World Congress, Singapore, 21–25 October 2019. Available at https://

www.itu.int/en/ITU-T/extcoop/cits/Documents/Workshop-201707-Singapore/010%20-%20Alan-Quek-Singapore%20Autonomous%20Vehicle%20
Initiative%20(SAVI).pdf.

113 E. Smith, “History of intelligent transportation systems (ITS): connected vehicles and smart cities”, Naco Peer Exchange, presentation (2017). Available at 
https://www.its.dot.gov/presentations/2017/AVCV_ITSHistory.pdf.

114 J. Barbaresso, and others, “United States Department of Transportation’s Intelligent Transportation Systems (ITS) ITS Strategic Plan 2015–2019” 
(Washington, D.C.: U.S. Department of Transportation, 2019). 

115 G. Hagemann, and others, “ITS technology adoption and observed market trends from ITS deployment tracking”. Final report, Intelligent 
Transportation Systems Joint Program Office (2010). Available at https://rosap.ntl.bts.gov/view/dot/4340.

driving vehicles is relatively higher than that of 
other regions, as the location has major research 
institutes and companies. To test automated 
vehicles in this region, advanced infrastructure, 
including high-definition CCTVs and vehicle-to-
everything communications (roadside units), 
and electronic high-definition maps have been 
equipped. This is promoting public and private 
sectors for testing automated vehicles in this area. 

3.3 
Cases from the 
United States and Europe

3.3.1 
United States

(A) oVERVIEW

Traffic issues have been a major threat to economic 
growth and quality of the life in the United States. 
To tackle them, the application of new technologies 
in transport systems has been considered 
since the 1960s, when the first deployments of 
dynamic message signs and North American 
traffic management centres occurred.113 Under 
the leadership of the United States Department 
of Transportation, a national intelligent transport 
systems programme was developed over a twenty-
year period to improve safety and mobility, 
reduce environmental externalities, and increase 
productivity.114 Intelligent transport systems have 
been providing substantial benefits to users. 
The societal benefits are estimated at more 
than $2.3  billion annually.115 Given that traffic 
congestion is still a large problem, resulting in loss 
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of productivity estimated at $87 billion in 2018,116 
the United States is leaning towards adopting 
various concepts of smart transport technologies 
with a focus on five strategic themes, as indicated 
in the ITS Strategic Plan 2015–2019117 – (i) enable 
safer vehicles; (ii) enhance mobility; (iii) limit 
environmental impacts; (iv) promote innovation; 
and (v) support transport system information 
sharing. Considering that the United States is 
one of the leaders in the field of smart transport 
systems and had some good experience in terms 
of reducing greenhouse gas emissions, four cases 
across the traditional and emerging technologies 
are reviewed. 

(B) ConTRIBUTInG CASES

Traffic management centre

The traffic management centre is the focal 
point where all intelligent transport subsystems 
are connected, and all data collected from 
the intelligent transport systems sensors are 
transmitted. State departments of transportation 
have continued to establish such centres in order 
to focus on the operations of their systems.118 As 
the traffic management centre is the point for 
operations and maintenance of city traffic, new 
and advanced traffic management systems, such as 
integrated corridor management, and active traffic 
and demand management have been integrated 
into the centre to facilitate more responsive or 
even predictive traffic operation strategies.119 
The traffic management centre is beneficial for 
real-time traffic management based on these 

116 S. Fleming, “Traffic congestion cost the US economy nearly $87 billion in 2018”, World Economic Forum, 7 March 2019. Available at https://www.
weforum.org/agenda/2019/03/traffic-congestion-cost-the-us-economy-nearly-87-billion-in-2018/. 

117 J. Barbaresso, and others, “United States Department of Transportation’s Intelligent Transportation Systems (ITS) ITS Strategic Plan 2015–2019”. 
(Washington, D.C., U.S. Department of Transportation, 2019).

118 D. Hardesty, and G. Noblis, “Integrated Corridor Management (ICM) Program: major achievements, key findings, and outlook” (Washington, D.C.: 
Federal Highway Administration, 2019). Available at .https://ops.fhwa.dot.gov/publications/fhwahop19016/fhwahop19016.pdf.

119 Ibid. 
120 Ibid. 
121 S. Solomon, and N. Mosquera, “NYC DOT announces expansion of midtown congestion management system, receives national transportation award”, 

press release, New York Department of Transport, 5 June 2012. Available at https://www1.nyc.gov/html/dot/html/pr2012/pr12_25.shtml.
122 See https://www.oregon.gov/ODOT/Planning/Pages/GHG-Toolkit.aspx.
123 T. Kristof, M. Lowry, and G. Rutherford, “Assessing the benefits of traveller and transportation information systems”, Final Research Report, Report 

no. WA-RD 597.1 for the Washington State Department of Transportation (2005). Available at https://www.wsdot.wa.gov/research/reports/
fullreports/597.1.pdf.

124 J. Noonan, and O. Shearer, “Intelligent transportation systems field operational test cross-cutting study advance traveller information systems”, 
prepared the Federal Highway Administration (1998). Available at https://www.fhwa.dot.gov/publications/research/operations/its/jpo99038/fotatis.
pdf.

integrated corridor management and active traffic 
and demand management. Accordingly, the centre 
can help to reduce incident clearance time, delays, 
queue, crashes, and travel time.120 For example, 
the New York City Department of Transportation 
achieved a 10 per  cent reduction in travel times 
through the initial corridor, by applying this real-
time traffic congestion management system.121 
In addition, traffic management strategies under 
the Greenhouse Gas Toolkit projects in Oregon 
indicated that through the traffic management 
centre, total transport sector greenhouse gas 
emissions can be decreased by a range of 0.07 to 
1.3 per cent by 2030.122

Traveller information systems

Traveller information is useful for road users, as it 
provides information on traffic delays, inclement 
weather conditions affecting road conditions, 
special events requiring detours or caution, road 
work zones and road closures. In the United States, 
traveller information is provided prior to a trip 
and en route through information dissemination 
tools such as radio, television, highway advisory 
radio, websites, mobile applications, and 
dynamic message signs.123 Beyond this spot-
based traveller information service, the traveller 
information system is evolving into in-vehicle 
traveller information through connected vehicle 
technologies, such as vehicle-to-everything 
communications and other “infotainment” 
applications.124 According to the Washington 
Department of Transportation, road users change 
their travel route once every 4.2 times that traveller 
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information is provided, based on the test results 
of in-vehicle traveller information systems over 
a six month period.125 The results of this test 
also show that users who change their route 
can save 30 minutes in travel time.126 In another 
vein, a decrease in the range of 66,000 to 99,000 
in vehicle miles driven and fuel consumption 
in the range of 2,600 to 2,800 gallons has been 
observed through the deployment of highway 
advisory radio and a portable dynamic message 
sign in the Grand Canyon National Park in a pilot 
shuttle bus programme to test the effectiveness 
of the combination of the two sources for travel 
information.127

Connected and automated vehicle pilots

The Connected Vehicle Pilot Deployment Program 
is being implemented with the objective to 
realize services designed to maximize safety and 
mobility, and reduce environment externalities 
by developing vehicle-to-vehicle and vehicle-
to-infrastructure communication systems and 
infrastructure. Under the programme, the United 
States Department of Transportation is deploying 
connected vehicles in three areas – New York, 
Tampa, and Wyoming.128 Connected vehicle 
technologies are specialized and customized 
based on the social and traffic characteristics 
of each region. In New York, technology related 
to intersection communication for vehicle-to-
vehicle, improved vehicle flow, and pedestrian 
safety at early level is being applied;129 vehicle-to-
infrastructure and vehicle-to-vehicle technologies 
and data utilization are being applied to variable 

125 See https://www.itsbenefits.its.dot.gov/ITS/benecost.nsf/SummID/B2012-00812.
126 T. Kristof, M. Lowry, and G. Rutherford, “Assessing the benefits of traveller and transportation information systems”, Final Research Report, Report 

no. WA-RD 597.1 for the Washington State Department of Transportation (2005). Available at https://www.wsdot.wa.gov/research/reports/
fullreports/597.1.pdf.

127 J. Bunch and others, “Intelligent Transportation Systems Benefits, Costs, Deployment, and Lessons Learned Desk Reference: 2011 Update”, Final Report 
– September 2011 Report No. FHWA-JPO-11-140 for the United States, Department of Transportation, ITS-Joint Program Office (2011). Available at 
https://pdfs.semanticscholar.org/0b27/37470efec8d187d6bdb2f6d07b657b945cfc.pdf. 

128 See https://www.its.dot.gov/pilots/.
129 See https://www.its.dot.gov/pilots/pilots_nycdot.htm.
130 See https://www.its.dot.gov/pilots/pilots_thea.htm.
131 See https://www.its.dot.gov/pilots/pilots_wydot.htm.
132 Eno Center for Transportation, “Preparing a nation for autonomous vehicles” (2013). Available at https://www.caee.utexas.edu/prof/kockelman/public_

html/ENOReport_BCAofAVs.pdf.
133 K. Blake, and others, “Connected Vehicle Pilot Program independent evaluation: Mobility, Environmental, And Public Agency Efficiency Refined 

Evaluation Plan – New York”, Report no. FHWA-JPO-18_654. Available at https://rosap.ntl.bts.gov/view/dot/35794/dot_35794_DS1.pdf.
134 United States, Department of Transportation, “Connected vehicle Pilot Program – Phase 2: interoperability”. Available at https://www.its.dot.gov/

factsheets/pdf/CV_Interoperability.pdf.

highways and nearby roads in Tampa, Florida;130 and 
vehicle-to-vehicle, and vehicle-to-infrastructure 
and infrastructure-to-vehicle technologies are 
being applied to the I-80 corridors (402 miles) 
passing through Southern Wyoming focusing 
on commercial trucks.131 The main focus of these 
projects is to improve safety on roadways, but 
they are also expected to affect vehicle emissions 
and fuel efficiency. As an example of the impact 
of connected vehicle technologies, one analysis 
showed that these technologies, such as adaptive 
cruise control combined with vehicle-to-vehicle 
communications, can minimize sudden braking 
and stopping, and smooth traffic flows on 
highways, which, in turn can increase fuel efficiency 
from 23 to 39 per  cent.132 A comprehensive 
emission estimation based on connected vehicle 
technologies is being carried out with the change 
in emissions between the connected vehicle-
implemented case (with the connected-vehicle 
demonstration projects) and a base case (as if 
those projects had not been implemented) being 
investigated with a seven-year timeframe.133

In addition, as the Connected Vehicle Pilot 
Deployment Project moves into the final phase, 
which consists of deployment, and impact and 
performance evaluations,134 authorities in New York, 
Wyoming, and Tampa have each submitted 
“Mobility, Environment, and Public Agency 
Efficiency Refined Evaluation Plans”. Within these 
plans the expected impacts of the deployments in 
the form of testable hypotheses are summarized. 
These hypotheses are specific and tailored to each 
pilot project’s needs. Of the numerous hypotheses, 
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for instance, with regard to mobility, in the New 
York plan, it is hypothesized that deployment “will 
not adversely affect mobility for all vehicles while 
improving travel reliability, both equipped and 
unequipped, in the deployment corridors”,135 while 
under the Wyoming plan, deployment is expected 
to “improve mobility for both equipped and non-
equipped vehicles in the deployment corridor 
during inclement weather events”.136 In the Tampa 
plan, there is no explicit reference to the expected 
mobility impacts, but instead, the focus is on safety 
benefits, one of which is that the deployment “will 
reduce vehicle-to-vehicle and vehicle-to-streetcar 
crashes and incidents (or other safety surrogate 
measures if crashes are rare) in the pilot deployment 
area”.137 Testing and analysis of relevant data of the 
pilot deployments will allow for concrete results to 
be obtained with regard to these hypotheses.

Smart city challenges138

The United States Department of Transportation 
launched the Smart City Challenge project in 
December 2015. This project is aimed at developing 
ideas for an integrated, first-of-its-kind, smart 
transport system that use data, applications, 
and technology to  help people and goods move 
more quickly, cheaply, and efficiently, and finally 
invest funding for the selected ideas and cities. 
The challenge generated a lot of responses, 
and 78 cities  submitted applications with the 
urban challenges they face and ideas on how to 
tackle them. The United States Department of 
Transportation selected seven finalists; each city 

135 K. Blake, and others, “Connected Vehicle Pilot Deployment Program Independent Evaluation: Mobility, Environmental and Public Agency Efficiency 
Refined Evaluation Plan – New York City”, ITS Joint Program Office Report no. FHWA-JPO-18-654, Available at https://rosap.ntl.bts.gov/view/dot/35794.

136 R. Bennett, and others, “Connected vehicle pilot deployment independent evaluation: Mobility, Environmental and Public Agency Efficiency (MEP) 
Refined Evaluation Plan – Wyoming”, ITS Joint Program Office report no. FHWA-JPO-18-653. Available at https://rosap.ntl.bts.gov/view/dot/40158.

137 S. Concas, and others, “Connected vehicle pilot deployment program, performance measurement and evaluation support plan, phase 2, update – 
Tampa Hillsborough Expressway Authority”, Report no. FHWA-JPO-16-314 (Washington, D.C.: ITS-Joint Program Office. Available at https://rosap.ntl.bts.
gov/view/dot/31732. 

138 See https://www.transportation.gov/smartcity. 
139 J. Plautz, “Columbus, OH to purchase 10 electric buses”, Smartcities Dive, 28 June 2018. Available at https://www.smartcitiesdive.com/news/columbus-

oh-electric-buses/526823/.
140 Smart Columbus, “Smart Columbus celebrates upcoming national drive electric week with rollout of electric vehicles in public fleets throughout the 

region”, 6 September 2018. Available at https://smart.columbus.gov/news/smart-columbus-celebrates-upcoming-national-drive-electric-week-with-
rollout-of-electric-vehicles-in-public-fleets-throughout-the-region

141 C. Ghose, “COTA plans to add electric buses to fleet as it phases out diesel”, Columbus Business First, 27 June 2018. Available at https://www.bizjournals.
com/columbus/news/2018/06/27/cota-plans-to-add-electric-buses-to-fleet-as-it.html.

142 C. Teale, “City of the year: Columbus, OH”, Smartcities Dive, 3 December 2018. Available at https://www.smartcitiesdive.com/news/city-of-the-year-
columbus-ohio/539477/.

143 Transportation.gov, “What comes next”, 28 April 2017. Available at https://www.transportation.gov/smartcity/what-comes-next.
144 See http://smartpittsburgh.org/programs/mobility-optimization-along-smart-spines.

received $100,000 for public outreach over a three-
month period of deep discussion on their smart 
city vision. Among these cities, Columbus, Ohio 
was selected as a finalist. Columbus established five 
visions through the Smart City Challenge project: 
access to jobs; smart logistics; connected visitors; 
connected citizens; and sustainable transportation. 
After spending close to one year carrying out 
research, Columbus has begun to make notable 
progress regarding connected vehicles, access to 
mobility for low-income residents, and electric 
vehicle deployment.139 With the intention to 
reduce greenhouse gas emissions emitted by its 
public fleet, Columbus has upped its purchase of 
electric vehicles by adding 93 vehicles to the city 
fleet in 2018, realizing more than 50 per cent of its 
procurement goal of 300 electric vehicles by 2020.140 
Projected annual savings in fuel and maintenance 
costs of electric vehicles are estimated at between 
$31,000 and $46,000 per vehicle in comparison 
with diesel vehicles.141 Efforts to electrify the 
transport environment has also increased the 
general adoption of electric vehicles in the city by 
65 per cent from 2017.142 Of the remaining finalists, 
four others received smaller grants to pursue parts 
of their applications. Pittsburgh obtained a grant 
of approximately $11  million143 to deploy, among 
other technologies, real-time adaptive traffic signal, 
and vehicle-to-vehicle communications at key 
intersections along its “Smart Spine” corridor.144 
Through the Scalable Urban Traffic Control 
programme, an adaptive signal technology that 
manages traffic idling, such times for vehicles at 
intersections have been reduced by 40 per  cent, 
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and emissions decreased by 21 per  cent.145 Along 
with the projects pursued by Columbus and 
Pittsburgh, other cities that have received similar 
grants are also working to meet their own vision 
statements for their ideal mobility environment. 

3.3.2 
Europe

(A) oVERVIEW

The environmental and cost impacts of transport on 
the European economy and society are extensive. 
Transport accounts for approximately 25  per  cent 
of greenhouse gas emissions in Europe, and 
road transport is responsible for approximately 
70 per cent of total transport-related greenhouse gas 
emissions.146 Costs associated with road congestion 
were estimated at approximately 1  per  cent of 
the GDP of Europe or more than 110 billion euros 
($121 billion) a year.147 As such, intelligent transport 
systems are being pursued actively in Europe to 
increase safety, and reduce growing transport 
emissions and congestion problems. In the 1970s, 
the technology to broadcast messages to vehicles 
only was developed by several European companies; 
this may be considered the first phase of intelligent 
transport systems development in Europe.148 In 
1991, the European Commission supported the 
creation of the European Road Transport Telematics 
Implementation Coordination Organization 
to strengthen private-public partnerships for 
intelligent transport systems development.149 To 
date, Europe is encountering a challenge to achieve 
a target to reduce greenhouse gas emissions by 20 
per cent by 2020 compared to the level in 1990, and 
60 per  cent by 2050.150 As an integrated approach 

145 Ibid. 
146 A. Winder, “Study of the scope of Intelligent Transport Systems for reducing CO2 emissions and increasing safety of heavy goods vehicle, buses and 

coaches”, ITS4CV report (final) (2016). Available at http://erticonetwork.com/wp-content/uploads/2016/09/ITS4CV-Report-final-2016-09-09.pdf.
147 P. Christidis, and J. Rivas, “Measuring road congestion”, JRC Scientific and Policy Report (Luxembourg: European Union, 2012). Available at https://

publications.jrc.ec.europa.eu/repository/bitstream/JRC69961/congestion%20report%20final.pdf. 
148 G. Nowacki, “Development and standardization of intelligent transport systems”, International Journal on Marine Navigation and Safety of Sea 

Transportation, vol. 6, No. 3, 2012). Available at http://www.transnav.eu/files/Development%20and%20Standardization%20of%20Intelligent%20
Transport%20Systems,378.pdf.

149 Ibid.
150 A. Winder, “Study of the scope of Intelligent Transport Systems for reducing CO2 emissions and increasing safety of heavy goods vehicle, buses and 

coaches”, ITS4CV report (final) (2016). Available at http://erticonetwork.com/wp-content/uploads/2016/09/ITS4CV-Report-final-2016-09-09.pdf.
151 See http://ertico.com/its-innovation-deployment/.

is required to achieve such an ambitious goal, new 
smart transport technologies have been deployed in 
Europe in various forms. In this regard, the European 
Union and European Road Transport Telematics 
Implementation Coordination Organization recently 
set up the 2030 blueprint, consisting of five areas – 
connected and automated driving, clean mobility, 
transport and logistics, urban mobility and cross-
sector – to supplement traditional approaches 
from intelligent transport systems and to develop 
a new agenda.151 Because Europe is the forefront in 
the field of smart transport systems and has gained 
good experiences in terms of reducing greenhouse 
gas emissions, three cases have been selected to be 
explored to derive lessons learned.

(B) ConTRIBUTInG CASES

Traffic management and control systems

Traffic management and control systems generally 
encompass a number of applications, such as traffic 
signal control, lane control and allocation, dynamic 
speed limits, parking management and ramp 
metering control. Because of the diversity of traffic 
management and control systems, many European 
countries have been able to apply them in various 
ways to tackle environmental issues. In Helmond, 
Netherlands, the use of the eCoMove dynamic 
green wave for traffic lights results in a 4.1 per cent 
reduction in CO2 emission during peak periods and 
a 3.6 per cent reduction during off-peak periods. In 
2013, a trial in Ingolstadt, Germany indicated that 
the adaptive traffic control system has a pollutant 
reduction potential of 15 per  cent on average for 
fuel economy and reductions in emissions of CO2 by 
15 per cent, NOX by 33 per cent, NO2 by 27 per cent, 
particulate matter by 27 per cent and hydrocarbons 
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by 13 per cent.152 In addition, in Turin, Italy, the trial 
on urban traffic control shows significant savings in 
travel times of up to 25 per cent, which results in an 
8 per cent decrease in CO2 emissions under normal 
traffic conditions and a 4.5 per cent reduction under 
congested conditions.153

Eco-driving applications

Eco-driving is a system that provides support to 
drivers required to reduce fuel usage and associated 
costs, emissions and other pollution effects. In 
general, eco-driving applications are divided into 
pre-trip, such as trip planning, during the trip, and 
post-trip, such as a review of trip data.154 In 2011, 6,500 
buses in the United Kingdom of Great Britain and 
Northern Ireland had telematics systems to support 
eco-driving and 13,800 drivers could use them with 
the goal of reducing fuel consumption by 4 per cent 
and the number of crashes.155 The Committee on 
Climate Change estimated that the application of 
telematics systems in the United Kingdom could 
reduce CO2 emission by 0.3 million tonnes by 2020.156 
As a result of the eco-driving Europe initiative, 
the fuel consumption of 350 service vehicles of 
the Canon Company in Switzerland declined by 
6.1  per  cent, the kilometres per traffic crashes 
increased by 22 per cent and total crashes declined 
by 35 per cent.157 In the Netherlands, the initiative’s 
eco-driving programme led to a reduction in costs 
of five euros avoided per tonne of CO2 over a 10 year 
period.158

In addition to local initiatives, the European Union 
is involved in a number of efforts to implement eco-
driving. ecoDriver is an integrated project funded by 

152 J-P Pandazis, and A. Winder, “Study of intelligent transport systems for reducing CO2 emissions for passenger cars”, ITS4rCO2 report final (2015). Available 
at http://erticonetwork.com/wp-content/uploads/2015/09/ITS4rCO2-Report-Final-2015-09-10-submitted.pdf.

153 Ibid. 
154 I. Wengraf, “Easy on the gas: the effectiveness of eco-driving” (London, Royal Automobile Club Foundation, 2012). 
155 Ibid. 
156 Ibid. 
157 The Austrian Energy Agency, “Eco-driving Europe improves road safety, fuel efficiency and combats climate change: a guide to promote the smart driving 

style” (Vienna, The Austrian Energy Agency). Available at https://www.escoladaenergia.abae.pt/investiga/docs/pdf/Eco-DrivingEurope.pdf.
158 Ibid. 
159 G. Saint Pierre and others, “Eco-driving in the real-world: behavioural, environmental and safety impacts”(2016). Available at www.transportportal.se/

energieffektivitet/etapp2/D43.1-Eco-driving-in-the-real-worldresubmitted-August-2016.pdf.
160 Ibid. 
161 See www.udrive.eu/index.php/about-udrive.
162 E. Mitsakis and others, “Large scale deployment of cooperative mobility systems in Europe: COMPASS4D”, International Conference on Connected 

Vehicles, 2014. Available at https://www.researchgate.net/publication/267267809_Large_scale_deployment_of_cooperative_mobility_systems_in_
Europe_COMPASS4D.

the European Commission to optimize eco-driving 
strategies. Trials related to this project have been 
carried out in France, Germany, Italy, Spain, Sweden, 
the Netherlands and the United Kingdom.159 Based 
on quantitative evaluations, the ecoDriver system 
can reduce fuel consumption and CO2 emissions 
by an average of 4.2 per cent and NOX emissions by 
an average of 4 per cent.160 In addition, Europe has 
conducted the first large-scale naturalistic driving 
study entitled “European naturalistic driving and 
riding for infrastructure and vehicle safety end 
environment (UDRIVE)”, to identify approaches 
for reducing emissions and fuel consumption.161 It 
was revealed that an eco-driving application could 
reduce fuel consumption by up to 25 per cent. Such 
benefits for reduced fuel consumption could directly 
lead to the reduction of environmental externalities.

Cooperative-intelligent transport systems pilots

Compass4D is a European project to support the 
practical utilization of cooperative-intelligent 
transport system and connected and automated 
vehicles technologies by developing a test bed in 
the road environments of seven European cities 
including, among them, Bordeaux, Copenhagen, 
Helmut, Newcastle, Thessaloniki, Verona, and 
Vigo.162 These seven test-beds are intended to be 
used for performing independent and mutually 
collaborative studies during the project period 
(January 2013 to December 2015). A total of 44 
organizations, including European automakers and 
automotive parts suppliers, are participating in 
this research. The major trial services to be tested 
are road hazard warnings, a red-light violation 
warning, and an energy efficient intersection. 
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TABlE 2 Summary of benefits from successful cases in Asia and the Pacific, 
United States and Europe

CoUnTRIES

InTEllIGEnT 
TRAnSPoRT 
SERVICES

BEnEFITS In SUSTAInABIlITy (ESTIMATED PoSSIBlE 
EMISSIon)

BEnEFITS In oTHERS (SAFETy, TRAVEl TIME, 
AMonG oTHERS)

A
SI

A
- P

AC
IF

IC

Australia SCATS (21 SCATS-controlled 
intersections in Sydney)

• Reduction of 15 per cent of CO2 and PM10, and 13 per cent of NOX*
*Corresponding to the saving of $A142 051

• Reduction of 28 per cent of travel time
• Reduction of 25 per cent of traffic stops

Connected and automated 
vehicle trials

• Reduction of 15 per cent of fuel consumption (New South Wales)
• Reduction of 27 million tonnes of greenhouse gas emissions (Victoria)

• Increase of 91 per cent of road efficiency*
*US$15 billion of annual economic boost (growth)

China Shanghai intelligent 
transport services

• Reduction of 3 per cent of greenhouse gas emissions • Increase of 3 per cent of average speed
• Reduction of 7 per cent of travel time in central area

Electronic toll collection • Reduction of 20 per cent of fuel consumption, 50 per cent of CO2, and 70 
per cent of carbon monoxide
(0.0314 liter/vehicle, CH by 0.7 g/vehicle, CO by 4.7 g/vehicle, and NO by 0.3 
g/vehicle)*
*Corresponding to the saving of RMB 430 million (monetary value of the 
emission reduction)

• Reduction of average time for passing through a toll-gate from 
14 seconds to 3 seconds

Japan VICS • Reduction of 2.4 million tonnes of CO2 (in 2009) • Reduction of 12 per cent of socioeconomic cost (congestion cost)
• Savings of ¥3.71 trillion yen (during the first 10 years)

Electronic toll collection 2.0 • Reduction of 40 per cent in CO2 • Near elimination of bottlenecks at toll stations in
expressways (once accounted for about 30 per cent of total 
congestion on expressways)

Autonomous driving • Reduction of CO2 by 0.3 per cent at midnight and 0.8 per cent during 
a period of 24 hours from the base case (four truck platoon automated 
driving system)

• Expected reduction of annual traffic fatalities to 2,500 or less
• Ensure mobility to rural and vulnerable populations
• Alleviation of traffic congestion
• Resolution of logistics issues arising from labor pool decrease

Republic of Korea Wide-area bus information 
systems

• Reduction of 39.45 tCO2/km annually (8.3 km section between Daejeon 
and Chungju)

• Increase of bus punctuality by 35 per cent
• Reduction of bus waiting time by an average of three minutes
• Reduction of bus related crashes by 24 per cent

Traffic information centre • Annual reduction of ₩146.2 million in transport time, crashes, and 
environmental pollution (traffic management systems)

• Attainment of 96 per cent of the users’ satisfaction
• Attainment of 100 per cent and 98.17 per cent of the utilization 
ratio for subways and buses, respectively

Hi-pass • Reduction of CO2 in the range of 38 and 99 grams (per range in reduction 
of waiting time for one-tonne cargo truck)
• Reduction of 15,300 tonnes of CO2 annually*
* ₩12.3 billion annually

• Reduction of the waiting time at a toll-gate in by 20 to 42 seconds 
(one-tonne cargo truck)

Cooperative-intelligent 
transport systems C-ITS

• Estimated reduction of 2.2 million tCO2 per year by 2020 • Increase of travel speed by 30 per cent
• Reduction of traffic crashes by 46 per cent
• Reduction of ₩800 billion of traffic congestion cost

Singapore Electronic road pricing • Reduction of 103 kilotonne of CO2 • Increase of travel speed from 35 kph to 55 kph (initial assessment)
• Reduction of 15 per cent in traffic volume (initial assessment

U
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U
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United States Transport management 
centre

• Reduction of 0.07–1.3 per cent in total transportation
sector baseline greenhouse gas emissions in 2030 (traffic management 
strategies)

• Reduction of 10 per cent in travel time (New York City)

Traveller information 
systems

• Reduction of between 2,600 and 2,800 gallons in fuel consumption (Grand 
Canyon National Park)

• Rough change at every 4.2 times of traveller information provisions
• Reduction of 30 minutes in travel time on average (for the persons 
who changed their routes) (Washington State)

Connected vehicle pilot • Increase of fuel efficiency by between 23 and 39 per cent*
*The emission impact is currently being investigated. (i.e., including CO2, 
volatile organic compounds, NOX, PM10, SOx, and CO)

• Expected to “not adversely affect mobility for all vehicles while 
improving travel reliability, both equipped and unequipped, in the 
deployment corridors” (New York City)*
• Expected to “improve mobility for both equipped and non-
equipped vehicles in the deployment corridor during inclement 
weather events” (Wyoming)*
• Expected to “reduce vehicle-to-vehicle and vehicle-to-streetcar 
crashes and incidents (or other safety surrogate measures if crashes 
are rare) in the pilot deployment area” (Tampa, Florida)*
* Impacts are being investigated.

Smart City challenge • Reduction of 21 per cent in emissions at intersections (Pittsburgh, 
Pennsylvania)

• Increase of 65 per cent in adoption of electric vehicles compared 
to 2017
• Reduction of 40 per cent in idling time at intersections (Pittsburgh, 
Pennsylvania)

Europe Traffic management and 
control systems

• Reduction of 4.1 per cent of CO2 in peak period and 3.6 per cent of CO2 in 
non-peak period (eCoMove, Helmond, Netherlands)
• Reduction of 15 per cent of CO2 and fuel consumption, 33 per cent of 
NOX, 27 per cent of NO2, 27 per cent of particulate matter emissions, and 13 
per cent of hydrocarbons
(Adaptive traffic control, Ingolstadt, Germany)
• Reduction of 8 per cent of CO2 in normal conditions, 4.5 per cent of CO2 in 
congested conditions(Urban traffic control, Turin, Italy)

• Reduction of 25 per cent in travel time (Urban traffic control, Turin, 
Italy)

Eco-driving applications • Reduction of 4.2 per cent of fuel consumption and CO2, 4 per cent of NOX • Reduction of 35 per cent in total crashes (Canon
company, Switzerland)
• Avoidance of 5 euros per tonne of CO2 saved for a 10 year period 
(Netherlands)

• Increase of 2–6 per cent of fuel efficiency(light and heavy vehicles)
• Reduction of 200 grams of CO2 per bus route/trip (bus)

• Reduction of 7 per cent in fatalities and serious and minor crashes
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Through this project, Copenhagen has targeted 
to reduce carbon emissions by 20 per cent in 2015 
and achieve the first carbon neutral city in the 
world by 2025. One study indicated that the energy 
efficient intersection can increase fuel efficiency 
by 2 to 6 per  cent for light and heavy vehicles, 
and an energy efficient intersection-equipped 
bus can save more than 200g CO2 per bus 
route per trip.163 In terms of the societal impact, 
according to a benefit-cost analysis conducted 
by the cooperative-intelligent transport systems 
services, safety related services that include, but 
are not limited to, hazardous location warnings, 
in-vehicle speed limits, and intersection safety are 
expected to decrease fatalities, and serious and 
minor injuries by an additional 7 per cent from the 
baseline scenario.164

3.4 
overall assessment 
As a result of rapid advancement of ICT and an 
increase in transport demand, smart transport 
applications are being deployed in the Asia-Pacific 
region, the United States and Europe. Beyond 
conventional applications, emerging technologies, 
such as cooperative-intelligent transport systems, 
connected and automated vehicles and smart 
city, are being initiated and tested to respond to 
diverse economic, social and environmental issues 
generated from transport systems. 

More than 100 sources have been reviewed in 
this chapter to identify environmental benefits 
from smart transport systems. Although the focus 
area is related to greenhouse gas emissions, 
other benefits, such as congestion, safety, and 
socioeconomic costs, are also discussed. Major 
lessons learned from the reviewed cases are as 
follows:

163 S. Edwards, and others, “Quantifying the impact of a real world cooperative – ITS deployment across multiple cities”, Transportation Research Part A: 
Policy and Practice, vol. 115 (2018) pp. 102–113.

164 C-ITS Platform, Final report (2016) Available at https://ec.europa.eu/transport/sites/transport/files/themes/its/doc/c-its-platform-final-report-
january-2016.pdf.

1 The cost-effectiveness of traditional smart 
transport applications: Traditional smart 
transport applications are effective in reducing 
greenhouse gas emissions – SCATS in Australia, 
VICS in Japan, electronic road pricing in 
Singapore, electronic toll collection in China, 
Japan and the Republic of Korea, and traffic 
management and control systems in Europe. 
Although the extent of their effectiveness varies 
by location and application, from 3.6 per cent to 
70 per cent, it is obvious that there is a reason 
why such applications have been used over time. 
In some cases, these traditional applications 
have performed better when compared 
to the emerging technologies (although 
the performance assessment for emerging 
technologies has been conducted through 
simulation tools or scenario-based estimations). 
Given that the cost of implementing these 
traditional applications is steadily diminishing 
with the advancement of ICT, they are a good 
option to consider to mitigate greenhouse 
emissions in developing countries in a cost-
effective way.

2 The environmental-friendliness of emerging 
smart transport technologies: Although 
emerging technologies are in the testing stage, 
as expected, they have performed well in 
terms of mitigating greenhouse gas emissions 
in various locations where they have been 
tested. It is too early to give a judgement about 
the emerging technologies’ benefits for the 
environment, however in some cases, such 
as connected and automated vehicle trials in 
Australia, connected vehicle pilots in the United 
States and cooperative-intelligent transport 
systems pilots in Europe, the benefits of such 
technologies to increase fuel efficiency and 
reduce greenhouse gas emissions are evident. 
Given that such technologies are still in their 
infancy in the Asia-Pacific region, potential 
benefits for the environment thereof should be 
considered in a timely manner. 
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3 The environmental benefits of in-vehicle 
applications: According to the definition of 
intelligent transport systems, in particular the 
definition given by ESCAP, smart transport 
technologies also include in-vehicle technologies. 
Even though there are limited sources regarding 
the effectiveness of in-vehicle technologies 
on the environment, eco-driving applications 
in Europe provide a good reference for the 
decrease in fuel consumption (up to 25 per cent) 
and the reduction of greenhouse gas emissions. 
As generally known, manufacturing vehicles 
are predominantly led by the private sector, 
which is very sensitive to technology trends. 
With governments’ continuous encouragement 
and support of environmental issues, in-vehicle 
technologies, such as eco-driving applications, 
could be widely deployed to tackle greenhouse 
gas emissions.

4 Wide extent of benefits by smart transport 
technologies: It is observed that the range of 
estimated benefits varies with a wide extent. This 
is because this type of assessment is generally 
based on many assumptions. At the same time, 
the magnitude and extent of effectiveness may 
differ according to smart transport applications 
and deployed locations. Although the range 
may vary on a case-by-case basis, it is very clear 
that smart transport systems have shown the 
positive impact in reducing greenhouse gas 
emissions regardless of where they have been 
implemented.

5 Indirect indicators of benefits from smart 
transport systems: In addition to environmental 
benefits, there are other types of benefits, 
including, for example, the reduction of travel 
time, traffic stops, crashes and socioeconomic 
costs, and the increase in travel speed and user 
satisfaction. Although environmental benefits are 
not directly estimated with quantified numbers, 
some benefits (reductions of travel time, stops 
and travel speed) are related to greenhouse gas 
emissions and can show the positive capability 
of specific applications tested in those studies. 

6 Multi-purposed smart transport applications: 
In  line with the above point, smart transport 
applications can be introduced with multiple 
purposes depending on the demands. One 
application, such as advanced traveller 
information systems, may be adopted to 
reduce travel time in a specific target area. 
This application can reduce traffic congestion, 
increase user satisfaction and also decrease 
associated socioeconomic costs.

In addition to the summarized benefits from the 
literature review, the key limitations are as follows:

1 Lack of quality data: Many studies on 
performance evaluations for smart transport 
systems do not focus on environmental issues, 
such as greenhouse gas or fuel consumption. 
This is because when the decision is made to 
apply smart transport applications, the impact 
on environmental externalities is not always 
the primary objective. Instead, the focus tends 
to be on increasing mobility and safety. Given 
that many policymakers still consider the 
environmental benefits of smart transport 
systems as a secondary effect, their assessments 
are not properly conducted, even though there 
may be positive impacts on the environment 
from such technologies.

2 Lack of assessment validation: Even though 
some studies investigate the environmental 
impact of smart transport applications, few field 
studies on the actual change in greenhouse gas 
emissions have been conducted. For any study, 
an analogical approach has been taken, which 
uses the variation of vehicle’s performance, 
including speeds and acceleration rates.
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3 Limited assessment scope: In terms of the 
scope of assessment for the environmental 
impacts, many studies have focused on a 
specific location at the city level or even in a 
smaller jurisdiction. Considering that transport 
systems are interconnected and interoperated, 
an approach that takes into account a temporal-
spatial scope would be better to examine more 
accurately the impact on the environment. 
One simple example can support this rationale. 
Generally, a traffic management centre is 
introduced to optimize traffic conditions in a 
given area, but the increased traffic flow can 
affect the traffic conditions not only in a target 
area but also in the adjacent areas surrounding 
the target area. 

4 Limited geographical scope: In line with the 
above point, almost all previous analyses are 
limited to a city-level assessment or, to a broader 
extent, a country-level assessment. However, 
international movements of passenger and 
freight on roads are significantly increasing in the 
Asia-Pacific region. Furthermore, various smart 
transport applications, which could have broader 
impacts on the environment across countries 
have been developed, such as cross-border 
applications. In this regard, previous approaches 
with a limited geographical scope need to be 
reconsidered to capture the accurate impacts of 
smart transport systems on the environment.

5 Lack of evaluation criteria: As mentioned 
earlier, the literature review showed a large 
variation in the percentage of reduction in 
greenhouse gas emissions (3 per  cent to 
50 per cent). Such figures are obviously a good 
reference to examine the impacts of smart 
transport systems on the environment, but they 
cannot provide a solid criterion to determine 
the viability of smart transport-related projects. 
Given that, from time to time, policymakers like 
to see the exact criteria to decide their priorities, 
the type of results showing the impacts of smart 
transport systems may need to be reconsidered 
with intuitive forms.

6 Lack of published assessment findings: In 
the literature review, an attempt was made to 
find as many as possible relevant cases involving 
ESCAP member countries. The results are limited. 
They are from a few countries, which are already 
well known as leaders in the deployment of 
smart transport systems. As pointed out in 
chapters 1 and 2, in reviewing the nationally 
determined contributions, the utilization of 
such technologies to reduce greenhouse gas 
emissions is not the mitigation measure. For 
example, Azerbaijan and Bhutan state specifically 
the role of smart transport technologies in their 
contribution. However, relevant assessments 
for those countries were difficult to find from 
existing studies, which would be one of the 
weaknesses to support their intentions for 
nationally determined contributions. 
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