7 May 2026
Green Roads Webinar Series, Episode 34
Asian Development Bank

Decarbonizing Freight Transport in Japan:
Policy Impacts, Intermodal Networks, and
Autoflow Road Vision

Shinya HANAOKA

Professor
Department of Transdisciplinary Science and Engineering
School of Environment and Society
Institute of Science Tokyo
(Former Tokyo Institute of Technology)
hanaoka.s.aa@m.titech.ac.jp

©Hanaoka, 2026



BT Do V7]
iﬁ‘\l%ji%
RE-HRBEIZER MeEIFER

TEEE = Hanaoka Research Group

BB 4E881052 % https://www.hanaoka.tse.ens.isct.ac.jp/

=
Hanaoka Research Group
http://www.ide.titech.ac.jp/~hanaoka/
hanaoka@ide.titech.ac.jp

Research Staff (3)
- Professor Prof. Shinya Hanaoka

B> x5 o272 MR LE
- Assis. Professor Dr. Kashin Sugishita

REHEFE OO RT1HOX-BREYR

gl o - Research Fellow Dr. Yang Liu
« BEERBEREFH o YARKR—F—#fiE

AEXEOCRT(IR o AVR—FE—H5 LEaE

« O—JXkF+!)F7(LCC)
- WHEEE
- MZEEY

Supervising Students (19)
(as of April 2026)

Doctor 6 (professional 3)
Tokyo Institutg of Technology )
o A S TTaE) Master 10, UG 3

Global Engineering for Development, Environment and Society (GEDES)
Hanaoka Research Group

Transport Studies Unit (TSU) R
L o . _ Group Alumni 119

Transport; Logistics; Developing countries <— . . .
Japan 47, China 27, Vietnam 8, Indonesia 6,
. .
Thailand 5, Bangladesh 5, Mongolia 3, Korea

+ Urban Transport in Developing Countries + Port Operation/Management

» Regional Transport in Developing Countries + Maritime Transport ih H 1 1

+ Transport and Economy in Developing Countries « Cross-Border Transport 3’ Ph I l I p pl nes 2’ Nepal 2' Ca mbOd 1a 2’ l nd 1a 1’
* Humanitarian Logistics + Intermodal Transport

Iran 1, Russia 1, Taiwan 1, Sri Lanka 1,
Malaysia 1, Kenya 1, Oman 1, Uganda 1

* Low-Cost Carriers (LCC)

« Airport Operation/ Management
« Air Cargo

INTERNAL. Thisinformationisaccessible to ADB Managntlleanpgr?c’@b%qgn@ay be shared outside ADB with appropriate permission. 2


https://www.hanaoka.tse.ens.isct.ac.jp/

Research Area

Zero Carbon
I

High Speed Rail Intermodal Maritime/ Port
Policy/
Liberalization Air Cargo
Air
Transport
Airlines Airport

Operations Management Global Value Cross Border Urban

Chain Corridor Freight

Transport

Development
Urban
Studies Transport/
Paratransit
Practice-
Oriented

INTERNAL. Thisinformationisaccessible to ADB Managnh'eanpgrg)@b%qgn@ay be shared outside ADB with appropriate permission.



Introduction: CO2 emission by transportation sector in Japan

COz2 Emissions by Sector Emissions by transportation mode (2020)
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Source : Agency of Natural Resources and Energy [1] Source © National Institute for Environmental Studies [2]
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Introduction: Current progress of Modal shift

Modal Share of Freight Transport in Japan

Tonnage [thousand] Ton-kilometers [ million]

FY Truck Railway Waterway Airway Total FY Truck Railway Waterway Airway Total

2016 4,172,572 91.1% 44,089 1.0% 364,485 8.0% 909 0.02% 4,582,065 2016 246,991 54.9% 21,265 4.7% 180,438 40.1% 960 0.21% 449,654
2017 4,173,666 91.1% 45170 1.0% 360,127 7.9% 904 0.02% 4,579,867 2017 = 247,782 549% 21,663 4.8% 180,934 40.1% 969 0.21% 451,348
2018 4,122,174 91.2% 42,321 0.9% 354,445 7.8% 823 0.02% 4,519,763 2018 247,394 554% 19,369 4.3% 179,089 40.1% 881 0.20% 446,733
2019 4,117,399 915% 42,660 0.9% 341,450 7.6% 781 0.02% 4,502,290 2019 251,471 56.9% = 19,993 4.5% 169,680 38.4% 835 0.19% 441,979
2020 3,786,998 91.6% 39,124 0.9% 306,076  7.4% 428 0.01% 4,132,626 2020 213,419 553% 18,340 4.8% 153,824 39.8% 464 0.12% 386,047
2021 3,888,397 91.4% 38,912 0.9% 324,659 7.6% 479 0.01% 4,252,447 2021 224,095 554% = 18,042 4.5% 161,795 40.0% 528 0.13% 404,460
2022 3,825,999 91.4% 38,264 0.9% 320,929  7.7% 549 0.01% 4,185,741 2022 226,886 55.6% = 17,984 4.4% 162,663 39.9% 599 0.15% 408,132
2023 3,780,504 91.7% 38,294 0.9% 304,404  7.4% 555 0.01% 4,123,757 2023 229,180 57.1% 17,802 4.4% 154,015 38.4% 601 0.15% 401,598
2024 3,724,797 91.6% = 38,475 0.9% 302,741  7.4% 618 0.02% 4,066,631 2024 231,646 57.4% 17,870 4.4% 153,059 38.0% 659 0.16% 403,234

4,700,000 460,000
4,600,000
440,000
4,500,000
4,400,000 420,000
4,300,000
400,000
4,200,000
4,100,000 380,000
4,000,000
: 360,000
3,900,000 —&-—Tonnage —®—Ton-kilometer
3,800,000 340,000

2016 2017 2018 2019 2020 2021 2022 2023 2024
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Overview of Railway freight transportation in Japan @

Table. Overview of Railway Freight Transportation in Japan (FY2015)[8]

JR Freight Other Private Railway Total Share of JR Freight

Transport tonnage 30,564,772 12,645,917 43,210,689 70.7%
Container 22,077,935 2,676,149 24,754,084 89.2%

Car load 8,486,837 9,969,768 18,456,605 46.0%
Transport ton-kilometer | 21,211,526,290 170,019,362 21,381,545,652 99.2%
Container 19,927,275,462 24,185,022 19,951,460.484 99.9%

Car load 1,284,250,828 145,834,340 1,430,085,168 89.8%

Income (thousand JPY) 118,399,135 6,371,679 124,770,814 94.9%

JR Freight is the only operator with a freight transportation network covering whole Japan. It has almost 100% share in
container transport by ton-kilometer, hence business condition will directly affect the railway freight transportation in Japan.

Third sector Railway

e i ,"35« oy
Ex. Hikoroichi Line
(Btam#)

Ex. Coastal Railway [12]
(BB tha)



Overview of Railway freight transportation in Japan @

Hindrance to modal shift

(DDifficulty in using the service

Railway schedules are rigid and it is difficult to flexibly meet the demands of shippers. Increased risk of
damage due to transshipment at stations/ terminals, etc.

(2)JR Freight's management policy

In response to the decline in operating revenues, JR Freight has been trying to survive by reducing the
scale of its business, especially its railway network. The has created a mismatch in the needs of
shippers for railway transportation.

- - HXERBED
Possible solutions @ T
1. Expand transportation capacity of main line il
2. Ensuring safe and stable transportation &m |
3. Improve information systems D za - HHE
4. Modernization of stations , R Wy 4
5. Replacement of aging rolling stock _ B Lok i
. . Al - it N | f::vl.‘ i
6. Improvement of container service level jS N Oy et g
L Ry | =
e
Fig. Main line of JR Freight [13]
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Overview of Waterway freight transportation

Waterway
). e d
C —\.j . E
| } o 2
- froi~. |/
Tramper Liner NN
Qil, cement, etc. l ‘ l
High-volume,
mono-material Container RORO
industry freight
Products are
Industrial, loaded and
General product discharged from
etc. a vessel.by
truck/ forklift etc.
4 o e
"-,!}f’:j e
Figure. Transportation type of waterway [14] Figure. Liner waterway in Japan [15]
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Overview of Waterway freight transportation in Japan @

Hindrance to modal shift

(D Low cost competitiveness
It is at a disadvantage in terms of cost because it is exposed to competition from truck transportation which has a
discounted highway system, and seaway which has reduction in operating tax.

(2) Large number of small businesses

Industry is dominated by small-scale businesses. The number of operators is decreasing year by year due to the
extremely weak management base with very little internal accumulation of capital.

(3) Shortage of workers and aging population

Similar with truck industry, the number of young workers is decreasing due to the special characteristics of
maritime labor, such as social isolation, insufficient wages, bad working environment etc.

(@) Difficulty in using the service

Same with railway, schedules are rigid and it is difficult to flexibly meet the demands of shippers. Increased risk of
damage due to transshipment at stations/ terminals, etc.

Possible solutions

Tax relief and other incentives (Increasing modal shift subsidies etc.)

Promote cooperation among operators and strengthen the cost bargaining power toward shippers
Training of workers and supply of workers by groups

Improve information systems

Improvement of wharves and cargo handling facilities (berth depths, warehouses, roads)

Make ports open 24 hours a day

Increase the number of terminals dedicated to waterway

Noakwh=
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Research objective

The emission of CO2 during transportation has emerged as a critical factor in the mode
choice decisions of shippers (Qi et al., 2022 [7]).

The Japanese government has set a goal of achieving carbon neutrality by 2050 [8], and is
taking political measures (regulation, incentives) [9] to reach this goal.

¥

1. Formulate decarbonization policies and incorporate them into the
generalized cost function for shippers' mode choice.

2. Develop an large-scale (national) intermodal transport network
model for OD analysis of domestic freight in Japan, to simulate
the overall impact of decarbonization policies on freight volumes
and CO2 emissions.

3. Understand the quantitative and geospatial impact of
decarbonization policies on intermodal networks.

INTERNAL. Thisinformationisaccessible to ADB Mana@rﬁﬁhﬂamaa%ay be shared outside ADB with appropriate permission.
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Base on Wang et al. (2016) 101

: { 0=(x.y)

e roadway(truck)
» railway
P seaway
y d;
ds

a2 N

o

\ » X
ds— P

o The origin of shipper

d The destination of shipping

P The target port

R(x,y) | The set of routes connecting (o, d)
Re(x, y)
l Aroute fromotod

link

The set of routes pass through P

HEHE

transfer node

neT;

Wang, X., Meng, Q., and Miao, L., 2016.
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Pa Constant fee charged per TON

Pa Fee charged per TON per distance

Ba Weight parameter

V.t. Value of time of the freight

ty Time spent

c shippers' consciousness parameter

EF, C02 emission per TON per distance

Ca price of CO2 emission per TON {carbon tax)
Sg Travel distance
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Loading/ Transshipment fee per Ton
Weight parameter

Value of time of the freight

Time spent

Service frequency

Unknown parameter

Terminal subsidies
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Delimiting port hinterlands based on intermodal network flows: Model and

algorithm. Transportation Research Part E: Logistics and Transportation Review, 88, 32-51.
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Methodology:

The Monte Carlo Simulation based algorithm

y 'r -------------------------------------------------- ~
A I ﬁ‘\
Study area I vy
Bf ! ,__-f‘.’i ______ . 0= (x7) 2) The average cost of each route:
i ..‘ ".': :' .: :[:Qa-o—-'!":'l"': .: ___________ -i_ ﬂil )
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1 %% o 2| ety seves 00 . 2
132 qf fols sntoel LRy : y oy, - cov(ey, cy)
z shippers ! P Ery = ; : ;
Discretize(7FE1L) : cov(cy, cr,) ‘T.!kz
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: Next shipper \_ from o to d Y, \ Al e Y,
I —
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I times =N; Ny 1 2 N A\ : )
: 2. Probability for o to choose the route: Py =L . L ¢t 1 k-dimension
1 | 3. Port choice probability of o=(x.y): N | : X : Multivariate
1 : .. .
! p(xy) = By i f;ll ‘312 C{J Take normal distribution
! 1=Rp () Ly K k e N samples| )
4. Mode choice=l; if N;, = N;.) L ER(xy) ! A
: if Ny, = max(Ny) 1 € Ry(x.y) i N (N: Large enough number)
i 5. Freight contributed to P=p(x,y) x F(x.y) __
v

Monte Carlo Simulation
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Methodology: Dynamic generation of variance-covariance structure

1. Construct network for each mode 2. Example of application

{GR’GMNGMz’ - }

Route 1 ( 1;)

Route 2 (2)

- Overlap links( Ya e I, N, )

O Overlapnodes (Yn € [, N ly)

O

By applying the methodology, the over-
d j O consideration of variance between routes can
GIR be eliminated and hence raising the model

accuracy.

N 2 2
CO'U(Cll ) Clg) T ZG Z'ﬁ’mﬁ:z‘l.rl A, a;,; +Z'?’71E7}1l"1}-, 07712'.71(/\,,,)"” )

Sum of variance of overlap links costs and sum of
the variance of minimum overlap node costs for all
overlap graph between routes.

13
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Data processing: Creation of intermodal network

40

A powerful intermodal network

: . - including road, railway, and 4 types
0D data Extenc ing OD among prefec m of waterway (RORO, ferry,
container, tramp) separately with
high visibility was generated.

Data

throug
Representative

Points Randomly ge

Road network . N 2

om JR freight time table

Railway network

40 1

_Livelihood
spheres

Iatitute
=

307
341
1% -
a0 T T T T
130.0 132.5 135.0 137.5 140.0 142.5 145.0 147.5
longiitude
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Scenario analysis: The settings

Scenario table

Scenario Modification Variables Description
Basic .
scenario - Current situation.
Recently, the industry has become more aware
: Raise shipper consciousness for 5 of decarbonization. What happens when
Scenariol : . : :
times shippers' consciousness takes precedence and
no involvement from policy makers?
: Carbon tax is a typical example of
Scenario2 Scenario 1 + decarbonization policy. What will happen if

Raise carbon tax for 5 times Japan raises the tax in the future?

Currently, several major ports offer modal shift
subsidies to shippers in order to attract freights.
What would happen if such subsidy policies
were rolled out at more ports?

Scenario 2 +
Scenario3 Subsidy 5 USD/Tonnage for ports
operating RORO liners

¢, C, are the variables of cost function of links, and S is the variable of cost function of nodes.

The emission factors for each mode are assumed constant, where:

Truck Railway Waterway

EE,(gkm/Ton) 216 21 43

(Source : MLIT [11])
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Result: Modal share

Scenario Modifeation The overall modal share
. . 100%
Scenario E::ig?i fnii\gper consciousness 6% . . .
Scenario 1 + 94% . Tramp
Scenario2 Raise carbon tax for & times 929, . Cﬂntalner
Scenario 2 + 90% Fe rry
Scenario3 Subsidy 5L_lSD!TDnn3gE far 8% . RORO
ports operating RORO liners oo Ral |Way
° M Truck
84%
82%
80%
basic scenario scenario scenario2 scenario3
basic scenario scenario scenario2 scenario3
Truck (%) 90.05 89.91 (-0.14%)  89.22(-0.83%)  87.93 (-2.12%)
Railway (%) 3.79 3.92 (+0.13%) 459 (+0.8%) 4.56 (+0.77%)
RORO (%) 4.00 4.00 3.98 (-0.02%) 5.69 (+1.69%)
Ferry (%) 0.16 0.16 0.16 0.11 (-0.16%)
Container (%) 1.90 1.90 1.92 (+0.02%) 1.58 (-0.32%)
Tramp (%) 0.10 0.11 (+0.01%) 0.14 (+0.04%) 0.13 (+0.03%)
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Result: CO2 Emissions

Scenario Modifeation The overall CO2 emission
) ) (t-CO2)
Basic scenario 70,000,000
Scenariol 1I:?aige_shipper CONSCIOUSNEss 69,500,000
or® fimes 69,000,000 -1 .560/0
i Scenarno 1+
Scenario2 Raise carbon tax for 5 times 68,500,000
: : 68,000,000 . & Waterway
Scenario3 gﬁigzl;og GSDITDnnage for 67,500,000 _367 Aj Rallway
ports operating RORO liners 67,000,000 B Truck
66,500,000
66,000,000
65,500,000 -6.50%
65,000,000 E—
basic scenario scenario’ scenario2 scenariod
basic scenario scenariof scenario2 scenario3
Truck (t-CO2) 69,616,750 68,530,729 (-1.56%) 67,060,829 (-3.67%) 65,090,225 (-6.50%)
Railway (t-CO2) 2,423 2,684 (+10.74%) 2,930 (+20.93%) 2,926 (+20.74%)
Waterway (t-CO2) 8,138 8,148 (+0.13%) 8,167 (+0.36%) 9,215 (+13.24%)
Total (t-CO2) 69,627,311 68,541,560 (-1.56%) 67,071,927 (-3.67%) 65,102,366 (-6.50%)
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Result: Visualization of link CO2 emission

Basic scenario

Road network Railway network Waterway network
(t-CO2) (t-CO2) (t-CO2) ‘e
60.000 1.4 12 -
2 1.2
50.000
1.0
40,000
0.8
30.000

0.6

20.000
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Result: Transition of link emission across links

Difference between basic scenario and scenario2

 Road network : " | Waterway network
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Conclusion

A mere increase in shippers’ consciousness is insufficient to achieve a modal shift.

Increase in the carbon tax can lead to an increase in the utilization rate of railways.

Carbon tax would be inadequate to strengthen waterway sector. Instead, strong incentives for
waterway are necessary.

4. Furthermore, modal shift may not be a sufficient reduction measure, as road transport accounts for
the majority of emissions. Therefore, technological innovation, such as a shift to electric vehicles,
should be considered in parallel with modal shift.

Wn =

Limitation

1.  The congestion cost of links and nodes in the transportation network is not considered.
2. The characteristics and heterogeneity of the goods are not taken into account.
3. Does not consider regional and geographical difference while estimating the parameters.

Journal of Cleaner Production 496 (2025) 145117

Contents lists available at ScienceDirect

Journal of Cleaner Production

ELSEVIER journal homepage: www.elsevier.com/locate/jclepro

Geospatial extent of CO2 emission of transportation and the impact of
decarbonization policy in Japan

Tomoya Kawasaki ® @, Zhan Teng Loh ”°, Yoshihisa Sugimura, Shinya Hanaoka "

? Department of Systems Innovation, Graduate School of Engineering, The University of Tokyo, 7-3-1, Hongo, Bunkyo-ku, Tokyo, 113-8656, Japan

® Department of Transdisciplinary Science and Engineering, School of Environment and Society, Institute of Science Tokyo, 2-12-1, O-okayama, Meguro-ku, Tokyo, 152-
8550, Japan

€ Graduate School of Maritime Sciences, Kobe University, 5-1-1 Fukae-minami, Higashi-nada, Kobe, 658-0022, Japan
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The Vision of Autoflow Road
Final Summary

~Turn "Crisis” into "Opportunity” through Autoflow Road~

July 31, 2025 Study Group on Autoflow Road

. Autoflow Road is a new logistics system that transports goods using
unmanned, automated transportation means powered by clean energy,
with dedicated logistics spaces within a highway.

Source: https://www.mlitg\] Eeroad!'V'r counul/buturxu dourog/Rdf/sal ho

df
AL. Th ADB M rP ed outside ADB with appropriate permission


https://www.youtube.com/watch?v=W0v0zAxu5Wo

1. Background of the Study
@

- Socioeconomic Conditions-

B Shortage of truck drivers

As Japan faces declining birthrates. an aging population. and
overall demographic shrinkage—with the working-age population
projected to fall to around 55 million, we are confronting a structural
logistics crisis, due to relatively high averaae driver age compared to
other sectors and the anticipated rapid decline in the labor force.

<Trend in the number of drivers in the road freight transport industry =

(thousands)
1,200 . Decrease of 248,000 over
“'-—':.':_-_—_-__ _ 15 years
1000 ""'-'-'-'::_-:-. S
T— By 2030
200 30% decrease
Dc-rnpared o

600

400

200

]

1980 1985 1990 1995 2000 2005 2010 2015 ;2020 2025 2030
Actual values #—————#®  Fuiure projections

Source: Japan Institute of Logistics Systems (JILS), "Logistics Concept 2030"

In particular. the so-called "2024 problem” is looming, as overtime
work regulations came into effect in 2024, and without any
countermeasures. logistics could come to a standstill. It is estimated
that by the FY2030. transportation capacity could fall short by 34%
{equivalent to 940 million tons). making it impossible to transport
goods as before.

< Estimgted Impact of Overtime Work Regulations=

By FY2030, thereis a

If no further projected shortage of 34%
measures are taken (equivalent to 900 million
tons).

Source: Compiled from the "Final Summary” of the Study Group on
Achieving Sustainable Logistics (August 2023)

saj-

and S

Source: https://www.mlit.g\] EkoMroad! félr -council/butur

AL. Thi rmationisaccessible

ryy_douro/pdf

B Carbon neutral

with the goal of achieving carbon neutrality by 2050, the
transportation sector accounts for approximately 20% of CO,
emissions, with 45% of that coming from the logistics sector. The Plan
for Global warming Countermeasures {(approved by the Cabinet on
February 18, 2025) sets 3 target of reducing CO, emissions by 35% by
FY2030 (compared to FY2013 levels), making the reduction of CO,
emissions in the logistics sector an urgent priority.

< C0O; Emissions by Sector in Japan=>

Transportation

m_ ~ [Transportation Sector
191.8 million Breakdown]
toOns e
«18.5%>» Freight Transport

L CO, emissiol 81.2Tmillion tons{45%)

6.68 million tons Business and TH_..ICKS '?2.9'Ir(il_|jm tons
(FY2022) Qther Sector Raibvways 035 million tons
179.46 million Ships (domestic)7.05 million tons
tons Air (domestic) Q.96 million tons
=17.3%>»
Passenger Transport

illion L 110.53million tons({55%)
ns
«15.3%>»

Source: Greenhouse Gas Inventory Office , National Instibute for Envircnmental Studies,
Greenhouse Gas Emissions Data for Japan (1990-2027 Fiscal Years)™

l Others

Issues of Logistics such as small-volume, high-frequency shipments
and inefficient carao waiting and handling

+ Promotion of standardization and modal shift

+ Intensification and increased frequency of natural disasters such as
heavy rain and snow, and the imminent threat of a maior earthauake

» Declining international competitiveness {(GDP ranking: 2nd in 2000 —=
5th in 2050) etc.

< Small-volume, high-frequency shipments> <Various cargo types, pallet sizes>

1990 2015 2021 3
Per shipment 243 0.98 0.83
Cargo volume  |ton/shipment| ton/shipment |ton/shipment

Trends in number
of shipments
(3-day survey)

13.656

22,608 25,080
thousand thousand

thousand

Source: Created based on data from the Ministry of Land, Infrastructure, Transport and
Tourism’s "National Freight Flow Survey (Logistics Census)™
-

un-en

a tmay be sHared outside ADB with appropriate permission.
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1b. Interim Summary - The Vision of Autoflow Road -
L

The Ministry of Land, Infrastructure, Transport and Tourism (MLIT) established an advisory panel on Autoflow Road (chaired by Professor
Hideo Hato of the University of Tokyo Graduate School of Engineering) in February 2024 (hereinafter referred to as the "Study Group™).
In July 2024, the Study Group issued an interim summary report on the future direction of Autoflow Road.

B Concept of Autoflow Road

The concept is to_"utilize road space to create dedicated spaces” and to "tran i nmann

measures enabled by digital technoloay.” Furthermore, by achieving unmanned and automated operations, the infrastructure should operate
24 hours a day. The space within Autoflow Road should not only be used for transportation but also as storage areas for goods, thereby
providing a "buffering function” to level out logistics demand and create an environment conducive to gptimizing the overall logistics system.

Construction of a new logistics form, "Autoflow Road”

i ] Utilizing digital technology to achieve unmanned and
Utilizing road space to create dedicated lanes W automated transportation Measures

» Target, Cargo Characteristics B Assumed route
-Focusing on small-volume. Tokyo-Osaka corridor, which has the highest
high-frequency shipments that contribute < Image of palletized <Image of parcel logistics volume

; L cargo= delivery etc.>=
to increased logistics workload, the

transport unit is standardized based on
palletized load dimensions.

‘Aiming for implementation by 2030 in
sections where experiments or small-scale
improvements are feasible, such as the
under-construction sections of the Shin-
Tomei Expressway.

- The size should comply with the
standard specifications recommended by
the Public-Private Logistics
Standardization Consultation Committee's
Pallet Standardization Promotion
Subcommittee.

#Base size: 1,700mm > 1,700mm

#Including roll box-type pallets.

Source: https://www.mlit.g\] Ek%rLo%ah% /lr -council/buturyu g/Rdf sai-honbun-en

ormationisaccessible t B’ and a tmay be tFa)red outside ADB with appropriate permission. 23




- Consortium for the implementation of Autoflow Road -

@

B Establishment of the Consortium for the Implementation of Autoflow Road

In May 2025, the "Consortium for the Implementation of
Autoflow Road” was established to promote discussions
toward the implementation of Autoflow Road. The consortium

aims to facilitate information sharing and discussion among
private-sector companies interested in the operation and use

Study Group on
Autoflow Road

of Autoflow Road, public institutions, and entities holding
relevant technologies, with the goal of exploring business
models, technical demonstrations of operations, strategies to

Demon stration
Exoenmen-ts

promote technological development, and the appropriate
approach to infrastructure development. (As of July 31, 2025,
104 private-sector companies are participating. Membership is Ministry of Land,
. . Infrastructure,
open on a rolling basis.) Transport and
Tourism

Study Structure

-+ . .
) Consortium for the Implementation

of Autoflow Road

Consortium

Business
Model
Subcommittee

Infrastructure
Subcommittee

Operating Secretariat Contractor

{Commissioned)

» Items for discussion

Fiscal Year 2025

Fiscal Year 2026 and beyond

: Services to be provided
* Requirements for Service Operators
: Review of business simulations

. Phase‘2‘ Experiment
: Unverified use cases (Phase 1)
 Specific technical requirements

Business Model + Extraction of issues and challenges for business

'Business simulation
Operations * Setting Use Cases to be verified in this
Subcommittee year's demonstration experiments

*Technical development Direction (Roadmap)
Infrastructure * Consideration of infrastructure configuration
Subcommittea * Case studies on infrastructure aspects

for specific sections

* Specific route and structural conditions
- Site location/area based on the above

Source: https://www.mlit.g\] Ek%r&ah% félr -council/butur ounrog/ﬁ)qdf saj- onbun-en

rmat|on|sacce33|be ﬁB Mana and Staff. [tmay be

pdf
sfgred outside ADB with appropriate permission.
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2. The Role of Autoflow Road

@
B The Role of Autoflow Road

In response to the logistics crisis in Japan, it is extremely important to continue reviewing business practices and public-private

initiatives for logistics efficiency based on the "Policy Package approved at the meeting of relevant ministers in June 2023, and to secure

transportation capacity. However, it is_a ]
wwmmmmwdm in order to ensure future Loglstlcs Autoﬂ-::-w Road should aim to
realize the following as a new logistics system that addresses medium to long-term transportation capacity shortages and provides stable
transportation services. To this end, we will address technical challenges toward implementation through collaboration between industry,

vernment, an mia.

Optimization of the entire logistics system
» Standardization - Automation
Standardize pallets and data to realize the
physical intermmet and optimize overall
logistics.

» Flexible transportation planning

By utilizing 24/7 operation of Autoflow Road,
small-lot  transportation, and  buffering
functions, we level out truck transportation
demand and enable pre-positioning of cargo
with Autoflow Road based on anticipated
demand, thereby enhancing transportation
planning flexibility and reducing lead times.

» Transforming business practices and

improving working conditions
Reduction of driver' s workload by altering
the business practice of "transporting goods
by truck at night and delivering them the
next morning,” and by reducing waiting times
through the integration of truck location
information with hub functions.

Seamless integration of logistics modes

As a strength of the road network, roads
are connected to various transportation
hubs such as logistics facilities, airports,
fre|ght terminals, and ports. Autoflow Qad

lever hi rength ils
nr|nl|| n r hat intear
other transportation modes.

Additionally, it is necessary to consider
collaborative approaches that reflect the
current development status and future
adoption of autonomous trucks, which are
currently undergoing pilot tests on expressways.

# Collaboration with

- autonomous truck
A~

e 4
_‘
gy, | | - '
Y
Ergenr

Achieving Carbon Neutrality
R will il

based on low-carbon technologies and clean
energy, with efforts to facilitate technological
development and implementation. In doing so,
collaboration will be explored with initiatives for
power generation, transmission, distribution,
and storage utilizing road space, in accordance
with the Road Act lastly revised in 2025.

Additionally, by enhancing transportation
efficiency through the physical internet,
greenhouse gas emissions will be reduced, and
a__nationwide carbon-neutral transportation
network  will lish h h

collaboration between raltways and/or_inland
W nd A low R

=0

L24;’7 CFE (Carbon-Free Electricity)]

Electricity consumption

# Ensuring stable logistics during disasters

» We will design infrastructure under the assumption of frequent occurrence of large-scale disasters. Autoflow Road will secure dedicated

logistics spaces, minimizing human access and the impact of wind. rain. and other environmental factors. This Wlll enable normal operations
naff weather conditions and serve as a critical transportation means to maintain_logistics networks during disasters, thereby

contributing to business continuity planning (BCP) and establishing an effective logistics system.

Source: https://www. mIit.g\] Ek%rLo%% fé

ir-council/buturyu

rmationisaccessible to AD

dagggg/gdf sal—h n-en

and Sta a be

pdf
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3a. Required Functions of Autoflow Road
@

B Services Provided
Autoflow Road should provide the following services, while meeting the basic requirements of automation, standardization, and
carbon neutrality.
Specific details such as routes, hub locations, hub functions, cargo specifications, and transportation speeds are critical issues directly
linked to the services and business model of Autoflow Road and should be further discussed within the consortium and refined.

Taraet section: Tokyo-Osaka as the principal route, with expansion to Kanto, East Kanto, and Hyogo also under consideration
Hubs: Set up multiple hubs, including intermediate points. should be established, with consideration integration with other modes.

Automated loading and unloading between transport equipment and trucks is necessary, and features such as refrigeration and
automatic sorting should also be considered.

Cargo shape: Standard specification pallet (flat size) (including roll box-tvpe pallets) and set a height restriction of 2.2 meters.

I
|
I
I
I
I
I
I
I
I
|
I
I
I
: Speed: Aiming for a service equivalent to the current lead time, targeting 70-80 km/h (technical development required)
I

I

I

Other: Approach to liability for risks such as accidents, advantages compared to other modes. pricing, and reservation methods.

B Required Technical Development and Establishment of [Market Sounding on Technologies for Autoflow Road](December 2024-January
Coordination Area 2025)
To realize the services DFOVided. monstration 22 companies submitted 36 technical proposals. Regarding transportation
. . . methods, it was confirmed that further technological development is necessary.
Aperim houl implemen romptl verif h Additionally, regarding automated cargo handling technology, issues such as loading
element of technologies, and future action items should be and unloading onto transport equipment were identified, and it is necessary
organized. To promote technological development in private to clarify feasibility and challenges through future demonstration experiments.
companies, lishin lic-priv r m i

. < Examples of transport equipment (interviews) >
effective. _ ’

In addition, while referring to discussions in the preceding
autonomous driving (Autonomous Driving Service Support
Road Promotion Strategy Working Group), it is necessary to
organize competitive and cooperative areas in Autoflow Road,
taking into consideration, for example, safety evaluation

methods for +transport wvehicles, roadside infrastructure, — = S “‘*ﬂ.— <.
. . . . . Linear motor-based two-dimensional Tire- mounted cart (Infroneer
communication environments, and data integration platforms. cargo transport system (Cuebus Co., Holdings Co., Ltd.)
Ltd.)
Source: https.//www.mllt.&] El?or\/ArLo'?hq! férlgwes:t%lﬁ'rgglclgggglért B’ rog/R /asnad taff nlea bee rggg outside ADB with appropriate permission. 26



3b. Required Functions of Autoflow Road

®

B Required Infrastructure (Roadway section and Hub)

» Roadway Section
When constructing the roadway above ground, it is necessary to accommodate intersections with general traffic at interchanges (IC),
junctions (JCT), service areas (SA), and parking areas (PA). Additionally, relocation of underground utilities and above-ground structures,
elevation adjustments and alignment modifications at connection points between structures, and particularly in bridge sections, large-scale
reinforcement of bridge piers and foundations due to the widening of existing bridges are reqguired, among other construction challenges.
Additionally, construction periods may be prolonged due to traffic restrictions. While constructing at sufficiently deep underground levels is
relatively advantageous, underground construction entails higher construction costs compared to over ground construction and new challenges
such as the disposal of excavated soil must be considered.
Furthermore, Autoflow Road are designed to operate 24 hours a day
while minimizing human access, therefore methods that do not hinder

[Road Space Utilization Concept]

logistics operations during the maintenance should be established. To

achieve this objective, itisn r n in hn ical Hard shoulders and slopes Central Strip Hard shoulders
W f inabl: ving an mation, incl

nification ral ign of infr re.

» Hub

A surrounding road network capable of handling a large volume of truck traffic is necessary. When developing new hubs, it is also necessary to
consider land use regulations under the Urban Planning Act, etc., and from the perspective of securing land, options such as diversifying hub
locations or collaborating with existing logistics facilities should be explored.

Furthermore, since the development of hubs may contribute to addressmg disaster prevention and other issues at the municipal
level, i h ial experi i i i icipalities should also be considered.

Source: https://www.mlit.g\] Ek%rpgh% félr -council/butur E/Rdf sai-honbun-en
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4. Effects of Autoflow Road
@

B Direct Effects

Autoflow Road is expected to_cover approximately 8% to 22% of the future shortage in transportation volume, thereby
supplementing freight transportation that cannot be handled due to labor shortages.

# Percentage of the estimated transportation shortage of 040 million tons in FY2030 (as outlined in the "Final Summary®™ of the Study Group on Achieving
Sustainable Logistics)

In that case, the number of driver workdays that can be covered is estimated t0 be approximately 20.000 to 57.000
person-days, and the CO: emissions that could be reduced are estimated to be_ 2.4 million to 6.4 million (t-CQ./vear).

[Estimated Effect (Assuming a Loading Rate of 79.3%)]

# Estimation Conditions
¢ Coverable working hours @ OO emissions reduction ® (.78 million tons to 2.1 million tons/year of freight transport capacity
Truck CO. emissions: Transport speed: 30-80 km/h, per ton,
Truck drivers: . . .
51.280 ~ 2.396.476 ~ 10-meter vehicle spacing, 24-hour operation
747 n-days*’

6.390.486 (-CO:/year)2

- Capacity of Autoflow Road (Tokyo-Osaka, 500 km):
216,000-576,000 tons (per day/3 lanes)

[Reference] 2023 fiscal year freight transport volume: 3.8 billion ton
(of which 2.51 billion ton were commercial freight)

(Ministry of Land, Infrastructure, Transport and Tourism, Fiscal Year 2023
(2023) "Automobile Transportation Statistics Annual Report™)

<Reference Data>

#1 Total number of truck drivers: 940,000 (Ministry of Health, Labour and Welfare, "2024
Wage Structure Basic Statistics Survey™)

#2 Annual CO: emissions from trucks: 72,911,083 (+-CO:/vear)
(Source: "Greenhouse Gas Emissions Data in Japan (1900-2022 Fiscal Years)")
B Other Ripple Effects - Project Viability

It is necessary to proceed with the calculation of economic effects resulting from the development of Autoflow Road.
Regarding the feasibility of the project, case studies and pilot experiments should be conducted to identify and organize the

costs that need to be considered, such as estimated project costs. manufacturing and development costs for transport

equipment, power supply facilities and costs, and large-scale reconstruction costs, and these should be discussed within
the consortium.

|
Source: https://www.mIit.g\]%j?%r@%%%ir—council/buturxuﬁgaggggéag: sai—Iggfnl un-en

rmationisaccessible tO A and Staff. [tmay be s'rgred outside ADB with appropriate permission. 28



5. Implementation of Autoflow Road
®

B Sounding-type Market Survey on the Operational Structure of Autoflow Road (October-November 2024)
Regarding the business scheme, 46 companies have submitted their opinions, pointing out various risks in each phase of the
business operations for the construction, operation, maintenance, and possession of Autoflow Road.

Construction Operations

% High costs and long project duration.
%  Cost uncertainty
»  Funding risk

» Uncertainty of demand

* Deterioration of business revenue due
to fluctuations in logistics demand

» Unprecedented business model
making funding difficult

Losses due to downward rigidity in
toll fees for Autoflow Road caused by
stagnant freight rates

:Unable to secure financing due to concerns about
the viability of the project

Credit risk from private sector contractors may
prevent internal approval

%

Maintenance Possession

» Deterioration of Autoflow Road Burden of fixed asset taxes, occupancy

fees, etc.

Y

» Road Funding for major reconstructions
Force majeure risks

":!

o Damage caused by force majeure such as
disasters % Asset adjustment with existing
road authorities

B Considerations on the Implementation of Autoflow Road

+ From the perspective of logistics sustainability, private funding is assumed, and maximizing the utilization of private-sector
vitality.

- To ensure service levels, discussions are necessary regarding the future regulatory framework, structural standards, and safety
criteria for Autoflow Road.

Source: https://www.mlit.go.jp/road/ir/ir-council/buturyy_douro/pdf/sai-honbun-en,pdf =~ =~ .



7. Next Steps - Technology for Realizing Autoflow Road -

®

B Demonstration Experiments, etc.

In FY2025, the demonstration experiments will be conducted at existing facilities using existing technologies. Conducting this concept
hared vision of the future of Autoflow Road. The primary focus will be on verifying the
operational performance of transport equipment, but it will also be necessary to verify the required width, the length required for acceleration
and deceleration, the feasibility of lane changes, and the loading and unloading from trucks to transport equipment at hubs.

verification is extremel nt for

lishin

|
Hub: Streamlining cargo handling operations using
unmanned cargo handling equipment

Roadway section: Automatic conveyance
equipment operation

Roadway section : Abnormal condition detection and
avoidance action of transport equipment

Verify the floor area,
operation time, and other

factors required for the 4 5
automation of 'Q'I 0 %
loading/unloading from :

trucks and transferto

transport equipment using  Unmanned cargo
unmanned material handling equipment

handling equipment

Verify the automatic
operation of
transport equipment
with varying speeds
and cargo weights,
the required road
width, driving
environment, and
effects on cargo

Verify the
detection of
abnormalities and
the precision of
driving technology
and control in
response to such
abnommalities

Use Case 6
'Hub: Provision of information on arrival schedules for
incoming vehicles

Verification of operations to
receive vehicle arrival
schedule information via the
system and instruct transport
equipment.

Set transport equipment to
standby mode in preparation
for vehicle arrival.

go—eo—

n,.“o‘ -.-w

Collect hformationon?rivigvehi*s

<%

Issue nstructlons to (ransport equipment

se Case 5

Others: Transport equipment ration mana

Verify the effectiveness
and challenges of
systems for managing the
operational status of
transport equipment and
cargo. 14

Use Case @
Roadway section : Communication stability of transport
equipment

Verify whether
autonomous driving
is possible even
under unstable
communication
conditions such as in
tunnels.

Source: https://www.mlit.g\] Ek%r&ah%

ir-council/butur

ormat|on|sacce33|be ﬁ

E/Rdf sai-honbun-en
and a tmay be

df
rgred outside ADB with appropriate permission.
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7. Next Steps

‘With the aim of commencing operations by the mid-2030s on sections where
implementation is feasible through small-scale improvements, based on experiments
conducted by 2027 on sections under construction of the Shin-Tomei Expressway

(Shin-Tanabe to Shin-Gotemba), eic, feasibility should be confirmed through o e i temalionat competthneas |l and netiufionsl approaches
demonstration experiments, and efforts should be made to promote the To aduress driver snoriages and labaor hour reguiations
while opiimizing Ioglstics, enabling seamiess Intermodal
development of a business environment, including institutional frameworks, to i i e = P
enable early transition to the development phase. facilts.  Thraton 2é-hoar operation or e

faclifies. Through 24-hour operation for stable transpart

. . . . and seamiess Intermofal connacions, IﬂlBB]‘SIEfﬂ
» From the next financial year onwards, it will be necessary not only to conduct ot e 0 et ot edcbon
] o o . o o r . . This logistics Infrastructura renewal will establsh a
verification experiments on the issues identified during this year’' s demonstration “Stestainabiz, Emar, safe, 3nd Enfirety NEw Caman-
neutral lagistics Innovation platform™ ariginating from
experiments. It will also be necessary to perform simulation intermodal hianta.

anectivity and other o il

3. Key Initiatives in the “2025 Business Plan"1l
Beyond the consideration of a long-distance trunk route between Tokyo and Osaka, it is

also effective to explore the feasibility of Autoflow Road in short-di n ions or *|niatives o Furtner Ennance the Role of Freight Ral Transpartation™
. L. . . (1) InMiatives Towand Reallzing a Decarbonized Soclety
wher isti icien im VEam n hiav nd eff n ID |n1mo:11m of 3 senvice providing GO emission raguction
realized early. utilizing existing technologies, and such efforts should be advanced. cpartaton | Caakn el forrd
) ) L ) ) ) 0 Infroduction of Incentives cieary emonsirating cusiomers’ Scope 3
‘Regarding transport equipment and systems, it is necessary to consider international reductions
O Encouraging Scope 1 reductions by franspo operators
standardization such as JIS and ISO standards in the future, and Japan should take the Eieciiveness and LSl zingransporing New-enstation Eneray
i i i ) Development of a Container Handling Management System [CHMS)
lead in creating a world where goods are transported automatically. [Reference] FY2025 O Sudes ouara sieamining ang spectons and enating
. . . . . - Business Plan
‘Based on the conceptual guidelines outlined in this final summary, steps should be (Summary) Snepert Cormsaiiie. i D ~satoncamnes S ane aevgn rar

(Japan Freight Railway © Deepening stugiss on linking Autofiow Road, ports, airports, and
Company) freight iransport wia bullat trairs

Present to 2027 2028 to mid-2030s Mid-2030s
(Concept Validation Phase) {Technology Development {Implementation and
and Implementation Phase) Operation Phase)

taken to move forward with demonstration and implementation.

Demonstration experiments
at existina facilities and

: . Infrastructure development
sections under construction Development (5';J pport) p

of the Shin-Tomei of transport equipment Mapufactunng of transport
Expressway, simulations of equipment, etc.

intermodal connections, etc.

Consideration of international standardization

A4

(Other sections where effects can be realized early will be evaluated for feasibility) 15

Source: https://www.mlit.go.jp/road/ir/ir-council/buturyy_douro/pdf/sai-honbun-en,pdf =~ =~ . 31
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