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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

Energy saving is one of the typical and measurable issues to be addressed in every city in the world.
Energy is consumed whenever citizens move within and between cities by using transportation
services for their daily living and business activities. This energy consumption volume is higher than
that of other city functions such as water and ICT systems, as transportation systems convey a large
number of passengers and delivery items or freight - which can sometimes be enormous - resulting in
large, heavy vehicles travelling at high speed. Smart transportation is not necessarily an infrastructure
but definitely a solution to existing or future city issues, as explained in ISO 37154. Transportation
operation itself will be targeted and expected to produce drastic energy savings but there is also large
energy consump Transportation for

and ¢rganize entire transportation systems. Therefore, to successfully reduce energy consymption, the
entine structure of transportation systems needs to be studied. This would involve identifying where
energy can be saved in the system and the people who can make arrangements for or directly contribute
to erergy saving. Different energy-saving options are available. By egmbing these methods, energy can
be rﬂore effectively saved in transportation which consists of a¥sariety of technical and service fields
supplorting the system.

This|document describes what smart transportation for, energy saving targets and how| it works in
trangportation systems, according to the general guidelines on smart transportation of ISO 37154,
which fully explain the structures, aspects and features of transportation operation, gervices and
techpical/business content from the different viewpoints of those who use, plan and provide or operate
trangportation systems. This document also :idéntifies specific ways to save energy cpnsumed in
trangportation operation and services.

In the development of this document,~ISO Guide 82 has been taken into account in| addressing
sustainability issues.
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Smart community infrastructures — Guidance on smart
transportation for energy saving in transportation services

1 Scope

This document provides guidance on reducing the energy consumed by transportation for passengers,

deli
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Terms and definitions

Ty TtemTs, frefgitand postat itenT Services T Cities amd Tity ZOTES:

document does not designate specific procedures to save energy but suggests‘er
ns to be adopted in transportation systems normally organized in different locations,
s and for different purposes.

. Some typical energy-saving options are listed in 6.2.2.

e are no normative references in this document.

he purposes of this document, the following ternis‘and definitions apply.
nd IEC maintain terminological databases-for use in standardization at the following g

SO Online browsing platform: available@t https://www.iso.org/obp

EC Electropedia: available at http://www.electropedia.org/

Sportation energy
by consumed in transportation operations and services

zone
that comprisesa,single core city or more than one core city connected or related for/w
pbmic and political activities

1 to entryy A city zone comprising more than one core city is called a megalopolis. Somg
ples are’BosWash (USA), Blue Banana (Europe) and the Tokaido Megalopolis (Japan).

4

4.1

rundamentals

Basic ideas and goals

ergy-saving
on different

ddresses:

th business,

well-known

As stated in ISO 37154, any smart transportation has basic ideas and goals. They are considered
according to the criteria listed below:

— toimprove the status of a city;

— to lower environmental load;

— to realize transportation facilities based on concrete planning (e.g. payable budget scales,
environmental harmonization);

© ISO

2020 - All rights reserved


https://www.iso.org/obp/ui
http://www.electropedia.org/
https://standardsiso.com/api/?name=c9db5b4c95cfb8e93f5257972fe847e2

ISO 37161

:2020(E)

— to preserve and enhance scenic, aesthetic, historic, community and environmental resources.

Smart transportation for energy saving in transportation operation and services in cities and city zones
should also be organized to achieve the basic ideas and goals derived from the criteria.

Smart transportation for energy saving contributes to the United Nations Sustainable Development
Goals, specifically goal 3, “Good health and well-being,” goal 7, “Affordable and clean energy,” goal
8, “Decent work and economic growth,” goal 9, “Industry, innovation and infrastructure,” goal 11,
“Sustainable cities and communities,” goal 12, “Responsible consumption and production,” goal 13,

“Climate act

ion” and goal 15, “Life on land.”

4.2 Locafion and objectives oI smart transportation Ior energy saving

4.2.1 Ge

For succes{
structuress
transportat
service lines
options can

Besides trar
consumed b

eral

ful energy saving through smart transportation, transportation onganizations
hould be studied in order to properly introduce smart transportation insuitable locatid
on systems. Transportation in cities and city zones consists of single-carriers, indeper
, local transportation systems and/or large transportation netwofks? Thus, energy-s{
be adopted in all of these elements as well as in entire transportation systems.

sportation system route extents, the energy to be saved is-n0t necessarily only the er
y running transportation vehicles but also that used indirectly or additionally for ve

operation.

equipment in stations, ticketing and ticket inspection systems, passenger addressing systems, vd
accommoda'Eion, transportation operation and maintenance §ystems (e.g. signalling, communics:
d safety systems, all being work done at maintenance facilities and on service lines

powering a
waste dispo

4.2.2 Loc
Smart trans
within 4

on routq
— oninter

For transpo

current

environmentalinipact of current transportation activities.

'his includes the energy used for lighting, air-conditiening, passenger access assist

sal and recycling of batteries if sustainable and'economically viable.

htions where smart transportation can’be introduced

portation for energy saving can be:introduced in the following locations:

| region of a city or city zone;

s that connect regions;

faces of transportation inside/outside cities and city zones.

Ftation customers)the factors that shape the locational needs of smart transportation

costs of thetransportation system;

and
nsin
dent
wving

ergy
hicle

ance
hicle
tion,

and

are:

423 Obj

pctives of introducing smart transportation

Smart trans

portation can be introduced for the following purposes:

to provide transportation services that satisfy demand;
to reduce environmental impact without reducing the quality of the transportation services;
to improve the efficiency of connections between different modes of transportation;

to reduce the total energy usage of the transportation infrastructure;

accessible to all customers;

to transport people, freight and goods safely, reliably, conveniently, efficiently and economically;

to make transportation operation economically sustainable while ensuring it is affordable and

© IS0 2020 - All rights reserved
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— to improve communication to the public about all aspects of transportation services.
These objectives can be achieved by ensuring the transportation system'’s performance and ability to:
— convey passengers, delivery items and freight

— safely;

— when they are in a large lot;

— atonetime;

ortime;

as planned;

at a low cost;
— provide dense networks for transport;
— provide frequent services for transport;

— provide successful and easy connection for transport between-different transportatjion systems
r modes;

— ¢ontrol total energy saving/consumption for transportation;
— lower environmental load without reducing the serviee’quality of transport operations.
An integrated urban transportation plan enables:

— the transport of people and goods safely, reliably, efficiently and economically;

— the provision of networks appropriate”for transportation needs, especially investing in and
improving existing infrastructures;

— the creation of frequent services for transport;

— the provision of efficientrconnections for transport between different transportatjon systems
r modes;

— the lowering of total’energy usage/consumption for transportation;
— thelowering ofenvironmental impact without degradation in service quality of transpoft operation;

— the economically stable operation of transportation with fares/fees reasonable or afffordable for
cal citizens.

5 Targets of smart transportation for energy saving

5.1 General

As discussed in 4.2, energy saving targets should be carefully determined when introducing smart
transportation in transportation system structures. ISO 37154 describes these structures according
to the transportation modes used. Each transportation mode has specific transportation technical
and business contents that provide characteristic transportation services to customers. Thus, smart
transportation for energy saving targets all or part of the structures featured by transportation
services, transportation technical and business contents and transportation modes.

© IS0 2020 - All rights reserved 3
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5.2 Targets of smart transportation

5.2.1 Target transportation modes

Smart transportation for energy saving targets the following transportation modes, which are also the
transportation modes of smart transportation in the general meaning defined in ISO 37154:2017, 3.7.

— rail;

— commuter buses, bus rapid transit and intercity buses;

— trucks;
— ferries;
— pipeling
— air vehi

— walking

— bicycles;

— motorb
— automo

— Dboats;

%2)
<~

Cles;

U
kes;

biles;

— transp(I;tation devices assisting passengers, deliverylof items and freight for moving in stafions

and ter

— vehicleq
scooter

5.2.2 Tar

5.2.2.1 G

Any transpd

saving can Be introduced inctransportation organized for public or private purposes in cities ang

zones by tar

5.2.2.2 Public trahsportation

Public trang
conveys and

inals (e.g. elevators, escalators, moving walkways, conveyors);

or systems and their additional instrdments assisting mobility-impaired persons
5, Segways).

pet technical and business contents of transportation

tneral

rtation mode has speeific technical and business contents. Smart transportation for er

geting the technical and business contents dependent on the transportation mode targ]

(e.g.

ergy
| city
eted.

portation is organized for specific purposes, or what (e.g. people, items) the transport

htion

from where to where. Smart transportation targets the technical and business contents of

the transportation mode used in public transportation.

a) Railmode

— passengers, delivery of items and freight services (e.g. customer services at stations and freight
yards, refrigeration for delivery items and freight);

— accommodation preparation and management (e.g. water supply, cleaning, air-conditioning,
coach brightness adjustment);

— trai

n operations (e.g. scheduling, dispatching, refuelling, train crew);

— rolling stock (e.g. accommodation, maintenance, refrigeration for delivery of items and freight);

— power/signalling;

© IS0 2020 - All rights reserved
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communication for train operations;

facilities (e.g. stations, tracks, civil engineering structures);

safety (e.g. surveillance);

environment (e.g. noise, vibration, pollutants and greenhouse gas emission, sunlight);

information availability (e.g. real-time information provision to passengers and senders/
recipients on service frequency, routing, destinations and cost).

b) Bus/truck mode

‘erry mode

passengers, delivery of items and freight services (e.g. customer services at bus)s$tations and
delivery offices, refrigeration for delivery items and freight);

bus and truck operations (e.g. scheduling, dispatching, drivers and conductors);
refuelling/power charging;

signalling and bus/truck tracking systems;

communication for bus and truck operations;

vehicles (e.g. accommodation, maintenance, refrigeration for delivery of items and [freight);

facilities (e.g. bus stations, freight yards, taxi stands, bus and truck lanes on public roads, bus
tracks, civil engineering structures for bus and.truck operations);

information availability (e.g. real-time information provision to passengers and senders/
recipients on service frequency, routing,destinations and cost).

passengers, delivery of items and freight services (e.g. customer services at ports, refrigeration
for delivery items and freight);

ferry operations (e.g. scheduling, dispatching, crew);
refuelling and power ¢harging;

signalling;

communicatijon for ferry operations;

vessels, (e.g. accommodation, maintenance, refrigeration for delivery of items and fyeight);

facilities (e.g. ports, ferry terminals, civil engineering structures for ferry operation);

information availability (e.g. real-time information provision to passengers and senders/

recipients on service frequency, routing, destinations and cost).

d) Air vehicle mode

passengers,deliveryofitemsand freightservices (e.g.customerservicesatairports, refrigeration
for delivery of items and freight);

refuelling and power charging;
air vehicle operations (e.g. scheduling, dispatching, crew);
aircraft (e.g. pilotless aircraft);

facilities (e.g. airports, civil engineering structures for aircraft operation);

© IS0 2020 - All rights reserved 5
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— information availability (e.g. real-time information provision to passengers and senders/
recipients on service frequency, routing, destinations and cost).

5.2.2.3 Private transportation

For private transportation, smart transportation targets the services provided to the owners, drivers
or operators of the transportation by the following responsible governmental or government-related
organizations or manufacturers:

— road administrators (e.g. traffic surveillance, road maintenance, green spaces or complete streets
dedicated for walking and bicycles, streetlights, lighting for signboards, toll collection);

— transpo'rtation authorities (e.g. vehicle-sharing services including bicycles, motorbikes

automo
— channel
— air-traf}
— police d|
— fire dep|

— vehicle,

biles);

administrators (e.g. lighthouses, navigation aids);
ic authorities (e.g. airway beacons);

epartments (e.g. traffic lights);

Artments;

boat and air vehicle manufacturers.

5.2.2.4 Public transportation for personal use

Smart trans

— rental
vehicled

5.2.3 Tar

5.2.3.1 G

Smart trans
subclauses,

portation also targets the following transportation for personal use:

ehicles (e.g. bicycles, motorbikes, automaobiles, batteries and recharging devices fo

et transportation services

tneral

portation for energy saving targets the transportation services listed in the follo
which are provided by-transportation’s technical and business contents.

5.2.3.2 Puyblic transportation

a) Passeng

er services

— train, bus;ferfy and air vehicle operations;

— safe

ty.for driving;

and

I the

wing

— weather forecast and information;

— communication during emergencies;

— travel planning;

— easyaccess to stations, ferry terminals and airports (e.g. pathways with roofs, arrangements for
access to connect stations, bus stops, ferry terminals and airports, introduction of passengers);

— ticketing;

— ticket inspection (e.g. at stations, in coaches);

— fare/fee collection;

© IS0 2020 - All rights reserved
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connections and changing;

inter-modal connections (e.g. rail and buses or trucks, rail and ferries, buses or trucks and

ferries);

connecting operations, including run-through vehicle operations (e.g. between different rail

carriers, between sections with different-gauge tracks);

information provision and indication (e.g. announcements in stations and coaches, multiple

languages, frequency, timing, indication of operation and connection conditions);

control of passenger flows and goods delivery routes in stations, ferry terminals and airports;

assistance to the disabled, the elderly and those with physical impairments;
food business (e.g. cafeterias, restaurants, dining cars, minibars on trains);
shop operations;

advertisements;

internet connection;

convenient location of stations, bus stops, ferry terminals/and airports in a city;
appropriate distances between stations and bus steps;

business introduced into transportation facilities other than transportation s
nurseries, polling places);

coach accommodation (e.g. pass, seatcand instrument arrangements/furnishi
equipment);

delay minimization;

optimization of the passengér ¢apacity of coaches or train sets, buses, ferries and a
electronic fare/fee payment (e.g. through banks, digital or QR-code payment);
variety of choices ofitpavelling means;

arrangements. ab time of emergency (e.g. providing detours by means of other
transportatien modes);

brvices (e.g.

gs, service

ir vehicles;

carriers or

emergency measures (e.g. fire apparatus, rescue vehicles, firefighters, ambulances, escape

routes)preparation for terrorist attacks, natural disasters and traffic accidents);

fare adjustment for accidents (e.g. ticket refund, free change of tickets, extensi
validity period);

on of ticket

fare selection depending on a variety of customer demands and trends;
flat-rate fare in a specific zone;
freight (fare) pool systems;

affordable fares.

b) Delivery of item and freight services

train, bus, truck, ferry and air vehicle operations;
safety in driving;

weather forecast and information;

© IS0 2020 - All rights reserved
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— communication during emergencies;

— emergency measures (e.g. fire apparatus, rescue vehicles, firefighters, ambulances, escape
routes, preparation for terrorist attacks, natural disasters and traffic accidents);

— shipping and receiving planning;

— pick-up and delivery services;

— storage services;

— deli

very of items and freight tracking (e.g. registering at pick-up, shipping and delivery);

— pac

— saffs
eas

— tim|
— eleg

— picl

king and unpacking services;

handling of fragile or flammable items (e.g. item packing with transparent materia
 recognition of contents);

e and date appointment for pick-up and delivery;
tronic fare payment (e.g. through banks, digital or QR-code payment);

t-up and delivery services in a building or specific area;

— dodgr-to-door pick-up and delivery services using containers ifcities.

s for

cape

5.2.3.3 Private transportation
a) Commoh vehicles
— safgty in driving;
— confrol of private transportation;
— con[fortable road conditions (e.g. line'shapes, visibility, pavement);
— traffic information (e.g. congestion, traffic control, road maintenance work);
— servyice information (e.g. energy station and shop location, toll routes);
— infqrmation on connections for other transportation (e.g. train, bus and ferry timetables);
— wegther forecast andinformation;
— infqrmation signs;
— emgrgency-calls;
— emgrgency measures (e.g. fire apparatus, rescue vehicles, firefighters, ambulances, es
roukes;preparation for terrorist attacks, natural disastersand trafficaccidents);
— energy stations [e.g. gas, liquid propane gas (LPG), electric power, hydrogen];
— parking lots;
— vehicle sharing;
— rental vehicles (e.g. bicycles, motorbikes, automobiles);
— dedicated bicycle lanes (e.g. bicycles, motorbikes, automobiles);
— toll collection.
8 © IS0 2020 - All rights reserved
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rail

priva
6.1.2

In thle same transportation mode, smart transportation can be introduged in run-throug
besid

6.1.3

Amo
oper
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Pooling vehicles

— rental vehicles (e.g. bicycles, motorbikes, automobiles, batteries and recharging devices for the

vehicles).

Introduction of smart transportation for energy saving

Introduction of smart transportation

General

tlo rail) and different (e.g. rail to bus) transportation modes and on interfaces betwee

te transportation.

Services in the same transportation mode

les an operation by a single carrier or a rail track/road/airway dwner or manager:

fun-through train operations [e.g. conventional rail and metr@. or light rail transit (LRT
gdnd non-electrified sections];

q

fun-through bus operations (e.g. different bus carriets,different licensed bus routes/tq

b

1

peration with good connection in time and place between different carriers (e.g,
etween private and government-operated railicarriers and between different bus car

icketing for travel to other carriers;
irrangements for shipping to other cakrriers;

q

long-distance and high-speed transportation (e.g. intercity high-speed trains, magnet
frains);

q

trategic commuter services (e.g. direct connection of key stations downtown and in th

large network transportation systems (e.g. multiple inter-rail carrier through train
bring people from‘abroad area to specific locations).

Inter-modal services

hg different transportation modes, smart transportation can be introduced in
htions:

t transportation for energy saving can be introduced in operations arranged by thle same (e.g.

h public and

h operation,
, electrified
rritories);

connection
Fiers);

ic levitation

e suburbs);

bperation to

inter-modal

- ala 2 QNS _C ala ara a - alb2
different transportation modes (e.g. connection of rail and buses, train operations to s
passengers, delivery of items and freight to/from bus and ferry services);

a 0 QDera [ A [ [ 2hala D

ticketing for travel by using inter-modal transport;

leen/among
end/receive

ticketing for travel to destinations on other carriers’ lines or on run-through operation lines by

other carriers;

communication with other carriers regarding travel for the disabled, elderly and those with physical

impairments;

arrangements for shipping to different-mode carriers (e.g. from rail to trucks and ferries);

reshipment of delivery items and freight at junctions.
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6.1.4 Services involving interface between public and private transportation

Smart transportation can be introduced to provide customers with easy changes between public and
private transportation:

— temporary stops for private vehicles;

— assistance to the disabled, elderly and those with physical impairments with changes between

public a

nd private transportation;

— parking lots for private vehicles including bicycles, motorbikes and automobiles;

— return Iellvery services for private vehicles including bicycles and motorbikes;

— onboar

transport services for private vehicles including bicycles, motorbikes and autorobiléds;

vays,

tors,

post
ones

— private [vehicle shipment;

— safe acfess for customers walking to/from transportation facilities (e.g. skywalks, pedy
sidewalks);

— easy acgess for customers walking to/from transportation facilities¢{e:g. elevators, escald
moving|walkways, sidewalks with a roof or protectors);

— convenient access for customers walking to/from transportation facilities including kipsks,
convenience shops, travel item shops, shoe and umbrella shaops, first-aid stations, clinics,
offices, posts, stationary shops, internet access areas, fast-food shops, restaurants, public pH
and ATMs.

6.2 Selection of energy-saving options

6.2.1 Ge

To save trd
transportat
zone. The g
independen
the planned

6.2.2 Ene

The following energy-saving options can be applied by considering, for example, target transport

modes, tech
are improve

— optimiz

eral

Insportation energy, as mentipned in 4.2, the target section/line/area where s
on for energy saving is introduced depends on the situation or goals of the city of

[ service line/section to a lo¢al service area or a large transportation network. The extd
energy saving will depend on how many energy-saving options are applied.

rgy-saving options

hical/business contents and services. More options will be available when the technol
d or developed and confirmed for practical usefulness.

mart
city

pographical extent of smart.transportation introduced will range from a single carrier or

nt of

ation
hgies

ing transportation schedules (e.g. vehicle speed profile designing and modification f

time an

H /ot eneroy-saving oneration):
T (=] =] I 7

' On-

NOTE
rail serv

A typical example of options is shown in Figure A.1 in Annex A, which is performed by optimizing

ice schedules.

— arranging vehicle dispatch (e.g. rolling stock scheduling and allocation);

— evaluating driver skill in driving vehicles (e.g. bus and truck operation).

6.2.3 (Criteria and parameters to be considered in the selection of energy-saving options

The following criteria should be taken into consideration when selecting appropriate energy-saving
options. Normally, the larger the target section/line/area where smart transportation for energy saving
is introduced, the higher the cost of introduction. The wider the energy saving planned or expected,
the higher the cost of introduction and the more complicated the control of the smart transportation
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system. In contrast, the more extensive the introduction of smart transportation, the more effective the
energy saving.

6.3

Whe

inde

Moréd

two

inten

inde
appl

6.4

6.4.1

The
whe

confi
savii

It sh

6.4.2

savi

Whe
to de
expe

7

7.1

budget scale;
energy saving scale;

allowable preparation term to start energy saving;

organizers of smart transportation for energy saving (e.g. governors, transportation carriers);

track/traffic capacities where smart transportation is introduced;

;I)ower capacities where smart transportation is introduced, if the service line/section.i

folling stock performance where smart transportation is introduced;

q

ervice line planning where smart transportation is introduced.

Adoption of energy-saving options

h only one energy-saving option is applied, it is simply adopted in the targeted sin
pendent service lines, local transportation service areas arid/or large transportatio
than one option can be applied in the same way as when adopting a single option.
pr more options should be applied by individually optimizing respective options and r¢

]

pendent service line but in local transportation systems and/or large transportation n
iled option should be optimized in the same way.a§'when more than one option is applic

Conformation of the performance of smart transportation after introduct

General

Eystem of smart transportation.for energy saving should be regularly monitored t
1
rming that adopted energy-saving options are individually working. When more than
|g option is applied, monitoring should be organized by following the procedure desig
uld be noted that some individual options could have a negative impact if not well pla

Monitoring-of smart transportation performance when applying more than on
ng option

h applyifigimore than one energy-saving option, individual options adopted should b
rive synergy enhancing their respective effects and leading to the performance and ¢
cted\by combing more than one option.

5 electrified;

le carriers,
n networks.
In this case,
-optimizing

Loperationally if necessary. When energy-saving optiohs are adopted not in a single carrier or

btworks, the
bd.

ion

b determine

her transportation energy is_still saved by smart transportation and where it is improved, by

one energy-
nated in 7.2.
hned.

e energy-

b monitored
ffectiveness

Maintenance of the quality of smart transportation for energy saving

General

To maintain the intended performance of smart transportation, and to confirm its effectiveness, the

peri

odical examination of the parameters in 7.2 is recommended.
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